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The aim of the Treatise on Invertebrate
Paleontology, as originally conceived and
consistently pursued, is to present the most
comprehensive and authoritative, yet com
pact statement of knowledge concerning in-

Vlll

vertebrate fossil groups that can be formu
lated by collaboration of competent special
ists in seeking to organize what has been
learned of this subject up to the mid-point
of the present century. Such work has value
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in providing a most useful summary of the
collective results of multitudinous investi
gations and thus should constitute an in
dispensable text and reference book for all
persons who wish to know about remains
of invertebrate organisms preserved in rocks
of the earth's crust. This applies to neo
zoologists as well as paleozoologists and to
beginners in study of fossils as well as to
thoroughly trained, long-experienced pro
fessional workers, including teachers, strati
graphical geologists, and individuals en
gaged in research on fossil invertebrates.
The making of a reasonably complete in
ventory of present knowledge of inverte
brate paleontology may be expected to yield
needed foundation for future research and
it is hoped that the Treatise will serve this
end.

The Treatise is divided into parts which
bear index letters, each except the initial
and concluding ones being defined to in
clude designated groups of invertebrates.
The chief purpose of this arrangement is to
provide for independence of the several
parts as regards date of publication, because
it is judged desirable to print and distribute
each segment as soon as possible after it is
ready for press. Pages in each part bear the
assigned index letter joined with numbers
beginning with 1 and running consecutively
to the end of the part.

The outline of subjects to be treated in
connection with each large group of in
vertebrates includes (1) description of mor
phological features, with special reference
to hard parts, (2) ontogeny, (3) classifica
tion, (4) geological distribution, (5) evolu
tionary trends and phylogeny, and (6) sys
tematic description of genera, subgenera,
and higher taxonomic units. In general,
paleoecological aspects of study are omitted
or little emphasized because comprehensive
treatment of this subject is given in the
Treatise on Marine Ecology and Paleoe
cology (H. S. LADD, Editor, Geological So
ciety of America, Memoir 67, 1957), pre
pared under auspices of a committee of the
United States National Research Council.
A selected list of references is furnished in
each part of the Treatise.

Features of style in the taxonomic por
tions of this work have been fixed by the
Editor with aid furnished by advice from
representatives of the societies which have

ix

undertaken to sponsor the Treatise. It is the
Editor's responsibility to consult with au
thors and co-ordinate their work, seeing that
manuscript properly incorporates features of
adopted style. Especially he has been called
on to formulate policies in respect to many
questions of nomenclature and procedure.
The subject of family and subfamily names
is reviewed briefly in a following section
of this preface, and features of Treatise
style in generic descriptions are explained.

A generous grant of $35,000 has been
made by the Geological Society of America
for the purpose of preparing Treatise illus
trations. Administration of expenditures
has been in charge of the Editor and most
of the work by photographers and artists
has been done under his direction at the
University of Kansas, but sizable parts of
this program have also been carried forward
in Washington and London.

In December, 1959, the National Science
Foundation of the United States, through
its Division of Biological and Medical Sci
ences and the Program Director for Sys
tematic Biology, made a grant in the amount
of $210,000 for the purpose of aiding the
completion of yet-unpublished volumes of
the Treatise. Payment of this sum was pro
vided to be made in installments distributed
over a five-year period, with administration
of disbursements handled by the University
of Kansas. An additional grant (No. GB
4544) of $102,000 was made by the National
Science Foundation in January, 1966, for
the two-year period 1966-67. Expenditures
planned are primarily for needed assistance
to authors and may be arranged through
approved institutions located anywhere.
Important help for the Director-Editor of
the Treatise has been made available from
the grant, but no part of his stipend has
come from it. Grateful acknowledgment to
the Foundation is expressed on behalf of
the societies sponsoring the Treatise, the
University of Kansas, and innumerable in
dividuals benefited by the Treatise project.

ZOOLOGICAL NAMES
Many questions arise in connection with

zoological names, especially including those
that relate to their acceptability and to alter
ations of some which may be allowed or de
manded. Procedure in obtaining answers
to these questions is guided and to a large
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extent governed by regulations published
(1961) in the International Code of Zoolog
ical Nomenclature (hereinafter cited simply
as the Code). The prime object of the
Code is to promote stability and univer
sality in the scientific names of animals,
ensuring also that each name is distinct
and unique while avoiding restrictions on
freedom of taxonomic thought or action.
Priority is a basic principle, but under speci
fied conditions its application can be modi
fied. This is all well and good, yet nomen
clatural tasks confronting the zoological
taxonomist are formidable. They warrant
the complaint of some that zoology, includ
ing paleozoology, is the study of animals
rather than of names applied to them.

Several ensuing pages are devoted to
aspects of zoological nomenclature that are
judged to have chief importance in rela
tion to procedures adopted in the Treatise.
Terminology is explained, and examples of
style employed in the nomenclatural parts
of systematic descriptions are given.

TAXA GROUPS
Each taxonomic unit (taxon, pl., taxa)

of the animal and protistan kingdoms be
longs to some one or another rank in the
adopted hierarchy of classificatory divisions.
In part, this hierarchy is defined by the
Code to include a species-group of taxa,
a genus-group, and a family-group. Units
of lower rank than subspecies are excluded
from zoological nomenclature and those
higher than superfamily of the family
group are not regulated by the Code. It is
natural and convenient to discuss nomen
clatural matters in general terms first and
then to consider each of the taxa groups
separately. Especially important is provi
sion that within each taxa group classifica
tory units are coordinate (equal in rank),
whereas units of different taxa groups are
not coordinate.

FORMS OF NAMES
All zoological names are divisible into

groups based on their form (spelling).
The first-published form (or forms) of a
name is defined as original spelling (Code,
Art. 32) and any later-published form (or
forms) of the same name is designated as
subsequent spelling (Art. 33). Obviously,
original and subsequent spellings of a given

x

name mayor may not be identical and this
affects consideration of their correctness.
Further, examination of original spellings
of names shows that by no means all can
be distinguished as correct. Some are in
correct, and the same is true of subsequent
spellings.

Original Spellings
If the first-published form of a name is

consistent and unambiguous, being identi
cal wherever it appears, the original spelling
is defined as correct unless it contravenes
some stipulation of the Code (Arts. 26-31),
unless the original publication contains clear
evidence of an inadvertent error, in the
sense of the Code, or among names belong
ing to the family-group, unless correction of
the termination or the stem of the type
genus is required. An unambiguous origi
nal spelling that fails to meet these require
ments is defined as incorrect.

If a name is spelled in more than one
way in the original publication, the form
adopted by the first reviser is accepted as
the correct original spelling, provided that
it complies with mandatory stipulations of
the Code (Arts. 26-31), including its provi
sion for automatic emendations of minor
sort.

Incorrect original spellings are any that
fail to satisfy requirements of the Code, or
that represent an inadvertent error, or that
are one of multiple original spellings not
adopted by a first reviser. These have no
separate status in zoological nomenclature
and therefore cannot enter into homonymy
or be used as replacement names. They call
for correction wherever found. For ex
ample, a name originally published with a
diacritic mark, apostrophe, diaeresis, or
hyphen requires correction by deleting such
features and uniting parts of the name
originally separated by them, except that
deletion of an umlaut from a vowel is ac
companied by inserting He" after the vowel.

Subsequent Spellings
If a name classed as a subsequent spelling

is identical with an original spelling, it is
distinguishable as correct or incorrect on
the same criteria that apply to the original
spelling. This means that a subsequent
spelling identical with a correct original
spelling is also correct, and one identical
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with an incorrect original spelling is also
incorrect. In the latter case, both original
and subsequent spellings require correction
wherever found (authorship and date of
the original incorrect spelling being re
tained).

If a subsequent spelling differs from an
original spelling in any way, even by the
omission, addition, or alteration of a single
letter, the subsequent spelling must be de
fined as a different name (except that such
changes as altered terminations of adjec
tival specific names to obtain agreement in
gender with associated generic names, of
family-group names to denote assigned tax
onomic rank, and corrections for originally
used diacritic marks, hyphens, and the like
are excluded from spelling changes con
ceived to produce a different name).

Altered subsequent spellings other than
the exceptions noted may be either inten
tional or unintentional. If demonstrably
intentional, the change is designated as an
emendation. Emendations are divisible into
those classed as justifiable and those com
prising all others classed as unjustifiable.
Justifiable emendations are corrections of
incorrect original spellings, and these take
the authorship and date of the original spell
ings. Unjustifiable emendations are names
having their own status in nomenclature,
with author and date of their publication;
they are junior objective synonyms of the
name in its original form.

Subsequent spellings that differ in any
way from original spellings, other than pre
viously noted exceptions, and that are not
classifiable as emendations are defined as
incorrect subsequent spellings. They have
no status in nomenclature, do not enter into
homonymy, and cannot be used as replace
ment names.

AVAILABLE AND UNAVAILABLE
NAMES

Available Names
An available zoological name is any that

conforms to all mandatory provisions of
the Code. Such names are classifiable in
groups which are usefully recognized in
the Treatise, though not explicitly differ
entiated in the Code. They are as follows:

(1) So-called "inviolate names" include
all available names that are not subject to
any sort of alteration from their originally
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published form. They comprise correct
original spellings and commonly include
correct subsequent spellings, but include
no names classed as emendations. Here be
long most generic and subgeneric names,
some of which differ in spelling from others
by only a single letter.

(2) Names may be termed "perfect
names" if, as originally published (with or
without duplication by subsequent authors),
they meet all mandatory requirements,
needing no correction of any kind, but
nevertheless are legally alterable in such
ways as changing the termination (e.g.,
many species-group names, family-group
names, suprafamilial names). This group
does not include emended incorrect original
spellings (e.g., Oepikina, replacement of
Opikina).

(3) "Imperfect names" are available
names that as originally published (with or
without duplication by subsequent authors)
contain mandatorily emendable defects. In
correct original spellings are imperfect
names. Examples of emended imperfect
names are: among species-group names,
guerini (not Guerini) , obrienae (not
O'Brienae), terranovae (not terra-novae),
nunezi (not Nufiezi) , Spironema rectum
(not Spironema recta, because generic name
is neuter, not feminine); among genus
group names, Broeggeria (not Broggeria) ,
Obrienia (not O'Brienia), Maccookites (not
McCookites; among family-group names,
Oepikidae (not Opikidae), Spironemati
dae (not Spironemidae, incorrect stem),
Athyrididae (not Athyridae, incorrect
stem). The use of "variety" for named divi
sions of fossil species, according to common
practice of some paleontologists, gives rise
to imperfect names, which generally are
emendable (Code, Art. 45e) by omitting
this term so as to indicate the status of this
taxon as a subspecies.

(4) "Vain names" are available names
consisting of unjustified intentional emenda
tions of previously published names. The
emendations are unjustified because they
are not demonstrable as corrections of in
correct original spellings as defined by the
Code (Art. 32,c). Vain names have status
in nomenclature under their own author
ship and date. They constitute junior ob
jective synonyms of names in their original
form. Examples are: among species-group
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names, geneae (published as replacement of
original unexplained masculine, geni, which
now is not alterable), ohioae (invalid change
from original ohioensis); among genus
group names, Graphiodactylus (invalid
change from original Graphiadactyllis);
among family-group names, Graphiodactyli
dae (based on junior objective synonym
having invalid vain name).

(5) An important group of available
zoological names can be distinguished as
"transferred names." These comprise au
thorized sorts of altered names in which
the change depends on transfer from one
taxonomic rank to another, or possibly on
transfers in taxonomic assignment of sub
genera, species, or subspecies. Most com
monly the transfer calls for a change in
termination of the name so as to comply
with stipulations of the Code on endings
of family-group taxa and agreement in
gender of specific names with associated
generic names. Transferred names may be
derived from any of the preceding groups
except the first. Examples are: among spe
cies-group names, Spinfer ambiguus
(masc.) to Composita ambigua (fem.),
Neochonetes transversalis to N. granulifer
transversalis or vice versa; among genus
group names, Schizoculina to Oculina
(Schizoculina) or vice versa; among family
group names, Orthidae to Orthinae or vice
versa, or superfamily Orthacea derived
from Orthidae or Orthinae; among supra
familial taxa (not governed by the Code),
order Orthida to suborder Orthina or vice
versa. The authorship and date of trans
ferred names are not affected by the trans
fers, but the author responsible for the
transfer and the date of his action may ap
propriately be recorded in such works as
the Treatise.

(6) Improved or "corrected names" in
clude both mandatory and allowable emend
ations of imperfect names and of suprafam
ilial names, which are not subject to regu
lation as to name form. Examples of cor
rected imperfect names are given with the
discussion of group 3. Change from the
originally published ordinal name Endo
ceroidea (TEICHERT, 1933) to the presently
recognized Endocerida illustrates a "cor
rected" suprafamilial name. Group 6 names
differ from those in group 5 in not being
dependent on transfers in taxonomic rank

or assignment, but some names are classi
fiable in both groups.

(7) "Substitute names" are available
names expressly proposed as replacements
for invalid zoological names, such as junior
homonyms. These may be classifiable also
as belonging in groups 1, 2, or 3. The glos
sary appended to the Code refers to these
as "new names" (nomina nova) but they
are better designated as substitute names,
since their newness is temporary and rela
tive. The first-published substitute name
that complies with the definition here given
takes precedence over any other. An ex
ample is Mareita LOEBLICH & TAPPAN, 1964,
as substitute for Reichelina MARIE, 1955
(non ERK, 1942).

(8) "Conserved names" include a rela
tively small number of species-group,
genus-group, and family-group names
which have come to be classed as available
and valid by action of the International
Commission on Zoological Nomenclature
exercising its plenary powers to this end or
ruling to conserve a junior synonym in place
of a rejected "forgotten" name (nomen ob
litum) (Art. 23,b). Currently, such names
are entered on appropriate "Official Lists,"
which are published from time to time.

It is useful for convenience and brevity
of distinction in recording these groups of
available zoological names to employ Latin
designations in the pattern of nomen nudum
(abbr., nom. nud.) and others. Thus we
may recognize the preceding numbered
groups as follows: (1) nomina inviolata
(sing., nomen inviolatum, abbr., nom.
inviol.), (2) nomina perfecta (nomen per
fectum, nom. perf.), (3) nomina imper
fecta (nomen imperfectum, nom. imperf.),
(4) nomina vana (nomen vanum, nom.
van.), (5) nomina translata (nomen trans
latum, nom. transl.), (6) nomina correcta
(nomen correctum, nom. correct.), (7)
nomina substituta (nomen substitutum,
nom. subst.), (8) nomina conservata
(nomen conservatum, nom. conserv.).

Additional to the groups differentiated
above, the Code (Art. 17) specifies that a
zoological name is not prevented from
availability a) by becoming a junior syn
onym, for under various conditions this
may be re-employed, b) for a species-group
name by finding that original description of
the taxon relates to more than a single

xii
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taxonomic entity or to parts of animals be
longing to two or more such entities, c) for
species-group names by determining that it
first was combined' with an invalid or un
available genus-group name, d) by being
based only on part of an animal, sex of a
species, ontogenetic stage, or one form of a
polymorphic species, e) by being originally
proposed for an organism not considered to
be an animal but now so regarded, f) by in
correct original spelling which is correctable
under the Code, g) by anonymous publica
tion before 1951, h) by conditional proposal
before 1961, i) by designation as a variety
or form before 1961, j) by concluding that
a name is inappropriate (Art. 18), or k)
for a specific name by observing that it is
tautonymous (Art. 18).

Unavailable Names
All zoological names which fail to com

ply with mandatory provisions of the Code
are unavailable names and have no status
in zoological nomenclature. None can be
used under authorship and date of their
original publication as a replacement name
(nom. subst') and none preoccupies for pur
poses of the Law of Homonymy. Names
identical in spelling with some, but not all,
unavailable names can be classed as avail
able if and when they are published in con
formance to stipulations of the Code and
they are then assigned authorship and take
date of the accepted publication. Different
groups of unavailable names can be dis
criminated, as follows.

(1) "Naked names" include all those that
fail to satisfy provisions stipulated in Article
11 of the Code, which states general re
quirements of availability, and in addition,
if published before 1931, that were unac
companied by a description, definition, or
indication (Arts. 12, 16), and if published
after 1930, that lacked accompanying state
ment of characters purporting to serve for
differentiation of the taxon, or definite
bibliographic reference to such a statement,
or that were not proposed expressly as re
placement (nom. subst.) of a pre-existing
available name (Art. 13,a). Examples of
"naked names'" are: among species-group
taxa, Valvulina mixta PARKER & JONES, 1865
(=Cl'ibl'obulimina mixta CUSHMAN, 1927,
available and valid); among genus-group
taxa, Orbitolinopsis SILVESTRI, 1932 (=Ol'bi-
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tolinopsls HENSON, 1948, available but
classed as invalid junior synonym of Orbi
tolina D'ORBIGNY, 1850); among family
group taxa, Aequilateralidae D'ORBIGNY,
1846 (lacking type-genus), Helicostegues
D'ORBIGNY, 1826 (vernacular not latinized
by later authors, Art. ll,e,iii), Poteriocrini
dae AUSTIN & AUSTIN, 1843 (=fam. Poterio
crinoidea AUSTIN & AUSTIN, 1842) (neither
1843 or 1842 names complying with Art.
ll,e, which states that "a family-group
name must, when first published, be based
on the name then valid for a contained
genus," such valid name in the case of this
family being Potel'iocl'inites MILLER, 1821).

(2) "Denied names" include all those that
are defined by the Code (Art. 32,c) as in
correct original spellings. Examples are:
Specific names, nova-zelandica, miilleri,
lO-brachiatus; generic names, M'Coyia, St¢r
mere/la, Romerina, Westgal'dia; family
name, RuZickinidae. Uncorrected "im
perfect names" are "denied names" and un
available, whereas corrected "imperfect
names" are available.

(3) "Impermissible names" include all
those employed for alleged genus-group
taxa other than genus and subgenus (Art.
42,a) (e.g., supraspecific divisions of sub
genera), and all those published after 1930
that are unaccompanied by definite fixa
tion of a type species (Art. 13,b). Examples
of impermissible names are: Martellispil'ifer
GATINAUD, 1949, and Mirtellispil'ifer GATI
NAUD, 1949, indicated respectively as a sec
tion and subsection of the subgenus CYl'to
spirifer; Fusal'chaias REICHEL, 1949, with
out definitely fixed type species (=Fusal'ch
aias REICHEL, 1952, with F. bermudezi des
ignated as type species).

(4) "Null names" include all those that
are defined by the Code (Art. 33,b) as in
correct subsequent spellings, which are any
changes of original spelling not demon
strably intentional. Such names are found
in all ranks of taxa.

(5) "Forgotten names" are defined (Art.
23,b) as senior synonyms that have re
mained unused in primary zoological lit
erature for more than 50 years. Such names
are not to be used unless so directed by
ICZN.

Latin designations for the discussed
groups of unavailable zoological names are
as follows: (1) nomina nuda (sing., nomen
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nudum, abbr., nom. nud.), (2) nomina
negata (nomen negatum, nom. neg.), (3)
nomina vetita (nomen vetitum, nom. vet'),
(4) nomina nulla (nomen nullum, nom.
null.), (5) nomina oblita (nomen oblitum,
nom.oblit.).

VALID AND INVALID NAMES
Important distinctions relate to valid and

available names, on one hand, and to in
valid and unavailable names, on the other.
Whereas determination of availability is
based entirely on objective considerations
guided by Articles of the Code, conclusions
as to validity of zoological names partly may
be subjective. A valid name is the correct
one for a given taxon, which may have two
or more available names but only a single
correct name, generally the oldest. Obvious
ly, no valid name can also be an unavailable
name, but invalid names may include both
available and unavailable names. Any name
for a given taxon other than the valid name
is an invalid name.

A sort of nomenclatorial no-man's-land
is encountered in considering the status of
some zoological names, such as "doubtful
names," "names under inquiry," and "for
gotten names." Latin designations of these
are nomina dubia, nomina inquirenda, and
nomina oblita, respectively. Each of these
groups may include both available and un
available names, but the latter can well be
ignored. Names considered to possess avail
ability conduce to uncertainty and instabil
ity, which ordinarily can be removed only
by appealed action of ICZN. Because few
zoologists care to bother in seeking such
remedy, the "wastebasket" names persist.

SUMMARY OF NAME GROUPS
Partly because only in such publications

as the Treatise is special attention to groups
of zoological names called for and partly
because new designations are now intro
duced as means of recording distinctions
explicitly as well as compactly, a summary
may be useful. In the following tabulation
valid groups of names are indicated in bold
face type, whereas invalid ones are printed
in italics.

DEFINITIONS OF NAME GROUPS

nomen conservatum (nom. conserv.). Name un
acceptable under regulations of the Code which
is made valid, either with original or altered spell·

ing, through procedures specified by the Code or
by action of ICZN exercising its plenary powers.

nomen correctum (nom. correct.). Name with in
tentionally altered spelling of sort required or
allowable by the Code but not dependent on trans
fer from one taxonomic rank to another ("im.
proved name"). (See Code, Arts. 26-b, 27, 29,
30-a-3, 31, 32-c-i, 33-a; in additi.on change of
endings for suprafamilial taxa not regulated by
the Code.)

nomen imperfectum (nom. imperf.). Name that as
originally published (with or without subsequent
identical spelling) meets all mandatory reqUIre
ments of the Code but contains defect needing
correction ("imperfect name"). (See Code, Arts.
26-b, 27, 29, 32-c, 33-a.)

nomen inviolatum (nom. inviol.). Name that as
originally published meets all mandatory require
ments of the Code and also is not correctable or
alterable in any way ("inviolate name").

nomen negattlm (nom. neg.). Name that as orig·
inally published (with or without subsequent
identical spelling) constitutes invalid original spell
ing, ami although possibly meeting all other man
datory requirements of the Code, cannot be used
and has no separate status in nomenclature ("de
nied name"). It is to be corrected wherever found.

nomen ntldtlm (nom. nud.). Name that as origin
ally published (with or without subsequent iden
tical spelling) fails to meet mandatory require
ments of the Code and having no status in
nomenclature, is not correctable to establish orig
inal authorship and date ("naked name").

nomen nullum (nom. ntlll.). Name consisting of
an unintentional alteration in form (spelling) of
a previously published name (either available
name, as nom. inviol., nom. per/., nom. imfJer/.,
nom. transl.; or unavailable name, as nom. neg.,
nom. ntld., nom. l'an., or another nom. null.)
("null name").

nomen oblittlm (nom. oblit.). Name of senior
synonym unused in primary zoological literature
in more than 50 years, not to be used unless so
directed by ICZN ("forgotten name").

nomen perfectum (nom. perf.). Name that as
originally published meets all mandatory require
ments of the Code and needs no correction of any
kind but which nevertheless is validly alterable by
change of ending ("perfect name").

nomen substitutum (nom. subst.). Replacement
name published as substitute for an invalid name,
such as a junior homonym (equivalent to "new
name") .

nomen translatum (nom. transl.). Name that is de·
rived by valid emendation of a previously pub
lished name as result of transfer from one taxo
nomic rank to another within the group to which
it belongs ("transferred name").

nomen vanum (nom. van.). Name consisting of an
invalid intentional change in form (spelling) from
a previously published name, such invalid emenda
tion having status in nomenclature as a junior
objective synonym ("vain name").

nomen vetitum (nom. vet.). Name of genus-group
taxon not authorized by the Code or, if first pub
lished after 1930, without definitely fixed type
species ("impermissible name").

xiv
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Except as specified otherwise, zoological
names accepted in the Treatise may be
understood to be classifiable either as nom
ina inviolata or nomina perfecta (omitting
from notice nomina correcta among specific
names) and these are not discriminated.
Names which are not accepted for one
reason or another include junior homo
nyms, senior synonyms classifiable as nom
ina negata or nomina nuda, and numerous
junior synonyms which include both objec
tive (nomina vana) and subjective types;
rejected names are classified as completely
as possible.

NAME CHANGES IN RELATION
TO TAXA GROUPS

SPECIES-GROUP NAMES

Detailed consideration of valid emenda
tion of specific and subspecific names is
unnecessary here because it is well under
stood and relatively inconsequential. When
the form of adjectival specific names is
changed to obtain agreement with the
gender of a generic name in transferring a
species from one genus to another, it is
never needful to label the changed name
as a nom. transl. Likewise, transliteration of
a letter accompanied by a diacritical mark
in manner now called for by the Code (as
in changing originally published broggeri
to broeggeri) or elimination of a hyphen
(as in changing originally published cornu
oryx to cornuoryx) does not require "nom.
correct." with it.

GENUS-GROUP NAMES

SO rare are conditions warranting change
of the originally published valid form of
generic and subgeneric names that lengthy
discussion may be omitted. Only elimi
nation of diacritical marks of some names
in this category seems to furnish basis for
valid emendation. It is true that many
changes of generic and subgeneric names
have been published, but virtually all of
these are either nomina vana or nomina
nulla. Various names which formerly were
classed as homonyms are not now, for two
names that differ only by a single letter (or
in original publication by presence or ab
sence of a diacritical mark) are construed
to be entirely distinct.

Examples in use of classificatory designa
tions for generic names as previously given
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are the following, which also illustrate
designation of type species as explained
later.
Kurnatiophyllum THOMPSON, 1875 [*K. concentri

cum; SD GREGORY, 1917] [=Kumatiophyllum
THOMPSON, 1876 (nom. null.); Cymatophyllum
THOMPSON, 1901 (nom. van.); Cymatiophyllum
LANG, SMITH & THOMAS, 1940 (nom. t'an.)].

Stichophyma POMEL, 1872 [*Manon turbinatum
ROMER, 1841; SD RAUFF, 1893] [=Stychophyma
VOSMAER, 1885 (nom. null.); Sticophyma MORET,
1924 (nom. null.)].

Stratophyllum SMYTH, 1933 [*S. tenue] [=Eth
moplax SMYTH, 1939 (nom. van. pro Stratophyl
lum); Stratiphyllum LANG, SMITH & THOMAS,
1940 (nom. van. pro Stratophyllum SMYTH) (non
Stratiphyllum SCHEFFEN, 1933)].

Placotelia OPPLIGER, 1907 [*Porostoma marconi
FROMENTEL, 1859; SD DELAUBENFELS, herein]
[=Plakotelia OPPLIGER, 1907 (nom. neg.)].

WaIcottella DELAUBENFELS, 1955 [nom. subst., pro
Rhopalicus SCHRAMM, 1936 (non FORSTER, 1856)].

Cyrtograptus CARRUTHERS, 1867 [nom. COlTect.

LAPWORTH, 1873 (pro Cyrtograpsus CARRUTHERS,
(1867), nom. conserv. proposed BULMAN, 1955
(ICZN pend.)].

FAMILY-GROUP NAMES; USE OF "NOM.
TRANSL."

The Code specifies the endings only for
subfamily (-inae) and family (-idae) but all
family-group taxa are defined as coordinate,
signifying that for purposes of priority a
name published for a taxon in any category
and based on a particular type genus shall
date from its original publication for a taxon
in any category, retaining this priority (and
authorship) when the taxon is treated as
belonging to a lower or higher category.
By exclusion of -inae and -idae, respectively
reserved for subfamily and family, the end
ings of names used for tribes and super
families must be unspecified different letter
combinations. These, if introduced subse
quent to designation of a subfamily or fam
ily based on the same nominate genus, are
nomina translala, as is also a subfamily
that is elevated to family rank or a family
reduced to subfamily rank. In the Treatise
it is desirable to distinguish the valid
alteration comprised in the changed end
ing of each transferred family-group name
by the abbreviation "nom. transl." and
record of the author and date belonging to
this alteration. This is particularly im
portant in the case of superfamilies, for it
is the author who introduced this taxon
that one wishes to know about rather than
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the author of the superfamily as defined by
the Code, for the latter is merely the
individual who first defined some lower
rank family-group taxon that contains the
nominate genus of the superfamily. The
publication of the author containing intro
duction of the superfamily nomen trans
latum is likely to furnish the information
on taxonomic considerations that support
definition of the unit.

Examples of the use of "nom. transl."
are the following.

Subfamily STYLININAE d'Orbigny, 1851
[nom. transl. EDWARDS & HAIME, 1857 (ex Stylinidae

P'ORBIGNY.1851)]

Superfamily ARCHAEOCTONOlDEA
Petrunkevitch, 1949

[nom. transl. PETRUNKEVITCH, 1955 (ex Archaeoctonidae
PETRUNKEVITCH, 1949) J

Superfamily CRIOCERATlTACEAE Hyatt, 1900
[nom. transl. WRIGHT, 1952 (ex Crioceratitidae HYATT, 1900)]

FAMILY·GROUP NAMES; USE OF "NOM.
CORRECT."

Valid name changes classed as nomina
correcta do not depend on transfer from
one category of family-group units to anoth
er but most commonly involve correction of
the stem of the nominate genus; in addition,
they include somewhat arbitrarily chosen
modification of ending for names of tribe
or superfamily. Examples of the use of
"nom. correct." are the following.

Family STREPTELASMATlDAE Nicholson, 1889
[nom. correct. WEDEKIND, 1927 (pro Strepte1asmidae

NICHOLSON, 1889, nom. imperl.)]

Family PALAEOSCORPIIDAE Lehmann, 1944
[nom. correct. PETRUNKEVITCH, 1955 (pro Palaeoscorpionidae

LEHMANN. 1944. nom. imperl·) 1

Family AGLASPIDIDAE Miller, 1877
[nom. correct. STpRMER, 1959 (pro Aglaspidae MILLER, 1877.

nom. imperl.) 1

Superfamily AGARICIICAE Gray, 1847
[nom. correct. \VELLS, 1956 C!J/,o Agaricioidae VAUGHAN &

WELLS, 1943, nom. franJ!. ex Agariciidae GRAY, 1847) J

FAMILY·GROUP NAMES; USE OF "NOM.
CONSERV."

It may happen that long-used family
group names are invalid under strict appli
cation of the Code. In order to retain the
otherwise invalid name, appeal to ICZN is
needful. Examples of use of nom. conserv.
in this connection, as cited in the Treatise,
are the following.

Family ARIETlTlDAE Hyatt, 1874
[nom. correct. HAUG, 1885 (pro Arietidae HYATT, 1875) nom.

conserv. proposed ARKELL. 1955 (ICZN pend.)]

Family STEPHANOCERATlDAE Neumayr,
1875

[110m. correct. FISCHER, 1882 (pro Stephanoceratinen NEu
MAYR, 1875, invalid vernacular name), nom. conJ£'I'V. pro

posed ARKELL. 1955 (ICZN pend.)]

FAMILY-GROUP NAMES; REPLACEMENTS

Family-group names are formed by
adding letter combinations (prescribed for
family and subfamily but not now for
others) to the stem of the name belonging
to genus (nominate genus) first chosen as
type of the assemblage. The type genus
need not be the oldest in terms of receiving
its name and definition, but it must be the
first-published as name-giver to a family
group taxon among all those included. Once
fixed, the family-group name remains tied
to the nominate genus even if its name is
changed by reason of status as a junior
homonym or junior synonym, either objec
tive or subjective. Seemingly, the Code
(Art. 39) requires replacement of a family.
group name only in the event that the nom
inate genus is found to be a junior hom
onym, and then a substitute family-group
name is accepted if it is formed from the
oldest available substitute name for the
nominate genus. Authorship and date at
tributed to the replacement family-group
name are determined by first publication of
the changed family group-name, but for
purposes of the Law of Priority, they take
the date of the replaced name. Numerous
long-used family-group names are incorrect
in being nomina nuda, since they fail to
satisfy criteria of availability (Art. 11 ,e).
These also demand replacement by valid
names.

The aim of family-group nomenclature is
greatest possible stability and uniformity,
just as in case of other zoological names.
Experience indicates the wisdom of sus
taining family-group names based on junior
subjective synonyms if they have priority of
publication, for opinions of different work
ers as to the synonymy of generic names
founded on different type species may not
agree and opinions of the same worker may
alter from time to time. The retention sim
ilarly of first-published family-group names
which are found to be based on junior ob
jective synonyms is less clearly desirable,
especially if a replacement name derived
from the senior objective synonym has been
recognized very long and widely. To dis-
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place a much-used family-group name based
on the senior objective synonym by disin
terring a forgotten and virtually unused
family-group name based on a junior objec
tive synonym because the latter happens to
have priority of publication is unsettling.

Replacement of a family-group name may
be needed if the former nominate genus is
transferred to another family-group. Then
the first-published name-giver of a family
group assemblage in the remnant taxon is
to be recognized in forming a replacement
name.

FAMILY-GROUP NAMES; AUTHORSHIP
AND DATE

All family-group taxa having names
based on the same type genus are attributed
to the author who first published the name
for any of these assemblages, whether tribe,
subfamily, or family (superfamily being al
most inevitably a later-conceived taxon).
Accordingly, if a family is divided into
subfamilies or a subfamily into tribes, the
name of no such subfamily or tribe can
antedate the family name. Also, every fam
ily containing differentiated subfamilies
must have a nominate (sensu stricto) sub
family, which is based on the same type
genus as that for the family, and the author
and date set down for the nominate sub
family invariably are identical with those
of the family, without reference to whether
the author of the family or some subsequent
author introduced subdivisions.

Changes in the form of family-group
names of the sort constituting nomina cor
recta, as previously discussed, do not affect
authorship and date of the taxon concerned,
but in publications such as the Treatise it is
desirable to record the authorship and date
of the correction.

SUPRAFAMILIAL TAXA

International rules of zoological nomen
clature as given in the Code (1961) are
limited to stipulations affecting lower-rank
categories (infrasubspecies to superfamily).
Suprafamilial categories (suborder to phy
lum) are either unmentioned or explicitly
placed outside of the application of zoolog
ical rules. The Copenhagen Decisions on
Zoological Nomenclature (1953, Arts. 59
69) proposed to adopt rules for naming sub
orders and higher taxonomic divisions up to
and including phylum, with provision for

designating a type genus for each, hopefully
in such manner as not to interfere with the
taxonomic freedom of workers. Procedures
for applying the Law of Priority and Law
of Homonymy to suprafamilial taxa were
outlined and for dealing with the names for
such units and their authorship, with as
signed dates, when they should be trans
ferred on taxonomic grounds from one rank
to another. The adoption of terminations
of names, different for each category but
uniform within each, was recommended.

The Colloquium on zoological nomen
clature which met in London during the
week just before the XVth International
Congress of Zoology convened in 1958
thoroughly discussed the proposals for reg
ulating suprafamilial nomenclature, as well
as many others advocated for inclusion in
the new Code or recommended for exclu
sion from it. A decision which was sup
ported by a wide majority of the partici
pants in the Colloquium was against the
establishment of rules for naming taxa
above family-group rank, mainly because it
was judged that such regulation would un
wisely tie the hands of taxonomists. For
example, if a class or order was defined by
some author at a given date, using chosen
morphologic characters (e.g., gills of pele
cypods), this should not be allowed to
freeze nomenclature, taking precedence
over another later-proposed class or order
distinguished by different characters (e.g.,
hinge-teeth of pelecypods) . Even the fixing
of type genera for suprafamilial taxa might
have small value, if any, hindering taxo
nomic work rather than aiding it. At all
events, no legal basis for establishing such
types and for naming these taxa has yet
been provided.

The considerations just stated do not pre
vent the Editor of the Treatise from making
"rules" for dealing with suprafamilial
groups of animals described and illustrated
in this publication. At least a degree of
uniform policy is thought to be needed,
especially for the guidance of Treatise-con
tributing authors. This policy should ac
cord with recognized general practice
among zoologists, but where general prac
tice is indeterminate or nonexistent our
own procedure in suprafamilial nomencla
ture needs to be specified as clearly as pos
sible. This pertains especially to decisions
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about names themselves, about citation of
authors and dates, and about treatment of
suprafamilial taxa which on taxonomic
grounds are changed from their originally
assigned rank. Accordingly, a few "rules"
expressing Treatise policy are given here,
some with examples of their application.

(1) The name of any suprafamilial taxon
must be a Latin or latinized uninominal
noun of plural form, or treated as such, (a)
with a capital initial letter, (b) without dia
critical mark, apostrophe, diaeresis, or hy
phen, and (c) if component consisting of a
numeral, numerical adjective, or adverb
is used, this must be written in full (e.g.,
Stethostomata, Trionychi, Septemchitonina,
Scorpiones, Subselliflorae). No uniformity
in choice of ending for taxa of a given rank
is demanded (e.g., orders named Gorgon
acea, Milleporina, Rugosa, Scleractinia,
Stromatoporoidea, Phalangida).

(2) Names of suprafamilial taxa may be
constructed in almost any way, (a) intended
to indicate morphological attributes (e.g.,
Lamellibranchiata, Cyclostomata, Toxo
glossa), (b) based on the stem of an in
cluded genus (e.g., Bellerophontina, Nau
tilida, Fungiina), or (c) arbitrary combina
tions of letters, (e.g., Yuania), but none of
these can be allowed to end in -idae or -inae,
reserved for family-group taxa. A class or
subclass (e.g., Nautiloidea), order (e.g.,
Nautilida), or suborder (e.g., Nautilina)
named from the stem of an included genus
may be presumed to have that genus (e.g.,
Nautilus) as its objective type. No supra
familial name identical in form to that of a
genus or to another published suprafamilial
name should be employed (e.g., order Deca
poda Latreille, 1803, crustaceans, and order
Decapoda Leach, 1818, cephalopods; sub
order Chonetoidea Muir-Wood, 1955, and
genus Chonetoidea Jones, 1928). Worthy of
notice is the classificatory and nomenclatural
distinction between suprafamilial and fam
ily-group taxa which respectively are
named from the same type genus, since one
is not considered to be transferable to the
other (e.g., suborder Bellerophontina Ul
rich & Scofield, 1897; superfamily Bellero
phontacea M'Coy, 1851; family Bellero
phontidae M'Coy, 1851). Family-group
names and suprafamilial names are not co
ordinate.

(3) The Laws of Priority and Homony-

my lack any force of international agree
ment as applied to suprafamilial names, yet
in the interest of nomenclatural stability
and the avoidance of confusion these laws
are widely accepted by zoologists above the
family-group level wherever they do not
infringe on taxonomic freedom and long
established usage.

(4) Authors who accept priority as a
determinant in nomenclature of a supra
familial taxon may change its assigned rank
at will, with or without modifying the
terminal letters of the name, but such
change(s) cannot rationally be judged to
alter the authorship and date of the taxon
as published originally. (a) A name revised
from its previously published rank is a
"transferred name" (nom. trans!.), as illus
trated in the following.

Order CORYNEXOCHIDA Kobayashi, 1935
[nom. trans!' MOORE, 1955 (ex suborder Corynexochida

KOBAYASHI, 1935) J

(b) A name revised from its previously
published form merely by adoption of a
different termination, without changing
taxonomic rank, is an "altered name" (nom.
correct.). Exampies follow.

Order DISPARIDA Moore & Laudon, 1943
[nom. correct. MOORE, 1952 (pro order Disparata MOORE &

LAUDON, 1943)]

Suborder AGNOSTINA Salter, 1864
[nom. correct. HARRINGTON & LEANZA, 1957 (pro suborder

Agnostini SALTER, 1864)]

(C) A suprafamilial name revised from its
previously published rank with accompany
ing change of termination (which mayor
may not be intended to signalize the change
of rank) is construed to be primarily a nom.
transl. (compare change of ending for fam
ily-group taxa -idae to -inae, or vice versa,
and to superfamily) but if desired it could
be recorded as nom. transl. et correct.

Order ORTHIDA Schuchert & Cooper, 1931
[nom. transl. ~OORE, 1952 (ex suhorder Orthoidea

SCHUCH£RT & COOPER, 1931)]

(5) The authorship and date of nominate
subordinate and superordinate taxa among
suprafamilial taxa are considered in the
Treatise to be identical since each actually
or potentially has the same type. Examples
are given below.

Subclass ENDOCERATOIDEA Teichert, 1933
[nom. trans/. TEICHERT, 1964 (ex superoeder Endoceratoidea
SHIMA:-lSKIY & ZHURAVLEVA, 1961, nom. transl. ex order

Endoceroidea TEICHERT) 1933)]
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Order ENDOCERIDA Teichert, 1933
[nom. correct. TEICHERT, 1964 (pro order Endoceroidea

TEICHERT, 1933) 1

Suborder ENDOCERINA Teichert, 1933
[nom. correct. TEICHERT, 1964 (pro suborder Endocer~cea

SCHINDEWOLF, 1935, nom. transI. ex order EndocerOldea
TEICHERT, 1933) J

(6) A suprafamilial taxon mayor may
not contain a family-group taxon or taxa
having the same type gen.u.s, and if it d~es,

the respective suprafamlhal and famlly
group taxa mayor may not be nominate
(having names with the same stem). The
zoological Code (Art. 61) affirms that
"each taxon [of any rank] has, actually or
potentially, its type.." Taxa above t~e fam
ily-group level whICh may be deslgnat~d

as having the same type genus (such desig
nations not being stipulated or recognized
by any articles of the zoological Code) are
considered to have identical authorship and
date if the stem of names employed is the
same (illustrated in preceding paragraph),
but otherwise their authorship and date are
accepted as various. Examples showing
both suprafamilial and familial taxa in a
group of spiders follow.

Class ARACHNIDA Lamarck, 1801
[nom. correct. NEWPORT, 1830 (pro class-not family
Arachnidae LAMARCK, 1801) (type, Araneus CLERCK, 1757,

validated ICZN, 1948) 1

Subclass CAULOGASTRA Pocock, 1893
[type, Araneus CLERCK, 1757J

Superorder LABELLATA Petrunkevitch, 1949
[type, Araneus CLERCK, 1757]

Order ARANEIDA Clerck, 1757
[nom. correct. DALLAS, 1864 (pro Araneidea B:ACKWALL,

1861 pro Araneides LATREILLE, 1801, pro Aranel CLERCK,

1757: validated ICZN, 1948) (type, Araneus CLERCK, 1757)]

Suborder DIPNEUMONINA Latreille, 1817
[nom. correct. PETRUNKEVITCH, 1955 (pro Dipneumones

LATREILLE,1817) (type, Araneus CLERCK, 1757)]

Division TRIONYCHI Petrunkevitch, 1933
[type, Araneus CLERCK, 1757]

Superfamily ARANEOIDEA Leach, 1815
[nom. tra'H!. PETRUNKEVITCH, 1955 (ex Araneides LEACH,

1815) (type, Araneus CLERCK, 1757) 1

Family ARANEIDAE Leach, 1815
[nom. corrut. PETRUNKEVITCH, 1955 (pro Araneadae LEACH,
1819 pro Araneides LEACH, 1815) (type, Araneus CLERCK,

, 1757) 1

Subfamily ARANEINAE Leach, 1815
[nom. transl. SIMON, 1892 (ex Araneidae LEACH, IBIS)

(type, Araneus CLERCK, 1757) 1

TAXONOMIC EMENDATION
Emendation has two measurably distinct

aspects as regards zoological nomenclature.

These embrace (1) alteration of a name
itself in various ways for various reasons,
as has been reviewed, and (2) alteration or
taxonomic scope or concept in application
of a given zoological name, whatever its
hierarchical rank. The latter type of emen
dation primarily concerns classification
and inherently is not associated with change
of name, whereas the other type introduces
change of name without neces~ary ~xpa?

sion, restriction, or other modificatIOn In

applying the name. Little attention gener
ally has been paid to this distinction in
spite of its significance. .

Most zoologists, including paleozoologists,
who have signified emendation of zoolog
ical names refer to what they consider a
material change in application of the name
such as may be expressed by an importantly
altered diagnosis of the assemblage covered
by the name. The abbreviation "emend."
then may accompany the name, with state
ment of the author and date of the emenda
tion. On the other hand, a multitude of
workers concerned with systematic zoology
think that publication of "emend." with a
zoological name is valueless, because more
or less alteration of taxonomic sort is intro
duced whenever a subspecies, species, genus,
or other assemblage of animals is incorpor
ated under or removed from the coverage
of a given zoological name. Inevitably ~sso

ciated with such classificatory expansIOns
and restrictions is some degree of emenda
tion affecting diagnosis. Granting this, still
it is true that now and then somewhat
radical revisions are put forward, generally
with published statement of reasons for
changing the application of a name. ,!,o
erect a signpost at such points of most Sl~

nificant change is worthwhile, both as aid
to subsequent workers in taking account of
the altered nomenclatural usage and as indi
cation that not to-be-overlooked discussion
may be found at a particular place in the
literature. Authors of contributions to the
Treatise are encouraged to include records
of all specially noteworthy emendations of
this nature, using the abbreviation "emend."
with the name to which it refers and citing
the author and date of the emendation.

In Part G (Bryozoa) and Part D (Pro
tista 3) of the Treatise, the abbrevia~ion

"emend." is employed to record v~n?us

sorts of name emendations, thus conflICting
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with usage of "emend." for change in tax
onomic application of a name without
alteration of the name itself. This is objec
tionable. In Part E (Archaeocyatha, Por
ifera) and later-issued divisions of the
Treatise, use of "emend." is restricted to its
customary sense, that is, significant altera
tion in taxonomic scope of a name such as
calls for noteworthy modifications of a
diagnosis. Other means of designating
emendations that relate to form of a name
are introduced.

STYLE IN GENERIC DESCRIPTIONS

CITATION OF TYPE SPECIES

The name of the type species of each
genus and subgenus is given next following
the generic name with its accompanying
author and date, or after entries needed for
definition of the name if it is involved in
homonymy. The originally published com
bination of generic and trivial names for
this species is cited, accompanied by an
asterisk (*), with notation of the author
and date of original publication. An excep
tion in this procedure is made, however, if
the species was first published in the same
paper and by the same author as that con
taining definition of the genus which it
serves as type; in such case, the initial letter
of the generic name followed by the trivial
name is given without repeating the name
of the author and date, for this saves needed
space. Examples of these two sorts of cita
tions are as follows:

Diplotrypa NICHOLSON, 1879 [*Favosites petropoli-
tanus PANDER, 1830].

Chainodictyon FOERsTE, 1887 [*C.laxum].

If the cited type species is a junior synonym
of some other species, the name of this
latter also is given, as follows:

Acervularia SCHWEIGGER, 18 I9 [*A. baltica
(=*Madrepol'a ananas LINNE, 1758)].

It is judged desirable to record the man
ner of establishing the type species, whether
by original designation or by subsequent
designation.

Fixation of type species originally. The
type species of a genus or subgenus, accord
ing to provisions of the Code, may be fixed
in various ways originally (that is, in the
publication containing first proposal of the
generic name) or it may be fixed in speci-

xx

fied ways subsequent to the original publi
cation. Fixation of the type species of a
genus or subgenus in an original publica
tion is stipulated by the Code (Art. 68) in
order of precedence as I) original designa
tion (in the Treatise indicated as aD)
when the type species is explicitly stated or
(before 193I) indicated by "n. gen., n. sp."
(or its equivalent) applied to a single species
included in a new genus, 2) defined by use
of typus or typicus for one of the species
included in a new genus (adequately indi
cated in the Treatise by the specific name),
3) established by monotypy if a new genus
or subgenus includes only one originally in
cluded species which is neither aD nor
TYP (in the Treatise indicated as M), and
4) fixed by tautonymy if the genus-group
name is identical to an included species
name not indicated as type belonging to
one of the three preceding categories (indi
cated in the Treatise as T).

Fixation of type species subsequently. The
type species of many genera are not deter
minable from the publication in which the
generic name was introduced and therefore
such genera can acquire a type species only
by some manner of subsequent designation.
Most commonly this is established by pub
lishing a statement naming as type species
one of the species originally included in the
genus, and in the Treatise fixation of the
type species in this manner is indicated by
the letters "SD" accompanied by the name
of the subsequent author (who may be the
same person as the original author) and the
date of publishing the subsequent designa
tion. Some genera, as first described and
named, included no mentioned species and
these necessarily lack a type species until a
date subsequent to that of the original pub
lication when one or more species are as
signed to such a genus. If only a single
species is thus assigned, it automatically be
comes the type species and in the Treatise
this subsequent monotypy is indicated by
the letters "SM." Of course, the first publi
cation containing assignment of species to
the genus which originally lacked any in
cluded species is the one concerned in fixa
tion of the type species, and if this named
two or more species as belonging to the genus
but did not designate a type species, then a
later "SD" designation is necessary. Ex-
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amples of the use of "SD" and "SM" as
employed in the Treatise follow.

Hexagonaria GiiRICH, 1896 [*CyatllOphylillm hexa
gonllm GOLD FUSS, 1826; SD LANG, SMITH &

THOMAS, 1940].
Muriceides STUDER, 1887 [*114. fragi/is WRIGHT &

STUDER, 1889; SM WRIGHT & STUDER, 1889].

Another mode of fixing the type species
of a genus that may be construed as a special
sort of subsequent designation is action of
the International Commission on Zoological
Nomenclature using its plenary powers.
Definition in this way may set aside appli
cation of the Code so as to arrive at a deci
sion considered to be in the best interest of
continuity and stability of zoological nomen
clature. When made, it is binding and com
monly is cited in the Treatise by the letters
"ICZN," accompanied by the date of an
nounced decision and (generally) reference
to the appropriate numbered Opinion.

HOMONYMS

Most generic names are distinct from
all others and are indicated without am
biguity by citing their originally published
spelling accompanied by name of the
author and date of first publication. If
the same generic name has been applied
to 2 or more distinct taxonomic units,
however, it is necessary to differentiate
such homonyms, and this calls for dis
tinction between junior homonyms and
senior homonyms. Because a junior homo
nym is invalid, it must be replaced by
some other name. For example, Callopora
HALL, 1851, introduced for Paleozoic trep
ostome bryozoans, is invalid because GRAY
in 1848 published the same name for Cre
taceous-to-Recent cheilostome bryozoans,
and BASSLER in 1911 introduced the new
name Hallopora to replace HALL"S homo
nym. The Treatise style of entry is:

Hallopora BASSLER, 1911, nom. subst. [pro Cal/o-
para HALL, 1851 (non GRAY, 1848)].

In like manner, a needed replacement gen
eric name may be introduced in the Trea
tise (even though first publication of
generic names otherwise in this work is
avoided). The requirement that an exact
bibliographic reference must be given for
the replaced name commonly can be met in
the Treatise by citing a publication re
corded in the list of references, using its

xxi

assigned index number, as shown in the
following example.

Mysterium DE LAUBENFELS, nom. mbst. [pro Mys
trium SCHRAMMEN, 1936 (ref. 40, p. 60) (non
ROGER, 1862)] [*Mystrillm porosum SCHRAM
MEN, 1936].

For some replaced homonyms, a footnote
reference to the literature is necessary. A
senior homonym is valid, and in so far as
the Treatise is concerned, such names are
handled according to whether the junior
homonym belongs to the same major taxo
nomic division (class or phylum) as the
senior homonym or to some other; in the
former instance, the author and date of the
junior homonym are cited as:

Dip10phyllum HALL, 1851 [non SOSHKINA, 1939J
[*D. caespitosum].

Otherwise, no mention of the existence of
a junior homonym generally is made.

Synonymic homonyms. An author some
times publishes a generic name in two or
more papers of different date, each of which
indicates that the name is new. This is a
bothersome source of errors for later work
ers who are unaware that a supposed first
publication which they have in hand is not
actually the original one. Although the
names were separately published, they are
identical and therefore definable as homo
nyms; at the same time they are absolute
synonyms. For the guidance of all con
cerned, it seems desirable to record such
names as synonymic homonyms and in the
Treatise the junior one of these is indicated
by the abbreviation "jr. syn. hom."

Identical family-group names not infre
quently are published as new names by dif
ferent authors, the author of the later-intro
duced name being ignorant of previous pub
lication(s) by one or more other workers.
In spite of differences in taxonomic con
cepts as indicated by diagnoses and group
ing of genera and possibly in assigned rank,
these family-group taxa are nomenclatural
homonyms, based on the same type genus,
and they are also synonyms. Wherever en
countered, such synonymic homonyms are
distinguished in the Treatise as in dealing
with generic names.

SYNONYMS

Citation of synonyms is given next fol
lowing record of the type species and if two
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or more synonyms of differing date are
recognized, these are arranged in chron
ological order. Objective synonyms are
indicated by accompanying designation
"(obj.)," others being understood to con
stitute subjective synonyms. Examples
showing Treatise style in listing synonyms
follow.

Calapoecia BILLINGS, 1865 [*C. anticostiensis; SD
LINDSTROM, 1883] [=Columnopora NICHOLSON,
1874; Houglztonia ROMINGER, 1876].

Staurocyclia HAECKEL, 1882 [*5. eruciata HAECKEL,
1887] [=Coccostaurtls HAECKEL, 1882 (obj.);
PlIacostatlrtJs HAECKEL, 1887 (obj.)].

A synonym which also constitutes a homo
nym is recorded as follows:

Lyopora NICHOLSON & ETHERIDGE, 1878 [*Palaeo
pom? favosa M'Coy, 1850] [=Liopora LANG,
SMITH & THOMAS, 1940 (non GIRTY, 1915)].

Some junior synonyms of either objective
or subjective sort may take precedence de
sirably over senior synonyms wherever uni
formity and continuity of nomenclature are
served by retaining a widely used but tech
nically rejectable name for a generic assem
blage. This requires action of ICZN using
its plenary powers to set aside the unwanted
name and validate the wanted one, with
placement of the concerned names on appro
priate official lists. In the Treatise citation
of such a conserved generic name is given
in the manner shown by the following ex
ample.
Tetragraptus SALTER, 1863 [nom. correct. HALL,

1865 (pro Tetragrapsus SALTER, 1863), nom.
conserv. proposed BULMAN, 1955, ICZN pend.]
[*Ftlcoides serra BRONGNIART, 1828 (=Grapto
litlIus bryonoides HALL, 1858)].

ABBREVIATIONS
Abbreviations used in this division of the Treatise are explained III the following

alphabetically arranged list.
Abbreviations

Abhandl., Abhandlung(en)
Abt., Abteilung(en)
adj., adjective
all, affinis (related to)
Afr., Africa(an)
Ala., Alabama
Alg., Algeria
Alta., Alberta
Am., America(n)
Ann., Anfiaes, Annales, Annual
ant., anterior
approx., approximately
Arenig., Arenigian
Ariz., Arizona
Ark, Arkansas
art., article
Ashgill., Ashgillian
aucll., atlctorum (of authors)

B.C., British Columbia
Bd., Band
Beil., Beilage
Belg., Belgium, Belgique
Blackriv., Blackriveran
Boh., Bohemia
Brit., Britain, British
Bull., Bulletin

Calif., California
Cam., Cambrian
Can., Canada
Caradoc., Caradocian
Carb., Carboniferous
d., confer (compare)
chapt., chapter
Chazy., Chazyan
Chester., Ches terian

Cincinnati., Cincinnatian
em., centimeter
Co., County
Coli., Collections
Cong., Congress
Contrib., Contribution(s)
Czech., Czechoslovakia

dec., decade
Dev., Devonian
diagram., diagrammatic
diam., diameter
Dol., Dolomite

E., East
ed., editor
edit., edition
e.g., exempli g"atia (for example)
emend., emendatw( -a)
Eng., England
enl., enlarged
Est., Estonia
etc., et cetera (and others, objects)
Eu., Europe
ext., exterior

F., Formation
fig., figure (s)
Forhandl., Forhandlingar
Fr., France, French, Fran<;ais(e)

gen., genus
gen. hypoth., genus hypothetical
Geol., Geology, Geological,

Geologische, etc.
Ger., Germany, German
God., Gotland
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Gr., Group, Great

Handl., Handlingar
hypoth., hypothetical

I., Isle (s)
ICZN, International Commission

of Zoological Nomenclature
III., Illinois
iIIus., illustrations
incl., including, inclined
Ind., Indiana
indet., indetermined
int., in terior
Internad., International
Ire., Ireland
Is., Island (s)

Jaarb., Jaarboek
Jaarg., Jaargang
Jahrb., Jahrbuch
Jahresv., Jahresversammlung
Jahrg., Jahrgang
Jour., Journal

Ky., Kentucky

L., Low., Lower
lat., lateral
Lief., Lieferung (en)
loc., locality
long., longitudinal
low., lower
Ls., Limestone

M., Mid., Middle
M, monotypy
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Md., Maryland
Mood., Meddelanden, Meddelelser
Mem., Memoir(s), Memoria,

Memorie
Mem., Memoire(s)
Meramec., Meramecian
Mex., Mexico
Mich., Michigan
Minn., Minnesota
Miss., Mississippi, Mississippian
mm., millimeter(s)
Mo., Missouri
mod., modified
Mon., Monograph, Monographia
Monatsber., Monatsberichte
Monatsh., Monatshefte
Mont., Montana

D, new
N., North
N.Am., North America(n)
Nev., Nevada
N.Mex., New Mexico
no., number
nom. conserv., nomen conservatum

(conserved name)
nom. correct., nomen carree/tlm

(corrected or intentionally al
tered name)

nom. dub., nomen dubium
(doubtful name)

nom. imperf., nomen imperfectum
(imperfect name)

nom. neg., nomen negatum
(denied name)

nom. nov., nomen novum (new
name)

nom. nud., nomen nudum (naked
name)

nom. null., nomen nullum (null,
void name)

nom. ob/it., nomen oblitum
(forgotten name)

nom. subst., nomen substitutum
(substitute name)

nom. transl., nomen translatum
(transferred name)

nom. van., nomen vanum (vain,
void name)

nom. vet., nomen t'etitttm
(impermissible name)

NW., Northwest
N.Y., New York
N.Z., New Zealand

OD, original designation
Okla., Oklahoma
Ont., Ontario
Ord., Ordovician
Osag., Osagian

p., page(s)
Pa., Pennsylvania
Penn., Pennsylvanian
Perm., Permian
Phi/os., Philosophical
photogr., photographed
pl., plate(s), plural
Pol., Poland
Port., Portugal
post., posterior
Proc., Proceedings
Prof., Professional
Prog., Progress
pt., part (s )
publ., publication, published

Quart., Quarterly
Que., Quebec
Queensl., Queensland

Rec., Recent, Record (s)
reconstr., reconstructed (-ion)
Rept., Report
Richmond., Richmondian

5., Sou th, Sea
S.Am., South America
Scand., Scandinavia
Sci., Science

Scot., Scotland
SD, subsequent designation
sec., section (s)
ser., series, serial, etc.
Sh., Shale
Sib., Siberia
Sil., Silurian
sing., singular
Sitzungsber., Sitzungsberichte
sp., species (spp., plural)
spec., special, specimen
s.s., sensu st"icto (in the strict

sense, narrowly defined)
suppl., supplement
syn., synonym

T, tautonymy
tang., tangen tial
Tenn., Tennessee
Tournais., Tournaisian
Trans., Transactions
transv., transverse
Tremadoc., Tremadocian
Trenton., Trentonian

U., Up., Upper
up., upper
USA, United States (America)
USSR, Union of Soviet Socialist

Republics

v., volume(s)
Va., Virginia
Verhandl., Verhandlung(en)
vert., vertical
viz., videlicet, namely

W., West
W.Va., West Virginia
Wis., Wisconsin

Yorks., Yorkshire

Zeitsehr., Zeitschrift

REFERENCES TO LITERATURE

Each part of the Treatise is accompanied
by a selected list of references to paleon
tological literature consisting primarily of
recent and comprehensive monographs
available but also including some older
works recognized as outstanding in im
portance. The purpose of giving these ref
erences is to aid users of the Treatise in
finding detailed descriptions and illustra
tions of morphological features of fossil
groups, discussions of classifications and
distribution, and especially citations of more
or less voluminous literature. Generally
speaking, publications listed in the Tt'eatise
are not original sources of information con
cerning taxonomic units of various rank but
they tell the student where he may find

them; otherwise it IS necessary to turn to
such aids as the Zoological Record or
NEAVE's Nomenclator Zoologicus. Refer
ences given in the Treatise are arranged
alphabetically by authors and accompanied
by index numbers which serve the purpose
of permitting citation most concisely in
various parts of the text; these citations of
listed papers are enclosed invariably in
parentheses and, except in Part C, are dis
tinguishable from dates because the index
numbers comprise no more than 3 digits.
The systematic descriptions given in Part
C are accompanied by a reference list con
taining more than 2,000 entries; the index
numbers for them are marked by an aster
isk.
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The following is a statement of the full
names of serial publications which are cited
in abbreviated form in the Treatise lists of
references. The information thus provided
should be useful in library research work.
The list is alphabetized according to the
serial titles which were employed at the
time of original publication. Those follow
ing it in brackets are those under which the
publication may be found currently in the
Union List ot Serials, the United States
Library of Congress listing, and most li
brary card catalogues. The names of serials
published in Cyrillic are transliterated; in
the reference lists these titles, which may be
abbreviated, are accompanied by transliter
ated authors' names and titles, with English
translation of the title. The place of publi
cation is added (if not included in the serial
title).

The method of transliterating Cyrillic let
ters that is adopted as "official" in the
Treatise is the so-called Anglo-American
method given by the Geographical Society
of London. It follows that names of some
Russian authors in transliterated form de
rived in this way differ from other forms,
possibly including one used by the author
himself. In Treatise reference lists the alter
native (unaccepted) form is given enclosed
by square brackets (e.g., Chernyshev
[Tschernyschew], T.N.).

List at Serial Publications

Academia Brasileira de Ciencias, Annaes. Rio de
Janeiro.

Academie Imperiale des Sciences, St. Petersbourg,
Memoires (Akademiya Nauk SSSR Leningrad).

Academie Royale de Belgique, Classe des Sciences,
Bulletin; Memoires. Bruxelles.

Academie Royale des Sciences, des Lettres et des
Beaux-Arts de Belgique, Bulletin. Bruxelles.

Academie des Sciences de Paris, Comptes Rendus;
Memoires.

Academie des Sciences de I'URSS, Comptes Rendus;
Institut PaIeontologique, Travaux; Institut
PaIeozoologique, Travaux [Akademiya Nauk
SSSR, Doklady]. Leningrad.

Academy of Natural Sciences of Philadelphia, Jour
nals; Proceedings.

Academy of Science of St. Louis, Bulletins; Memoirs;
Transactions.

Acta Palaeontologia Sinica. Peking.
Akademie der Wissenschaft zu Miinchen, mathe

matische-physikalische Klass, Denkschriften; Sitz
ungsberich teo

Akademie der Wissenschaften, physikalische-mathe
matische Klasse, Abhandlungen. Berlin.

[K.] Akademie der Wissenschaften zu Wien, mathe
matische-naturwissenschaftliche Klasse, Denk
schriften; Sitzungsberichte.

Akademiya Nauk SSSR, Institut Geologicheskikh
Nauk, Trudy (Geologicheskaya Seriya). Moskva.

Akademiya Nauk SSSR Leningrad, Doklady; Trudy,
Izvestiya. Moskva, Leningrad.

American Association of Petroleum Geologists, Bulle-
tins. Tulsa, Okla.

American Geologist. Minneapolis, Minn.
American Journal of Science. New Haven, Conn.
American Midland Naturalist. Notre Dame, Ind.
American Museum of Natural History, Novitates;

Memoirs; Bulletins. New York.
Annales de Paleontologie. Paris.
Annals and Magazine of Natural History. London.
Archiv Gesammte Naturlehre [Kastner]. Niirnberg.
Archiv fiir Mineralogie, Geognosie, Bergbau und

Hii ttenkunde. Berlin.
Archiv fiir Naturgeschichte. Berlin, Leipzig.
Archiv fiir die Naturkunde Liv-, Ehst- und Kur-

lands. Dorpat.
Archives de Biologie. Paris.
Archivio Zoologico (Italiano). Napoli.
Arkiv for Zoologi. Uppsala.
Association Fran~aise pour I'Avancement des Sci

ences, Comptes Rendus. Reims.
Bibliotheca Zoologica. Originalabhandlungen. Hrsg.

V. C. Chun, Stuttgart.
Biological Reviews (see Cambridge Philosophical

Society). Cambridge, Eng.
Biological Society of Washington, Proceedings.

Washington, D.C.
Boston Journal of Natural History (superseded by

Boston Society of Natural History, Memoirs).
Bristol Naturalists' Society, Proceedings.
British Association for the Advancement of Science,

Reports. London.
British Museum (Natural History), Bulletins; Sci-

entific Reports. London.
Buffalo Society of Natural Science. Bulletins.
Bulletin of American Paleontology. Ithaca, N.Y.
Cambridge Philosophical Society, Biological Reviews

and Biological Proceedings. Cambridge, Eng.
Canada, Geological Survey of, Department of Mines

and Resources, Mines and Geology Branch, Bulle
tins; Canad ian Organic Remains; Contribu tions to
Canadian Paleontology; Memoirs; Museum Bulle
tins; Victoria Memorial Museum Bulletins. Ot
tawa, Montreal.

Canadian Field Naturalist, Transactions (formerly
Ottawa Naturalist, 1887-1919). Ottawa.

Canadian Journal of Science, Literature, and History
(formerly Canadian Journal). Toronto.

Canadian Record of Science. Montreal.
Carnegie Institution of Washington, Papers; Publi

cations. Washington, D.C.
China, Geological Society of, Bulletins. Peking.
(Las) Ciencias. Madrid. (Associaci6n Espanola para

el Progreso de las Ciencias, Anales.)
Cincinnati Society of Natural History, Journals.
Comite Geologique, Memoires. St. Petersbourg. (See

Geologicheskago Komiteta, Trudy. Leningrad.)
Denison University, Scientific Laboratories, Bulle

tins; Journals. Granville, Ohio.
Deutsche Geologische Gescellschaft, Jahresversamm

lung; Zeitschrift. Berlin, Hannover.
Deutsche Zoologische Gesellschaft, Verlandlungen.

Leipzig.
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Dublin Geological Society, Journals.
Eesti NSV Teaduste Akadeemia, Geoloogia Insti

tuudi, Uurimused. [Akademiya Nauk Estonskoi
SSR, Instituta Geologii, Trudy]. Tallinn.

[K.] Fysiografiska Sallskapet i Lund, Fiirhandlingar;
Handlingar.

Geological Magazine. London, Hertford.
Geological Society of America, Bulletins; Memoirs;

Special Papers. New York.
Geological Society of London; Memoirs; Proceedings;

Quarterly Journals; Transactions.
Geological Survey of [see under name of country,

state, or province].
Geologicheskago Komiteta, Trudy (see Comite

Geologique). Leningrad.
Georgia, Geological Survey of, Bulletins. Atlanta.
[K.] Gesellschaft der Wissenschaften u. d. Georg

Augustus Universitat, Nachrichten. Goettingen.
Harvard University, Museum of Comparative Zool

ogy, Breviora; Bulletins; Memoirs; Special Publi
cations. Cambridge, Mass.

Hessisches Landesamt fiir Bodenforschung, Ab
handlungen; Notizblatt.

Hokkaido University, Journal of the Faculty of Sci
ence. Sapporo.

Illinois State Geological Survey, Reports of Investi
gations; Bulletins, Memoirs; Monographs. Urbana,
Ill.

Illinois State Museum of Natural History, Bulletins.
Springfield.

India, Geological Survey of, Bulletins; Memoirs;
Records (Palaeontologia Indica). Calcutta.

Indiana Department of Geological and Natural Re
sources, Annual Reports. Indianapolis.

Institut Royal des Sciences Naturelles de Belgique,
Bulletins; Memoires. Bruxelles. (See Musee Royal
d'Histoire Naturelle de Belgique.)

Iowa University Studies (in Natural History). Iowa
City, Iowa.

Japan, Geological Society of, Journal. Tokyo.
Jenaische Zeitschrift fiir Naturwissenschaft. Jena.
Journal of the City of London College Science So-

ciety. London.
Journal de Conchyliologie. Paris.
Journal of Geology. Chicago.
Journal of Paleontology. Tulsa, Okla.
Kansas, The University of, Paleontological Contribu

tions, Articles. Lawrence, Kansas.
Kansas City Scientist. Kansas City, Missouri. (Acad

emy of Science of Kansas City.)
Kentucky Geological Survey, Reports. Lexington.
Linnean Society of London (Zoology), Journals;

Proceedings; Transactions.
Lunds Geologisk-Mineralogiska Institution, Medde

landen.
Maryland Geological Survey. Baltimore.
Michigan Academy of Science, Arts and Letters,

Papers. Ann Arbor, Mich.
Michigan, University of, Museum of Paleontology,

Contributions. Ann Arbor, Mich.
Mijnwezen in Nederlandsch-Oost-Indie, Jaarboek.

s'Gravenhage.
Moskovskoe Obshchestvo Ispytatelei Prirody, Byulle

tin. Moskva.
Musee Geologique et Mineralogique Pierre Ie Grand

Academie des Sciences de Russie, Travaux. St.
Petersburg.

Musee Royal d'Histoire Naturelle de Belgique, An-

nales; Bulletins; Memoires (continued as Institut
Royal des Sciences Naturelles de Belgique).
Bruxelles.

Nature. London.
[K.] Nederlandsch Akademie van Wetenschappen

Afdeeling. Naturkunde. Verslagen en Mededee
lingen. Amsterdam.

Neues Jahrbuch fiir Geologie und Palaontologie (Be
fore 1950, Neues Jahrbuch fUr Mineralogie, Geol
ogie, und Palaontologie), Abhandlungen; Beilage
Bande; Monatshefte. Stuttgart.

Neues Jahrbuch fiir Mineralogie (Before 1950, Neues
Jahrbuch fiir Mineralogie, Geologie, und Palaon
tologie), Abhandlungen; Beilage-Bande; Monat
shefte. Stuttgart.

New York State Geological Survey, Palaeontology of
New York; Natural History of New York; An
nual Reports. Albany, N.Y.

New York State Museum of Natural History, An
nual Reports; Bulletins. Albany, N.Y.

New Zealand Department of Scientific and Indus
trial Research, Bulletins. Wellington.

Norsk Geologisk Tidsskrift (Norsk Geologisk Foren
ing). Oslo.

Nova Acta Regiae Societatis Scientiarium Upsalien
sis. Uppsala.

6fversigt af K. Vetenskapsakademiens Fiirhand
lingar. Stockhol m.

Ohio, Geological Survey of, Bulletins; Reports.
Columbus, Ohio.

Ohio Journal of Science. Columbus, Ohio.
Oklahoma, Geological Survey of, Bulletins; Circu

lars; Geological Notes. Norman, Okla.
Ottawa Naturalist (see Canadian Field Naturalist).

Ottawa.
Palaeobiologica. Wien.
Palaeontographia Italica. Pisa.
Palaeontologia Indica (Memoirs of the Geological

Survey of India). Calcutta.
Palaeontological Society of China, Palaeontological

Novitates. Nanking.
Palaontologie von Timor. Stuttgart.
Palaontologische Zeitschrift. Berlin, Stuttgart.
Palaeontology (Palaeontological Association). Lon-

don.
Pan-American Geologist. Des Moines, Iowa.
Pennsylvania Geological Society, Transactions. Phila

delphia.
[K.] Preussische Akademie der Wissenschaften, Ab

handlungen; Monatsberichte. Berlin.
[K.] Preussische Geologische Landesanstalt, Abhand

lungen; Jahrbuch. Berlin.
Quarterly Journal of Microscopical Science, Memoirs.

London.
Quarterly Review of Biology. Baltimore, Md.
Queensland Museum, Memoirs. Brisbane.
(La) Revue Scientifique, Annee. Paris.
Royal Society of Edinburgh, Memoirs; Proceedings;

Transactions.
Royal Society of London, Philosophical Transactions;

Proceedings.
Royal Society of New South Wales, Journals; Pro

ceedings. Sydney.
Royal Society of Victoria, Proceedings. Melbourne.
Russisch-Kaiserliche Mineralogische Gesellschaft zu

St. Petersburg, Verhandlungen [Vserossiyskoe
Mineralogicheskoe Obshchestvo]. Leningrad.

Sbornik Geologickych Ved, Paleontologie. Praha.
Science. New York.
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Service Geologique du Maroc, Division des Mines
et de la Geologie, Notes et Memoires. Rabat..

Smithsonian Institution, Annual Reports. Washmg
ton, D.C.

Smithsonian Miscellaneous Collections. Washington,
D.C.

[Real] Sociedad Espanola de Historia Natural,
Boletin. Madrid.

Societe Geologique de France, Comptes Rendus des
Seances; Bulletin; Memoires. Paris.

Societe Geologique et Mineralogique de Bretagne,
Comptes Rendus; Memoires. Rennes.

Societe Imperiale des Naturalistes de Moscou, Bulle
tin. (See Moskovskoe Obshchestvo Ispytatelei
Prirody).

Societe Imperiale des Naturalistes de St.-Petersbourg.
Leningrad.

Societe Paleontologique de la Russie, Annuaire.
Leningrad.

Societe des Sciences Naturelles du Maroc, Bulletins;
Memoires. Rabat.

South African Museum, Annals. Capetown.
Svea. Tidskrift for Vetenskap och Konst. Upsala.
[K.] Svenska Vetenskapsakademien, Arkiv for Min-

eralogi och Geologi; Arkiv for ZooIogi; Hand
lingar. Stockholm.

Sveriges Geologiska Undersokning, Afhandlingar;
Arsbok. Stockholm.

Swansea Scientific and Field Naturalists' Society,
Proceedings.

Sweden, Geological Survey of, Guidebooks. Stock
holm.

Systematic Zoology. Lawrence, Kans.
Tennessee Department of Conservation and Com

merce. Division of Geology, Bulletins. Nashville,
Tenn.

Tohoku University, Science Reports. Sendai, Japan.
United States Geological Survey, Bulletins; Mono

graphs; Professional Papers; Reports. Washing
ton, D.C.

United States National Museum, Bulletins; Proceed
ings. Washington, D.C.

Ustl'edniho Ustavu Geologickeho, Rozpravy; Sbornlk;
Vestnik. Praha.

Vserossiiskoe Paleontologicheskii Obshchestvo, Ezhe
godnik. Leningrad-Moskva. (Societe Paleontolo
gique de la Russie, Annuaire.)

Vsesoiuznyi Neftianoi Nauchno-issledovatel'skii Ge
ologorazvedochnyi Institut (VNIGRI), Trudy.
Leningrad.

Vsesoyuznogo Geologo Razvedochnogo Ob'edineniya
SSSR, Trudy. Moskva.

Vsesoyuznyi Nauchno-Issledovatelskii Geologicheskii
Institut (VSEGEI), Trudy. Moskva.

Washington Academy of Sciences, Journals; Pro
ceedings. Washington, D.C.

Wetenschappelijke Mededeelingen (Dienst van den
Mijnbouw in Nederlandsch-Oost Indie). s'Graven
hage.

Yale Scientific Magazine. Yale University, New
Haven, Conn.

Zentralblatt fur Geologie u. Paliiontologie (Before
1950, Neues Jahrbuch fur Mineralogie, Geologie
und Paliiontologie). Stuttgart.

Zoological Journal. London.
Zoologiska Bidrag fran Uppsala. Uppsala, Stock

holm.

SOURCES OF ILLUSTRATIONS

At the end of figure captions an index
number is given to supply record of the
author of illustrations used in the Treatise,
reference being made either (1) to publica
tions cited in reference lists or (2) to the
names of authors with or without indication
of individual publications concerned. Pre
viously unpublished illustrations are marked
by the letter "n" (signifying "new") with
the name of the author,

XXVI

© 2009 University of Kansas Paleontological Institute



STRATIGRAPHIC DIVISIONS

Classification of rocks forming the geo
logic column as commonly cited in the
Treatise in terms of units defined by con
cepts of time is reasonably uniform and
firm throughout most of the world as re
gards major divisions (e.g., series, systems,
and rocks representing eras) but it is vari
able and unfirm as regards smaller divisions
(e.g., substages, stages, and subseries),

which are provincial in application. Users
of the Treatise have suggested the desir
ability of publishing reference lists showing
the stratigraphic arrangement of at least the
most commonly cited divisions. According
ly, a tabulation of European and North
American units, which broadly is applic
able also to other continents, is given here.

Generally Recognized Divisions of Geologic Column

EUROPE

ROCKS OF CENOZOIC ERA
NEOGENE SYSTEM'

Pleistocene Series (including Recent)
Pliocene Series
Miocene Series

PALEOGENE SYSTEM

Oligocene Series
Eocene Series
Paleocene Series

ROCKS OF MESOZOIC ERA

CRETACEOUS SYSTEM

Upper Cretaceous Series

Maastrichtian Stage'
Campanian Stage'
Santonian Stage'
Coniacian Stage'
Turonian Stage
Cenomanian Stage

Lower Cretaceous Series

Albian Stage

Aptian Stage

Barremian Stage"
Hauterivian Stage'
Valanginian Stage'
Berriasian Stage"

JURASSIC SYSTEM

Upper Jurassic Series
Portlandian Stage'
Kimmeridgian Stage
Oxfordian Stage

Middle Jurassic Series

Callovian Stage (or Upper Jurassic)
Bajocian Stage
Bathonian Stage

XXVll

NORTH AMERICA

ROCKS OF CENOZOIC ERA
NEOGENE SYSTEM'

Pleistocene Series (including Recent)
Pliocene Series
Miocene Series

PALEOGENE SYSTEM

Oligocene Series
Eocene Series
Paleocene Series

ROCKS OF MESOZOIC ERA

CRETACEOUS SYSTEM

Gulfian Series (Upper Cretaceous)

Navarroan Stage
Tayloran Stage
Austinian Stage

Woodbinian (Tuscaloosan) Stage
Comanchean Series (Lower

Cretaceous)

Washitan Stage

Fredericksburgian Stage
Trinitian Stage

Coahuilan Series (Lower Cretaceous)
Nuevoleonian Stage

Durangoan Stage

JURASSIC SYSTEM

Upper Jurassic Series
Portlandian Stage
Kimmeridgian Stage
Oxfordian Stage

Middle Jurassic Series
Callovian Stage (or Upper Jurassic)
Bathonian Stage
Bajocian Stage
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Lower Jurassic Series (Liassic)

Toarcian Stage
Pliensbachian Stage
Sinemurian Stage
Hettangian Stage

TRIASSIC SYSTEM

Upper Triassic Series

Rhaetian Stage"
Norian Stage
Carnian Stage

Middle Triassic Series

Ladinian Stage
Anisian Stage (Virglorian)

Lower Triassic Series

Scythian Series (Werfenian)

lOCKS OF PALEOZOIC ERA

PERMIAN SYSTEM

Upper Permian Series
Tartarian Stage"
Kazanian Stage 7

Kungurian Stage
Lower Permian Series

Artinskian Stage8

Sakmarian Stage

CARBONIFEROUS SYSTEM

Upper Carboniferous Series

Stephanian Stage

Westphalian Stage

Namurian Stage

Lower Carboniferous Series
Visean Stage

Tournaisian Stage
Strunian Stage

DEVONIAN SYSTEM

Upper Devonian Series

Famennian Stage

Frasnian Stage

XXVlll

Lower Jurassic Series (Liassic)
Toarcian Stage
Pliensbachian Stage
Sinemurian Stage
Hettangian Stage

TRIASSIC SYSTEM

Upper Triassic Series

(Not recognized)
Norian Stage
Carnian Stage

Middle Triassic Series

Ladinian Stage
Anisian Stage

Lower Triassic Series

Scythian Stage

ROCKS OF PALEOZOIC ERA

PERMIAN SYSTEM

Upper Permian Series
Ochoan Stage
Guadalupian Stage

Lower Permian Series
Leonardian Stage
Wolfcampian Stage

PENNSYLVANIAN SYSTEM

Kawvian Series (Upper
Pennsylvanian)

Virgilian Stage
Missourian Stage

Oklan Series (Middle Pennsylvanian)
Desmoinesian Stage
Bendian Stage

Ardian Series (Lower Pennsylvanian)
Morrowan Stage

MISSISSIPPIAN SYSTEM

Tennesseean Series (Upper
Mississippian)

Chesteran Stage

Meramecian Stage
Waverlyan Series (Lower

Mississippian)
Osagian Stage
Kinderhookian Stage

DEVONIAN SYSTEM

Chautauquan Series (Upper
Devonian)

Conewangoan Stage
Cassadagan Stage

Senecan Series (Upper Devonian)

Chemungian Stage
Fingerlakesian Stage
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Middle Devonian Series

Givetian Stage

Couvinian Stage

Lower Devonian Series

Coblenzian Stage

Gedinnian Stage

SILURIAN SYSTEM

Ludlow Series

Wenlock Series

Landovery Series

ORDOVICIAN SYSTEM

Ashgill Series

Caradoc Series

L1andeilo Series
Llanvirn Series

Arenig Series
Tremadoc Series"

CAMBRIAN SYSTEM

Upper Cambrian Series

Middle Cambrian Series
Lower Cambrian Series

EOCAMBRIAN SYSTEM

ROCKS OF PRECAMBRIAN AGE

1 Considered by some to exclude post-Pliocene deposits.
2 Classc.'d as division of Senonian Subseries.
3 Classed as division of Neocomian Subseries.

4. Includes Purbeckian deposits.

5 Interpreted as lowermost Jurassic in some areas.

Erian Series (Middle Devonian)

Taghanican Stage
Tioughniogan Stage
Cazenovian Stage

Ulsterian Series (Lower Devonian)

Onesquethawan Stage
Deerparkian Stage
Helderbergian Stage

SILURIAN SYSTEM

Cayugan Series
Includes age equivalents of middle
and upper Ludlow (in New York)

Niagaran Series
Includes age equivalents of upper
Llandovery, Wenlock, and lower
Ludlow (in New York)

Medinan Series
Includes age equivalents of lower
and middle Llandovery (in New
York)

ORDOVICIAN SYSTEM

Cincinnatian Series (Upper
Ordovician)

Richmondian Stage
Maysvillian Stage
Edenian Stage

Champlainian Series (Middle
Ordovician)

Mohawkian Stage
Trentonian Substage
Blackriveran Substage

Chazyan Stage

Canadian Series (Lower Ordovician)

CAMBRIAN SYSTEM

Croixian Series (Upper Cambrian)

Trempealeauan Stage
Franconian Stage
Dresbachian Stage

Albertan Series (Middle Cambrian)
Waucoban Series (Lower Cambrian)

EOCAMBRIAN SYSTEM

ROCKS OF PRECAMBRIAN AGE

RAYMOND C. MOORE

6 Includes some Lower Triassic and equivalent to upper
Thuringian (Zechstein) deposits.

7 Equivalent to lower Thuringian (Zechstein) deposits.
8 Equivalent to upper Autunian and pan of Rotliegend

deposits.
9 Classed as uppermost Cambrian by some geologists.
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PART S

ECHINODERMATA 1

GENERAL CHARACTERS

HOMALOZOA-CRINOZOA (EXCEPT CRINOIDEA)

By H. H. BEAVER, K. E. CASTER, J. W. DURHAM, R. O. FAY, H. B. FELL,

R. V. KESLING, D. B. MACURDA, JR., R. C. MOORE, GEORGES UBAGHS, and
t J OHANNES WANNER

VOLUME 1

CONTENTS

[Volume 1, p. i-xxx, 1-296; Volume 2, p. 297-650]
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INTRODUCTION (R. C. Moore) SI
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INTRODUCTION
By RAYMOND C. MOORE

The unit of the Treatise designated as
Part S (Echinodermata 1) has been very
long in preparation, for initial agreements

of contributing authors selected to produce
some of the sections date back to the late
1940's. By 1952 typescript and illustrations
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S2 Echinodermata-General Characters

1 Incomplete listing because consideration mostly can·
fined to Soviet Union.

Genera and Families Recognized in Treatise
Part S Compared to Those in Some Earlier

Publications

Zittel, 1896 u u __ u __ u 63 15
Bather, 1900 __ u u

mm
__

m
_

m
___ 94 27

Jaekel, 1918 u _u __
mm

__
m

____ 99 36
Springer, 1913 _u_u_u h_u_U_m___ 109 23
Cuenot and Bergounioux, 1953 __ 139 38
Bassler & Moodey, 1943 _ 159 35
Gekker, 1964 (1965)" __ u 106 34
Treatise Part S, 1967 __ no 273 71

Data of this sort are inadequate as a meas
ure of expanding knowledge but they re
flect it partly.

In my opinion, the most valuable contri
bution of Echinodermata 1 is its survey
of general characters and ontogeny observed
in the phylum and delineations of morph
ological attributes of the crinozoan and
homalozoan classes treated.

The introductory chapters by UBAGHS
and FELL serve excellently for cross-tying

Genera FamiliesSource

Readers of chapters published in Treatise
Part S assuredly will find that the various
authors have responded to such challenges.

In many ways the echinoderms included
in Part S are "difficult" groups in that all are
extinct, some having vanished from the
earth not less than 500 million years ago and
the latest near the end of Permian time,
approximately 200 million years before the
present. None are closely related to sur
viving echinoderms. Accordingly, we should
not be surprised to find that paleontologists
have differed in interpreting and classifying
them. Described genera have been shifted
back and forth among different recognized
classes and orders. They include some forms
now considered to be crinoids and cyclo
cystoids.

Treatise Part S distinguishes many more
taxa of homalozoans and crinozoans (ex
clusive of crinoids) than have been recog
nized previously. This is indicated by the
following tabulation of genera and fam
ilies in echinoderm groups equivalent to
the 11 classes (not including crinoids)
given in the present volumes.

(or directions for making them) had been
completed by at least one author, Professor
JOHANNES WANNER, whose death occurred
in July, 1956. Others who promised to care
for important sections found that they could
not produce them and thus after several
years new assignments had to be arranged.
Treatise authors receive no financial com
pensation for their work and consequently
only such persuasion as I can muster eventu
ally leads to desired accomplishments.

We are especially indebted to collabora
tors who completed work on tasks accepted
at relatively late dates: 1) GEORGES UBAGHS
in 1959 for a chapter on general characters
of Echinodermata (completed March, 1961,
revised 1962, 1963, 1964, 1965); 2) K. E.
CASTER in 1959 for "carpoid" classes
(Homoiostelea completed December, 1966);
3) H. B. FELL in 1960 for chapter on
echinoderm ontogeny (completed October,
1961, revised 1962); 4) R. O. FAY and
H. H. BEAVER in 1960 for morphology and
systematic descriptions of blastoids (nearly
completed July, 1961, revised 1962, 1963,
1964, 1965); 5) R. V. KESLING in 1962 for
chapters on cystoids and paracrinoids (com
pleted December, 1962, and January, 1963);
6) GEORGES UBAGHS in 1963-64 for chap
ters on Homostelea, Stylophora, and Eocrin
oidea (completed July, November, Decem
ber, 1965); and 7) D. B. MACURDA, JR., in
1966 for discussion of the development and
hydrodynamics of blastoids (completed
February, 1966).

It is appropriate to draw attention to the
very large amount of basic research which is
demanded from authors of Treatise vol
umes, for work by them is far from merely
compilative in nature. Of course, the vast
sum of information recorded in zoological
and paleontological literature needs to be
surveyed, digested, and organized, but addi
tional to this are challenges to conduct im
portant new studies. What are the most
significant morphological features of each
discriminated animal group and how do
these bear on improvements in taxonomy?
Do advancements in techniques of fossil
preparation and discoveries based on new
materials or critical new investigations of
old contribute to better understanding of
relationships that bear on classification and
interpretation of phylogeny and evolution?
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Introduction S3

the divergent outlooks of neozoologists and
paleozoologists in studies of echinoderms,
providing readily comprehensible informa
tion that each of these groups should have.
It may be noted that UBAGHS (p. 58, Fig.
2,5,6) rejects interpretation of echinoids
advanced by MOORE and FELL (Treatise
p. UI20-125, Fig. 100, 106). The disagree
ment is allowed to stand.

I commend to all readers the exceptional
body of new information, including new
illustrations, contained in the chapters on

cystoids, blastoids, eocrinoids, and "carpoid"
classes. The many kinds of advancement in
knowledge speak for themselves. Although
short and added at last moments, interest
ing new classes named Lepidocystoidea and
Camptostromoidea are contributed by DUR
HAM. In overall view, the fossils considered
in Part S demonstrate the present incom
pleteness in comprehension of early echino
derms and they emphasize both the need
and the opportunities of future investiga
tions in this field.
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INTRODUCTION

The echinoderms comprise one of the
most important and best-characterized of all
invertebrate phyla. They are marine,
benthonic (or exceptionally pelagic) Meta
zoa, living in an attached position or free,
but never colonial. Also, they may be de
fined as enterocoelic, nonsegmented coelo
mates, without differentiated head or brain,
bilaterally symmetrical fundamentally, but
modified by asymmetry introduced by
atrophy of some organs of the right anterior
side of the body and corresponding over
development of organs of the left side. Three
characters serve to distinguish them easily:
(1) radial symmetry (typically pentamer
ous), secondarily imposed on larval asym
metry; (2) an endoskeleton formed of plates
or distinct ossicles, composed of crystalline
calcite deposited in an organic mesenchy
matous network displaying a reticulate
microstructure and distinctive crystallo
graphic properties; (3) a water-vascular sys
tem of sacs and canals of coelomic nature
opening outward in a pore and giving rise
to numerous small projections on the sur
face of the body. Finally, they lack any sort
of differentiated excretory apparatus.

Several of the characters just enumerated
are not constant or, at least, invariably ob
servable. Thus, the presence of a water-

vascular system, though probable, has not
been recognized certainly among all fossil
echinoderms. The endoskeleton may be
much reduced or even completely absent
among some rare holothuroids. Radial sym
metry does not affect the endoskeleton of
certain archaic forms ( ?machaeridians,
"carpoids"), or it may be that this radial
symmetry is lost or obscured by secondary
developments of adaptive character which
have affected the organism; one may recog
nize examples of this in most classes. De
spite these variations, the definition above
given suffices to constitute a diagnosis for
the phylum.

Echinoderms have a structure very un
like that of other zoological groups. Never
theless, they are by no means an isolated
assemblage in the animal kingdom. The
tornaria larva of Enteropneusta so striking
ly resembles the auricularia stage of star
fishes and of holothurians that MULLER
( 1850) accepted it as a larval echinoderm.
Various workers have suggested that echino·
derms are related to the Stomochorda and
in lesser degree to the Pogonophora and
Chordata. Most modern classifications ex
press such relationships. However, meta
morphoses that echinoderms undergo in the
course of their ontogenetic development, as
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Introduction S5

well as their general organization, prove
that they stand considerably apart from any
other phylum. The existence from earliest
Cambrian time of types that appear to
possess all essential attributes of the group
and to represent at least three different
classes indicate strongly that their origin
belongs to the extremely remote past. One
cannot doubt that the echinoderms com
prise one of the most ancient and best
individualized invertebrate phyla.

The echinoderms are also one of the most
highly diversified phyla, since they include
five classes of present-day groups (Crin
oidea, Holothuroidea, Echinoidea, Aster
oidea, and Ophiuroidea-the last two often
combined with Somasteroidea, as a single
class, Stelleroidea - and other extinct
classes (according to chosen mode of classi
fication), which are restricted to Paleozoic
rocks (?Machaeridia, Homostelea, Stylo
phora, Homoiostelea, Eocrinoidea, Paracrin
oidea, Cystoidea, Parablastoidea, Blastoidea,
Edrioblastoidea, Edrioasteroidea, Cyclocyst
oidea, Helicoplacoidea, Ophiocistioidea,
Lepidocystoidea, and Camptostromatoidea).
All these forms are so different in appear
ance that, as BATHER has remarked, no com
monly used vernacular name is available to
indicate them collectively. The term
Echinodermata, introduced by J. T. KLEIN
in 1734 for application to the test of sea
urchins, is a scientific word constructed
from two Greek words, echinos, hedgehog
or urchin, and derma, integument or skin;
this name is based on the spiny nature of
the covering of many of these animals. It
was not until 1789, however, that BRU
GUIERE established the order of the "Vers
echinodermes" for the two genera Echinus
and Asterias recognized by LINNE, still
placing the third genus recognized by
LINNE, Holothuria, under "Vers mol
lusques."!

1 The echinoderms have received many names. The fol~

lowing list, without pretending to be complete, probably
contains the main ones: Centroniae PALLAS, 1766; Vers
echinodermes BRUGUIERE, 1789; Radiaires echinodermes
LAMARCK, 1801; Ceratodermaires DE BLAINVILLE, 1822; Echi·
noderma LATREILLE, 1825; Echinodermata FLEMING, 1828;
Cyclozoa echinoderma (partim) EICHWALD, 1829; Eehino·
dermaires DE BLAINVILLE, 1830; Cirrhodermaires DE BLAIN

VILLE, 1833; Enteractinozoa BRONN, 1860; Annuloida (partim)
HUXLEY. 1869.

The existence of a generally well-devel
oped calcareous endoskeleton explains the
richness of echinoderm remains in all geo
logical systems from the Ordovician on
ward. Indeed, certain rock formations are
largely composed of their remains. Besides
this, the close relationship of the echinoderm
endoskeleton, which faithfully forms a
framework for the body, with other sys
tems of organs provides very special in
terest for studies of the paleontological rec
ords concerning this phylum. Reconstruc
tion of the endoskeleton of a fossil echino
derm commonly serves to give reliable in
dication of its original form and by appro
priate analyses permits recognition in cer
tain measure of its mode of life and biologic
relationships.

In the natural world of today, echino
derms are numerous and varied. Exclusive
ly marine and usually stenohaline, they are
unknown as primary fossils in fresh-water
deposits. Some species occur in such large
numbers that they are among the most
characteristic organisms of diverse animal
populations. Echinoderms are found in all
seas, in all latitudes, on all types of sea bot
toms, and at all depths from the littoral
zone to oceanic abysses. Oceanic expeditions
have collected representatives of the phy
lum, chiefly Holothuroidea, at depths rang
ing to more than 10,000 meters (Philippines
Trench). Almost exclusively, the echino
derms belong to the vagile or sessile benthos;
only a few forms-both living and fossil
have become pelagic or pseudoplanktonic.
Finally, they enjoy generally an important
role in the economy of the ocean, both as
consumers of great quantities of other ani
mals and organic detritus and in them
selves serving as food sources of various
animals, including man.

Inasmuch as outstanding comprehensive
reviews of our knowledge of echinoderms
have been given recently by CUENOT (1948)
and HYMAN (1955), the present chapter is
confined to subjects that are judged to be
particularly significant for understanding
of the paleontology of echinoderms.
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S6 Eehinodermata-General Charaeters

MORPHOLOGY

SIZE, SHAPE, LIFE POSTURE,
AND MAIN DIVISIONS OF BODY

The echinoderms are animals of small to
large size, but never microscopic. The smal
lest and the largest of their representatives
belong probably to the crinoids: fossil spe
cies of crinoids are reported to have pos
sessed stalks longer than 20 meters, whereas
others had their visceral mass enclosed in
a tiny cup of a few millimeters in diameter.

The body of echinoderms may show a
great diversity of shapes. It is spheroidal,
discoid, ovoid, or cordiform in echinoids;
it is flattened, pentagonal, or more generally
star-shaped in stelleroids, with a central
disc which either passes progressively into
five projections called arms or rays (Aster
oidea) or is sharply set off from long, slen
der flexible arms, simple or branched
(Ophiuroidea); it is cucumber-shaped or
vermiform and general1y capable of con·
siderable changes of shape in holothuroids;
it is usual1y prolonged by a peduncle or
stem, and provided with more or less
branched arms in crinoids; it resembles
a flower bud in blastoids; it is ovoid or
spheroidal in most cystoids, discoid in
edrioasteroids; it is depressed in "carpoids,"
with simple contour or, on the contrary,
strange, complicated, and very asymmetrical
outlines.

Crinoids and most extinct classes are
typical1y attached directly or by a stalk with
the face carrying the mouth, termed oral
face, directed upward and the opposite or
aboral face turned downward. "Carpoids"
were free; most of them rested horizontal1y
on the substratum, with probably their
food-catching apparatus and anal opening
directed upward. Holothuroids generally
lie upon one side that consists of a flattened
creeping surface; their mouth is at one end
of the body and the anus at the other.
Asteroids, ophiuroids, and echinoids move
about on their oral surface, which is strong
ly differentiated from the aboral surface.

Typical1y, the body of echinoderms is
divided into five rays, arms, grooves, or
zones that diverge radial1y or meridional1y
from the mouth and carry rows of tentacles

or podia (sing., podion, from Greek, signi
fying foot) belonging to the water-vascular
apparatus. Since the series of podia or tube
feet are ordinarily arranged like trees along
an avenue, sectors of the body bearing these
organs have been named ambulacra (Latin,
sing., ambulacrum, signifying promenade
bordered by trees). The mid-line of each
ambulacrum is termed radius (pl., radii); it
corresponds to the trace of a plane passing
through the oral-aboral axis of the body and
dividing the ambulacra into two equal
parts. Each structure (ray) bisected by this
plane is indicated as radial, or more exactly
as perradial. In similar manner, the five
sectors (interrays) comprised between the
five ambulacra are termed interambulacra
and their mid-lines are designated as inter
radii; organs and structures located between
two adjacent radii are interradial. In all
regularly pentamerous echinoderms, an in
terradius invariably lies opposite to a radius.

SYMMETRY
The subject of symmetry among echino

derms involves much complexity, and study
of it calls for consideration of development
of this charatcer in the course of ontogeny.
The early larval stage of the classes Aster
oidea, Ophiuroidea, Echinoidea, and Holo
thuroidea outwardly exhibits a bilateral
symmetry that may be considered funda
mental and primitive-that is to say, de
rived from the common hypothetical an
cestor of the phylum. However this sym
metry is by no means perfect, for unequal
development of the right and left coeloms
gives a structural asymmetry to the larva
from its beginning, defining one of the
dominant traits in morphology of the
echinoderms. But this asymmetry, in spite
of its early appearance and great morpho
logical importance, is secondary. Reasons
for this conclusion will be presented sub
sequently.

On this asymmetry of the larva, the penta
merously radial symmetry, so characteristic
of the phylum, comes to be imposed.
Genetical1y, the latter is therefore secondary.
Moreover, it is neither perfect nor complete,
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FIG. 1. Comparison of radial structures (sections of ambulacrum) in different echinoderm groups.--A.
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S8 Echinodermata-General Characters

since all echinoderms have organs or struc
tures entirely escaping from any pentaradial
arrangement. No trace of radial symmet~y

is ever found in the endoskeleton of archaic
echinoderms such as the "carpoids." Varia
tions of diverse sorts-mutations, atrophies,
reduplications of radii-may disturb penta
merism and secondarily produce tetramer
ous, hexamerous or polymerous forms, as
well as others that lack any discernible
radial symmetry. Finally, not to be over
looked is the fact that in certain lines a
radial symmetry of another order may have
been acquired independently. .

These alterations, however, do not hin
der pentaradial symmetry from comprising
one of the most striking traits in the struc
ture of most echinoderms. In the adult, this
symmetry is responsible for the remarkably
uniform plan manifested in the general dis
position of the food grooves, the ectoneural
nervous system, the hyponeural coelomic
system, the circulatory or hemal (blood)
system, the water-vascular system, and the
axial endoskeleton of the rays. The parallel
ism of these structures (Fig. 1), so extremely
different in their nature and origin, com
prises one of the very prominent features
of echinoderm architecture.

Pentaradial symmetry, as we have said,
is by no means perfect. It is disturbed by
a more or less evident bilateral symmetry,
which should be recognized at once as hav
ing no relationship to the fundamental bi
laterality of the early larval stage. The larva,
which undergoes metamorphoses or follows
a more or less direct development to the
adult stage, tends to acquire a new median
plane which does not coincide with that
identified previously. Therefore, the defini
tive bilateral symmetry of the organism is
secondary in relation to that of the larva
from which it was derived.

Comparison of different types of echino
derms reveals in addition that the bilateral
ity of adult individuals, when sharply de
fined, is of adaptive nature and that the
plane of symmetry is not always the same
in different groups. In certain classes sev
eral planes of symmetry may be distin
guished, which are unrelated to others;
many examples may be observed. We will
see also that, within the limits of a single
class, a same structure-for instance, the

anal opening-may allow recogmtlon of
several distinct planes by its diverse posi
tions. It is even true that the organs or
parts of the body of certain echinoderms
present differently oriented symmetries.

These remarks suffice to show that we
may not attribute to bilaterality of echino
derms, such as appears in the adults, any
far-reaching morphologic significance. In
some respects, choice of a plane for orienta
tion and comparison of classes in the phy
lum is arbitrary and does not postulate real
homologies between the parts that receive
the same orientation. For instance, the
interambulacrum containing the anus or
the madreporite (a skeletal perforated plate
connecting the water-vascular system with
the sea water) is not necessarily homologous
throughout the phylum. Yet it is conveni
ent to have some system of reference al
lowing comparison between the classes. The
plane passing through the oral-aboral axis
and the madreporite (or better the hydro
pore in very young echinoderms, i.e., the
primary pore connecting the water-vasc~lar

system with sea water through the medium
of the most anterior coelomic pouches on
the left side) may furnish such a reference.
This plane is designated as the madreporite
plane or M plane of BATHER (Fig. 2,2-6).
According to the nomenclature proposed
by P. H. CARPENTER (1884) (Fig. 2,1), the
ray opposite to the interray containing the
hydropore is designated by the letter A, the
other rays being then indicated by B, C, D,
E, in clockwise direction when the animal
is placed with its mouth upward. The
interrays are designated by the letters of
rays that bound them (AB, BC, CD, DE,
EA). The hydropore in the postlarval
growth stages occurs in interray CD, as
generally does also the madreporite in the
adult.!

] Other systems of nomenclature for rays Olnd interrays
have been proposed. Echinoid specialists commonly use a
numeration proposed by LOVEN (I 874), based on the antero·
posterior plane of irrej.{ular echinoids. Starting from the
inrerambulcrum containing- the anus and going in clockwise
direction in oral view. they designate the ambulacra ~Y

roman numerals I to V and the interamhulacra by mablc
numerals 1 to 5 or by listing the adjoining amhulacra (Fig.
2,6). Thus the interamhulacrum following ambulacrum I
in clockwise direction is designated as 1 or I-II. Generally
it is admitted that ambulacrum I in echinoids corresponds
to ambulacrum B of CARPENTER'S system, but FELL & MOORE

(1965) correlate I with D for reasons which arc given in
Part U of the Treatig. The same symbols have been em·
played by JAEKEL (1895) and some other specialists for ~t·

tached echinoderms, hut taking as a reference the interam·
bulacrum containing the hydropore and gonopare. As a
consequence, ambulacrum I of JAEKEL'S system becomes
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ambulacrum D in CARPENTER'S system. Finally, BATHER
(1900) proposed directional terms that have been commonly
adopted hy workers on fossil crinoids and other :tttnched
forms. The organism is placed in its natural position with
mouth upwards and is viewed from the anal side; the anal
interambulacrum is called posterior and the opposite ambu·

Jacrum anterior; right and left corresponds with the right
and left of the ohserver; the other rays (or interrays) are
then termed right anterior. right posterior. left anterior and
left posterior; compared with CARPENTER'S system, anterior
~ay corresponds to A ray and posterior interray to CD
Interray.
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FIG. 2. Disposition of rays in relation to other structure in different echinoderm groups, all viewed from
oral side (Ubaghs, n).--l. Orientation of generalized echinoderm according to nomenclature of rays
proposed by P. H. CARPENTER. --2-6. Various planes of symmetry observed in (2) crinoids and other
attached radiate forms, (3) holothuroids, (4) asteroids, (5) regular echinoids, and (6) irregular echinoids
(with LOVEN'S numerical designations in parentheses). [Explanation: Dotted area shows interambulacrum

containing hydropore or madreporite.]
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510 Echinodermata-General Characters

Among most crinoids and many other at
tached echinoderms a prominent plane of
bilateral symmetry is typically determined
by the mouth, anus, hydropore (if present)
and the apical pole. This is the plane, called
crinoidal plane (CUENOT, 1948) (Fig. 2,2),
which in modern crinoids contains the first
pore for passage of water and the first
embryonic indication of the gonad. It is also
in this plane, or immediately adjacent to it
that among many cystoids, edrioasteroids,
and archaic crinoids, one or two supple
mentary pores open; these are respectively
interpreted as hydropore or gonopore, or a
combination of both. The crinoidal plane
thus coincides with the madreporite plane
as defined above.

Other more or less evident planes of
bilateral symmetry may exist among at
tached echinoderms. Thus the crown of
some disparid crinoids tends to become
more or less symmetrical in relation to a
plane passing through the E ray and BC
interray (homocrinoidal plane) or through
the D ray and AB interray (heterocrinoidal
plane) or through C ray and AE interray
(eustenocrinoidal plane) (Fig. 2,2). The
mouth of certain comasteroid crinoids is
displaced toward the AB interray, accom
panied by modification of the opposite D
ray. Among cystoids and eocrinoids, the
anus may be shifted so as to open in an
interray (AB or BC) other than that char
acterized by the occurrence of a hydro
pore; this then determines an anal plane
distinct from that of the crinoidal plane.
Finally, the basal circlet of the theca com
monly presents a local bilateral symmetry
in which the plane may not coincide with
the bilaterality of the remainder of the
body.

In holothuroids, the body, elongated
along the oral-aboral axis, is generally dif
ferentiated into a "ventral" flattened sur
face, on which the animal creeps, and an
opposite arched "dorsal" surface (Fig. 2,3).
The A, B, and E rays, forming the trivium,
occupy the "ventral" surface; the C and D
rays comprise the bivium on the "dorsal"
surface. The median ambulacrum (A) of
the trivium and the opposed mid-dorsal
line clearly define a plane of symmetry
known as the holothurian plane (CUENOT,
1891). This plane passes through the ex-

ternal orifice (gonopore) of the single geni
tal gland, the "dorsal" mesentery in which
the gonad is included and among forms
retaining it in the adult stage, through the
hydropore or madreporite. It is therefore
considered as probably equivalent to the
crinoidal plane and madreporite plane.

Several planes of bilateral symmetry have
been recognized in echinoids. The madre
porite plane seems generally to be identi
fiable by the eccentric position of the madre
porite which mostly occurs in the CD inter
ray (in irregular echinoids, it may migrate
during early development into the AB inter
ray, but this is of course a secondary fea
ture). On the other hand, in most echin
oids, the anus does not open exactly at the
aboral pole; rather, it is found in the Bray
or AB interray. These two positions per
mit determination of two anal planes. The
first, known among some Regularia
(Salenia, H eterosalenia), defines a salenian
plane (CUENOT, 1948), also known as the
echinid plane (CUENOT, 1891), passing
through the B ray and DE interray so as
to make an angle of 72 degrees with the
madreporite plane (Fig. 2,5). The second
determines the appearance of another anal
plane oriented in the D ray and AB inter
ray; the angle made by this plane with the
madreporite plane is then 36 degrees. CUE
NOT (1891) has designated this as the Loven
plane (Fig. 2,5,6). It is recognized as hav
ing chief importance for orientation of
echinoids. In particular, the bilateral sym
metry so clearly manifested exteriorly and
interiorly in numerous irregular echinoids
(clypeasteroids, spatangoids) is developed
in relation to this plane; their body tends
to show differentiated functional anterior
and posterior extremities and their am
bulacra are divided into a trivium (C, D,
E) and a bivium (A, B), which, according
to adopted premises, are different from the
trivium and bivium of holothuroids. As
applied to sea urchins, the Loven plane
takes precedence over all others in its rela
tion to organization of these echinoderms.

During ontogeny, however, in both regu
lar and irregular echinoids, the newly meta
morphosed urchin shows a bilateral arrange
ment of the plates of the apical system ac
cording to a plane corresponding neither
with the madreporite plane nor the Loven
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plane. Similarly, on the oral side, the skele
tal and water-vascular systems appear more
symmetrical with respect to this plane than
to all others. Called primordial plane by
VON UBISCH (1913), it makes an angle of
90° with the plane of symmetry of the
larva and passes through the C ray and EA
interray (Fig. 2,5). During further growth,
all morphological trace of this symmetry is
lost, except nearly always in the crystallo
graphic orientation of the genital plates
that encircle the aboral pole (RAUP, 1965).

LovEN (1874) in discussing the morph
ology of echinoids has pointed out the ex
istence of a distinctive axis (designated a-w)
passing through the E ray and BC interray
(Fig. 2,5).

Among Asteroidea, the madreporite, lo
cated on the aboral side of the body in the
adult, defines the CD interray, but the anus
in all species possessing this vent opens
more or less excentrically in the BC inter
rayon the aboral side. One then may define
an anal plane (asterid plane of CUENOT,
1891) which is distinct from the madre
porite plane, making an angle of 72 degrees
with it. But, as Asteroidea are almost per
fectly radiate animals, these two planes have
practically no morphological significance.

Among ophiuroids, one of the inter
radially situated plates (buccal or oral
shield) covering the jaws acts as a madre
porite, being pierced usually by a single
pore. As this pore, however, cannot gen
erally be recognized on the outer side,
orientation is hardly determinable ex
ternally.

Finally, the presence in an interray of
certain ophiocistioids of a madreporite or
a pore interpreted as a hydropore and gono
pore, or a combination of these two, allows
orientation of these echinoderms according
to the madreporite plane. An anal vent
occurs in the same interray on the aboral
side of at least one genus.

The preceding discussion leads to the
following conclusions: 1) fundamental bi
lateral symmetry of the larva, disturbed by
asymmetric development of the anterior
right and left halves of the body, cannot be
identified in adults; 2) pentamerously ra
dial symmetry is secondary and superposed
on the larval asymmetry; 3) bilaterality de
termined in young postmetamorphic indiv-

iduals (and a fortiori in adults) by the
hydropore, madreporite, anus, or any other
structure is secondary with respect to fun
damental larval symmetry; 4) the selection
of anyone plane as a plane of reference for
orientation of all the classes is more or less
arbitrary, and homologies based on such
comparisons are judged as not being proven;
5) varied influences may produce bilateral
symmetries of a third order, which in some
species acquire a great importance and even
may obscure other symmetries.

BODY WALL
The body wall of all echinoderms com

prises three layers; an external epithelium
or epidermis, a thick median layer (con
junctive, muscular, or calcareous) and an
internal epithelium (endothelium or peri.
toneum) lining the coelomic cavities.

The external epithelium, generally cov
ered by a very thin superficial cuticle, ex
hibits a rather variable organization with
respect to its place of occurrence and the
form considered. It may be relatively thick,
formed of long, narrow, nearly threadlike
cells, among which commonly neurosensory
cells and glandular mucus cells are inter
mixed. On the other hand, it may be ex
tremely thin, showing no definite cellular
organization, and it may even disappear in
adults of certain forms and in certain parts
of the body. Locally, or over its entire sur
face, it may possess a covering of cilia pro
ducing vibratile currents capable of carry
ing particles toward the mouth or food
grooves, or, on the other hand, toward the
exterior; these currents play an important
role in nutrition and in cleaning the test,
as well as in respiration probably. At the
base of the epithelium and more or less
clearly differentiated from it, is a nervous
stratum of variable thickness that forms
part of the ectoneural nervous system. The
external epithelium continues into the me
dian layer, or more rarely it is found sep
arated from it by a delicate basal mem
brane.

The median layer, as we have noted, con
sists of muscular tissues, conjunctive non
calcified (mesenchyme) tissues, and cal
careous tissues.

(I) Muscle fiber, produced by differentia
tion of a single mesodermic cell, displays
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the same characters in all classes. It is
smooth, straight, or faintly wavy, sharply
terminated at its extremities, and provided
with a lateral nucleus. Striated muscle fibers
have been distinguished among a certain
number of echinoids. In the body wall, the
musculature occurs under the dermis; it is
well developed among holothuroids, which
have a readily deformable body, but hardly
perceptible among echinoids, enclosed by
a rigid endoskeleton. Crinoids possess a
special tissue designated as ligamentary, be
tween the skeletal plates. It has a connec
tive function and is shown to be formed
of parallel hyaline nucleated fibers that
intermingle at their two extremities with
the organic network of skeletal ossicles; this
tissue, probably elastic, seems to have some
contractile ability.

(2) Noncalcified mesenchyme is com
posed of a fundamentally noncellular sub
stance, amorphous or fibrillar, gelatinous or
more or less firm, with disseminated, round
ed or star-shaped connective cells and en
closing numerous nucleated fibers.

(3) Calcareous tissue, found in all echino
derms, except a few holothurians, is one of
the most important features of the phylum.
Its histologic constitution and crystallo
graphic properties serve to establish the
unity of the group and allow identification
under the microscope of the smallest skele
tal fragment.

Universally, where mesoderm exists in
the body, but especially in the body wall
itself, certain of its cells have the ability
to secrete calcium carbonate. As a result,
a skeleton is produced and this consequent
ly is an endoskeleton. The endoskeleton,
generally well developed, is composed of
plates, ossicles, spicules, microscopic pieces,
and integumentary appendages such as
spines. It is to be understood that in life
the external appendages, like the main
skeleton, are clothed with epidermis and a
thin layer of dermis, although this covering
may rub off from prominently projecting
parts.

The plates and ossicles of the main skele
ton generally bear spines, knobs, granules
or other projections. Particularly important
are the spines to which the name of the
phylum refers. Among the extant forms
they occur in asteroids, ophiuroids, and
echinoids, but they were also present in at

least some species of most extinct groups.
They are of various shapes and structures,
and they have many functions, such as pro
tection, locomotion, digging, burrow-build
ing, production of currents, and brooding
the young. Detailed descriptions will be
found in chapters devoted to the different
classes.

Worthy of special mention are the pedi
cellariae, which are tiny, grasping organs
of various sorts, found only in starfishes
and sea urchins. Typically they consist of
two or several jaws, articulated proximally,
and mounted on a movable stalk of varied
length; the jaws and at least in part the
stalk are supported by internal calcareous
pieces. According to their types, they act
as defense weapons or cleansing organs and
they assist in capturing small prey.

Throughout its entire thickness the cal
careous tissue consists of a spongy or reticu
lated mass. Exceptions to this fundamental
rule include nonreticulate spicules, described
from most extant classes, and the teeth of
echinoids, formed by fusion of a series of
nested cones. During life, all of the pores
and small canals of the mineralized parts
are filled up with mesodermic tissue. This
is easily demonstrated by decalcifying a
skeletal piece of a living echinoderm; the
decalcification produces an organic residue
pierced by holes that correspond to the cal
careous elements removed by the acid. Thus
the skeleton of echinoderms is composed of
two interlocked networks, one composed
of mineral substance (stereom) and the
other of organic matter (stroma). While
the stroma is continuous throughout the
body wall, the stereom, comprising distinct
skeletal pieces, is discontinuous.

The stroma may occupy as much as 60
percent of the volume of a particular skele
tal element. It generally consists of an
essentially amorphous material, less com
monly fibrillar, with numerous interspersed
mesodermic cells and in some instances
black pigments and excreted granules.
Permeable to nutritive fluids, it serves for
nutrition of the calcareous network, repair
ing it when damaged and restoring it when
a skeletal part has been lost. This intimate
relation between stroma and stereom ex
plains how the skeletal pieces enlarge dur
ing development of individuals and how the
parts remain alive throughout the animal's
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FIG. 3. FormaIion and biologic structure of echinoderm endoskeleton.--Ia-d. Stages in development of
plate of young ophiuroid, Amphipholis squamata (CHIAJE); Ia,b, Xl,280; Ie,d, X640 (Woodland).-
2a-d. Stages in development of ossicles of Cueumaria sp. (holothuroid), X750 (Woodland).--3. Regu
lar stereom in cup plate of Holopus rangi D'ORBIGNY (crinoid), X55 (P. H. Carpenter).--4a-k. Forma
tion of typical echinoid spine, X800 (Gordon).--5. Part of cross section of spine of Stereocidaris japoniea
(DQDERLEIN) (echinoid), X40 (Mortensen).-6. Closely set and less compact stereom in cidaroid spine,

X30 (Bather).
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existence. Commonly they show growth
lines which may demonstrate peripheral ex
cretion of calcium carbonate without re
quiring, as wrongly supposed by some, an
internal resorption. On the other hand, in
some echinoderms, the lime-producing cells
also have the power of resorbing and re
depositing calcium carbonate so that the
form and structure of the skeletal changes
with growth of the animal. Finally, stereom
and stroma are adapted to functions of par
ticular skeletal elements; their network
structure varies in different parts of an in
dividual (Fig. 3,5,6), as well as from one
species to another. These variations are re
lated to the dimensions, form, and mode of
grouping of meshes in the network. In
addition, the existence of isostatic lines of
stress may simulate conditions seen in the
spongy bones of mammals.

The endoskeleton is secreted by lime
secreting cells of the mesenchyme (Fig. 3,
1a-d). Each reticulate element is initiated
by forming a calcareous granule on the in
side of a single cell, the granule becoming
transformed rapidly into a trifid spicule.
This spicule enlarges and bifurcates at its
extremities, while other lime-depositing cells
join in making the secretion. The bifurca
tions fuse at their points of contact so as to
form a fenestrated small plate. This in
creases along all of its periphery by the pro
duction and fusion of numerous branches,
developed in all special directions. Thus,
from repeated branchings and fusions is
developed a three-dimensional network of
more or less regular nature (Fig. 3,3) in
which the meshes include calcite-producing
cells joined in a syncytium.

In most holothuroids, the main endo
skeleton consists of microscopic calcareous
spicules scattered in the connective tissues,
chiefly in the superficial layers of the der
mis. A compact skeleton, with stereom and
stroma, as in other echinoderms, is to be
found only in a ring of plates encircling
the pharynx, in the madreporite and in five
small "teeth" occurring in some genera
around the anus or within its rim. The
spicules occur in a great variety of shapes
(rods, crosses, plates, anchors, wheels) and
are useful in identifying species. Generally
an holothurian spicule begins as a minute
rod between two or more secreting cells.

The rod takes an X-shape by forking of its
extremities, and repeated forkings and fu
sion of the branches result in production of
a fenestrated plate, which subsequently is
variously transformed into definite ossicles
(Fig. 3,2a-d). The primordial rod of an
anchor forks at one end only and the wheel
like spicules start as minute discs on which
the spokes differentiate by notching of the
margins. The lime-secreting cells that have
produced a spicule then migrate and the
spicule remains isolated in the soft tissues.

Spines are formed (Fig. 3,4a-k) some
what differently from plates and spicules.
In a typical echinoid spine, for instance,
the primordial granule develops into a six
rayed star, the branches of which divide
at their extremity, meet those of neighbor
ing rays and thus form a complete ring that
constitutes the base of the spine. A process
grows vertically from the center of the star
and gives rise to three branches which grow
outward and upward, divide at their free
end, and fuse to form a hexagonal ring
more or less parallel to the base. From this
ring vertical prongs are sent out which are
joined by cross bars at more or less regular
intervals and the whole structure elaborates
to form the spine shaft. Spines in asteroids
originate in about the same way.

The chemical composition of the endo
skeleton of living echinoderms, as deter
mined by studies of CLARKE & WHEELER
(1922), is that of a limestone (71 to 95 per
cent calcium carbonate) having a mod
erate content of magnesium carbonate in
ionic substitution. The proportion of mag
nesium carbonate (3 to 15 percent) seems
mainly to be determined as a function of
the temperature, individuals of warm seas
being more magnesian than those of cold
seas. Generally present, in addition, are
small quantities of phosphate and calcium
sulfate, salts of alumina, and iron, as well
as traces of strontium, barium, copper, zinc,
manganese, cobalt, nickel, cadmium, and
some other elements.

Each unit part of the skeleton of every
echinoderm comprises a single crystal of
calcite. This rule seems to have only a few
isolated exceptions and is supported by all
optical evidence. However, X-ray data sug
gest that each skeletal element is actually
a composite of tiny crystal units, which are
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nearly parallel in the c direction. In that
case, the optical measurements would repre
sent orientations of large crystal aggregates
(GARRIDo & BLANCO, 1947; NISSEN, 1963;
RAUP, 1965).

In the living organism, the stereom does
not show the characteristic cleavages of the
calcite, because of its latticed structure and
the presence, in the meshes of the calcareous
network, of the organic stroma. But, after
fossilization, the stroma generally is re
placed by secondary calcite, which invari
ably is oriented crystallographically with
the calcite of the skeleton and thus makes
evident its cleavages. Fossilization does not
modify the original orientation of the cal
cite unless the mineral was completely dis
solved and reprecipitated.

The crystallography of echinoderm cal
cite has been mainly studied by KIRCHNER
(1929) on crinoids, SCHMIDT (1925) and
PANNING (1933) on holothuroids, MERKER
(1916), SCHULTZ (1935), and RAUP (1959,
1960, 1962) on echinoids. The crystallo
graphic orienttaion seems to be more varied
than was formerly supposed. For instance
in echinoids, recent studies by RAUP have
revealed that most species conform to one
or two types, according to orientation of
the c axes of the coronal plates, the c axes
being either uniformly perpendicular to the
plate surface or tangential to the plate sur
face and aligned longitudinally (aboro
adorally ) on the test. Exceptions are found
in some cidaroid genera in which ambula
cral plates have perpendicular c axes and
interambulacral plates have tangential c
axes, whereas in other forms the orientation
is modified as a function of growth of the
individual, since it may pass, for instance,
from perpendicular in the first-formed am
bulacral plates (located near the oral pole
in the adult) to tangential in the youngest
ambulacral plates (near the aboral pole)
within the limits of a single column of an
adult individual. According to present
knowledge, such c-axes orientation patterns
are constant at the species and genus levels,
mostly also at the family and even order
levels.

Also, in the apical system of sea urchins,
distribution of crystal orientations shows a
strong bilateral symmetry, which nearly
always is identical with the primordial plane

of VON UBISCH (LUCAS, 1953; ]ESIONEK
SYZMANSKA, 1959; RAUP, 1965).

The functional significance of these
crystallographic data is not understood. It
has been suggested that crystal orientation
of the coronal plates of echinoids may be
useful in building curved plates (RAUP,
1962) or in controlling the amount of light
that can pass through the test (RAUP, 1959,
1962). In the echinoid apical system, the
arrangement of c axes may serve the
organism as a navigational aid (RAUP,
1965).

The skeletal tissue of echinoderms often
has been compared with the bones of verte
brates. Assuredly there are analogies be
tween them, but only analogies, for the
stereom of echinoderms differs from bone
in three essential characters, (1) its typically
calcareous, nonphosphatic chemical com
position, (2) the intracellular, rather than
extracellular, formation of spicules, and (3)
its very characteristic crystalline properties.

NERVOUS SYSTEM
The five classes of living echinoderms

show a common pattern in the gross mor
phology of their nervous system. This is
somewhat artificially described as composed
of three related systems, namely the ecto
neural, hyponeural, and entoneural systems,
located at different levels within the body;
all three are affected by radiate symmetry.

ECTONEURAL SYSTEM

The ectoneural or oral system consists of
a subepithelial nerve plexus, and five radial
cords united around the esophagus by a
nerve ring. The subepithelial, mainly sen
sory, nerve plexus lies just beneath the epi
dermis of almost the whole body. It may
thicken locally, where special activity is re
quired, as, for instance, at the tip of some
tube feet or at the base of echinoid spines.
Among crinoids (Fig. I,A) and asteroids
(Fig. I,B) the five radial cords and the
ring around the esophagus have a super
ficial place immediately under the epidermis
and they are in direct continuity with the
general subepithelial plexus. Among
ophiuroids (Fig. 1,C), holothuroids (Fig. 1,
D), and echinoids (Fig. I,E), they underlie
a tubular noncoelomic cavity (epineural
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canal). As in crinoids and asteroids, the
radial nerves of ophiuroids, holothuroids,
and echinoids are still joined to the sub
epithelial plexus of the body wall by con
necting branches. In all living representa
tives, the nerve ring around the esophagus
gives off nerves into the digestive system
and into buccal podia (ophiuroids) or ten
tacles (holothuroids) where such structures
exist.

HYPONEURAL SYSTEM

The hyponeural or deep oral system, pri
marily motor in function, lies aborally to
the preceding. It is found among all extant
echinoderms except echinoids that lack a
masticatory apparatus. In crinoids, it con
sists of a ring round the esophagus and two
longitudinal nerves, lying laterally, in each
arm (Fig. 1,A); these branches supply the
musculature of the water vessels, pinnules,
etc. In holothuroids (Fig. I,D) each radial
nerve cord is divided by a longitudinal
partition into an outer (ectoneural) and an
inner (hyponeural) part, the latter supply
ing muscle fibers of the body wall; there is
no hyponeural nervous ring. Among aster
oids (Fig. 1,B), the hyponeural system is
represented by paired nerves (Lange's
nerves) lying internal to the ectoneural
radial cord, and by five interradial thicken
ings in the floor of the ring sinus that lies
aboral to the main nerve ring; the Lange's
nerves supply the lower transverse muscles
between the ambulacral ossicles. Among
ophiuroids (Fig. 1,C), a thin membrane sep
arates an outer thick ectoneural and an in
ner thin hyponeural system in the nerve
ring and in radial nerves; it is from the
hyponeural system that the nerves to the
muscles that extend between the ambula
cral ossicles are given off. Finally, the hypo
neural system is represented in echinoids
having a masticatory apparatus by five cen
ters radially located on the aboral surface
of the main ring; these centers send nerves
to the muscles activating the masticatory
apparatus.

ENTONEURAL SYSTEM

The entoneural or aboral system is the
main motor system in crinoids. It is joined
to an apical ganglionic nervous mass sur
rounding a coelomic cavity divided into five

chambers (chambered organ); this nervous
mass presents the characters and functions
of a nerve center; from it a nervous sheath
proceeds into the axial canal of the stem
and axial nerve cords are given off to the
arms; these cords are connected with each
other by ring commissures within the theca
that envelopes the viscera. Except for holo
thuroids, an entoneural system exists also in
the other classes, but it is not known
whether this is exactly equivalent to that
of the crinoids. Moreover, it is more or less
continuous with the hyponeural nervous
system.

The echinoderms possess few sharply de
fined sensory organs. However, they are
known to be sensitive to touch, to light, to
odors, to quality of the water, and to ori
entation. Tactile sensibility is furnished by
the podia, radioles, pedicellaria (or micro
scopic claws of echinoids and asteroids) and
by the integuments themselves, often rich
in cells considered as touch or chemical re
ceptors. Light-sensitive receptors exist in
holothuroids, asteroids, and echinoids. Cer
tain holothuroids have statocysts and the
sphaeridia of echinoids possibly serve for
orientation of these organisms.

DIGESTIVE SYSTEM
Mouth and anus of nonradiate echino

derms are located at or near opposite ex
tremities of the body in Stylophora and
Homoiostelea, but they are near each other
at the same end in Homostelea.

In radiate echinoderms, the mouth in
variably is found in the oral surface and
generally at its center, at the point of con
vergence and ending of the ambulacra. It
is secondarily displaced from the center
along the A radius or toward the AB inter
ray in certain crinoids and forward along
the D radius in spatangoid echinoids. It
opens directly to the exterior, but in numer
ous Paleozoic fixed echinoderms it may
become secondarily internal by develop
ment of a tegumentary ceiling.

The anus has a much more variable posi
tion. It is never located at the aboral pole
in fixed forms, but generally is found in
the upper or adoral half in the CD inter
rays, typically located laterally in cystoids,
blastoids, eocrinoids, and paracrinoids, and
on the oral face in crinoids and edrioaster-
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oids; among crinoids it may occur sec
ondarily at the center of the oral face,
whereas it migrates toward the Be inter-

A

ray or AB interray among a few cystoids
and eocrinoids. It opens at or near the
aboral pole in holothuroids and some regu-

dorsal

hemal
lacunae

2

longitudinal

muscle bands ~~~~1l~BE

A

FIG. 4. Digestive systems of echinoderms.--l. Crinoid (Antedon), showing many diverticula (Chad
wick).--2. Holothuroid, with respiratory trees and hemal system (main lacunae, solid black) (Ludwig).
--3. Asteroid (et/leita) (Hamann & Ludwig).--4. Regular echinoid (Echintts) (Cuenot).--5.
Irregular echinoid (Brisst/s) (Cuenot). [Orientation according to P. H. CARPENTER'S IlDmenclature, except

2 and 3.]
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lar echinoids. It is aboral but somewhat
excentric in other regular echinoids (E ray
or AB interray) and most asteroids (BC
interray). In a few ophiocistioids where it
is known, it is aboral, located near the mar
gin or at mid-distance between center and
margin. It is lateral or on the oral side in
irregular echinoids and invariably in the
AB interray. It is lacking in somasteroids,
ophiuroids, and certain asteroids which dis
charge excrements through the mouth.

The digestive tract consists of a more or
less elongate tube, spirally enrolled in a
clockwise direction (the organism present
ing its oral face to the observer) in attached
echinoderms, holothuroids, and very young
echinoids. In adult echinoids, it is extended
and this extension more or less masks the
preceding arrangement. The stelleroids have
a short straight digestive tube with a pro
nounced stomach enlargement, subdivided
in asteroids by a horizontal constriction into
two portions.

The digestive tube is differentiated more
or less clearly into an esophagus, stomach,
intestine, and rectum. It is modified by
adjoined appendices that perform particular
functions or simply augment secreting sur
faces: diverticula of crinoids (Fig. 4,1);
gastric brachial caeca of asteroids, somaster
oids, and the ophiuroid Ophiocanops (Fig.
4,3); diverticulum and siphons in many
echinoids (Fig. 4,4,5); and respiratory trees
of holothuroids (Fig. 4,2). In general, cords
or mesenterial bands composed of two peri
toneal layers attach the digestive tube to the
body wall; but, although present in the
embryo, they are generally more or less lack
ing in adults.

COELOM
The general cavity of echinoderms of

coelomic origin forms a large free space,
except in crinoids, where it is secondarily
filled by strands and membranes of connec
tive tissue.

This cavity, carpeted by peritoneum, en
closes the principal organs of the body, es
pecially the digestive tube and the gonads
(except in living crinoids where the gonads
have migrated to the arms, or more gen
erally their appendages, the pinnules). It
extends broadly into the arms of asteroids,
narrowly into those of ophiuroids, and by

four canals into those of crinoids. It is
traversed by mesenteries or strings diverse
ly placed between the viscera and walls.
Partitioning may serve partly or completely
to isolate small compartments, such, for ex
ample, as the perivisceral spaces and cavi
ties of the chambered organ in crinoids,
the peripharyngeal sinus of echinoids and
holothuroids, the periesophageal sinus of
asteroids and ophiuroids, the periproctal
sinus of echinoids, the perianal sinus of
echinoids and holothuroids, and the aboral
or genital sinus in the form of a pentagon
ring in asteroids, ophiuroids, and echinoids,
which furnishes for each gonad a genital
branch.

The general cavity is by no means the
only one that may be of coelomic origin.
Likewise derived from the coelom, as proved
from their development and the fact that
they are lined by peritoneum, are the axial
sinus, the hyponeural sinuses, the madre
poric vesicle, and the water-vascular system.
Because of its importance, this last will be
discussed in a special section.

The axial sinus of crinoids comprises a
vertical space enclosed by the ring of the
digestive tube and surrounding the esopha
gus orally. Also, it contains a characteristic
elongated organ, the axial gland, to be de
scribed presently. Some authors report that
in holothuroids the axial sinus disappears
during ontogeny, whereas in echinoids it
is lacking entirely. Among asteroids (Fig.
5,1,2) and ophiuroids, it contains, in addi
tion to the axial gland, an essential com
ponent of the water-vascular system known
as the stone canal; thus in stelleroids it com
prises a complex of cavities and organs, the
axial complex, enclosed in an interbrachial
septum of the CD interray or intimately
joined to it. At its aboral extremity the
axial sinus communicates with the ampulla
of the stone canal, located on the internal
face of the madreporite, and it ends in the
genital or aboral sinus already mentioned.
At its oral extremity, it opens into a large
circumoral ringlike sinus that lies on the
aboral side of the nerve ring surrounding
the mouth. In asteroids this sinus is divided
by an oblique partition into internal and
external rings. The axial sinus opens into
the internal ring, which thus appears as an
extension of the axial coelom.
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FIG. 5. Axial complex, hyponeural, and hemal systems III asteroid (Ubaghs, n).--l. Sagittal section
through CD (left) interray and A ray (mod. from Cuenot).--2. Scheme of axial complex, hyponeural

and hemal systems.

The hyponeural sinuses (hyponeural sinus
system) consist of a group of tubular cavi
ties forming typically and essentially, a
circumoral sinus, from which lead five
radial sinuses located on the aboral face of
the five radial nerve cords (ectoneural)
(Fig. 5). These radial sinuses may give off

transverse branches that penetrate the podia.
The ensemble of tubes has often been con
sidered as constituting a second circulatory
system designated perihemal (also pseudo
hemal or perilacunar), because tubules of
this sinus system encloses distributional
lacunae of the hemal system or are closely
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oral hemal ring
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FIG. 6. Organization of water-vascular, hemal, and hyponeural-sinus systems in asteroid (diagram.)
(Ubaghs, n).

associated with them. In reality, between
the entire hyponeural sinus system, which is
of coelomic nature, and the hemal (blood)
circulatory system, formed of spaces de
veloped in the mesenchyme, there exists
only a simple physiologic analogy resulting
from the fact that the hyponeural sinuses,
like all coelomic cavities, contribute some
what to the functions of nutrition, respira
tion, and excretion of the tissues.

The madreporic vesicle or dorsal sac of
echinoids, asteroids (Fig. 6), and ophiuroids
envelops the aboral part of the axial organ
already mentioned. We shall refer to it
again in later discussion.

The coelomic cavities are carpeted by an
endothelium which ordinarily is ciliated.
In the liquid contained by the cavities are
numerous free cells or coelomocytes, classi
fiable according to morphologic types and
varied functions; they are amoebocytes,
capable of wandering through all the tis
sues and acting as carriers of food, as ca1ci
genous cells, as phagocytes, and as bearers
of waste products. Hemocytes (red nu
cleated globules with hemoglobin) exist in
holothuroids.

WATER-VASCULAR SYSTEM

The water-vascular or ambulacral system
is one of the most characteristic features of
echinoderms. It essentially represents a
hydraulic mechanism and consists of an
assemblage of canals, which we have seen
are part of the coelom. The system includes
the following structures: I) oral water ring
with the polian vesicles and other accessory
organs; 2) radial water canals from which
arise lateral branches leading to special
evaginations of the body wall comprising
the tube feet or podia; and 3) stone canal
with the hydropore or madreporite.

The oral water ring may be considered
as the central part of the system. It sur
rounds the esophagus (Figs. 6, 7). Among
echinoids it is slightly displaced inward by
development of the masticatory apparatus
and in holothuroids by that of the pharyn
gean bulb. As a rule, it bears the large
pedicellate vesicles known as polian vesicles,
located interradially and probably serving
to maintain the turgescence in the ap
paratus. These vesicles are lacking in crin
oids and echinoids; among ophiuroids four
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FIG. 7. Internal view of peristomial region of Asterina gibbosa (PENNANT) (asteroid), showing water
vascular and hemal systems, X 10 (Cuenor).

such vesicles normally occur, and in aster
oids there are generally five, but in holo
thuroids the number is highly variable (one
to more than 50). Connected with the oral
ring or related to it, some lymphoid organs
are found in echinoids forming the so-called
spongy body or spongy ring, that is pene
trated by caecal diverticula given off by the
oral ring; in asteroids, the interradial Tiede
mann's bodies, of unknown function, en
close tubules that terminate blindly but open
into the oral ring.

The oral water ring gives off five radial
water canals (Fig. 6) located aborally with
respect to the hyponeural coelomic sinus
and hemal lacuna (Fig. 1). Among holo
thuroids and echinoids, the canals and ac
companying radial structures lie in the
inner part of the body wall (holothuroids)
or on the inner surface of certain plates of
the endoskeleton (ambulacral plates) which
are closely associated with the water-vascu
lar apparatus. Among crinoids and steller-

oids, on the other hand, they are external to
the brachial (crinoids) or to the ambula
cral endoskeleton (stelleroids), resting in a
ventral groove (ambulacral groove) open
to the exterior, except in ophiuroids where
it is secondarily closed by soft integument
or by ventral arm plates and transformed
into an epineural canal. (In living and
probably fossil somasteroids, there is no
permanent ambulacral groove, but a mus
cular mechanism permits temporary erec
tion of the ambulacral plates to form an
open furrow, homologous with the ambula
cral furrow of asteroids).

Throughout their course the radial water
canals give off (to right and left) branches
that end in the ambulacral tube feet or
podia. In crinoids, each branch divides into
three smaller branches that give rise to
three podia or tentacles. The podia are
found in all living classes, and probably
were present in most, if not all, of the ex
tinct groups. They exhibit a truly remark-
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FIG. 8. Structure of tube feet.--A. Longitudinal section of tube foot of .1ntedan bifida (crinoid) (Nich
ols).--B. Longitudinal section of suckered tube foot and radial water canal of Echinacyamus pusillus
(echinoid) (Nichols).--C, D. Structure and arrangement of' skeletal elements in disc of suckered tube
foot of Echinus esculenttls (echinoid) (Cuenot, Nichols).--E. Diagram of part of radial water-vascular

system of Amphiura fili/armis (ophiuroid) (Buchanan & Woodley).
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able polymorphism that corresponds to
their varied functions as feeding, respira
tory, locomotory, burrow-building, or sen
sorial organs. Yet they are constructed ac
cording to the same basic plan. Each tube
foot comprises (from outside to inside) an
epidermis, which is continuous with that
of the rest of the body, a nervous plexus, a
conjunctive layer, a layer of longitudinal
muscle fibers, and a flat vibratile endo
thelium that covers the internal cavity or
lumen (Fig. 8,A,B). The nervous plexus is
thickened on one side to form the longi
tudinal tube foot nerve, and generally at
the distal and proximal ends to form nerve
rings. The conjunctive layer may contain
a spicular endoskeleton of its own; the
collagen connective tissue of which it is
made up constitutes the framework of the
tube foot. The longitudinal muscular fibers
are retractor muscles, apparently serving

also for bending the tube foot. The cilia of
the endothelium lining the lumen in many
forms are arranged in two longitudinal
bands which, as they are beating in oppo
site directions, determine a circulation of
coelomic fluids in the internal cavity.

In crinoids and ophiuroids, the epidermis
of the tube feet is raised at intervals into
papillae which contain mucous cells and
sensory elements (Fig. 8,A). Secretion of
mucus is brought about in the crinoid
papilla by the contraction of a single longi
tudinal muscle fiber, and in the ophiuroid
papilla probably by a flattening of the epi
dermis resulting from normal protraction of
the tube foot (NICHOLS, 1963).

In many holothuroids, echinoids, and
asteroids, the free end of the podia is ex
panded into a disc having the properties
of a sucker, serving for locomotion and
feeding. In asteroids, the main framework

© 2009 University of Kansas Paleontological Institute



S24 Echinodermata-General Characters

of the sucker consists of connective tissue;
in echinoids, it comprises a complicated
calcite skeleton, consisting of a terminal
rosette of five or more ossicles, and a series
of much smaller ossicles arranged around
the tube-foot lumen (Fig. 8,C,D); in ophi
uroids, the skeleton supporting the disc is
generally made up of a single ossicle. Ad
hesion in holothuroids is obtained by the
stickiness of mucus secretions from cells
belonging to the epidermis of the disc. In
asteroids and echinoids, the sucker is op
erated by special muscles which create a
suction when they contract. As the func
tioning and structure of the suctorial tube
feet are different in the three classes just
mentioned, one may conclude that they
have evolved independently.

The podia of holothuroids, echinoids,
asteroids and of the only known surviving
member of the somasteroids (Platasterias)
are each provided with an internal con
tractile vesicle, the ampulla (Fig. 6, 7). The
wall of the ampulla consists of an inner
coelomic epithelium, a sheath of muscles
(antagonistic in action to the retractor mus
cles of the tube foot), commonly a thin
layer of connective tissue, and a flat cover
ing peritoneal endothelium. When the am
pulla contracts, the tube foot is protracted
by hydraulic pressure. A valve at the point
where the branch from the radial water
canal ends into the tube foot prevents am
bulacral fluids from flowing back into the
rest of the system (Fig. 8,B,E).

Since the ampulla is internal and the tube
foot external, their union is effected by a
canal extending through the body wall
(holothuroids) or passing through a pore
(generally doubled in echinoids) that lies
between the ambulacral plates or perforates
them (Fig. 9). The existence of similar
pores in fossil forms suggests the former
presence of ampullae.

In groups lacking ampullae, such as crin
oids and ophiuroids, other devices may be
functional equivalents of the ampullae
(Fig. 8,A,E). In crinoids, muscle fibers
stretch across the cavity of the radial water
canal, except along its axis; when the muscle
fibers contract, they first divide the canal
into a series of compartments; then they
reduce the volume of each compartment
and force out the ambulacral fluid to the

tube feet (NICHOLS, 1960). In ophiuroids,
the radial water canal may be also con
stricted at intervals, but this is done by
muscular sphincters; as no muscle fibers
traverse the canal, it is elasticity of its walls
that forces fluid back to the tube feet. More
over, the musculature of each tube foot is
differentiated into two systems, one in the
long distal part of the tube foot and the
other in the proximal part of it, which is
more or less swollen; these systems seem
to be antagonistic and the proximal part
acts as an ampulla; a valve cuts off the
ampulla and its tube foot from the water
radial canal. In species with considerable
power of podial protraction, the radial canal
bears nonmuscular vesicles which are
housed in special cavities in the ambulacral
ossicles and probably takes excess fluid when
the tube feet retract (BUCHANAN & WOOD
LEY, 1963; NICHOLS, 1963).

Now, to return to the oral ring, we find
that into this opens (in the CD interray ) a
canal, secondarily multiplied in some echino
derms, called the stone canal, because cal
careous spicules generally encrust its con
junctive wall. This canal opens outward in
a vibratile funnel, the hydropore, or it con
nects with the internal face of a perforated
calcareous plate, the madreporite, generally
through the medium of a rather large col
lecting space, called the ampulla (Fig. 5,1).
This ampulla maintains definite connec
tions with the axial sinus, as already indi
cated. The presence of a hydropore or
madreporite is the only indication that per
mits conclusion as to the existence of the
water-vascular system in several extinct
classes such as the cystoids or the eocrinoids.
In most holothuroids the madreporite is in
ternal, its pores opening into the coelom.
This condition is secondary, for in the larva
the water tube opens externally. In some
forms, the hydropore of the madreporite
may be secondarily multiplied.

HEMAL SYSTEM
The elements of the mesenchyme are

throughout the body separated from one
another by interstitial spaces that form a
plexus of interconnected lacunae known as
the hemal or lacunar system. At some
points these lacunae are enlarged as canali-
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form passageways organized in a compli
cated network of channels and sinuses. The
absence of an internal endothelial lining and
the fact that their wall is composed essen
tially of connective tissue prove that they
are neither part of the coelom nor true ves
sels but simple cylindroid spaces. The lat
ter form a system particularly evident in
holothuroids and echinoids but less clearly
defined, perhaps, in other classes (Fig. 9).
In such echinoderms, one may recognize,
at least typically, the following principal
parts: 1) a periesophagal hemal ring or an
oral annular plexus closely associated with
the nervous, hyponeural, and water-vascular
oral rings; 2) five radial hemal lacunae,
leading from the hemal ring and accom
panying (beneath each of the ambulacra)
the hyponeural radial sinuses and the radial
hydrovascular canals with branches given
off by the radial lacunae in the direction of
the podia; 3) absorbent lacunae of the di
gestive tube, opening also into the hemal
ring, developed as a network on the sur
face of the digestive tube; 4) springing from
the hemal ring in the CD interray, another
lacuna that penetrates the axial gland con
sidered by some authors as a center of the
entire lacunar system; 5) at the outlet of
this organ, the just-mentioned lacuna re
formed into a channel that centers an ab
oral hemal ring; and 6) the genital lacunae
developed from this aboral ring but lost by
branching in the conjunctive wall of the
gonads. Finally, to the hemal lacunae one
or several lymphoid organs may be joined,
filling perhaps a purifying function.

AXIAL GLAND
The axial gland or organ (termed also

ovoid gland, brown gland, heart) occurs in
all modern echinoderms except holothuroids,
which are said to have none or at most a
poorly developed one. It is an organ closely
related morphologically and functionally to
the hemal system.

The axial gland is a vertically elongated
mass, covered by peritoneum and formed
of lacunar connective tissue. As FEDoTov
(1924) has shown, it is composed in echin
oids and stelleroids of an oral and aboral
portion. Among asteroids and ophiuroids,
the oral part is enclosed in the axial sinus
(Fig. 5, 6), placed in a longitudinal fold

of the wall in contact with the stone canal
in the CD interray; it represents one of the
components of the axial complex of these
organisms. Among echinoids (Fig. 9), it
is also in close contact with the stone canal
but not enclosed in a coelomic cavity; on
the other hand it contains an irregular
cavity, lined by endothelium, and therefore
of coelomic origin. The aboral portion of
the axial gland is well developed only
among ophiuroids; in the two other classes
mentioned it is reduced to a digitiform ap
pendage (Fig. 5, 6, 9); in all it is enclosed
in another coelomic cavity, the dorsal sac
or madreporic vesicle, reported to have a
contractile wall.

The axial gland of crinoids is an elon
gated body consisting of tubules of glandu
lar epithelium set in conjunctive tissue and
covered exteriorly by peritoneum; it occurs
inside the axial sinus. The gland is pro
longed at its aboral extremity by a conjunc
tive cord located in the axis of the cham
bered organ (portion of the general coelom
surrounded by the aboral nerve center) and
it continues inside of the stem; at its adoral
extremity it enters into close relation with
the oral plexus of the hemal system. Accord
ing to CUENOT, the axial gland of crinoids
is not homologous to that of other echino
derms, but this view is not generally ac
cepted.

REPRODUCTIVE SYSTEM
The genital organs originate in the wall of

one of the compartments of the general
cavity. The facts that in ontogeny of living
echinoderms the first indication of the geni
tal apparatus makes appearance in the same
interray as that containing the anus and
hydropore, and further, that among numer
ous ancient echinoderms, one finds in the
same place a single orifice interpreted as a
gonopore, lead to the conclusion that orig
inally echinoderms possessed a single gonad,
opening in the CD interray. This primitive
condition is retained by the holothuroids.
Among all other classes the genital organs
are multiplied and have been affected by
pentameral radial symmetry. They are pri
marily interradial structures, though they
are located in the arms of adult asteroids
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and of some ophiuroids, and in the arms
or, more generally, in the genital pinnules
(appendages of the arms) of crinoids.

In asteroids and ophiuroids, they are con
nected by an annular stolon enclosed by a
hemal lacuna surrounded by a coelomic
sinus; the same arrangement is seen in
crinoids, where the genital cords, similarly
sheathed, traverse the arms and penetrate
into the central visceral mass, where they
are lost. The genital cords uniting the
gonads disappear in adult echinoids.

The sexes of echinoderms ordinarily are
separate, although certain species of holo
thuroids and ophiuroids are hermaphroditic.

The sexes cannot be distinguished on ex
ternal characters except in species (known
in all classes) that show anatomical features
designed for care of the young and in cases,
quite rare, of sexual dimorphism observed
in echinoids, asteroids, and ophiuroids.

An asexual mode of reproduction by
spontaneous fission of the body has been
observed in a few holothuroids, asteroids,
and ophiuroids. This may have relation to
the great power of regeneration manifested
in all echinoderms following accidental in
juries, spontaneous eviscerations (holothur
oids) and autotomies (Crinoidea, Aster
oidea, Ophiuroidea), observed among many.

FORMATION AND FIRST
DEVELOPMENT OF COELOMS

1 In species with large, yolk.rich eggs, the archenteron
may remain rudimentary. The coelom then may open
through slitlike gaps in the mesenchyme (schizocoe1y).
Development of this son in echinoderms is almost univer
sally regarded as secondary. [See, however, Direct Develop·
menl in the chapter by FELL, p. 577.]

An evagination from the upper surface
of the archenteron soon becomes separated
into the form of a closed sac (doubled in
some forms) (Fig. 11,D; 12), the cavity of
which is the coelom, thus produced by
enterocoely.l This sac, when unpaired, be
comes divided into two vesicles which are
symmetrically placed on each side of the
part of the archenteron that persists (Fig.
12,B). Theoretically at least, each of these
two vesicles becomes divided into three
successive compartments, that in anterior
position being termed the axocoel, that in
the middle known as the hydrocoel, and
the posterior compartment known as the
somatocoel (HEIDER, 1912) (Fig. 12,C,D).
As a rule, however, the division is incom
plete except in the left half of the body,
only the posterior coeloms being invariably

chyme, appears then to exist in echinoderms,
as well as a secondary mesenchyme derived
from the archenteric wall (Fig. Il,C).
Since these two mesenchymes shortly lose
their identity, however, it is not possible to
delineate their respective roles in morpho
genesis.

ONTOGENY

SEGMENTATION AND
GASTRULATION

The eggs of echinoderms are small and
poor in deutoplasm (Fig. 10,A), although
a rather large number of species, particular
ly those that incubate their young or attach
their eggs to foreign bodies, produce large
eggs filled with yolk (vitellus).

As a general rule, cleavage is complete,
almost equal, and of the radial type (Fig.
10,B,C). It results in the formation of a
coeloblastula, ordinarily covered by long
flagella (Fig. 1O,D,E) , and later this is trans
formed by invagination (emboly) into a
gastrula (Fig. 10,F). At this stage, or even
in the blastula stage, the embryo throws off
its ovular envelope and becomes a free
moving pelagic larva.

From the beginning of gastrulation, some
isolated cells become detached from the
wall of the gastrular invagination (archen
teron) and invade the blastocoel. They are
mesodermal elements which have the aspect
and serve the function of a mesenchyme.
This indicates that the mesenchyme of
echinoderms is of entodermal origin and
thus is an entomesoderm. Not uncommonly,
however, blastoderm cells migrate into the
blastocoel before gastrulation and form a
localized or diffused basis of an ectomeso
derm, within cells of which occur calcareous
granules destined to form the larval skele
ton. A primary mesenchyme (Fig. 11) de
rived from the blastoderm, or true mesen-
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FIG. 10. Early ontogenetic stages of Echinocyamus ptlSillus (echinoid) (Theel).--A. Mature ovum at
moment of impregnation, with one spermatozoon entering yolk and vitelline membrane beginning to

separate, X410.--B. Cleavage stage with 16 cells, X400.--C. Later cleavage stage, at about three

hours after fecundation, X 400.--D. Optical section through coeloblastula seven hours after fecundation,
X300.--E. Same at 13 hours after fecundation, X300.--F. Optical section through gastrula chang-

ing into larva, 40 hours after fecundation, X275.
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FIG. 11. Optical sections showing three stages (A-C) in formation of gastrula and mesenchyme of Para
centrotus lividus (echinoid) (Boveri); and young pluteus larva (D) of Echinocyamus pusillus (echinoid)

showing formation of coeloms, x270 (Theel).

paired; the right hydrocoel is ordinarily
absent or represented only by a transitory
rudiment, whereas the right axocoel (absent
in holothuroids and crinoids) remains much
less developed than the left one. Moreover,
the separation of the axocoels and hydro
coels is by no means always sharp and they
may more or less function as though they
constituted a single unity. We see, then,
that the embryo exhibits a profound asym
metry which appears very early, since it is
already manifest in initial stages and even
in the nonsegmented egg of some species.
This is considered to be secondary asym
metry, however, because abnormal larvae
are known that show either a division of
the coelom as perfect on the right as on
the left side or the development of the
functional hydrocoel, not on the left but
on the right side.

The ultimate fates of the diverse coelomic
compartments are very dissimilar. The left
axocoel remains in direct communication
(except among crinoids where communica
tion is established later on) with the left
hydrocoel by means of a canal (stone canal)
while it gives off a tubelike diverticulum
(hydroporic canal) that opens dorsally on
the left side in an orifice (hydropore). It
is seen, then, that the hydrocoel, lacking a
pore of its own, can communicate with the
outside only by means of the axocoel. The
right axocoel regresses, but not without
having budded off a small contractile vesicle
that will become, as observed later, the
dorsal sac or madreporic vesicle of the axial
organ. While normally the right hydrocoel,
when present, plays no part in organogene
sis, the left hydrocoel develops to form the
water-vascular system of the adult (whence
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FIG. 12. Formation and first evolution of coeloms in echinoid larva (diagram.) (von Ubisch).

its name). The two somatocoels, both well
developed (but the left generally larger than
the right) have symmetrical positions in
some but strongly asymmetrical in others;
where they adjoin, their walls combine to
form the principal mesentery.

The different function allotted to each of
the coelomic compartments proves that
division of the coelom in no way corre
sponds to segmentation in the strict sense.
Further, it is not accompanied by seg
mentation or repetition in series of any of
the body structures. The mesoblast especial
ly shows no fundamental tendency to give

rise to somites. Therefore, HYMAN (1955)
is entirely correct when she insists on the
nonsegmented nature of the echinoderm
body.

LARVAE
Notwithstanding the strong asymmetry

of its coelomic elements, the embryo be
comes transformed into an externally sym
metrical larva. The part of the archenteron
not involved in forming the coelom be
comes the larval digestive tube, entirely
formed of entoderm. The blastopore, which
remains open (except in crinoids, where
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FIG. 13. Morphological relations between theoretical dipleurula larva (A) and other echinoderm larvae
(B-G) (Ubaghs, n).

it is closed), becomes the larval anus and
this serves to place the echinoderms among
true Deuterostomia. The other extremity
of the archenteron curves backward and
opens to the exterior by way of the mouth.
The appearance of this new orifice deter
mines the ventral face of the larva, to which
the anus, at first apical, soon becomes trans
ferred. Finally, the digestive tube, which
has become curved inward dorsally, is

divided into an esophagus, a stomachic ex
pansion, and an intestine (Fig. B,A).

On the initially ovoid ventral face of the
larva, a shallow, saddle-like depression is
formed that encloses the mouth but leaves
the anus outside of its limits. Accompany
ing disappearance of general ciliation, an
ectodermic rim provided with flagella or
cilia is produced, completely surrounding
the ventral depression, following all of its
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sinuoslties. The portion of the larval body
in front of the mouth comprises the pre
oral lobe. A sensory plate, provided with
nerve elements and sometimes a tuft of cilia,
may be differentiated at its apex. The larva,
thus characterized, belongs to the dipleurula
stage of development (Fig. 13,A). Note
worthy is the absence of any sort of nephri
dial apparatus. It is active and feeds on
microplankton.

Truthfully, this so-called dipleurula stage
has no real existence, for, as shown by
MULLER (1848), it rather represents the
common characteristics or the basic pattern
of the diverse sorts of swimming larval
forms which externally are strongly differ
entiated from one another and highly varied
as to the order and degree of development
of their internal structures. They provide
for the dispersal of species having very re
stricted powers of locomotion in adults and
are to be regarded as special adaptations.

These larave, considered formerly as dis
tinct organisms, have received special
names; they are: auricularia of the Holo
thuroidea (Fig. 13,B), bipinnaria (Fig. 13,
C) and brachiolaria (Fig. B,D) of the
Asteroidea, echinopluteus (Fig. 13,E) of
the Echinoidea, and ophiopluteus (Fig. 13,
F) of the Ophiuroidea. All have character
istic small lobes on the surface and many
exhibit very long projections (larval arms),
which in ophiopluteus and echinopluteus
are supported by a very complex larval
skeleton; this skeleton is only slightly de
veloped in auricularia and entirely lacking
in bipinnaria and brachiolaria.

Another type of larva exists in crinoids,
certain holothuroids and a few ophiuroids.
They are the barrel-shaped larvae or vitel
laria (Fig. 13,G) of FELL, characterized by
their subcylindrical form, as well as opacity
of their walls (owing to presence of deuto
plasm), complete absence of arms, and
replacement of the continuous ciliated band
by several ciliated or flagellated parallel belts.
The barrel-shaped larva, which is only
slightly active and cannot feed itself, is
generally considered as a larval dipleurula
profoundly modified by coenogenetic char
acters.

We may notice finally that the free larval
phase characteristic of the indirect develop
ment of echinoderms may be much altered

or (a single case known) entirely omitted,
development working in a condensed man
ner termed direct development; this may be
observed in the ontogeny of species having
large yolk-rich eggs. Since ordinarily, how
ever, direct development is accompanied by
appearance of structures characteristic of
the larvae, one admits generally that it is
secondary as compared to indirect develop
ment.

METAMORPHOSIS

GENERAL CHARACTERS

The transformation (metamorphosis) of
the larva into the definitive young organ
ism, is effected in various ways that cannot
be described here. Discussion is limited to
consideration only of fundamental aspects
of metamorphosis and principal features of
organogenesIs.

Metamorphosis of crinoids and numerous
asteroids is preceded by fixation of the larva
to the substratum, whereas the larvae of
other echinoderms are transformed while
continuing to swim about. The whole body
of the larva of holothuroids participates in
the formation of adult structures; among
other echinoderms, a larger or smaller part
of this larval body is rejected or resorbed.

In agreement with HEIDER (1912), sev
eral phases may be distinguished in meta
morphosis of the echinoderms.

ASYMMETRIC PHASE

After an initial larval phase characterized
by a more or less perfect bilateral symmetry
(Fig. 14,la,b), an asymmetric phase ap
pears. We have already taken account of
the preponderant development of the left
anterior coeloms in the embryo. At begin
ning of the metamorphosis, the mouth,
which was located in the mid-ventral plane
of the larva, tends to be shifted toward the
left side of the body (Fig. 14,2a,b). This
displacement, very slight in holothuroids
and ophiuroids, amounts to nearly 90 de
grees in asteroids and echinoids, among
which the mouth becomes actually lateral
in position. When the larval mouth turns
into the definitive mouth, the displacement
is real; but the larval mouth and esophagus
may also be replaced by a mouth and esoph-
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la 2a 3a

lb 2b 3b
FIG. 14. First phases of metamorphosis in echinoderms (diagram.), upper row showing larvae from
ventral side and lower row from left side.--la,b. Initial symmetrical phase.--2a,b. Asymmetrical

phase.--3a,b. Phase of secondary symmetry (Heider).

agus newly formed on the left side of the
larval body, as especially seen in echinoids
and asteroids. Whatever the way this
change is accomplished, it produces a left
ward deviation of the front part of the
digestive tube, very characteristic of all
echinoderms. As for the anus, whether it
remains in the mid-plane of the body, being
pushed strongly forward, or, as is generally
the case, undergoes a shift toward the right,

its displacement is in a direction opposite
to movement of the mouth. The digestive
tube takes then the form of a loop turned
around on itself.

The displacement of the mouth carries
with it the left hydrocoel, which acquires
a horseshoe shape and tends to grow around
the esophagus. Likewise, the two somalo
coels take on a crescent shape, with develop
ment of terminal horns that play an im-
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fIc. 15. Diagrammatic sections showing successive stages (A-C) of elevation among crinoids (mod. from
Barrois).

portant role in organogenesIs, as we shall
observe.

The larva, arrived at this stage, no longer
presents a bilateral symmetry. It has be
come asymmetrical. A new median plane,
marked by the mouth and hydrocoelic
crescent, tends to be distinguishable, how
ever. This does not coincide with the mid
plane of the larva but makes a more or less
large angle with it, which in asteroids and
echinoids may attain approximately 90 de
grees (Fig. 14,2b).

PHASE OF SECONDARY SYMMETRY
The phase of asymmetry is followed by

one in which secondary symmetry is de
veloped. The mouth tends to return to the
ventral surface and to recover more or less
the medioventral position that it occupied
in the dipleurula larva (Fig. 14,3a,b). This
return, however, is accompanied by dis-

placement of the hydrocoel and the two
somatocoels. All together, this amounts to
what HEIDER has termed a torsion of the
entire visceral complex around the longi
tudinal axis of the larval body, so that the
median plane of the echinoderm in course
of development comes to coincide with the
primitive mid-plane of the larva. However,
the symmetry thus produced does not corre
spond to the primitive bilateral symmetry.
The digestive tube is no longer found in
the median (sagittal) plane of the dipleu
rula larva, but rather extends in its frontal
plane; the principal mesentery is not now
dorsoventral but is also frontal; the orig
inally left somatocoel is moved to the oral
side, while the originally right one becomes
aboral.

ELEVAnON AND FLEXION
The further course of development differs

among the classes of echinoderms. We will
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'+-i---f--mouth

FIG. 16. Early stages in asteroid development.--l. Brachiolaria of Asterias forbesi in attached position,
from left side, with definitive star formed from larval posterior region presenting its oral face to observer
(Mead).--2a,b. Successive stages of flexion among asteroids, showing transverse axis (x-y) around which

flexion operates (diagram.) (mod. from Heider and Dawydoff).

here consider only crinoids and asteroids
having fixed larvae, because of phylogenetic
significance commonly accorded to these
larvae.

Among crinoids, and especially coma
tulids (a very specialized group but the
only one for which we have knowledge of
development), the larva becomes fixed by
an adhesive pit carried on the ventral sur
face of the anterior part of its body, and
this part thus becomes the attached or ab
oral surface, while the morphologically pos
terior part of the larva, with all its organs
concentrated in it, turns 90 degrees about a
transverse axis so as to become oriented to
ward the upper pole, now the free oral end
of the larva (Fig. 15). The two somato
coels and the mesentery between them
(principal mesentery) are disposed hori-

zontally. Their crescentic form IS ac
centuated and their blind extremities be
come located in the neighborhood of what
was the original mid-ventral line, forming
two short vertical mesenteries termed acces
sory mesenteries. HEIDER has used the term
elevation for this process by which the fixed
larva becomes erect and takes the inverted
vertical position characteristic of crinoids
and other fixed echinoderms.

On the other hand, HEIDER has desig
nated as flexion (bending) the morpho
genetic movements of asteroids which pass
through a fixed stage. Here also the echino
derm body turns around a transverse axis
in relation to the preoral lobe which assures
temporary fixation of the organism (Fig.
16). This movement is accomplished in
an opposite sense to that of crinoids, how-
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ever; it bends the body toward the provi
sional peduncle (flexion), turning first the
mouth toward it and then deflecting the
body downward (Fig. 16). By this dis
placement, the organ of fixation comes to
be planted on the side of the mouth that
forms the oral face of the young starfish,
whereas in crinoids it is inserted at the cen
ter of the aboral face. The anus appears
subsequently on the aboral face and the
somatocoels, by reason of their location with
respect to the digestive tube, become dis
tinguished as hypogastric (left) and epi
gastric (right). The principal mesentery is
also disposed horizontally and the junction
of their terminal projections produce acces
sory mesenteries perpendicular to the prin
cipal mesentery (Fig. 16,2b). These acces
sory mesenteries are important, for they
determine the madreporite interray (CD)
and are closely associated with the axial
sinus (derived from the left axocoel), as
well as the axial organ (mesenchymentous
origin), the madreporic vesicle (derived
from the right axocoel), the stone canal,
and the madreporite; in brief, they are the
seat of the axial complex.

ROTATIONS

Internal morphogenetic movements of
rotational nature may be produced in the
course of ontogenetic development of echi
noderms. For example, in certain asteroids
a rotation of the hydrocoelic ring has been
described with displacement in a clockwise
direction, accompanied by an opposite dis
placement of the aboral parts of the arms.
Among holothuroids, the hydrocoelic ring
undergoes a rotation that modifies relations
of the radial canals and radii.

PENTARADIAL SYMMETRY

Fivefold radial symmetry is introduced
in the echinoderm organism in the course
of development by very special evolution of
the left hydrocoel (see below) and by its
morphogenetic influence on neighboring re
gions, serving to determine a final identical
distribution of food grooves (or epineural
canals), ectoneural radial cords, endoskele
tal structures joined to the ambulacral ap
paratus, and hyponeural canals.

DEVELOPMENT OF PRINCIPAL
ORGANS

VESTIBULE

In the larvae of all echinoderms, except
asteroids, a deep ectodermal invagination is
formed in front of the mouth, sheltering
development of the first radial structures
of the water-vascular apparatus. This is the
vestibule (improperly called amniotic sac
in echinoids) (Figs. 13; 15; 17,B,C).

COELOMS

Right axocoeI. A small vesicle, termed
dorsal sac or madreporic vesicle, located be
neath the madreporite and enclosing the
aboral extremity of the axial organ is de
rived from the right axocoel, either directly
or through the medium of mesenchyme.

Left axocoeI. Derived from the left axo
coel are: 1) the hydroporic canal, 2) a small
ampulla located at its junction with the
stone canal, 3) the axial coelom or sinus,
and 4) in asteroids, the internal ring of the
circumoral sinus (the external ring being
hyponeural, i.e., produced by the left som
atocoel ).

Right hydrocoeI. In normal echinoderm
larvae, the right hydrocoel disappears with
out taking any part in organogenesis.

Left hydrocoeI. The water-vascular sys
tem, including all its dependent structures,
is derived from the left hydrocoel. The
original left hydrocoelic vesicle, very early
in development, is bent into a horseshoe
shape around the esophagus and tends to
be closed in a complete ring (future oral
ring of the water-vascular apparatus). Five
diverticula representing the five primary
tentacles (forerunners of the radial canals)
are extended from the outer border of the
hydrocoel vesicle. These five tentacles push
back the subjacent integument (floor of the
vesti~ule. wh~re this structure exists) and
acqUire In thIS way their ectodermic cover
ing; thus the radii begin to be defined. On
the other hand, the oral ring preserves its
relations with the exterior by means of the
larval stone canal and the left axocoel. Re
gression of this latter, however, permits the
placement of the stone canal and hydroporic
canal of the larvae end to end. In this way,
fi?ally, the water-vascular system opens
dIrectly to the exterior and at the junction
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of the two canals a small ampulla, as we
have seen, may persist as a remnant of the
left axocoel. The polian vesicles and Tiede
mann's bodies, like the radial canals, are
outgrowths of the oral ring. The podia are
developed as evaginations from the radial
canals.

Somatocoels. We have seen that the two
somatocoels are displaced in such manner
that the right becomes the aboral (epigas
tric) part of the principal coelom or general
cavity of the adult and the left the adoral
(hypogastric) part (Figs. 15; 16,2a,b). We
have observed also that the principal mesen
tery is disposed horizontally and that ter
minal horns of each produce, on meeting,
the accessory mesenteries perpendicular to
the principal mesentery (Fig. l6,2b).

The right (aboral) somatocoel presents
little complication; among crinoids it sends
into the mesenchyme which invades the
cavity of the stem, the five tubes of the
chambered organ; these tubes, from the be
ginning of metamorphosis, are separated
from the cavity in which they are devel
oped. The left (oral) somatocoel produces
in the interradii caecal evaginations that
come to be placed above the hydrocoel ring,
themselves joined in a ring and giving rise
to the ensemble of the hyponeural sinus.
The left somatocoel also participates in
forming the genital coelom of free forms
and among echinoids produces between the
five lobes of the hydrocoel five diverticula
(the dentary sacs), which represent the
primordium of the masticatory apparatus
(called Aristotle's lantern).

DIGESTIVE TUBE

The digestive tube of the definitive echi
noderm organism is more or less developed
from that of the larva. Among crinoids,
the cavity of the digestive sac, closed in the
larva, connects to the exterior by an esopha
gus produced by meeting through the
hydrocoel ring of an ectodermic diverticu
lum and an entodermic diverticulum pro
duced by its wall; only later on is the anal
opening developed within the madreporic
interradius near the hydropore. Among
holothuroids, the digestive tube of the larva
becomes that of the adult, but the larval
anus (blastopore) disappears and the defini
tive anus is opened near the site of the

blastopore without an ectodermic invagina
tion. In asteroids and echinoids the larval
mouth closes, and the larval esophagus,
mostly resorbed, is replaced by an esopha
gus produced by an evagination of the
stomach on the original left side of the
larva through the hydrocoel ring; in aster
oids this evagination opens directly to the
outside; in echinoids it joins an ectodermic
invagination which it meets; in various
groups the new anus is produced (very be
latedly) on the aboral face. In the ophiur
oids, the larval anus and intestine become
atrophied and entirely disappear; the mouth
of the adult may be derived directly from
the larval mouth or in some species may be
a newly developed feature; a part of the
larval esophagus seems to persist and to
give rise to the definitive esophagus.

HEMAL SYSTEM AND AXIAL ORGAN

The hemal (or blood lacunar) circulatory
system is produced by the mesenchyme. The
axial gland is produced from connective
tissues accumulated along the wall of the
axial sinus in the accessory mesentery, sur
rounded by a fold of the wall of this sinus.
Its aboral portion is intimately related to
the madreporic vesicle (derived from the
right axocoel), which surrounds it like a
hood; in addition, it communicates (though
secondarily) with the genital stalk, the
origin of which we shall see is quite differ
ent.

GENITAL ORGANS

In the larvae of crinoids, a transitory first
indication of the gonad appears in the
principal mesentery close to anus and hydro
pore-accordingly in the madreporic inter
radius. This primordial structure is re
placed by that of the definitive gonad,
which seemingly lacks relation with the
first. This second structure is differentiated
from the aboral vertical or accessory mesen
tery in close association with the peritoneum
of the right somatocoel. It gives rise to a
compact cellular cord which migrates into
the arms where it buds off the true gonads.

Among holothuroids, the genital struc
ture makes appearance and develops in the
dorsal mesentery in the neighborhood of
the stone canal and in contact with the left
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FIG. 17. Larval stages of echinoids.--A. Fully formed echinopluteus of Arbacia punctulata (LAMARCK)
seen from left side, showing echinus rudiment (stippled area), X 100 (Gordon).--B,C. Diagrammatic
frontal section through echinoplutei showing development of echinus rudiment on left side of larva

(Macbride).

almost the same
the gonad of

somatocoel, therefore with
morphologic position as
crinoids.

In other echinoderms, one finds the first
genital cells in the aboral (vertical) acces-

sory mesentery, located in the madreporic
interray (CD interray) and in close rela
tion with the wall of the left somatocoel.
After its differentiation this structure gives
rise to a cellular cord, the genital stolon or
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stalk. This cord pushes toward the aboral
surface inside a coelomic evagination of the
left somatocoel so that a space, completely
separated from the coelom that produced
it, becomes a genital sinus. The genital
stalk, with its coelomic envelope, forms a
ring beneath the aboral pole and from this
ring the true gonads are budded off into
the interradii.

ENDOSKELETON

The first indications of the definitive
endoskeleton appear before, during, or after
metamorphosis. In echinoids, calcium car
bonate of the pluteus larval rods is used for
construction of the elements. We have al
ready noted how the secretion of endo
skeletal ossicles is produced by lime-de
positing cells in the mesenchyme.

Comparable, but not necessarily homol
ogous, development is found in the living
echinoderms, except the holothuroids, pro
ducing a somewhat similar arrangement
of plates around the apex of young echino
derms (Fig. 18). This arrangement persists
more or less undisturbed in the adult stages
of crinoids and echinoids but in the major
ity of ophiuroids and asteroids the pri
mary plates are either resorbed or lost
among a host of intercalary plates which
arise around or between them. Among
crinoids, around the larval stem, appear two
cycles of five plates, both interradial in
position, encircling the viscera: an aboral
cycle of basal plates and an oral cycle of
oral plates; generally also, inserted between
the basals and the stem, are three to five
small radially located plates, the infrabasals,
that soon are resorbed or fused with the
proximal skeletal piece of the stem or
centrodorsal. Somewhat later on, five radial
plates arise in the radii between the basals
and the orals, prior to the outgrowth of the
arms from the periphery of the oral sur
face. As the arms grow, brachial plates are
formed in linear succession with the radials.

Among asteroids, on the aboral side of
the young star, one may observe, around a
central plate, five conspicuous interradial
plates or basals, one of which incorporates
the hydropore; there are no plates equiva
lent to the radials of crinoids and ophiur
oids, but in later stages, just as in crinoids,
infrabasals are introduced between central

and basals, and then lost again. Early in
the development appear also five radially
located plates, the terminals, which, when
the animal grows, move distally to the ex
tremity of the arms, where they surround
the terminal tentacle. The first ambulacrals
are laid down on the oral side of the young
star in close relation with the hydrocoel
lobes and the first pairs of podia.

Among ophiuroids, the primary skeleton
of the aboral side consists of a central plate
and five radials, many species develop also
a circle of interradially located basals be
tween the central and the radials. Five
terminals appear early; they are carried
away to the arm tips. Vertebrals, represent
ing fused ambulacrals, are secreted imme
diately adoral to the terminals; in adults,
they constitute an internal row of ossicles
supporting the arms.

Among echinoids, five interradial plates,
termed basals or genitals, appear on the
dorsal surface of the pluteus, and on the
outer side of the primary podia, which they
later surround, develop five radially situated
terminals or oculars. Genitals and oculars
remain in close contact, making a special
system of plates (called the apical system)
around the aboral end of the test in the
adult. One of the genitals embraces the
hydropore and becomes the madreporite.

GROWTH AFTER
METAMORPHOSIS

The growth stages following metamorph
osis and ending in the adult organism have
very great interest for paleontologists. First,
this is because they are the only ontogenetic
stages that can be collected from geologic
formations, but also it is because growth
stages reveal important morphologic
changes in endoskeletal elements-changes
in form, proportions, number, placement,
and topographic relations-and these
changes may especially illuminate problems
relating to homology and phylogeny.

An interesting application of CHILD'S
concept of axial gradients to the growth
patterns exhibited by the endoskeletal ele
ments and the soft parts more directly re
lated to the endoskeleton of echinoderms
recently has been made by FELL (196). He
has shown that two major patterns of domi-
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nant gradients are to be recognized among
echinoderms: a meridional pattern as ex
emplified in echinoids and holothuroids, a
radial pattern as exemplified in crinoids and
stelleroids. In young echinoids and young
holothuroids, during metamorphosis, the
hydrocoel encircles the esophagus, and sends
five meridional water tubes which encircle
the body cavity. Thereafter the endoskele
ton, the nervous system, and part of the
coelom differentiate under the same in
fluence, and the whole body becomes more
or less globose. In young crinoids and

asterozoans, on the other hand, the five pri
mary tentacles, which become the radial
canals, instead of growing meridionally, are
radiating more or less horizontally from
the oral ring, carrying the body wall, coe
lom, nervous system, and the largest part
of the endoskeleton with them, and result
ing in a star-shaped body with arms. Then
transverse growth gradients emerge from
the main radial gradients, giving a pinnate
structure to the arms, as well exemplified
by the pi.imulate arms of crinoids or the
frondlike arms of somasteroids.

PHYSIOLOGY

Movements of echinoderms are provided
by the podia, spines, or work of muscles.
The podia are especially utilized by holo
thuroids, echinoids, and asteroids, but their
locomotive function is weak or lacking in
ophiuroids and entirely absent in crinoids.
Only echinoids make use of spines for loco
motion; otherwise these may serve many
functions such as digging, burrow-building,
protecting, harboring the developing larvae
or as tactile and defensive organs. Creeping
movements are effected in certain holothur
oids by the general musculature of the body
wall, while muscles interposed between the
endoskeletal pieces govern movements of
the rays of ophiuroids and the arms of crin
oids; in the last-mentioned group, action of
these muscles combined with the antagonis
tic action of ligamentary fibers may result
in swimming or creeping motion (Comatu
lida).

LOCOMOTION
The locomotive function of the podia has

been especially well studied in the asteroids
by J. E. SMITH (1948). The movements of
protraction, retraction, and bending of each
podion are controlled by a motor nerve lo
cated in the neck of the ampulla and
connected with Lange's nerves and radial
nerves. When the animal is moving, podia
are extended first in the direction of locomo
tion until attached by their terminal sucke~

disc to the substratum, and then shortened
in a backward direction so as to carry the
animal forward. After contraction, the po-

dia relax their adhesion and extend forward
again. Progress of the animal requires that
activities of the podia be coordinated. This
coordination is accomplished by the radial
nerves and the nerve ring, although a cer
tain degree of coordination exists among the
podia of an isolated arm. Presumably, a
coordination center is located at the junction
of each radial nerve with the nerve ring.
Each center controls the longitudinal mus
cles that work unilaterally in a given direc
tion, but the center that directs activity of
the arm placed in the direction of forward
progress exercises a temporarily dominant
action. Thus, direction of movement is de
termined by the particular center having
control at a given moment.

Individual movements of the radioles or
spines of echinoids are governed by the ac
tion of muscles attached to their base and
locally controlled by nerve-fiber bundles of
the subepidermic system. The indispensable
coordination of their movements in locomo
tion, however, is assured by the radial
nerves.

NUTRITION
Most echinoderms are nourished by mi

nute food particles (plankton and detritus),
but some are active predators or scavengers
which ingest large particles or capture living
prey. They display a large array of feeding
mechanisms, none of which are restricted
to any particular group; furthermore each
group, including many species, may use sev
eral ways of getting food.
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MUCOCILIARY MECHANISMS

Among crinoids, powerful play of vibra
tile cilia produce centripetal currents that
transport mucus-imbedded food particles
along the ambulacral grooves toward the
mouth. The tube feet produce and spread a
mucus net in the surrounding water; then
they collect the net loaded with food parti
cles and discharge it into the groove. The
same type of nutrition occurred probably in
most, if not all, fossil-attached echinoderms.
Among stelleroids, microphagous ciliary
feeding, performed by the action of pinnate
food grooves, is a fundamental feature of
somasteroids. Some asteroids, e.g., Porania,
Ctenodiscus) feed also by the mucociliary
method, the food particles being entangled
in mucus strands that are carried into the
digestive tract. In many living starfishes,
mucus protects the surface of the body and
serves to collect small particles which may
be carried by ciliary currents into the mouth.
The mucociliary method of feeding has been
also described among clypeasteroid and
spatangoid echinoids; in numerous species
mucus secretion and ciliary currents on the
surface of the body are part of the feeding
mechanisms.

TENTACULAR MECHANISMS

As just mentioned, tentacles or tube feet
play an essential role in catching food par
ticles in crinoids. Many holothuroids living
in crevices or buried in mud entangle plank
ton and fine particles by means of the sticky
tentacles surrounding the mouth; at inter
vals, the tentacles are thrust into the mouth
and the adhering food is wiped off and
ingested. Some ophiuroids are plankton
feeders, fishing with tube feet extended
from the arms as they are swept through
the water. Possibly the "carpoid" echino
derms used a similar feeding method.

INGESTION OF BOTTOM MATERIAL

Many holothuroid species push bottom
material into the mouth with the buccal
tentacles and burrowing forms swallow the
mud in large quantity as they crawl along.
The heart urchins (spatangoids) live buried
in sandy bottoms. By means of specialized
tube feet of the buccal region, they explore

the walls of their burrow and catch small
particles which are directed to the mouth.
The digestive tract of the many species ex
amined is invariably stuffed with bottom
material. Most ophiuroids appear to be
selective detritus-feeders, burrowing in the
soft substrate for organic material. The
starfish Ctenodiscus (see above) feeds pri
marily on mud particles which are stuck
together with mucus and are carried along
special grooves between the marginal plates
to the podia and then to the mouth. Its
stomach is generally distended with swal
lowed mud.

SCRAPING

Numerous echinoids equipped with strong
teeth nibble on plants or masticate mostly
sessile and encrusting animals. Similarly,
some starfishes feed on coral polyps or
sponges.

CAPTURE OF PREY

Most asteroids are predators, feeding on
bivalves, gastropods, crustaceans, poly
chaetes, other echinoderms, sponges, and
the like. Some swallow their prey whole,
but others evert their stomach through the
mouth and digest the captured animal ex
ternally. Most of the starfishes which feed
in this way are able to capture bivalved
molluscs, which are too big to be swal
lowed. To open the shell they use strong
but intermittent pulls on the valves by
means of their podia and they insinuate
their stomach through tiny gaps between
the valves. The use of toxins to produce
relaxation of the adductor muscles of the
prey is a possibility that is not yet sup
ported by conclusive evidence. Many ophiur
oids are carnivorous, preying on small
worms and crustaceans, less commonly on
young echinoderms and mollusks. The seiz
ing of prey may be effected by an arm loop
and the carrying of it to the mouth either
by coiling of the arm or by the podia. The
gorgonocephalids, which have extremely
ramified and flexible arms, form an open
bow-net in which small swimming animals
become entrapped.

CIRCULATION
The coelomic cavities, including those of

the water-vascular system, are carpeted by
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an endothelium, generally ciliated, vibratile
movements of the cilia assuring slow cir
culation of internal fluids. Since echino
derms are generally in osmotic equilibrium
with their environment, these fluids have
a composition very close to that of sea
water, except that they include products of
metabolism and may contain numerous
floating coelomocytes of varied sorts that
perform diverse functions. These cells pene
trate all tissues and all organs and one may
find them also in the hemal system.
Throughout the body, the liquids of in
ternal cavities show a large degree of
homogeneity.

The fact that the hemal system shows its
greatest development in connection with
the digestive tube and, further, that this
system exhibits close relationships with im
portant organs such as the podia and
gon~ds, seems to indicate that it plays a
conSiderable role in the distribution of the
products of digestion. Recently, BOOLOOTIAN
& CAMPBELL (1964) have demonstrated that
a pulsating vessel occupying the lumen of
the axial organ and terminating aborally in
a compartmented contractile chamber pulses
several times a minute and thus moves
coelomic fluid from the perivisceral cavity
into and throughout the hemal system of
the sea urchin Strongylocentrotus purpura
tus.
~he ~av!ties of the water-vascular system,

whl~h IS mvolved in locomotory, feeding,
respiratory, and burrowing activities en
close a liquid that differs very little from
the coelomic liquid. Observations of
Strongylocentrotus purpuratus have shown
that a direct communication exists between
the lumina of the axial organ and the stone
canal whi~h contracts simultaneously with
the pulsatmg vessel of the axial organ. The
r~ythmic contraction of this vessel, together
~Ith pulsating of the stone canal, may be
Important in moving fluids throughout the
entire water-vascular system (3a).

RESPIRATION
Echinoderms possess a few specialized or

gans that function for respiration. Some
gaseous exchanges can be effected through
the body wall. when it is sufficiently thin,
as among certam holothuroids, or by means
of local infolds or outfolds of this wall.

Infolds (invaginations) include: 1) the ten
pouches or branchial sacs (bursae) of ophi
uroids, opening toward the exterior by
slits placed along the bases of the arms
and constantly traversed by water currents
maintained by ciliary action and (in some
species) by body movements that pump
water in and out; 2) probably also the
hydrospires of blastoids; and 3) the pore
rhombs of rhombiferan cystoids. Outfolds
(evaginations) are represented by: 4) the
podia (see below); 5) the papulae or dermal
g!ll~ of asteroids, which are simple or
diVided pockets that project exteriorly be
twe~n p~ates of the skeleton, each enclosing
a diverticulum of the general body cavity;
6) the external gills of echinoids (except
~idaroids and irregular .echinoids), contain
mg branches of the penpharyngeal coelom;
an~ 7) the organs (possibly like papulae)
which probably covered the diplopores of
diploporitan cystoids and the sutural pores
and epispires of eocrinoids and some other
archaic forms.
. The digestive tube also may playa role
m respiration. This is especially so in the
case of the holothuroids (except Elasipodida
and Apodida) which possess two very thin
walled, extremely ramified tubes, the res
piratory trees, originating in the rearmost
(cloacal) part of the digestive tube and ex
tending into the general body cavity. By
rhythmic contractions, the respiratory trees
are alternately filled and emptied of water
introduced into the cloaca through the
anus. The rectum of living crinoids, en
closed in a conical projection (anal tube)
developed on the oral surface of the animal,
offers comparable activities; it alternately
takes in and ejects sea water, thus produc
ing a current that may be presumed to have
some respiratory functions. Among certain
fossil crinoids, the anal tube is enormously
developed, its endoskeleton being provided
with numerous perforations or very thin
walled infolds through which exchange be
tween the exterior environment and the
interior medium could be effected.

In most echinoderms which lack special
respiratory structures, the tube feet are
probably the main organs to have a respira
tory function. In such asteroids as Asterias,
half respiratory exchange takes place
through the tube feet. When they are ex-
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tended, the walls of the tube feet become
extremly thin, and exchanges of gases take
place between the sea water and the fluid
filling the lumen; when the tube feet are
retracted, exchanges take place between the
fluid of the ampullae (or other internal
parts of the water-vascular system if am
pullae are lacking) and the fluids of the
general body cavity. Maintenance of a
current within the tube feet and ampullae
is therefore advantageous: in many tube
feet two bands of cilia, beating in opposite
directions inside the lumen, and in most
echinoids two canals connecting each tube
foot and its ampulla are features of prob
ably respiratory significance.

In many forms, especially in burrowing
species, respiration (and other functions
such as nutrition and sanitation) is greatly
assisted by ciliary currents on the body sur
face or by special devices. For instance, in
the phanerozone starfishes, the dorsal sur
face is covered by closely set plates, the
paxillae, that consist of raised ossicles,
each with a crown of more or less
movable spinelets; these spinelets when
lying horizontally form a covering under
which an open space is maintained for pur
pose of respiration, feeding, and excretion.
In the asteroid family Pterasteridae, the
spinelets are united by a membrane; they
form the outer roof of a brooding chamber
that is aerated by pumping of water. In
echinoids of the order Spatangoida, closely
set minute spines, the clavulae, that carry
longitudinal bands of cilia and occur in
narrow tracts, or fascioles, create water cur
rents that assist in respiration, feeding, and
removing of foreign particles.

EXCRETION
Echinoderms possess no excretory system,

although the function of excretion may seem
to be quite active. Waste is generally evac
uated by the coelomocytes or by cells having
large capacity as phagocytes, the principal
exits being by way of the podia, stone canal,
madreporite (especially in echinoids), papu
lae of asteroids, pouches of ophiuroids,
digestive tube, gonads, and respiratory trees
of holothuroids. This eliminative action,
however, does not always suffice to rid the
organism entirely of its waste products; the
deposition of melanoid pigments in the tis-

sues, a feature which becomes more pro
nounced with increasing age, may be re
lated also to an excretory activity. Most
nitrogenous matter excreted by echinoderms
occurs in the form of ammonia, with little
urea and purines and only traces of uric
acid; large quantities of amino acids are
loosed also.

BIOCHEMISTRY
Studies in comparative biochemistry have

led to formulation of conclusions of phylo
genetic character. We will here consider
only problems introduced by the distribu
tion of phosphagens and sterols in animal
groups, including echinoderms.

PHOSPHAGENS

Until a few years ago, it was believed
that most invertebrates possessed a type of
phosphagen (arginin phosphate), whereas
vertebrates have another kind (creatin
phosphate). The presence of phosphocreatin
and phosphoarginin both in echinoderms
and stomochordates seemed then to indicate
that these groups were connected with one
another and with the Chordata. We know
now that other phyla (Porifera, Sipuncul
oidea, Annelida) also show this character
and that the distribution of phosphagens in
several phyla is by no means constant; in
stead, it varies among related genera, among
species of the same genus, and even in dif
ferent organs of the same animal. Conse
quently, the type of phosphagen found in
a given phylum cannot be regarded as a
useful criterion in considering phyletic re
lationships.

STEROLS
According to the nature of their con

tained sterols, echinoderms examined to
date may be divided into two large groups:
one, characterized by the presence of delta-?
sterols, comprises the asteroids and holo
thuroids; the other, characterized by the
presence of delta-5 sterols, includes the
ophiuroids, echinoids, and crinoids. This
grouping is conformable to that suggested
by comparative characters (excluding crin
oids) of larval forms belonging to these
classes. It is seen to be completely discordant
with other evidence, however, especially that
based on comparative anatomy and paleon-

© 2009 University of Kansas Paleontological Institute



Phylogeny S43

tology, according to which the asteroids
and ophiuroids are much more closely re-

lated to one another than either of them to
the echinoids.

PHYLOGENY

Remains of authentic echinoderms are
found throughout the geologic column from
the Lower Cambrian upward. The oldest
known representatives of the phylum, al
ready diversified and showing essential
characteristics of the group, throw no light
on the affinities and origins of the echino
derms, or on the manner in which their
essential organization has been developed.
Embryology (and in smaller degree com
parative anatomy) provide more precise
evidence bearing on these questions, which
calls, however, for great caution in inter
pretation.

AFFINITIES OF ECHINODERMS
Retention of the blastopore or its em

placement as the definitive anus and the
enterocoelic formation of the coelom accom
panied by its division into three pairs of
sacs, are characters generally considered to

comprise a trustworthy basis for assignment
of echinoderms with deuterostomian in
vertebrates, which include (in addition to
echinoderms) the Stomochorda (or Hemi
chorda), and perhaps the Pogonophora. In
clusion of the Chordata (Protochordata and
Vertebrata) in this assemblage presents
another problem foreign to present con
siderations.

The most probable relationships of echino
derms are, in the judgment of many zool
ogists, with the Stomochorda (Enteropneu
sta, Pterobranchia, ?Graptolithina). The
early larval stage of echinoderms (dipleurula
larva), in fact, offers striking similarities
with the tornaria larva of Enteropneusta,
for these have the same general aspect, in
cluding: 1) similar placement of the cir
cumoral ciliated band, 2) the same emplace
ment of the apical sensory plate, 3) the same
shape and subdivisions of the digestive tract,
4) the same mode of appearance and divi
sion of the coelom, 5) identical presence of
a coelomoduct with asymmetrical external
orifice connecting the anterior coelom with
the exterior, 6) the same general behavior
of the dorsal pulsatile vesicle (madreporic

vesicle of echinoderms, cardiopericardial
vesicle of Stomochorda) developed from the
anterior coelom, and finally, 7) absence in
both of any sort of nephridial apparatus. If,
moreover, the ambulacral system of echino
derms-the most distinctive feature mark
ing these organisms-is to be compared
with any other structure, it is with the
lophophore of Pterobranchia, since both are
derived from the middle coelom and both
one and the other have the form of coelomic
tentacle-bearing evaginations. Such complete
resemblances can hardly be construed as
fortuitous. They suggest real affinities ex
isting between the Stomochorda and Echino
dermata; but beyond this, alignment to
gether is not justified, because the nature of
complex modifications impressed on the
latter in the course of their metamorphoses
and the fact that no close comparison be
tween adult echinoderms and other groups
of the animal kingdom is possible suffi
ciently prove that at a certain stage in their
history the echinoderms became radically
and definitively separated from the ancestral
type that possibly united them with the
Stomochorda. It seems evident, moreover,
that all adult echinoderms, both living and
fossil, as well as larvae, in so far as we
know them, are much too specialized to
have been able, through later evolution, to
give rise to another phylum.

Numerous authors have noted or now
admit the possibility of genetic relationships
between chordates (Protochordata and
Vertebrata) and echinoderms. We will not
undertake here a review of arguments,
mainly based on embryological and bio
chemical considerations (see above) ad
vanced in favor of this hypothesis. If we
refer to it, it is because certain authors have
judged that among some Paleozoic echino
derms indication of a common parentage
between these two phyla can be found.
GRECORY (1934, 1951) has drawn attention
to the resemblance that exists between the
theca of the stylophorans Placocystites or
Mitrocystella and the body covering of a
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FIG. 18. Comparison of aboral endoskeletons of echinoderms.--l. Promachocrinus kerguelensis (crin
oid); la, very young larva, X48 (Clark); lb,c, lateral and dorsal views of 2-year pentacrinoid stage, X8
(Fell).--2. Asterina sp. (asteroid); 2a,b, two stages, X10 (Fell).--3. Cnemidaster wyvillii (asteroid),
X3 (Sladen).--4. Ophiosteria echinulata (ophiuroid), immature specimen, X4 (Fell).--5. Amphi
pholis squamata (ophiuroid), very young individual, en!. (Cuenot, after Ludwig).-6. Austrocidaris

canaliculata (echinoid), immature specimen, X26 (Loven).
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Devonian ostracoderm, Drepanaspis. In the
view of GISLEN (1930), the asymmetries in
organization of the "carpoids," especially in
the position of the multiple orifices of the
upper face of Ceratocystis and Cothurno
cystis, offer close resemblances with the
asymmetries and arrangement of the branch
ial slits of Amphioxus larvae. These com
parisons are based either on superficial
analogies or on erroneous interpretations of
the "carpoid" organization. Equally objec
tionable is the assertion by SPENCER (1938)
that the polygonal canaliculated plates of
certain cystoids (e.g., Aristocystites) closely
resemble the bony scales (tesserae) in the
armor of ostracoderms or the view of
CASTER & EATON (1956) that plates of the
stylophoran Paranacystis exhibit a micro
structure like that of the superficial layer
of plates of the ostracoderm Procephalaspis
oesolensis. As a matter of fact, the plates
of echinoderms and tesserae of ostracoderms
show entirely different histologic structure,
quite aside from the fact that the bones of
vertebrates and stereom of echinoderms have
fundamental distinctions that should not
be forgotten.

ORIGIN AND DEVELOPMENT
OF ECHINODERM
ORGANIZATION

The origin of echinoderms and the man
ner in which their organization (structure)
has developed have been subjects of nu
merous speculations. For the ancestor and
for representatives of initial phases in the
history of the phylum rather widely diverse
pictures have been proposed. Figures 19-20
represent some of these. The best-known,
almost classic representation is the dipleu
rula, a hypothetical pre-echinoderm stage
which should be reproduced in ontogeny
(Fig. 13,A). All these representations help
in understanding the genesis of the organi
zation of echinoderms; this is their virtue.
There is trouble, however, in distinguishing
in them the part that is purely speculative
from well-justified interpretation of facts.
It seems more in accord with modern scien
tific procedures to be limited by interro
gating in critical manner the diverse sources
of our information and by drawing from
them guidance in efforts to clarify some-

what initial phases in the history of the
phylum.

The important foundation of common
characters presented by the first ontogeneti
cal stages of living forms and the organi
zation of the only zoological group to
which one may usefully compare echino
derms-that is to say, the Stomochorda
lead us to agree that echinoderms are de
rived from free bilaterally symmetrical
forms with three pairs of coelomic pouches
(or perhaps only two pairs, for division of
the anterior two pairs is not always sharp)
and that these pouches are developed by
unequal division of a pair of sacciform
evaginations of the archenteric wall. We
may still agree that from the beginning the
three (or two) pairs of coeloms were more
or less well differentiated and, as in the
Pterobranchia, of quite different size. Also
generally acceptable is the conclusion that
the coeloms in each pair were probably
equally developed from the beginning, al
though in Recent larval forms only the left
anterior coelom undergoes a complete divi
sion. As we have seen, certain observations
from embryology require that we regard
this asymmetry as secondary. Nevertheless,
it constitutes a fundamental ontogenetic
character which controls all stages of de
velopment, and which may be traced back
to the egg. This precocity and its organo
genetic importance leads to query as to
whether the bilateral symmetry of the an
cestral forms was not already disturbed.
In any case, asymmetry must have been
acquired very early by the phylum.

As an indication of this, we find no fossil
echinoderms possessing two hydropores,
which would allow the conclusion that two
functional hydrocoels existed. The endo
skeleton of "carpoids" and helicoplacoids,
which probably may be considered as the
most primitive of all known echinoderms,
since they have no radial symmetry, lacks
bilateral symmetry; although in some "carp
oids" it tends to acquire a certain bilateral
ity, this never masks its profound and
multiple asymmetries. If, then, a pre-echino
derm symmetrically bilateral stage existed,
it could only have been well before the be
ginning of Cambrian time. It is surprising,
then, that WHITEHOUSE (1941) judged that
in an enigmatic Middle Cambrian fossil of
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Queensland (Peridionites) he had found a
form corresponding morphologically to the
stage of dipleurula in larval development
of the phylum, a quite erroneous and im
proper interpretation, as shown clearly by
GISLEN (1947), HYMAN (1955), NICHOLS
(1962), and others.

In order to explain the morphologic and
ontogenetic peculiarities of echinoderms, it
is commonly supposed that their ancestors
have passed through a fixed stage. This
condition refers to (1) the radial organiza
tion of the adults, (2) the asymmetrical de
velopment of many structures, (3) the rota
tions and torsions undergone by organs dur
ing ontogeny, (4) the possession of a cal
careous well-developed endoskeleton neces
sary to protect a sessile organism, and (5)
the fixation that actually precedes or accom
panies the metamorphosis of the larvae of
crinoids and numerous asteroids and that
one generally agrees to recognize as having
great phylogenetic importance.

In order to explain the preponderant de
velopment of organs belonging to the left
half of the body, at expense of those of the
right half, and the displacement of the
mouth to the left of the larva, diverse
authors (BUTSCHLI, LANG, BATHER, VON
UBISCH) have supposed further that fixa
tion was effected by the right part of the
anterior extremity or that the ancestral
forms came to rest on the right side of the
body or became fixed with that side (GIS
LEN).

As a consequence of this, it is supposed
that (1) the preoral part of the body be
came elongated in a peduncle, undeveloped
or entirely lost in most free echinoderms;
(2) the mouth was displaced toward the
left and eventually to the morphologically
posterior pole; (3) the principal organs
underwent a torsion by which the originally
left side became the oral part of the de
veloped organism, and the originally right
side, the aboral part; (4) the structures in
the right anterior part of the body were
reduced, with preponderant compensatory
growth of the left half. In summation, if
we follow the most generally accepted in
terpretation, the event marking the origin
of the echinoderm phylum would have
been adaptation to a sessile or sedentary
mode of life.

This hypothesis, of course, cannot be
founded on present paleontological evi
dence. As a matter of fact, the "carpoids"
and the Helicoplacoidea, which are prob
ably the most primitive known echino
derms, were not attached to the sea bottom.
But this does not imply that their ancestors
were not fixed. It does simply show that,
if a fixed stage ever existed in the common
history of the phylum, this stage must be
long to such remote past that it is unlikely
that it could be represented in the fossil
record. It is true that certain Ordovician
cystoids (e.g., Aristocystites) have been con
sidered sometimes (BATHER, 1900, 1901,
1929) as presenting the structure of this
primordial form forecast by theory. But it
appears more and more evident that cystoids
in general and the Aristocystitidae in par
ticular comprise a specialized group that
does not possess this generalized organiza
tion from which could be derived the basic
structure of all other echinoderms.

The above theory is almost entirely founded
on ontogenetic considerations. It postulates
that the changes which occur in the devel
opment of Recent echinoderms possess, at
least to some extent, a recapitulative sig
nificance. It must be noted, however, that
(1) the morphologic orientation and asym
metry of the embryo are found to be already
determined in the egg of certain echino
derms, then before any development; (2)
all traces of a fixed stage have disappeared
from the ontogeny of holothuroids, echin
oids, ophiuroids, and even many asteroids;
(3) the fixation of asteroid larvae is re
garded by some zoologists as a cenogenetic
specialization without phylogenetic sig
nificance; (4) the attachment of the crinoid
and asteroid larvae takes place in the mid
dle line (not on the right side) of the an
terior part of the larval body; (5) the ap
pearance of a protective endoskeleton prob
ably results less from a special cause such
as the discovery of the bottom by direct
ancestors of echinoderms than from a more
general factor responsible for the produc
tion of skeletal structures in many unrelated
invertebrates in late Precambrian time or at
about the beginning of the Paleozoic Era.

The appearance and development of
radial symmetry in echinoderms generally
is also attributed to adaptation for a fixed
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FIG. 20. Theoretical reconstructions of echinoderm ancestor (continued) .--1. Cepllalodiseus-like an
cestor; 1a.b, from left side and ventral view; 1e-e. progressive stages in transformation to echinoderm,
from left side (Grobben).--2. Echinoderm ancestor; 2a. free-living bilateral form, ventral view; 2b.

radial condition after fixation; 2e. echinoid condition, again free-living (von Ubisch).
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mode of life. Such a conclusion is not ob
ligatory, however, since fixed organisms
exist which are not radial and radial organ
isms are found, which, like the ctenophores,
probably never have been sessile. In addi
tion, radial symmetry of the echinoderms
is superimposed in the course of ontogeny
on asymmetry of free-swimming, as well as
fixed, larvae. For the rest, if a fixed mode
of life is attributed to ancestors of the
echinoderms, it is not so much for explain
ing their radial symmetry as for taking ac
count of the hypertrophy in growth of the
left side as compared to the right side, cor
related with torsions shown by the organs
in the course of metamorphosis. What
embryology suggests appears to be entirely
different. It indicates that radial symmetry
is introduced by development of the left
hydrocoel and by the morphogenetic modi
fications that this part of the coelom exer
cises on other organs, as well shown by
RUNNSTR¢M (1918). Now the left hydro
coel develops the water-vascular apparatus,
which in initial stages of its growth is
represented by the five primary tentacles
and resembles the lophophore of ptero
branchs. At most, we can suppose that
fixation of the free bilaterally symmetrical
ancestor by the right anterior part of the
body and accompanying reduction of the
right hydrocoel provided the conditions
needed for the left hydrocoel to grow
around the esophagus into a ring from
which proceeded the five primary radial
structures. In this way, we may recognize
the possibility of some indirect relation be
tween radial symmetry and the presumed
passage through a fixed stage during the
history of the phylum, but all the same
nothing in this assumption explains why
the left hydrocoel acquired a fivefold
(rather than a three-, four-, or sixfold)
organization.

BATHER (1900, 1901, 1929), followed by
HEIDER (1912), has maintained the view
that the pentamerous condition of the
echinoderms must have been preceded by
a triradiate condition of the subvective sys
tem. This opinion is based on interpreta
tion of a morphological series consisting of
certain attached fossil echinoderms (cyst
oids) and on some theoretical considera
tions. Initially, three food grooves (three
arms, according to HEIDER, two primitive

lophophores and a third added later) would
be spread out on the theca diverging from
the mouth, one in a direction opposed to
the anus, and the other two on each side of
the mouth; the development of a groove on
the posterior side would have been pre
vented by the presence of anus and hydro
pore. Eventually, the two lateral grooves
would be divided, increasing the number
of alimentary furrows to five. These grooves,
fringed by tentacles (podia) produced from
the left hydrocoel, would gradually lengthen
outward. Other coelomic extensions would
accompany them, serving as blood vessels,
while the ciliated epithelium covering the
floor of the grooves would produce the five
radial ectoneural cords. The tentacles would
remain as small soft structures, or contrari
wise, would be enlarged and come to be
supported by endoskeletal plates. The
ciliated grooves would then be extended
along these giant podia developed as
brachioles. Finally, this pentactiny, at first
superficial, would have gradually affected
intern.al organs and eventually the whole
orgamsm.

Two sorts of objections may be opposed
to these considerations. The first is that
they find no support in embryology. The
other objections are based on paleontology.
A triradiate condition of the subvective sys
tem observed in a very small number of
fossil echinoderms, represents a secondary
character, without doubt. Archaic fixed
forms show an important range of varia
tion in the number of brachioles and food
grooves. Moreover, the cystoids to which
BATHER referred comprise a strongly spe
cialized group preceded in time by other
classes, namely that of the helicoplacoids,
"carpoids," edrioasteroids, and eocrinoids.
Now, only one food groove starts from the
mouth in helicoplacoids, and in mitrate,
cornute, and solute carpoids. The edrioaster
oids exhibit a well-defined pentamerism
from the time of their first appearance in
the Lower Cambrian and the eocrinoids
possess multiple brachioles generally dis
tributed in five groups. We may add that
in all earliest known representatives of the
blastoids, crinoids, stelleroids, echinoids,
and ophiocistioids, pentaradial symmetry is
already very well developed. This indicates
that paleontology offers no solution to the
problem of the origin of the pentamerous
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condition in echinoderms. In fact most
representations of the source stock of echino
derms admit the existence in it of either
two tentacles-bearing arms, as in Rhabdo
pleura (HEIDER) (Fig. 19,2), or a group of
five tentacles (Pentactaea of SEMON and of
BURY) (Fig. 19,3a-c), or two groups of
tentacles, one right and the other left
(BuTscHLI, GROBBEN, VON UBISCH) (Fig.
20,1-2).

The entirety of the preceding considera
tion brings out more what is not known
than what is known. It is true that the
phylogenetic phases that we have tried to
trace must belong much farther back in
geological time than the earliest terrains
found to contain fossils. Interpretations
based on embryology cannot, for the most
part, be confirmed by this evidence; in no
case should they be considered as a cer
tainty. The phylogenetic theories, even the
most ingenious, may be useful as working
hypotheses, but one cannot minimize the
important part of speculation which they
contain.

ORIGIN AND
INTERRELATIONS OF

ECHINODERM CLASSES
The differentiation of classes among

echinoderms belongs to Precambrian time,
or, at least, was accomplished during the
earliest Paleozoic. Remains of Helicoplac
oidea, Edrioasteroidea, and Eocrinoidea are
found in the lower half of the Lower Cam
brian. Slightly later, but still in the Lower
Cambrian, occur two genera (Campto
stroma and Lepidocystis) which may repre
sent two other classes. In Middle Cambrian,
other major groups are recorded: Homo
stelea, Stylophora, along with the enigmatic
Australian forms Cymbionites and Peri
diol1ites. Homoiostelea, Crinoidea, Steller
oidea and Ophiocistioidea are first observed
in the Uppermost Cambrian or in the
Lower Ordovician. All other classes of
echinoderms, including Holothuroidea
(identified by isolated spicules), are known
from the Middle or Upper Ordovician on
ward, and no new class has been introduced
since the close of that period.

Next, we may observe that these classes,
from the time of their appearance in the

geologic record, are generally well delimited
in fundamental and distinctive characters.
The assignment of a fossil to one of these
classes is rarely doubtful if its morphology
has been adequately elucidated. It is true
that forms reputed to be intermediate be
tween the defined classes exist, for they com
bine certain structural characters consid
ered as distinctive of the different classes.
But these so-called intermediate forms, al
though relatively numerous among early
echinoderms, are only morphological inter
mediates; none of them indicate true phylo
genetic links between the classes (REGNELL,
1960). The origin of the classes is un
known.

Another very important observation re
lates to the great antiquity of the architec.
tural plan on which each of the echinoderm
classes is constructed. The earliest crinoids
and first echinoids, for example, exhibit
structural organization essentially similar to
that of living crinoids and echinoids. With
out doubt, in the course of phylogeny of
each of these groups, important transforma
tions that represent functional and morpho
logical adaptations to different modes
of life have been introduced as response to
ecologic conditions. But fundamental ana
tomical plans have remained unchanged
throughout the history of these classes.
Even structures as complex as the Aristotle's
lantern of echinoids may be traced back to
the very distant past.

Extreme antiquity of essential structures
of the classes is matched by like antiquity
of their main systematic divisions. As soon
as they appear, the "carpoids" are repre
sented by three classes (Homostelea, Homoi
ostelea, Stylophora) and the cystoids by
their two orders (Rhombifera, Diploporita);
the Crinoidea (already in the Middle Ordo
vician) by three of their four subclasses
(Camerata, Inadunata, Flexibilia); the
Echinoidea by two of their orders (Bothrio
cidaroida, Echinocystitoida); the Steller
oidea, by their three subclasses (Somaster
oidea, Asteroidea, Ophiuroidea). This so
very-early diversification carries far back in
time the actual origin of the classes and
shows that their differentiation must be
much earlier than the moment represented
by actual remains found in rock strata.

Another observation seems worthy of rec
ord, namely, that from the time of their
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appearance in the stratigraphic record, the
echinoderms have been distributed into two
large groups according to their habits with
respect to environment-free forms, such as
the mitrate and cornute "carpoids," steller
oids, and echinoids, and attached forms,
such as the crinoids, cystoids, and blastoids.
Already in earliest Cambrian time, free
living (helicoplacoids) and sessile forms
(eocrinoids, edrioasteroids) were repre
sented. The attached mode of life is gen
erally referred to as pelmatozoic' (from
Pelmatozoa, a term proposed by LEUCKART,
1848, and meaning animal, zoon, provided
with a stalk, pelma) and the free mode of
life as eleutherozoic (from Eleutherozoa, a
name introduced by BELL, 1891, and mean
ing animal that moves freely, eleutheros).
Typically pelmatozoic mode of life char
acterizes those echinoderms which, during
the whole or at least the early portion of
their existence, are attached either directly
by the aboral surface or by an aboral jointed
stalk; their oral surface is directed upward;
their podia serve primarily as food-catching
organs, their regimen is microphagous and
their ambulacra, acting as food-grooves,
carry food particles to the mouth by mucus
ciliating mechanisms; their anus generally
opens on the oral surface or laterally, but
never aborally. On the other hand, adop
tion of a free-living or eleutherozoic habit
means that the animal develops locomotor
mechanisms and a mode of nutrition which
generally is nonciliary ; the oral surface is
directed downward or is located at one end
of the body (holothuroids); the anus, if
present, is typically aboral.

Customarily such contrasting characters
as those just mentioned have been used as
a basis for a division of the phylum Echino
dermata into two subphyla, the Pelmatozoa
and the Eleutherozoa. It has become more
and more evident, however, that this group
ing is less supported by real genetic affini
ties than by structural and functional analo
gies. Pelmatozoan and eleutherozoan char
acters have probably arisen independently,
and at different times, in various echino
derm groups. Therefore, it does not seem
possible to build a natural classification on

1 More rarely, statozoic (from Statozoa. a name coined
by BELL, 1891, and meaning animal which is stationary,
!fatos).

the basis of the described characters alone
(FELL, 1963, 1965).

Evidence furnished by comparative anat
omy, embryology, and paleontology sug
gests that symmetry and patterns of domi
nant gradients of growth, which may be
considered as innate features initially inde
pendent of the environment, probabty con
stitute a better criterion for grouping of
the classes in more comprehensive units.
On such grounds, for subphyla2 recently
have been recognized by FELL (1965). They
have been adopted in the present Treatise,
as indicated in the following table.

Subphyla oj Echinodermata

Subphylum HOMALOZOA. Echinoderms with
out radial symmetry and with funda
mentally asymmetrical body. Included
classes: HOMOIOSTELEA, HOMOSTELEA,
STYLOPHORA (these three classes collec
tively called "carpoid" echinoderms), and
possibly MACHAERIDIA.

Subphylum CRINOZOA. Echinoderms with
radial symmetry, showing a partial merid
ional pattern of growth tending to pro
duce an aboral cup-shaped or globoid
plated test (theca) and a partial radially
divergent pattern of growth forming ap
pendages (brachioles or arms) which
carry exothecal extensions of feeding
ambulacra. Included classes: BLASTOIDEA,

2 Many other groupings of echinoderm classes have been
proposed in the past. Most of them deserve no more than
historical interest. Some seem worth recording because they
have played a part in shaping basic concepts of the present
classification. In the famous work in which he demonstrated
that the echinoderms are to be regarded as a main division
of the animal kingdom, LEUCK ART (1848) divided the phylum
into three classes, termed Pelmatozoa (including "Cystideen"
and "Crinoidun" as orders), Actinozoa (including "Echi
niden" and "Asuriden" as orders) and Scytodermata (in·
eluding Holothuriae and Sipunculida as orders). In 1891,
BELL proposed a rather complicated classification, in which
the term Eleutherozoa (used for the first time) is opposed
to the term Statozoa (practically a synonym of Pelmatozoa).
This procedure seems t9 have initiated the dualistic division
into Pelmatozoa and Eleutherozoa, popularized by BATHER

(1899, 1900) and adopted in most treatises and textbooks
published subsequently. In presenting his classification,
BATHER was fully aware of the phylogenetic heterogeneity
of the Eleutherozoa, but he judged the PeImatozoa to com~

prise a closely relatt:d group. In 1929, however, he recog
nized the nonpdmatozoan nature of the "carpoids" (invari·
ably placed among the Pelmatozoa until then) and rccoIr..~

mended that they should be separated (along with the
Machaeridia) from all other echinoderms. This led WHITE~

HOUSE (1941) to propose a new subphylum, Homalozoa, for
both the "carpoids" and the machaeridians. On the other
hand, ZITTEL (1895), following HAECKEL, recognized three
subphyla-Pelmatozoa, Asterozoa, and Echinozoa, distributing
the free-living echinoderms in two subphyla instead of one.
A similar grouping was advocated by JAEKEL (918), MAT·

SUMOTO (1929). and esrecially by FELL (1962). who furnished
evidence of the fallacious nature of the presumed significant
similarities of the deutherozoans.
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CRINOIDEA, CYSTOIDEA, EDRIOBLASTOIDEA,
EOCRINOIDEA, PARABLASTOIDEA, PARACRIN
OIDEA, and LEPIDOCYSTOIDEA.

Subphylum ASTERozoA. Echinoderms with
radial symmetry, showing a radially di
vergent pattern of growth which produces
projecting rays and a star-shaped body.
Included class: STELLEROIDEA, containing
subclasses Somasteroidea, Asteroidea, and
Ophiuroidea.

Subphylum ECHINOZOA. Echinoderms with
radial symmetry, meridional pattern of
growth producing an essentially globoid
body, but no arms or projecting rays. In-

cluded classes: CYCLOCYSTOIDEA, ECHIN
OIDEA, EDRIOASTEROIDEA, HELICOPLAC
OIDEA, HOLOTHUROIDEA, OPHIOCISTIOIDEA,
and CAMPTOSTROMATOIDEA.
The stratigraphic distribution of the sub

phyla and classes of the Echinodermata is
shown graphically in Figure 21. However,
this diagram has not been redrawn to in
clude newly recognized classes defined by
DURHAM-the curious CAMPTOSTROMATOIDEA
(L.Cam.), added to the Echinozoa, and
LEPIDOCYSTOIDEA (L.Cam.), assigned to the
Crinozoa. Also, the Holothuroidea pos
sibly range into the Ordovician.

belonging to other classes. On this last
hypothesis, some of them have been con
sidered as the stem of "carpoids" (WOOD
WARD), the cover plates enveloping the
spines of mitrate "carpoids" (POPE), or the
tube feet of ophiocistioids (NICHOLS).

If the assignment of Machaeridia to
Echinodermata remains an open question,
the same doubt regarding the "carpoids"
would not be permissible, for (1) their
stereom is formed of crystalline calcite dis
playing the reticulate microstructure char
acteristic of this phylum, and (2) most of
them possess an ambulacral groove organ
ized according to the typical echinoderm
pattern.

The "carpoids" have been and still are
commonly classed with the pelmatozoan
echinoderms. No morphologically inter
mediate forms are known between them
and the other echinoderms, however. They
constitute a very isolated group, character
ized primarily by their asymmetry, on
which radial symmetry has never been im
posed. This lack of radial symmetry is
probably related to the fact that their water
vascular system did not produce five pri
mary tentacles, but sent only one extension
into a single ambulacrum, which may be
looked upon as an unpaired lophophore
structure. All of them are depressed and
they seem to have experienced some sort of
eleutherozoic existence. They probably be
long to another and apparently much more
primitive adaptive radiation than those that
produced the radiate echinoderms.

MAIN DIVISIONS OF ECHINODERMATA

HOMALOZOA
The subphylum Homalozoa-a term pro

posed by WHITEHOUSE (1941) and mean
ing flat (hamalas) animal (zaan )-com
prises the exclusively fossil group (Middle
Cambrian to Middle Devonian) of "car
poid" echinoderms and perhaps the enig
matic Machaeridia (Fig. 21).

As stated previously, the Homalozoa lack
any trace of radial symmetry, a feature the
importance of which had already been
emphasized by BATHER (1930), who pro
posed to divide the Echinodermata into two
contrasted groups: the Echinoderma bilat
eralia comprising the "carpoids" and
Machaeridia, and the Echinoderma radiata,
containing all the other echinoderms. If the
concept is sound, the term "bilateralia" is
inappropriate, for it fails to recognize an
other of the most important features of these
echinoderms, namely, their fundamental
asymmetry.

The Machaeridia were marine animals
with body enclosed in an elongate, bilat
erally symmetrical shell composed of an
even number of longitudinal columns of
plates. They have been referred to the
Mollusca, Annelida, Arthropoda, and (be
cause their plates are composed of crystal
line calcite showing, in at least one genus,
the cleavage characteristic of echinoderms)
to the Echinodermata. Among echino
derms, they have been regarded either as a
distinct group representing an early off
shoot from the echinoderm stem (BATHER)
or as isolated parts of the body of forms
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FIG. 21. Stratigraphic distribution of subphyla and
class of Echinodermata (Ubaghs, n). [Added groups
include the echinozoan class CamptostromatoiJca
(L. Cam.) anJ crinozoan class LepidocystoiJea (L.

Cam.).]
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The "carpoids" were first recognized as
an independent class by JAEKEL (1901),
who divided it later (1918) into four orders:
Cincta, Cornuta, Mitrata, and Soluta. To
these, GEKKER (1938) added the new order
Digitata to include Rhipidocystis. Now it
appears that this assemblage is quite hetero
geneous. Firstly, Rhipidocystis differs from
all other "carpoids" in having strongly de
veloped brachioles and other crinozoan fea
tures; it seems preferable to place it among
the Eocrinoidea (UBAGHS, 1961). Secondly,
whereas the Cornuta and the Mitrata pre
sent the same basic organization, they dif
fer as much from the Cincta and Soluta as
the two latter differ between themselves.
These orders, except the two first ones, are
so widely apart that relationships between
them cannot be satisfactorily proven. They
may represent unrelated, or at least remote,
remnants of an early preradiate echinoderm
stock. Therefore, it seems better to treat
them as separate classes: Homostelea, con
taining the Cincta; Homoiostelea, compris
ing the Soluta; and Stylophora, grouping
together the Cornuta and Mitrata.

CRINOZOA
The Crinozoa, a name proposed by MAT

SUMOTO (1929), are echinoderms which are
1) affected in varying degree by radial (gen
erally pentamerous) symmetry; 2) typically
characterized by a globoid, pyriform, or cup
shaped body (theca) enclosing the visceral
mass or the main part of it, and 3) provided
with food-gathering appendages which are
either simple exothecal projections (brach
iales of noncrinoid Crinozoa) or evagina
tions of the body wall carrying extensions
of the coeloms and various systems of
organs with them (arms of crinoids). In
the theca, the meridional pattern of growth
appears dominant, whereas in the food
gathering appendages (particularly the
arms of crinoids), it is the radially divergent
pattern which is prevalent. Crinozoa are
attached more or less permanently to the
substrate, either directly by their aboral sur
face, or more generally by an aboral jointed
stalk. Their oral surface is typically directed
upward. Their podia serve primarily as
food-catching organs; their regimen IS

microphagous and their ambulacra act as
food grooves. The anus generally opens on
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the oral surface and, though it may be
found on the side of the theca, is never
strictly aboral. All members of this sub
phylum, except crinoids, are exclusively
Paleozoic.

The subphylum Crinozoa, as here defined,
corresponds to the subphylum Pelmatozoa
of many other classifications, except that
it does not include the "carpoids," which
are classified among the Homalozoa, and
the classes Edrioasteroidea and Cyclocyst
oidea, which are transferred to the Echino
zoa. As so restricted, it comprises eight
classes: Eocrinoidea, Paracrinoidea, Cyst
oidea, Blastoidea, Parablastoidea, Edrioblast
oidea, Lepidocystoidea, and Crinoidea. Such
classes seem to have unequal value, whether
one considers numbers of their representa
tives, diversity within each group, distribu
tion in geologic time, or importance in
stratigraphic paleontology. To judge them
according to purely morphological criteria,
certain classes, such as the Crinoidea and
Blastoidea, seem to form natural groups
having well-defined morphological attri
butes, but others may well represent arti
ficial or heterogeneous assemblages.

EOCRINOIDEA

The oldest known crinozoans are Lower
Cambrian members of the Eocrinoidea (Fig.
21). This group, introduced by JAEKEL
(1918) as a subclass of the Crinoidea, was
elevated to class rank by REGNELL (1945).
It comprises heterogeneous assemblage of
genera, some of which are still inadequately
known. Though the organization of at least
many of their representatives is essentially
cystoid-like, they differ from typical cystoids
either in their entire lack of thecal pores or
in the presence of sutural pores which are
basically different from the diplopores and
pore rhombs of the true cystoids. On the
other hand, most of their so-called crinoidal
features are demonstrably homoplastic re
semblances-especially one cannot homol
ogize their brachioles with the arms of
crinoids. Therefore, it does not seem pos
sible to refer eocrinoids to the Cystoidea,
as now restricted, and still less to the Crin
oidea. Thus, it appears convenient to re
gard them, at least provisionally, as a sep
arate class. Remains of Eocrinoidea have

not been found in terrain younger than
Middle Ordovician.

PARACRINOIDEA

The Paracrinoidea are exclusively Middle
Ordovician in age (Fig. 21). Like the
eocrinoids, they are neither true cystoids
nor true crinoids. Their theca is constructed
mainly like that of cystoids, but they possess
a thecal pore system of a peculiar nature,
and their uniserial or biserial pinnulate
"arms" seem to differ as well from cystoid
brachioles as from crinoid arms. They may
represent a line of development parallel
with that of these groups or they may form
an artificial entity. Recognition of them
as a separate class constitutes probably the
most practical way to deal with them.

CYSTOIDEA

The Cystoidea comprise one of the most
important classes of the Crinozoa. Formerly
they included in addition to all noncrinoid
Crinozoa, the "carpoids," Edrioasteroidea,
and Cyclocystoidea. Nowadays, the class
generally is restricted to noncrinoid Crino
zoa that possess special pores piercing the
thecal skeleton (diplopores, pore rhombs)
and biserial brachioles; radial symmetry af
fects their food grooves and, only in ad
vanced members, the thecal plates. Patterns
of growth are dominantly meridional in
many of them. They are divided into two
orders, the Rhombifera and the Diploporita,
of unknown origin, which may have devel
oped independently.

BLASTOIDEA

Blastoidea are a fairly distinct class of
Crinozoa characterized by 1) their highly
developed pentamerous symmetry, 2) pre
vailing meridional pattern of growth, 3)
uniformity of arrangement of their 18 to 21
thecal plates in four definite cycles, 4) spe
cialized nature of their recumbent ambula
cral areas, which are provided with great
many small biserial brachioles, and 5) par
ticularly distinctive structures and locali
zation of their hydrospires (calcareous in
folds of the thecal wall which hang into
the body cavity beneath each ambulacrum).
They are known from Silurian to Permian
(Fig. 21). It has been maintained mainly
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by JAEKEL (1918) and REGNELL (1945)
that the blastoids should be considered as
a subclass or order of the Cystoidea, especial
ly because the hydrospires may be regarded
as a variety of thecal pores and because
biserial brachioles are present in both
groups. While thecal pores and biserial
brachioles exist also in many Eocrinoidea,
the distinctiveness of the Blastoidea as a
whole and the very special structure and
arrangement of their hydrospires make it
desirable to separate the group as a class,
as now usually is done.

PARABLASTOIDEA

The Parablastoidea are a very small group
erected by HUDSON (1907) (as an order of
the Blastoidea) for the Middle Ordovician
(Chazyan) genus Blastoidocrinus BILLINGS
(Fig. 21). This form, which recalls the
Blastoidea in many respects, differs from
them in important features, such as num
ber of thecal plates and structure of the
ambulacra. Of unknown ancestry and
descent, these echinoderms may well repre
sent an aberrant and unsuccessful offshoot
of an early blastoid stock.

EDRIOBLASTOIDEA

The Edrioblastoidea contain so far a
single genus, Astrocystites WHITEAVES, from
the Middle Ordovician of North America
(Fig. 21). This genus, of an exclusively
meridional pattern of growth, differs from
all other Crinozoa in lacking arms and
brachioles and in having ambulacral pores,
as in the Edrioasteridae, a family of Edrio
asteroidea. It is separated, however, from
typical members of this class in being pro
vided with a well-defined jointed stem and
in having a theca superficially like that of
blastoids. Customarily it has been placed
among the Edrioasteroidea, but FAY (1961)
erected a new class, the Edrioblastoidea, to
receive it.

CRINOIDEA

The Crinoidea constitute the most diversi
fied class of the Crinozoa. They are stalked
or (but secondarily) stalkless pentamerous
echinoderms. Their theca, reduced to an
aboral cup covered orally by a vault or teg
men, bears radially outspread food-gather-

ing arms, which generally are branched.
Therefore, the theca alone retains the merid
ional pattern of growth. The arms differ
fundamentally from brachioles of noncrin
oid Crinozoa. Whereas brachioles are sim
ple external processes of the theca sup
ported by their own small endoskeletal
pieces, crinoid arms are evaginations of the
body wall containing extensions of the food
grooves, coelom, and nervous, water-vascu
lar, hemal, and reproductive systems, and
they are supported by plates directly con
tinuous with the radial plates of the theca.
The fact that crinoid arms and the brach
ioles of noncrinoid Crinozoa are not homol
ogous renders particularly puzzling the
problem of the origin of the crinoids. They
first appear in the Lower Ordovician with
all of their essential features, and no
morphological intermediates are known
which suppress or reduce the gap existing
between them and older, more primitive
crinozoans. The crinoids, like other classes
of Crinozoa, flourished especially during the
Paleozoic Era, contributing in large areas
to the formation of thick sedimentary de
posits. Since the Early Triassic, they have
been represented only by the Articulata,
one of the four subclasses which may be
distinguished among them (Fig. 21).

The morphologic and phylogenetic hia
tuses that separate the classes of the subphy
lum Crinozoa from one another are prob
ably not of the same importance. Some are
widely apart, whereas others seem to be
somewhat closely allied. The precise origin
of all of them is unknown and their inter
relationships are very puzzling. Yet the
unity of general crinozoan organization
supports judgment that the classes may be
derived from a common, though uncertain,
source belonging undoubtedly to the very
distant past. The eocrinoids sometimes have
been interpreted as such a possible source.
This concept finds support in the fact that
they precede known representatives of other
classes in time. They may indeed contain
ancestors of the cystoids, from which some
of them are kept apart by rather artificial
distinctions. But possible relationships with
other classes, and particularly with the
crinoids, remain purely conjectural. The so
called crinoidal features of eocrinoids seem
generally based on superficial resemblances.
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One does not know any intermediate be
tween eocrinoids and crinoids, or between
eocrinoids and paracrinoids, blastoids, para
blastoids, and edrioblastoids. It must be
emphasized that the time of origin of all
classes, each of which possesses its distinc
tive features from first appearance in the
geological record, must be much more re
mote than it is presently known. The prob
lem of origins remains an open question.

ASTEROZOA
The Asterozoa are radiate free echino

derms that possess a depressed, pentagonal
or star-shaped body, consisting of a cen
tral disc and typically five rays or arms.
This shape results from the fact that growth
operates in the horizontal plane along five
radially divergent axes around the oral pole,
and not, as in Echinozoa, along meridional
directions. As a rule the mouth is inferior
and always central in position. The tube
feet are restricted to the undersurface of
the rays. The radial water canals and other
radial structures lie on the oral side of the
ambulacral plates.

They comprise the asteroids, ophiuroids,
and somasteroids. Among modern animals,
the asteroids and ophiuroids constitute two
well-separated groups, to which most zool
ogists accord the rank of class. The ophiur
oids, however, after metamorphosis, pass
through an asteroid stage, characterized
among other things by an aboral skeleton
closely comparable to that of a juvenile
asteroid. Comparative anatomy also shows
that the two groups are constructed essen
tially on the same plan and indicates, with
the full support of paleontology, that they
converge toward the same source (somaster
oids) from which the segregation of asteroid
and ophiuroid characters seems to have de
veloped in progressive, divergent manner.
It appears, therefore, advisable to consider
the somasteroids, asteroids, and ophiuroids
as subclasses of a single class, the Steller
oidea, rather than as separate classes.

Some zoologists, in opposition to this
view, completely separate the ophiuroids
from asteroids so as to align them with the
echinoids. This is based on 1) resemblance
of the ophiopluteus and echinopluteus larval
stages, 2) the existence of a vestibule in the
larvae of echinoids and vestiges of it in the

larvae of ophiuroids, whereas this structure
is absent in the larvae of asteroids, 3) the
presence of an epineural canal (instead of
the open ambulacral furrow of asteroids) in
echinoids and ophiuroids, and 4) observa
tion previously noted that the sterols of
ophiuroids (at least of examined species)
belong to the same type as those of studied
echinoids, whereas the sterols of asteroids
are of a different type. These arguments
do not seem to be convincing. Indeed, they
lend to embryologic and biochemical analo
gies a phylogenetic meaning that remains
to be demonstrated, and they overlook al
lowance of the possibility that the common
features just mentioned between ophiuroids
and echinoids could have been acquired in
dependently. As a matter of fact, they
strongly conflict with all other evidence,
such as that derived from postlarval onto
geny, morphology, and paleontology. Pale
ontological observations, in particular, sug
gest a very clear morphological convergence
of ophiuroids and asteroids in the direction
of a common source, whereas comparison
of the history of ophiuroids and echinoids
shows that the two groups have followed
very distinct pathways since their known
initial appearance.

JAEKEL (1918), BATHER (1901,1915), and
others have postulated the Edrioasteroidea
as a possible source of the Asterozoa. It is
the nature of their ambulacral furrows, the
presence of pores interpreted as ambu1acral
pores, and the absence of free arms and
brachioles that seems to bring them nearer
the asterozoans in the same degree as these
characters separate them from crinozoans.
Besides, the first edrioasteroids considerably
precede in time the earliest known astero
zoans, and if some of them were firmly at
tached to the substratum, others could have
simply rested on the sea bottom. However
this may be, the transformation of an edrio
asteroid into an asterozoan would have im
plied very considerable structural and
adaptative modifications, as shown by
BATHER (1915) with considerable ingenuity.
This hypothesis, we must say, has not re
ceived the confirmation that discovery of
the most ancient known stelleroids by
SPENCER (1951) should have furnished in
its support. Contrariwise, as demonstrated
by FELL (1963), the endoskeleton of archaic
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asterozoans has a fundamental pinnate
structure entirely different from that shown
by edrioasteroids. If, therefore, some super
ficial resemblance exists between edrio
asteroids and asterozoans, it seems to be
ascribed to convergence, rather than genetic
relationship.

According to FELL (1963), analysis of the
growth patterns exhibited by the endo
skeletal elements and related soft structures
in fossil and extant stelleroids allows recog
nition of the original characters of the class.
These characters, as illustrated by somaster
oids, are exclusively crinozoan. They indi
cate that the Asterozoa must have arisen
from some pinnulate crinozoan stock, name
ly from some pinnulate crinoid. Indeed, the
oral skeleton of the arms of somasteroids
resembles that of a pinnulate arm of crin
oids to some extent. It is built of elongate
rods (virgalia) arranged in obliquely trans
verse rows on either side of the axial series
of ambulacral ossicles, as are pinnular
ossicles to the brachial ossicles of crinoids.
The rows of virgalia form the lateral walls
of intervening grooves, protected by cover
plates inserted on adjacent virgalia. In these
grooves ciliary activity conveys water cur
rents to the main radial groove, and thence
to the mouth. Thus, a microphagous ciliary
feeding, involving pinnately arranged food
grooves, is found in archaic asterozoans, as
in pinnulate crinoids.

The analogy is admittedly great, but, to
my mind, of a rather superficial nature.
Virgalia and pinnulars differ in many re
spects. The pinnate food grooves of som
asteroids have not the same organization as
those of the pinnules of crinoids, for 1) they
are not carried on the virgalia, but lie be
tween them; 2) they are not accompanied
by extensions from the water-vascular and
other systems of organs or cavities as are
the food grooves of the pinnules of crinoids,
but are just ciliated furrows; 3) they are
not small arms, like the pinnules of crinoids,
which morphologically are dwarfed arms,
and 4) they are apparently of a primary
origin, whereas the pinnules of crinoids are
demonstrably of secondary origin. Many
other and important differences exist be
tween the general anatomy of somasteroids
and that of crinoids, and earliest known rep
resentatives of the two groups, associated in

the same Lower Ordovician beds, far from
showing a closer resemblance, appear more
distinct than their extant relatives. How
ever appealing they may be, such explana
tions as those given by FELL remain hypo
thetical to a large extent, and as long as
one has to rely only on them, it seems ad
visable to reserve judgment.

ECHINOZOA
EChinozoa are typically radiate echino

derms, with a cylindrical, ovoid, fusiform,
pyriform, globose, cordiform, or discoid
body. Divergent radial axes of growth never
arise, but a meridional pattern of develop
ment appears to be a fundamental feature
of the subphylum. The Echinozoa differ
radically from the Asterozoa in their com
plete lack of outspread rays and from Crino
zoa in never having feeding appendages,
such as the arms of crinoids or brachioles
of cystoids projecting from the body. Most
of them are free-moving, but some, like
the cyclocystoids and edrioasteroids, are
pelmatozoic animals. According to the clas
sification adopted in the present Treatise,
they comprise seven classes-Helicoplac
oidea, Holothuroidea, Ophiocistioidea, Cy
clocystoidea, Edrioasteroidea, Camptostrom
atoidea, and Echinoidea.

HELICOPLACOIDEA

Helicoplacoidea comprise a few genera
from the Lower Cambrian Olenellus zone
of California, Nevada, and Canada. They
were free-living echinoderms, characterized
by a fusiform (when expanded) to pyriform
(when contracted) spirally coiled and
heavily plated body, with an expansible and
flexible test and with oral and apical poles
at opposite extremities. The lack of arms,
shape of the body, the origination of new
plates from the apical pole and the free-liv
ing character suggest that these echinoderms
are related to the subphylum Echinozoa.
They differ however from all other known
Echinozoa by the presence of generally sin
gle ambulacrum-a character which they
share with the "carpoid" echinoderms Stylo
phora and Homoiostelea-the spiral ar
rangement of both the ambulacral and "in
terambulacral" columns of plates, and the
nature of the ambulacrum, covered by a
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pavement of small plates. Podial pores ar
ranged in a row on each side of the ambula
crum which indicate the presence of an in
ternal "radial" water vascular canal have
recently been recognized. The origin of
Helicoplacoidea is unknown and their re
lation with other echinoderms problemati
cal. They may well represent an aberrant
offshoot from some Precambrian echino
derm stock.

EDRIOASTEROIDEA

The Edrioasteroidea appear also in the
Lower Cambrian, with all of their typical
features (Fig. 21). Their origin is not
known. They are pelmatozoic echinoderms,
and it is in the subphylum Pelmatozoa that
they have been included customarily. They
differ however from most representatives
of this now rejected subphylum in having
a purely meridional pattern of symmetry
-they lack arms, brachioles, or protruding
rays-and in having ambulacral pores
which suggest the existence of tube feet
provided with ampullae, as in many echino
zoans and asterozoans. Besides, they are
stemless, or at least never have a typical
stem, such as characterizes crinoids and
cystoids; some of their earliest representa
tives may even have rested loose on the
sea bottom. In some dendrochirote holo
thuroids the pharyngeal skeleton is not un
like the calcareous oral ring and the asso
ciated ambulacral plates of some edrio
asteroids-an analogy regarded by FELL
(1965) as suggesting that the Edrioaster
oidea, like the Holothuroidea, descended
from a common echinozoan stock. The
inclusion of edrioasteroids in Pelmatozoa
has been questioned by MATSUMOTO (1929),
LAMEERE (1931), and FELL (1965), who
consider that their pelmatozoan features
are purely secondary responses to adoption
of a sessile mode of life. Reasons for includ
ing them (and Cyclocystoidea) in the
Echinozoa are given in Part U of the pres
ent Treatise.

HOLOTHUROIDEA

The origin and relationships of the other
classes included in the subphylum Echino
zoa offer problems for which no satisfying
answers have been given. From a morpho
logical point of view, the holothuroids,

which do not move about on their oral
surface and have only a single gonad, are
unlike other free-living radiate echinoderms
which travel on their oral surface and
exhibit a genital system (at least in Recent
representatives) influenced by radial sym
metry. The Holothuroidea are identified as
primitive in having only a single gonad and
the observation that their gonopore and
hydropore have retained original positions
in the CD interray. The fact that their
ambulacra are closed does not indicate any
particular relationship, since this feature has
been independently acquired in ophiuroids
and echinoids. Comparative study of the
internal endoskeleton of the pharyngeal re
gion of dendrochirote holothurians sug
gests, however, that this endoskeleton pos
sibly represents invaginated remnants of
ambulacral ossicles similar to those found
in some edrioasteroids (FELL, 1965). Never
theless, the existence of real connections be
tween these two classes remains hypotheti
cal, since the paleontological history of the
Holothuroidea is very inadequately known.

ECHINOIDEA

Echinoids form a well-defined group and
no known representatives, fossil or living,
exhibit features suggesting close relation
ships to any other class of echinoderms. As
rightly observed by DURHAM & MELVILLE
(1957), the ancestral form of echinoids
should have evolutionary potentialities able
to produce in the Late Ordovician two types
as different as Bothriocidaris and A ule
chinus. This observation requires reference
of the origin of the class to such a remote
time that knowledge of it is at present
conjectural. Diverse hypotheses have been
formulated, such as derivation of the echin
oids from edrioasteroids, from a primitive
holothurian stock, or from diploporite cyst
oids. Each of these hypotheses has received
appropriate critical review and none appears
convincing at the present time.

OPHIOCISTIOIDEA

The class of the ophiocistioids include five
genera, exclusively Paleozoic, the general
organization of which does not seem ex
pressed by that of other echinoderm classes.
An affinity of the ophiocistioids with ophiur-
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oids has been suggested by several authors,
but the points of similarity between the two
groups are demonstrably superficial. The
resemblance to archaic echinoids seems
somewhat greater, but it is with the very
young echinoids, in process of metamorpho
sis or just after metamorphosis, that they

show the most remarkable likeness. One
may question whether they are not neotenic
Echinozoa. Yet the differences from other
classes are such as to warrant the appropri
ateness of regarding the ophiocistioids as a
distinct group that became extinct without
leaving known descendants.
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GENERAL FEATURES

Development in echinoderms may be
indirect, involving pelagic, bilaterally sym
metrical, larval forms, or more or less direct,
with the larval stage either reduced or
omitted. Of the extant classes, only the
Echinoidea are characterized by being pre
dominantly of the type with indirect de
velopment. The main features of develop
ment and the interrelationships of echino
derm larvae were elucidated by JOHANNES
MULLER (30), who demonstrated that four
chief types of larvae exist, and that in each
the final larval form arises from a preced
ing simpler form, now known as the
dipleurula.

The fundamental plan of development
is represented in Figure 22. The dipleurula
arises from the preceding gastrula stage by
the formation of a ciliated (or vibratile)
band (Fig. 22,1) which forms a closed loop

about the mouth. A simple alimentary
canal is present, comprising stomodeum,
archenteron or stomach, and proctodeum;
the anus is generally, but not invariably,
formed from the blastopore. In its subse
quent development the dipleurula under
goes a transformation varying in accordance
with the systematic position of the parent
specIes.

In the Echinoidea and Ophiuroidea, the
development of paired processes, or arms
on either side of the body, upon which the
ciliated band becomes extended, leads to
formation of the simple pluteus (Fig. 22,2).
Further development of paired arms,
strengthened by internal calcareous rods,
leads to the final larval forms, distinguished
by MORTENSEN (1898) as echinopluteus and
ophiopluteus.
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FIG. 23. Convergent larval forms. 1, Ophiuroid, Oplliothrix; 2, echinoid, Diadema (8).

The echinopluteus usually possesses four
pairs of arms (Fig. 22,3), though more or
fewer may be present in certain forms. The
four principal pairs of arms comprise two
anterior pairs, the anterolateral and preoral
pairs, and two posterior pairs, the postoral
and the posterodorsal pairs. In addition, at
the extreme posterior end of the body are
commonly found a pair of posterolateral
processes, which may be elongated to form
distinct posterolateral arms. Anterodorsal
arms occur in certain forms as a still fur
ther complexity (compare Fig. 29,11, a
spatangoid echinopluteus). These various
arms are supported by slender calcareous
rods, which may form a mesh about the
archenteron at their inner extremities with
in the body; commonly a special posterior
transverse rod is formed between the pos
terolateral processes. Certain portions of
the ciliated band may become thickened
dorsally and ventrally to form the paired
dorsal and ventral vibratile lobes; or these
may become separated from the main band
to form prominent epaulets (see Fig. 29,7).

The ophiopluteus (Fig. 22,5), if fully
developed, is of rather similar appearance,
having four pairs of arms, which, however,
do not correspond altogether to the four
pairs commonly present in the echino
pluteus. It is usual that the most promi
nent and enduring arms are those termed
the posterolateral pair, which MORTENSEN
has shown to be homologous with the pos
terolateral lobes of the normally formed
echinopluteus. The other arms are the
anterolateral, postoral, and posterodorsal
pairs, respectively. The preoral arms of the

echinopluteus are not represented. The in
ternal skeleton takes the form of a pair of
calcareous rods in the body, each sending
branches into the four arms on its corre
sponding side; the posterior transverse rod
is not represented.

In larvae of the Holothuroidea and As
teroidea no comparable development of
paired arms occurs. Initially the dipleurula
becomes rather barrel-shaped (Fig. 22,7),
and the ciliated band is thrown into folds
in an anterior and posterior loop. Further
sinuous growth of the ciliated band leads
to the characteristic larval forms designated
as auricularia in holothurians and bipin
naria in asteroids.

The auricularia (Fig. 22,8) is character
ized by the formation of two lobes bordered
by the folded ciliated band, the preoral lobe
anteriorly, and the anal lobe posteriorly,
the latter bearing the anus. The mouth lies
in a depression on the ventral side, between
the preoral and anal lobes. Smaller postero
lateral lobes occur in the same relative posi
tion as in the preceding larvae.

The bipinnaria is much more variable in
structure. In some, especially primitive
starfish, it is scarcely distinguishable from
the simple auricularia. More frequently
the sinuous lobes of the ciliated band be
come drawn out into prominent arms (Fig.
22,10) which, however, lack skeletal rods.
Consequently, they are not rigid and are
utilized as flexible swimming organs. Pos
terolateral lobes are usually found as in the
auricularia. Median arms often appear an
teriorly to the mouth, on the preoral lobe.
It is usual for the bipinnaria stage to be
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followed by what is termed a brachiolaria
larva, distinguished principally by the de
velopment of median sucking arms (or
disc) anterior to the mouth, by means of
which the larva may become temporarily
attached.

Metamorphosis in each case involves
either discarding or absorbing the paired
larval structures, while a secondary radial
symmetry is initiated through encirclement
of the gut by the five lobes of the hydrocoel.

The embryology of crinoids, so far as
known, does not include a comparable bi
laterally symmetrical larva, and the mode
of development is so different that it can
not be treated in the scheme just outlined.
Many echinoderms other than crinoids also
undergo development of an entirely differ
ent character from the basic plan described
above. In species with large yolky eggs the
larva is commonly a simple cylindrical form
with a number of transverse ciliated bands.
This type, which is sluggish and does not
take food, has been termed the vitellaria.
It is formed variously, and the internal
organogeny differs according to the class.
Echinoderm larvae occasionally grow to a
considerable size. Thus the bipinnaria of
Luidia sarsi reaches a length of 2.4 cm.

The above facts offer interesting prob
lems. The general occurrence of a pelagic
bilaterally symmetrical dipleurula stage in
four of the existing classes has been inter
preted as a recapitulation of the hypothetical
dipleurula form from which all echino
derms are supposed to have descended. This
view has not been seriously questioned and
remains acceptable to taxonomists and em
bryologists alike. But beyond this point
matters are less clear. Are the succeeding
larval stages to be interpreted in the same
light? 1£ so, we would be led to conclude
that ophiuroids and echinoids, with their
similar pluteus stages, are more closely re
lated to each other than to any of the re
maining classes. Neither taxonomic nor
paleontological evidence supports such a
deduction. The only alternative is to re
gard the characteristic postdipleurula larval
stages as digressions from the original path
of development, which have arisen inde
pendently in the various classes. They may
have arisen in response to the need for a
temporary food-gathering stage as a pre-

liminary to further development; for they
almost invariably arise from eggs which
are deficient in yolk and cytoplasm.

A more specific examination of modes of
echinoderm development also leads inevit
ably to the conclusion that special larval
evolution has occurred, often quite inde
pendently of natural groupings, as the fol
lowing cases illustrate.

It is instructive to compare the larval de
velopment of an ophiuroid such as Ophio
thrix with that of echinoids of the genus
Diadema. The echinopluteus of the latter
is greatly modified through unusual devel
opment of the postoral arms and reduction
of the other arms, so that it superficially re
sembles an ophiopluteus (Fig. 23). This
case, in which adults conspicuously distinct
and only remotely related possess surpris
ingly similar larval forms, permits of only
one interpretation: convergent embryonic
evolution has occurred in the echinoid,
which temporarily resembles an ophiuroid
stage.

Even more striking is the case of the
vitellaria larva (Fig. 24). This characteristic
cylindrical larva with ciliated annulations,
derived from a yolky egg, occurs in three
classes, holothurians and crinoids common
ly, and ophiuroids rarely. Although GRAVE

(17) regarded this larva as representing an
original primitive form, this view has re
ceived much less attention than it deserves.

Divergent evolution in larval develop
ment is also strikingly illustrated through
out the phylum. In ophiuroids, for example,
quite diverse modes of development occur
(Fig. 25). The case of Amphiura is illus
trative. Two closely related species of this
genus develop so differently that, were the
adults unknown, the young stages could
hardly be recognized as belonging to the
same class, certainly not to the same genus.
Nor is this an isolated case, for examples
can be found in other genera, such as
Ophiura.

The conclusion to be drawn from such
data is that embryos and larvae of echino
derms are extremely plastic, often exhibit
ing convergence, divergence, and adapta
tion susceptible to evolutionary modifica
tions of structure which may act quite in
dependently of the adult stage. Ancestral
structure cannot be deduced from such
forms.
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FIG. 24. Convergent patterns of development in unrelated echinoderms. 1, Ophiuroid (Ophioderma); 2,
holothuroid (Cucumaria); 3, crinoid (Antedon). In each the larva is a banded vitellaria, which is a
widely shared larval form now known to occur in three families of ophiuroids, most holothuroids, and four

families of crinoids (8).

LARVAL FORMS AND PHYLOGENY

The auricularia larva presents close and
striking resemblances to the tornaria larva
of some enteropneusts; the enterocoelous
development of the coelom parallels that
found in primitive chordates. Hence echino
derms and chordates have long been re
garded as related groups. This conclusion,
though well established in the literature,
is hardly as well grounded on fact, and at
present is in dispute.

The significance of similarities in the
larvae of echinoderms and protochordates
may be viewed in the following context. If
the echinoderms are arranged to express
their inferred relationships on the basis of
their larval similarities and differences, the
result places the ophiuroids near the echin
oids, and apart from the asteroids. But this
totally disagrees with evidence from paleon
tology and morphology, both of which in
dicate that ophiuroids and asteroids are

closely related taxa. Further, the paleon
tology of echinoids, at least as well known
as that of any other group of animals, in
dicates that echinoids have followed an
entirely independent development since the
early Paleozoic. On the other hand, ophiur
oids and asteroids share common early
Paleozoic ancestors. Therefore, the re
semblances between larvae of echinoids and
ophiuroids, striking though they may be,
can be the result only of convergent larval
evolution. Similarly, differences between
the larvae of ophiuroids and asteroids, cer
tainly very great differences, must be the
result of a secondary larval divergence, be
cause the fossil history of these two groups
shows a common derivation at a later date
than the divergence of the other groups of
echinoderms. It follows inevitably there
fore that within the phylum Echinodermata
larval characters are no guide to phylog-

© 2009 University of Kansas Paleontological Institute



Larval Forms and Phylogeny

gastrula

S65

FIG. 25. Divergent patterns of development in ophiuroids. Above, with ophiopluteus larva, as in Ophio
thricidae, some Amphiuridae, Ophiocomidae, and some Ophiuridae. Middle, with vitellaria larva, as in
Ophiodermatidae, Ophionereidae, and some Ophiuridae. Below, with no larval form, as in Ophiomyxidae

and probably most (or ?all) Phrynophiurida (Fell, n).

eny, and, indeed, run contrary to phylog
eny. Since ontogeny does not reflect phylog
eny within the phylum, it is obviously in
admissible to try to extrapolate beyond the
phylum, or to infer phylogenetic affinity
between hemichordates and echinoderms
solely because the auricularia closely re
sembles the tornaria. The foregoing analy
sis, with detailed evidence, has been put
forward by FELL (8) and subsequently
has been accepted and supported on other
grounds by N. J. BERRILL (3). E. MARCUS
(21), although differing from FELL in be
lieving that indirect development must be
prototypical for echinoderms and proto
chordates, agreed that the asteroids and
ophiuroids must be closely related, and that
broad phylogenetic conclusions therefore
cannot be drawn on the basis of their larvae.
MARCUS, like FELL, considered any embryo
logical or biochemical theory implying that
some groups of eleutherozoan echinoderms
are more closely related to enteropneusts
and vertebrates than the four classes of the
former are to one another, to be necessarily
absurd. HYMAN (18) has dissented from
this view, but failed to account for the evi
dence of intermediate forms which link
ophiuroids with asteroids. HYMAN grouped
the extant eleutherozoans together, as their

larval similarities suggest, and concludes
that the "arrangement recently adopted by
paleontologists (e.g., UBAGHS, 1953), ac
cording to which asteroids and ophiuroids
derive from a common somasteroid ancestor
and hence are to be united into one class,
must be somehow wrong." HYMAN further
stated that FELL'S views are based on modi
fied ontogeny in forms with yolky eggs
and shortened development; in point of
fact, FELL arrived at his conclusions from
a consideration of every species of echino
derm for which the development had been
investigated, and his reasoning depends
almost entirely on larval evidence, as stated
clearly by him in 1948, and as summarized
above. In the present context it is unneces
sary to list the very numerous cases that
were then adduced, since a full documenta
tion is available in the work cited (8).

Phylogenetic influences have also been
drawn from certain biochemical data which
have been held to support the view that
echinoderms and chordates are related taxa.
As they have a direct bearing on the prob
lem discussed in this chapter, a brief sum
mary is appropriate here.

Biochromes are organic pigments which
occur in all echinoderms. D. L. Fox (14)
defined three principal groups: (1) echino-
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FIG. 26. Vitellaria larvae of comatulid crinoids.-l. Tropiometra carinata (LAMARCK), Tropiometridae,
X 160 (23).-2. Heterometra savignyi 0. MULLER), Himerometridae, X240 (28c).-3. Notocrinus virilis
MORTENSEN, Notocrinidae, X24 (28a).--4. lsometra vivipara MORTENSEN, Antedonidae, X75 (23).-5.

Compsometra serrata (A. H. CLARK), Antedonidae, X160 (23).

chromes (including spinochromes), purple,
red or green naphthoquinones known only
from sea urchins and some homopterous
insects; (2) dark melanoids which occur in
ophiuroids, sea urchins and holothurians;
and (3) carotenoids, which occur in the
integument of all echinoderms. They are
typically red or orange, but if conjugated
with a protein they may be green, blue, or
purple. Alcohol denaturizes the protein,
so that the carotenoid reverts to red or
orange.

Phosphagens are of two types in echino
derms (1). These are arginine phosphate in

crinoids, asteroids, and holothurians; cre
atinine phosphate in ophiuroids; and both
types in echinoids. Creatinine phosphate is
also reported from hemichordates and verte
brates, whereas arginine phosphate is
known from mollusks and arthropods.
HYMAN (18) has accepted these results as
supporting the theory that echinoderms are
related to chordates. FELL (8) considered
the biochemical evidence inconclusive, not
only because it conflicts with paleontological
evidence, but also because it is self-contra
dictory. Thus, echinochromes occur in in
sects and in echinoids, yet not in any other
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echinoderms; sterols of one type occur in
echinoids and ophiuroids, and a similar
type in orinoids, whereas sterols of a differ
ent type occur in asteroids and holothurians.
MARCUS (21) has pointed out that ophiur
oids and echinoids cannot possibly be more
closely related to vertebrates than to other
eleutherozoan echinoderms, yet such is the
implication of the occurrence of arginine
phosphate. Phylogenetic speculation based
on such data would result in chaos.

To summarize, although one may postu
late that the dipleurula stage of Asteroidea,

Ophiuroidea, Echinoidea, and Holothur
oidea recapitulates a common ancestral di
pleurula, it is no longer possible to regard
any of the other types of echinoderm larvae
as anything but specialized forms that lack
broad phylogenetic significance.

If larval stages of echinoderms are in
terpreted as recapitulating ancestral stages,
the conclusions reached are seriously dis
cordant with other evidence. Therefore, it
is unsafe to base phylogenetic interpreta
tions on larval stages alone.

LARVAL TAXONOMY

Researches leading to the conclusion that
definite relationships can exist between the
structure of adult echinoderms and that of
their larvae have been carried out by MOR
TENSEN (23-29). Thus, in the Echinoidea,
the extant orders and frequently families
can be characterized by the nature of the
echinopluteus. To a lesser extent a similar
relation is seen in the other classes. These
results, in conjunction with other relevant
studies, are summarized in the following
survey.

Subphylum HOMALOZOA
Nothing is known of the embryonic de

velopment of organisms classed as Homalo
zoa or whether a larval form occurred in
any of these Paleozoic forms.

Subphylum CRINOZOA
Our knowledge of embryonic (prelarval

and larval) development in crinozoans is
restricted to the single surviving class,
Crinoidea, and even here we have no in
formation on the mode of development in
any group other than the Comatulida,
among the Articulata. In all cases so far
investigated, the larva has proved to be the
vitellaria. This is a transversely ringed
cylindrical form, similar to the doliolaria,
which follows the auricularia stage of a
holothurian, but differs in arising directly
from the late gastrula, as the primary larva
of a yolk-laden embryo. Representative
crinoid larvae are illustrated by forms
classed in the suborder Oligophreatina.

'Suborder OLIGOPHREATINA

Larvae of two families (Fig. 26,1,2) are
known. In T1'Opiometra (Tropiometridae)
four transverse bands are seen on the body.
H eterometra (Himerometridae), although
having very small eggs (diam., 0.15 mm.),
yield a typical vitellaria.

Suborder MACROPHREATINA

The Macrophreatina (Fig. 26,3-5) in
clude Notocrinus (Notocrinidae) which has
a vitellaria with uniform ciliation, lacking
definite bands, and which arises in a vivip
arous genus. Another genus, Isometra
(Antedonidae) is also viviparous and yet
yields a temporary larval stage, as does
Notocrinus, having fully developed ciliated
bands, in addition. Two other genera of the
Antedonidae, Compsonetra and Antedon,
are known to have banded vitellariae, the
former with four bands, the latter with
four or five bands.

Subphylum ASTEROZOA
Class STELLEROIDEA

Subclass SOMASTEROIDEA
As yet, nothing is known of the embry

onic development or larval in this subclass.
However, the extant genus Platasterias may
be expected to yield data very shortly.

Subclass ASTEROIDEA
The larva, if present in development, is

initially at least, always a bipinnaria. A
more complex larval form, the brachiolaria,
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FIG. 27. Larvae of asteroids; bipinnariae (1,2,7) and brachiolariae (3-6, 8-11).-1. Luidia sp. (?sarsi
DUB EN & KOREN), Platyasterida, Luidiidae, X 18 (15) .-2. Astropecten scoparius MULLER & TROSCHEL,
Paxillosina, Astropectinidae, X48 (24).-3. Archaster typicus MULLER & TROSCHEL, Valvatina, Archasteri
dae, X72 (28a).-4. Pentaceraster mammillatus (AUDOUIN), Valvatina, Oreasteridae, X30 (28c).-5.
Linckia multi/ora (LAMARCK), Valvatina, Ophidiasteridae, X38 (28c).-6. Fromia ghardaqana MORTENSEN,
Valvatina, Linckiidae, X30 (28c).-7. Asteropsis carini/era (LAMARCK), Valvatina, Poraniidae, X90
(24).-8. Acanthaster planci (LINNE), Spinulosida, Acanthasteridae, X72 (28a).-9. Patiria pectini/era
(MULLER & TROSCHEL), Spinulosida, Asterinidae, X60 (24).-10. Echinaster purpureus (GRAY), Spinulo-

sida, Echinasteridae, X30 (28c).-11. Asterias rubens LINNE, Forcipulatida, Asteriidae, X12 (26).
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usually follows. The order Platyasterida
(with the sole surviving family Luidiidae)
and the family Astropectinidae in the order
Phanerozonida both stand apart from all
other known asteroids; in so far as known
the larva never proceeds beyond the bipin
naria stage. All other asteroids appear to
possess a brachiolaria, though this may be
much reduced in cases of direct develop
ment (28c). Variations in larval develop
ment of asteroids, in so far as they can be
correlated taxonomically, may be summar
ized in the following way.

Order PLATYASTERIDA

Although this order until recently was
supposed to be extinct, it is now realized
that the Luidiidae are members; according
ly, the characteristic larva of that family
may throw more light on the origin of
asteroid larval forms than was formerly re
alized (Fig. 27,1).

The general characters of the Luidia larva
appear to include a more or less pronounced
elongation of the anterior part (median
lobes) and the total absence of brachio
larian arms and sucking disc. This larva
differs from that of Astropecten in its more
developed arms and elongation of the me
dian lobes.

The development is known in three spe
cies of Luidia-one five-armed and two
seven-armed-the latter showing consider
able disturbance of normal calyx symmetry
immediately after metamorphosis.

Order PHANEROZONIDA
Suborder PAXILLOSINA

Representatives of the Paxillosina are
grouped in three families (Fig. 27,2).

Astropectinidae. The larval forms of five
species of Astropecten are known with cer
tainty and all are so similar as to be scarcely
distinguishable. MORTENSEN (23) con
cluded that the Astropectinidae possess a
distinctive larva, which is bipinnaria hav
ing the special characteristics of broad,
round anterior lobes. There is no brachio
laria. The larval body is completely ab
sorbed during metamorphosis. Of other
genera, Psilaster (with yolky eggs) and
Ctenodiscus and Trophodiscus (brood-pro-

tecting forms), are all presumed to have no
larva.

Porcellanasteridae. Nothing is known of
the development, but at least forms with
large yolky eggs (e.g., species of Ctenodis
cus) may be inferred to have direct develop
ment.

Benthopectinidae. Nothing is known of
the development, but forms such as Pon
taster, with yolky eggs, probably have direct
development.

Suborder VALVATINA

Here, as also in the orders Spinulosida
and Forcipulatida, a brachiolaria larval
stage apparently is the normal sequel to a
preliminary bipinnaria larva (Fig. 27,3-7);
if the brachiolaria stage is not developed,
then at least a vestige of the stage seems to
occur. However, direct development may
occur at all grades.

Archasteridae. The brachiolaria stage oc
curs in Archaster.

Goniasteridae (sensu lato): No larval
forms are definitely associated with any
member of this large family; the occurrence
of large yolky eggs in Hippasteria, Ceram
aster, and Mediaster suggests that in some
species, at least, direct development prob
ably occurs. Unpublished observations by
J. FREEMAN CLARK show that the eggs of
Hippasteria phrygiana rise to the surface
after release, a fact which suggests that the
deep-water genus spends the initial part of
its life at the surface.

Oreasteridae. Pentaceraster is known to
have a bipinnaria followed by a brachio
laria of the type in which a series of papillae
occurs along sides of the ventral lobe, with a
short series along the brachiolaria arms
(which do not have a terminal crown of
papillae). Culcita probably has a similar de
velopment.

Ophidiasteridae. The type genus Ophi
diaster is known to include a bipinnaria, at
least in its life history; with a brachiolaria
probably following, but this is not yet cer
tain. Fromia has yolky eggs, and very much
modified brachiolaria, but is able to swim,
however. Linckia passes through an initial
larval stage very similar to that of Luidia,
but later this (bipinnaria) gives place to a
brachiolaria of seriopapillate type, as in
Pentaceraster.

© 2009 University of Kansas Paleontological Institute



S70 Echinodermata-Echinoderm Ontogeny

FIG. 28. Larvae of ophiuroids, ophioplutei (1-4,6,7,9,11,12) and vitellariae (5,8,10). All belong to order
Ophiurida, larvae being unknown from other orders.-1,2. Ophiothricidae; 1, Ophiothrix savignyi (MUL
LER & TROSCHEL), X72 (28c); 2, Ophiothrix sp., X22 (24).-3,4, Amphiuridae; 3, 1calia filiform is (0. F.
MULLER), X 60 (28a); 4, Amphipholis squamata (DELLE CHIAJE), X 144, vestigial pluteus with embryonic
attachment to parental bursa (7).-5, Ophionereididae; Ophionereis squamulosa KOEHLER, X 48 (24).-6,7.
Ophiocomidae; 6, Ophiocoma ec/zinata (LAMARCK), X 90 (28a); 7, Ophiocomina nigra (ABILDGAARD),
X60 (28a).-8. Ophiodermatidae; Op/zioderma brevispinum (SAY), X78 (17).-9-12, Ophiuridae; 9,
Op/zionotZtS hexactis (E. A. SMITH), (lobes of ciliated band not always so conspicuous), X90 (24); 10,
Ophiolepis cincta MULLER & TROSCHEL, X90 (28c); 11, Op/ziura texturata LAMARCK, X 60 (28a);

12, Ophiura albida FORBES x60 128a)
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Poraniidae. Porania has a development
similar to that of Pentaceraster, with serio
papillate brachiolaria. Asteropsis is known
to have at least a bipinnaria, and in all
probability it includes also a brachiolaria
of seriopapillate type.

Order SPINULOSIDA

Representatives of the Spinulosida are
illustrated in Figure 27,8-10.

Acanthasteridae. Acanthaster, with small
eggs (0.1 mm.), includes both bipinnaria
and brachiolaria larval stages in the life
history.

Asterinidae. Patiria is known to include
bipinnaria and brachiolaria (of seriopapil
late type) in the life span and it includes at
least two species. Very probably a similar
sequence occurs in Patiriella, though as yet
only the bipinnaria stage has been demon
strated in the New Zealand species; in an
Australian species of the genus (P. exigua)
a shortened development occurs, with ves
tiges of brachiolarian processes; a similar
shortened development is seen in the
European Asterina gibbosa.

Pterasteridae. Shortened development oc
curs in some species of Pteraster and Hy
menaster, the young normally retained
within a dorsal marsupium, opening to the
exterior by an osculum. Unpublished ob
servations by FU-SHIANG CHIA indicate,
however, that on the northwest coast of the
USA Pteraster tesselatus is a nonbrooding
species, laying large yolky eggs (diam. 1.2
1.6 mm.), from which a free-swimming
ciliated modified brachiolaria develops;
metamorphosis is completed within one
month of fertilization (CHIA, personal com
munication) .

Echinasteridae. Shortened development is
characteristic here. Some species of Hen
ricia protect the brood, and have no larval
stage at all; others have yolky eggs and a
modified brachiolaria larva, and the same
circumstance has been reported in Echin
aster.

Solasteridae. Shortened development of
echinasterid type occurs here.

Order FORCIPULATIDA

The Forcipulatida are illustrated by Fig
ure 27,11.

Asteriidae (sensu lato). The normal pat-

tern of development, if fully expressed, ap
parently includes a bipinnaria stage, fol
lowed by a brachiolaria of the termino
papillate type. Genera include Asterias,
Marthasterias, Orthasterias, and Pisaster. A
bipinnaria at least is known to occur in
Coscinasterias, Evasterias, and Pycnopodia;
in many genera (e.g., Leptasterias), brood
ing is performed, and no larval stages are
produced.

CONCLUSIONS
The foregoing survey implies that the

bipinnaria must be the older type of larva
among asteroids, and the more widespread
occurrence of the brachiolaria can be no
more than a reflection of the fact that ex
tant asteroids belong mainly to the special
ized, later groups of asteroids which are
now dominant surviving forms. The brach
iolaria stage was probably evolved at about
the same time that suctorial tube feet first
arose in the (postastropectinid, postporcel
lanasterid) phanerozonid asteroids. The
older views maintained by MACBRIDE (20a),
that the brachiolaria is the original larva
and represents a stalked pelmatozoan an
cestry, cannot be maintained.

Subclass OPHIUROIDEA
As stated above, the typical larva of

ophiuroids is the ophiopluteus, though de
velopment in very many cases is direct,
without a larva; and in a number of cases
the larva is the vitellaria, of the same type
as occurs in Holothuroidea and Crinoidea.
The following is a systematic survey of
embryological data so far known.

Order STENURIDA

Development unknown, all extinct.

Order OEGOPHIURIDA

Although now known to have a living
representative in the Indonesian genus
Ophiocanops (Ophiocanopidae), the devel
opment is at present unknown.

Order PHRYNOPHIURIDA

Suoorder OPHIOMYXINA

Ophiomyxidae (Fig. 28). No larva is
known, development being absolutely di-
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rect, in at least two species without slightest
vestige of larva. Viviparous forms with
direct development include species of
Ophiomyxa, Ophioscolex.

Suborder EURYALINA

Gorgonocephalidae. Astrochlamys, and
pr'lbably Astrothorax, includes viviparous
species, with presumably direct develop
ment. Species of Gorgonocephalus probably
have direct development, with young stages
feeding in alcyonarian polyps, but it is
possible that some free-swimming stage
( ?gastrula) occurs.

The development of the other three fam
ilies is virtually unknown, though believed
to be direct.

Order OPHIURIDA

Hemieuryalidae. Ophiochondrus is vivip
arous, but nothing is known as to the
existence or otherwise of a larval stage.

Ophiacanthidae. Ophiacantha (five spe
cies) and Ophiomitrella (five species) are
both known to be viviparous, probably
without larval stages.

Ophiothricidae (Fig. 28,1,2). Species of
Ophiothrix have ophiopluteus larvae in
which the posterolateral arms form a long
pair of rods, much larger and more con
spicuous than other rods; also, during and
after metamorphosis, these long arms re
main unresorbed, and are eventually thrown
off after metamorphosis.

Ophiactidae. The ophiopluteus is well de
veloped and peculiar in having a double
recurrent calcareous rod; only the type
genus Ophiactis has been studied.

Amphiuridae (Fig. 28,3,4). Well-devel
oped ophiopluteus, though in some species
assuming the peculiar form (previously
known as "Ophiopluteus mancus") in
which the posterodorsal arms are missing;
viviparity, and consequential direct devel
opment, occurs in Amphipholis (two spe
cies), Amphiodia (one species), Amphiura
(three species), Monamphiura (seven spe
cies), Icalia (two species), Pandelia (one
species), N ullam phiura (two species).

Ophionereididae (Fig. 28,5). A vitellaria
larva occurs in Ophionereis squamulosa,
and another species of Ophionereis is vivip
arous; otherwise, the development is un
known.

Ophiocomidae (Fig. 28,6,7). Extremely
broad arms are evidently characteristic of
the ophiopluteus of Ophiocoma. This fea
ture is not seen in Ophiocomina. Both gen
era have enlarged ciliated lobes at the
bases of the two posterolateral arms, but
some evidence of the same feature occurs
in Ophiura, so it is not, in itself, distinctive
of the family Ophiocomidae. It is possible
that Ophiocomina is wrongly classified with
the Ophiocomidae, and should this prove
to be the case, then presumably the broad
ened arms will be the main familial char
acter.

Ophiodermatidae (Fig. 28,8). The only
larva so far known from the family is the
vitellaria, first described for Ophioderma
brevispina by GRAVE (14); similar larvae
have since been found in American waters,
and are provisionally attributed to other
species of Ophioderma. In other genera of
the family direct development occurs, asso
ciated with viviparity, namely in Crypto
pelta (two species), Pectinura (two spe
cies), and Ophioconis (one species).

Ophiuridae (Fig. 28,9-12). A variety of
larval forms, and of modes of development,
occur in the Ophiuridae (i.e., Ophiolepidi
dae auctt.). A larva of vitellaria type char
acterizes Ophiolepis. An auricularia-like
larva (however, with traces of rods of a
pluteus-type arm skeleton) is characteristic
of Ophionotus; this is apparently never
free-swimming, as the development is com
pleted within the bursa in the one species
(0. hexactis) in which this peculiar larva
has been observed (Fig. 28,9). As in other
hexamerous and polymerous forms, the
symmetry of the calycinal system is serious
ly disturbed in the newly metamorphosed
form. A normal ophiopluteus occurs in the
various species of Ophiura, but its range of
variation is so great between species of the
genus that one might well suppose them
to belong to different families, as MORTEN

SEN (28a) has commented. Viviparity, with
consequent direct or partly direct develop
ment, is known in a considerable number
of genera of this family, namely Ophiotjalfa,
Ophiolebella, Ophioceres, Ophiozonella,
Ophiomages, Ophiosteira, Ophiurolepis,
and Ophionotus, each with a single species,
and Ophiura, Amphiophiura, Stegophiura,
each with two species.
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Subphylum ECHINOZOA
Class ECHINOIDEA

In the Echinoidea larval evolution seems
to have occurred subsequently to separation
of the main orders and families. Within
relatively small groups larval evolution has
followed similar trends, so that characteris
tic larvae occur in various subgroups, where
the young stages may follow similar ontog
enies; but such independent evolution
tends to obscure the phylogenetic relation
ships between the class as a whole and the
other classes.

Order CIDAROIDA

Until 1937 the development of cidaroids
was known only very incompletely, and
no general conclusions could be drawn as
to its nature. The genera Cidaris and Eu
cidaris had been studied. In addition, MOR
TENSEN had shown that the development of
Phyllacanthus parvispinus is probably direct.
In 1937 MORTENSEN (28b) published his
account of Eucidaris metularia, and the fol
lowing year (28c) that of Prionocidaris bac
ulosa, which was studied through meta
morphosis. The two latter accounts are the
most important, and together with the
earlier data enabled the conclusion to be
drawn that a distinctive cidaroid larval form
exists (Fig. 29,1). This is an echinopluteus
characterized by very long, smooth fene
strated postoral and posterodorsal rods, by
having the posterior transverse rod pro
vided with long, slender median processes
dorsally and ventrally, and by strong de
velopment of the ciliated lobes. A larval
muscular system is present in the two latter
species, enabling the two pairs of long arms
to be moved backward and forward, and
no doubt this feature is also generally char
acteristic of the cidaroid larva.

A further feature of morphological in
terest is that in the newly metamorphosed
urchin of Prionocidaris a pluriserial inter
ambulacrum occurs, as in Palaeozoic echin
oids. The supernumerary plates are later
resorbed, as in Archaeocidaris.

Order DIADEMATOIDA

Knowledge of the development of these
is due mainly to MORTENSEN (Fig. 29,2,3).
Four species belonging to Diadema and

Echinothrix have been investigated. The
larvae of these have proved to be types
earlier described under the name Echino
pluteus transversus (24), the parental form
being at that time unknown. This is notable
for great development of the postoral arms,
other arms being absent save for small an
terolaterals which may be present. The
larva thus strongly resembles an ophio
pluteus. The ciliated band is not strongly
developed, in sympathy with reduction of
the arms, and no vibratile lobes or epaulets
are observed. Other skeletal peculiarities
do not need to be specified here.

Order ARBACIOIDA

The development of three species of the
genus Arbacia has been studied (Fig. 29,4).
The arbaciid larva has a basket skeleton at
first. In its second stage of development a
posterior transverse rod is present, ending
in a pair of long posterolateral arms which
are similar to the other arms. Postoral and
posterodorsal rods are fenestrated. Large
ventral and dorsal lobes occur, but no
epaulets.

Order PHYMOSOMATOIDA

The development of Stomopneustes is
known to resemble that of the Echino
metridae as noted subsequently.

Order TEMNOPLEUROIDA

Temnopleuridae. In this family the de
velopment is known for species of Temno
pleurus, Temnotrema, Mespilia, and Salma
cis. In the first stage no basket structure
of the skeleton is seen. In the second stage
(Fig. 29,5) a posterior transverse rod is
formed and short branched posterolateral
rods mayor may not issue from it. Four
vibratile epaulets are found, but no vibratile
lobes. The arms commonly present a highly
characteristic bloated appearance (24).

Toxopneustidae. Among genera belong
ing to this group the species of Toxo
pneustes, Lytechinus, Nudechinus, Trip
neustes, Sphaerechinus, and Pseudocentro
tus. The echinopluteus of this assemblage
possesses in its first stage a short body,
usually with a basket structure of the skele
ton. In its second stage (Fig. 29,6) a pos
terior transverse rod is introduced. Postero-
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FIG. 29. Echinopluteus larvae of echinoids.-l. Prionocidaris baculosa (LAMARCK), Cidaroida, Cidaridae,
X30 (28c).-2. Diadema setosum GRAY, Diadematoida, Diadematidae, early larva, X42 (28a).-3. Same,
later stage (28b).-4. Arbaeia stellata (BLAINVILLE), Arbacioida, Arbaciidae, X24 (24).-5. Mespilia
globulus (LINNE), Temnopleuroida, Temnopleuridae, X30 (31).-6. Lytechinus variegatus (LAMARCK),
Temnopleuroida, Toxopneustidae, X42 (24).-7. Echinus esculentus LINNE, Echinoida, Echinidae, X60
(24).-8. Echinometra lucunter (LINNE), X54 (24).-9. Arachnoides placenta (LINNE), Clypeasteroida,
Arachnoididae, X48 (24).-10. Apatopygus recens (MILNE-EDWARDS), Nucleolitoida, Apatopygidae, X30

(24 ).-11. Echinocardium cordatum (PENNANT), Spatangoida, Loveniidae, X22 (28a).

lateral arms and vibratile lobes occur, and
epaulets are seen at the bases of the four
main arms. The rods of the main arms may
be either simple or fenestrated (24).
Strongylocentrotus, now placed in a family
by itself, has a development similar to that
of the Toxopneustidae.

Order ECHINOIDA

Echinidae. The larval development of
echinids is known for species of Echinus,
Psammechinus, Paracentrotus, Parechinus,
and Sterechinus. In its first stage the larva
has a short body, usually with a basket
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structure of the skeleton. In the second
stage (Fig. 29,7) a posterior transverse rod
is present; posterolateral and vibratile lobes
occur, and also epaulets at bases of the four
main arms; the rods of the main arms may
be either simple or fenestrated.

Echinometridae. The development is
known for species of Echinometra, Colobo
centrotus, Heterocentrotus, Evechinus, Heli
ocidaris, and Echinostrephus. The develop
ment of Heliocidaris erythrongramma is
direct, or partially so. The echinometrid
larva has in the first stage a short, obliquely
truncate body supported by a complex bas
ket structure. In its second stage (Fig. 29,
8) a posterior transverse rod is present.
Posterolateral and vibratile lobes occur, but
no epaulets. The rods of the main arms are
fenestrated (24).

Order CLYPEASTEROIDA

The development is known of 15 species
belonging to the genera Clypeaster, Fibu
laria, Echinarachnius, Peronella, Arach
noides, Fellaster, Encope, Mellita, Astricly
peus, Laganum, and Echinodiscus (Fig. 29,
9). In the clypeasteroid larva the body skele
ton forms a prominent basket structure of
distinctive character. This commonly takes
the form of a large, complex, fenestrated
plate in the posterior end of the body.

Order CASSIDULOIDA

MORTENSEN'S (24) account of Apatopygus
recens suggests affinity between its larval
development and that of the clypeasteroids.
The fully developed larva is as yet un
known, but MORTENSEN'S oldest stage is
illustrated (Fig. 29,10).

Of the other surviving Cassiduloida, the
development is unknown.

Order SPATANGOIDA

The spatangoids are characterized by pos
sessing a highly distinctive echinopluteus
which bears a median unpaired armlike
process (Fig. 29,11). In addition, the antero
dorsal arms are well developed. MORTENSEN

(24) has further suggested that it may ulti
mately be found that the families Spatangi
dae and Brissidae have distinctive larvae,
as from the data available it appears that
the former possess posterolateral arms,

whereas the latter lack these structures. The
genera which have been studied include
Spatangus, Lovenia, Echinocardium, Moira,
Brissus, Brissopsis, and Meoma.

SUMMARY OF ECHINOIDS
It may be inferred from the foregoing dis

cussion that larval evolution of the echino
pluteus must have occurred subsequent to
separation of the main orders and families
of echinoids, and within anyone group of
echinoids larval evolution has followed simi
lar trends. Thus, within relatively small
groupings it is true to say that the young
stages of related species show similar ontog
enies. It is obvious that, with independent
larval evolution occurring simultaneously
in the many orders and families of echino
derms in general, the phylogenetic relation
ship between major groups, such as the
classes, will become ever more and more
obscured in so far as it is reflected in
embryology. In his main study, MORTEN

SEN (24) wrote as follows:
The Echinopluteus afl'ords the greatest diversity

of forms of all Echinoderm larvae, and several
well-marked types are to be distinguished. It does
not immediately appear which of these repre
sents the more primitive type. Considering, how
eYer, the fact that the larvae in which the body
skelton in the first stage forms a basket struc
ture, and which have in their second stage a
posterior transverse rod and more or less devel
oped posterolateral processes are characteristic-so
far as we know-of the Cidarids, Diadematids and
Arbaciids, that is to say of the more primitive
forms of Echinoids, it can hardly be disputed that
we have to regard this larval type as the more
primitive form. Consequently the larval type char
acteristic of the family Echinidae s. str., with the
elongated, club-shaped body rods, with the re
current rod rudimentary or absent, and without a
posterior transverse rod or posterolateral processes,
is highly specialized. It is therefore not at all justi
fiable to make this larval type represent the Echin
oid larva in general as is done in most text-books.

Characteristic of the larval body of the primary
type are the vibratile lobes; in the more specialized
t) pes, the larva of the Echinidae s. str., and of the
Spatangoids, these lobes have disappeared, while
the Clypeastroid larvae have retained them to
some degree. A further specialization from the
lobes are the epaulets occurring in the higher types
of the Regularia.

Both the vibratile lobes and the epaulets evi
dently serve to increase the floating power of the
larva. This object is attained to a still higher de-
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FIG. 30. Vitellaria larvae (doliolaria) (1,3,5,6), and auricularia larvae (2,4) of holothuroids.-l. Dendro
chirotida, CIiClimaria planci VON MARENZELLER, Cucumariidae, X 135 (32).-2. Aspidochirotida, Stichopus
californiensis (STIMPSON), Stichopodidae, X 56 (24).-3. Aspidochirotida, Holothllria impatiens (FoRsKAL),
Holothuriidae, metamorphosing doliolaria derived from a preceding auricularia stage, X75 (28c).-4-6.
Apodida, Synaptidae; 4, Opheodesoma grisea (SEMPER), X90 (28c); 5, Synaptliia vittata (FoRsKAL),

X 60 (28c); 6, Labidoplax sp., X 75 (28c).

gree in several larval forms of Regular Echini and
Clypeastroids in which muscles connect the lower
ends of the rods of the four main arms, so that
these arms become actively movable. These larvae,
when floating, keep the four main arms in a more
or less horizontal position, raising them when dis
turbed. This is not yet an active swimming move
ment, the muscular apparatus being too simple for
performing regularly repeated movements. Only
one Echinoid larva appears to be able to swim
actively, viz., the remarkable Echinopluteus trans
versus (of Diadematidae), in which a complicated
muscular system has developed, the body-skeleton
being most extraordinarily adapted for serving as
a support to the muscles....

As regards the skeleton it is a noteworthy fact
that the fenestrated rods represent a primary struc
ture, as must be concluded from the fact that this
type of rods (always confined to the four main
arms) is found in the larvae of the more primitive
forms...•

Class HOLOTHUROIDEA
The larval forms of holothurians are

either vitellariae or auriculariae, and the
occurrence of transitional stages between
the auricularia and a secondary larva (dolio
laria or pupa), in which the ciliated loops
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are gradually transformed into transverse
rings, shows that no sharp distinction be
tween the vitellaria and auricularia is to be
made (Fig. 30). This is significant, for in
the other classes of echinoderms the vitel
laria seems to stand as an independent form,
lacking transitional stages to link it with
other larval types. In many holothurians
the development must be quite direct, no
larval form having ever been reported. The
following paragraphs present a review of
the known evidence.

Order DENDROCHIROTIDA

The only larvae reported from dendro
chirotes are vitellariae, either of the annu
lated doliolaria type, or uniformly ciliated
cylindrical forms; auriculariae are un
known (Fig. 30,1).

Cucumariidae. Cucumaria planci and
other species have a transversely ringed
vitellaria which is independently formed as
the primary larva, not as the doliolaria of
an auricularia. Other species of Cucumaria
(e.g., C. saxicola, C. frondosa) are ciliated
all over, evidently comprising a form of
vitellaria derived directly from the late
gastrula. No larva at all occurs in Thyone.
In both Thyone and Cucumaria viviparity
occurs.

Psolidae. In Psolus phantapus a uniform
ly ciliated vitellaria occurs. Viviparity oc
curs in Psolus, Psolidium, and Thyonepso
Ius.

Rhopalodinidae, Phylloporidae. No reli
able information is available on the de
velopment of these families.

Order ASPIDOCHIROTIDA

An auricularia is known to occur in some
aspidochirotes, with transversely annulated
doliolaria stages occurring at metamorpho
sis. Otherwise, the development appears to
be direct (Fig. 30,2,3).

Synallactidae. The development is un
known in these deep-water forms, but the

prevalence of large yolky eggs suggests that
direct development is probably usual.

Stichopodidae. An auricularia is known
for Stich opus califomicus.

Holothuriidae. Auriculariae of simple
type occur in Microthele and Holothuria
impatiens. Absolutely direct development
occurs in H. floridana.

Order MOLPADIIDA

The only larva recorded is a vitellaria in
Paracaudina.

Order ELASIPODIDA

Larval development is unknown many
of the five families of the order.

Order APODIDA

The widest range of larval forms occurs
in this specialized order, with vitellariae
and doliolariae, auriculariae (elaborate in
some), as also direct development (Fig. 30,
4,5).

Synaptidae. Larvae may occur, but in
some genera they are omitted. An auric
ularia (with subsequent doliolaria) arises
in species of Synaptula, Opheodesoma
grisea, and Labidoplax digitata. Partially
direct development occurs in Leptosynapta
inhaerens, where a vitellaria arises (despite
the small size of the eggs in that species).
A vitellaria also occurs in Labidoplax buski.
Coelomic incubation is known to occur in
species of Synaptula.

Chiridotidae. Coelomic incubation occurs
in species of Chiridota, Trochodota, and
Taeniogyrus. No other information is on
record as to mode of development, or larvae.

Myriotrochidae. Although nothing is re
corded on the development of this family,
the large planktonic "Auriculariae nudi
branchiatae" are presumably referable to it,
for the wheel-shaped deposits illustrated by
CHUN (1896) appear to be of myriotrochid
type, having numerous spokes (D. L. PAW
SON, pers. commun., unpub!.).

DIRECT DEVELOPMENT

Until recently it had come to be generally
assumed that all typical echinoderms have
an indirect mode of development; however,
a survey of the known embryological data

of particlular faunas indicates that no spe
cial mode of development can be taken as
the general rule for the phylum. The egg
of echinoderms is liable to undergo changes
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in volume. Increase of volume is directly
related to increase in cytoplasm and its
product, the yolk material. Such increases
have led to direct development. Increase in
cytoplasm and yolk has not greatly affected
the cleavage process, which is almost always
total. A distinction between micromeres
and macromeres frequently results. With
increasing cytoplasm, the wall of the blas
tula becomes thicker, and in extreme cases
the blastocoel is reduced to a vestige in the
animal hemisphere. The mesenchyme fails
to separate as such, but projects as a solid
mass into the blastocoel. Invagination is re
duced to a solid inpushing of cells, and
epiboly may ensue. The archenteron may
become vestigial, in which case the defini
tive enteron is excavated in the solid endo
derm by splitting. The enterocoel becomes
reduced or lost, and the coelom and its ad
juncts may arise by schizocoelous splitting
in mesenchyme.

It may be regarded as reasonably proven
that the accumulation of yolk and cytoplasm
in the egg is in some way responsible for
suppression of the larval form. The salient
features of the sequence of reduced larvae
studied above are (1) a progressive reduc
tion in size and number of the paired larval
arms, followed by loss of the arm skeleton;
(2) an increase in the amount and im
portance of mesenchyme, within which
ultimately the coelom is excavated in place
of coelomic pouches from the enteron; and
(3) bilateral symmetry is lost completely.
The order in which these reductions occur,
in terms of increasing yolk mass, suggest
progressive inhibitions in metabolism along
the axes of a bilaterally symmetrical body.
By convergent evolution among echino
derms with yolky eggs, a special vitellaria
larva has arisen independently in Holo
thuroidea, Ophiuroidea, and Crinoidea.
The vitellaria is characterized by its barrel
shape, and the transmutation of the ciliated
band into annuli. In the Crinoidea this is
the only larva yet known.

In Ophiuroidea a succession of stages in
reduction of the ophiopluteus may be seen,
suggesting a recession backward in time of
the moment at which metamorphosis is ini
tiated. In extreme cases the gastrula itself
becomes radially symmetrical and the larva
is completely lost. Viviparity is of interest
in echinoderm reproduction owing to the

modifications of development which usually
accompany its occurrence. Commonly eggs
of viviparous species are large and yolky.
The relationship between parent and young
is often extremely intimate, with marsupia
forming in the mother, an embryonic at
tachment developing, and even nutritive
substances sometimes being supplied to the
embryo by the parent. Larval stages are ves
tigial or suppressed altogether.

Among asteroids simple brood protection
is illustrated by Calvasterias suteri from
New Zealand. The eggs are laid and the
numerous young are carried in a large clus
ter about the mouth, apparently in the
later stages living as commensals. In the
astropectinid Leptychaster kerguelensis, the
young stars are hatched in the oviducts and
later adhere to re-entrant angles between
rays of the parent. Leptasterias groenlandica
is reported to hatch its young in its stomach,
a very surprising circumstance. In species
of Echinaster, the young are carried in the
ambulacral grooves with the side of the
arms folded over them. More complex con
ditions are seen in Pteraster and Hymen
aster where a dorsal marsupium occurs,
held up by modified paxillae and opening
dorsally by a special osculum. A marsupium
is known also in Granaster nutrix. In the
starfish A nasterias antarctica the embryo is
joined to the parent by an attachment.

In ophiuroids all degrees of brood pro
tection and viviparity are found; the condi
tion is very common in Antarctic species,
of which MORTENSEN (29) recorded 31 as
viviparous. A very interesting example has
been recorded in Britain by SMITH (33) who
found numerous young individuals of
Ophiothrix fmgilis clinging to the spines
and tube feet of adults, larger young ones
occurring separately in the parental bursae.
As the species has nonyolky eggs and well
developed pelagic larvae, this is an unex
pected instance that indicates how vivi
parity might arise in such forms. SMITH
regarded the occurrence as equivalent to
natural crevice sheltering. In truly vivip
arous ophiuroids the eggs are usually large,
and either many young may be found in
the bursa (e.g., Ophiomyxa brevirima, from
New Zealand, 4) or several (e.g., Pectinura
cylindrica) , or only a few (e.g., Amphi
pholis squamata). The last-mentioned spe-
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cies, as others of the same genus, is notable
in having an embryonic attachment to the
parent. This structure is not nutritive;
there are reasons for believing that a nutri
tive fluid is secreted by the bursal wall (7).

In comatulid crinoids, where the eggs are
large and rich in yolk, as a general rule the
young adhere to and develop on pinnules
of the parent. In some species, however,
the eggs are free (e.g., Tropiometra cari
nata, Antedon petasus). True viviparity,
involving special marsupia, is found in
Antarctic crinoids (e.g., Isometra vivipara,
Phrixometra nutrix). In Notocrinus virilis
it appears that the young are nourished by
an albuminous secretion from the wall of
the marsupium (23).

Similar degrees of brood protection and
of viviparity are observed in the holothur
ians, where the incidence in Antarctic spe
cies is as pronounced as in other echinoderm
classes. In the simplest type the embryos
merely rest on the surface of the body. In
other species small alveoli may form in the
integument, enclosing the eggs. In some the
eggs develop within the oviducts, or with
in the coelom. In others an invagination or
evagination of the body wall forms a mar
supium. Genera showing viviparity include
Cucumaria, Thyone, Psolus, and Phyllo
phorus among Cucumariidae, and Chiri
data, Synaptula, and Leptosynapta among
Synaptidae.

Since echinoids are distinguished from
other echinoderms by possessing generally
small eggs and pelagic larvae, viviparity is
necessarily of limited incidence in this class.
Among cidarids Goniocidaris umbraculum,
of New Zealand, carries the young in the
partly sunken peristome, covered over by
oral spines, thus forming a marsupium. In
other cidarids the spines of the apical part
of the test form a marsupium. Among the
spatangoids the sunken petals frequently
serve as marsupia, as in Schizaster, Hemi
aster, and others. In Antarctic genera a sex
ual dimorphism of the test is a consequence
of this condition.

It is clear that brood protection and vivi
parity can influence development consid
erably. Larval stages can be effaced or at
least reduced. New embryonic organs may
evolve, such as the attachment stalks be
tween embryo and parent. New modes of
nutrition may arise, involving a change
from ingestion of planktonic food in a
functional alimentary canal to surface ab
sorption of fluid material by the outer
epithelia of the embryo. Yet in these the
end result is the same-an adult echinoderm
arises quite as typical of its group as an
oviparous form. Here, then, is one more
illustration of the potency of evolution in
acting upon embryonic stages without sig
nificantly affecting the adult.

GROWTH GRADIENTS AND PHYLOGENY

The foregoing discussion, based entirely
on larval forms, leads to a purely negative
result, since the only deduction possible is
that larval forms in echinoderms are spe
cialized and cannot throw any direct light
upon the question of origin and interrela
tionships of the various groups included
within the phylum. This situation was ap
parent by 1948 (8).

A more positive approach subsequently
has become possible as a result of detailed
studies of growth patterns and growth
gradients, particularly the postmetamorphic
changes which the skeleton undergoes dur
ing its development. The results have been
reported in a series of papers (FELL, 9-13),
which cover a program of comparative
studies carried out over the past decade.

A brief summary of the conclusions is rele
vant in the present context, as it provides
a general frame of reference within which
echinoderm larvae can be viewed.

The analysis begins with asterozoans, is
then extended to pelmatozoans, and thence
taken forward to echinozoans. The follow
ing are the main steps in the inquiry.

(1) The rod-shaped skeletal structures
known as virgalia, which occur in lower
Paleozoic somasteroids, can be shown to be
direct homologues of major skeletal ele
ments in modern asteroids and ophiuroids,
and the homologies can be specified.

(2) The axes along which the major
skeletal elements differentiate in asteroids
are found to show progressive alterations in
strength and direction, so that the various
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families can be arranged in a sequence.
Direct fossil evidence indicates the older
end of the series, which accordingly can be
oriented in time. When the soft structures
are correlated, they, too, fall in a progressive
linear sequence, coordinated with the hard
parts. The inferred chronology may there
fore be accepted as an initial working hy
pothesis.

(3) Using this frame of reference, pro
gressive eliminations enable the most archaic
asteroids to be isolated. The final residual
group proves to comprise the Luidiidae,
the members of which are shown to be
surviving representatives of the order Platy
asterida, hitherto known only as lower and
middle Paleozoic fossils. The order can
thus be more precisely defined, the soft
structures inferred, and its relationship to
other asteroids indicated.

(4) Proceeding from this basis, the in
ference is drawn that the Luidiidae prob
ably arose from somasteroids through cer
tain hypothetical changes which can be
specified. However, the extant asterozoan
PIatasterias ought, on the evidence of its re
corded structure, to fall in an early posi
tion within the inferred sequence. Detailed
study of the structure of Platasterias has
confirmed its archaic nature and showed
it to be a surviving representative of the
supposedly extinct somasteroids, though at
the same time clearly related to luidiid
asteroids. Thus all inferences up to this
juncture have been confirmed, and they
can therefore be transferred to the working
data.

(5) It was thereby established that (a)
The oldest asteroids had dominant trans
verse growth axes in the arm, causing inter
alia the skeletal plates to lie in transverse
rows, and that therefore the entry into the
arm of dominant longitudinal growth axes
must have been a post-Iuidiid change. (b)
The oldest asteroids had no intestine or
anus, the appearance of these structures
being a post-Iuidiid change, coinciding with
the astropectinid grade of evolution. (c)
The oldest asteroids had nonsuctorial tube
feet, the appearance of suckers being a post
astropectinid change. (d) The oldest aster
oids had small, double ampullae, inherited
from a pre-asteroid ancestry (identified with
platasteriid somasteroids), and the subse
quent enlargement of the ampullae coin-

cided with the permanent invagination of
the ambulacral furrow, which occurred at
the platyasterid grade of evolution, with
simultaneous enlargement of the tube feet.
(e) The single ampullae of Porcellanasteri
dae are thus a specialized simplification of
formerly double ampullae and, being of
post-Iuidiid origin, cannot be primitive. (f)
The madreporite was originally placed at
the margin of the disc.

(6) The mode of origin of ophiuroids
from lower Paleozoic somasteroids can now
be deduced, in accordance with theoretical
methods used for the asteroids. These pre
dict the existence of ophiuroids with the
same pinnate skeletal structure as occurs in
archaic asteroids. This inference, tested by
dissection of the internal skeleton in repre
sentatives of extant families, has been con
firmed, and surviving (as well as extinct)
genera with pinnate structure have been
isolated; further, the homologies of the
skeletal elements with somasteroid virgalia
have been demonstrated in detail.

(7) Accordingly pinnate structure of the
skeleton is shown to be fundamental to all
asterozoans, that of ophiuroids and of aster
oids being inherited directly from somaster
oid precursors.

(8) Next, the soft structures of ophiur
oids are to be correlated with the inferred
sequence of skeletal changes, as was done
in the case of the asteroids. Study of this
sort has led to the following inferences.
(a) Gastric caeca must once have extended
far out into the arms of ophiuroids, for this
condition is found in all asteroids and has
been demonstrated in the somasteroid
Platasterias. (b) The gonads in ophiuroids
originally must have been confined to the
arms, arranged in approximately paired
series along either side of the dorsal coelo
mic canal, for this condition is shown to be
primitive in other asterozoans. Since all
these conditions are known to occur in the
extant genus Ophiocanops, this ophiuroid
immediately came under suspicion as an
archaic form, possibly wrongly classified.
Investigation of the endoskeleton of this
genus immediately confirmed that it is, in
fact, archaic, and agrees in every major
feature with that already known in the
zeugophiurine Oegophiuroidea, hitherto
supposedly extinct since the Late Carbonif
erous. Accordingly, Ophiocanops was rec-
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ognized as a surviving representative of the
Oegophiurida, and its distinctive soft-part
characters could be interpreted as characters
of that order. There are no bursae, no geni
tal plates, no dorsal or ventral arm plates,
and the madreporite is situated at the mar
gin of the disc.

(9) Drawing upon all the foregoing data,
one can now determine which characters of
ophiuroids and asteroids are of ancient
origin, and which are of late, and therefore
secondary, origin, subsequent to differentia
tion of the two groups from their common
somasteroid ancestry. The secondary fea
tures can be isolated and catalogued.

(10) Extracting this isolate from overall
characters of the Asterozoa, one obtains a
residue which yields the inferred original
characters of ancient asterozoans. The resi
dual morphological attributes include cer
tain soft-part characters, as well as numer
ous features related to the skeletal system,
and these may be amplified by direct ref
erence to the extant somasteroid Platasterias
and its fossil precursors, the Chinianasteri
dae. They prove to comprise characters
which are exclusively pelmatozoan, having
no near parallel in any known group of
echinoderms other than pinnulate crinoids.
The embryonic structure of the asterozoan
disc conforms fundamentally to that of the
crinoid calyx,! the plates initially compris
ing a centrodorsal, five basals, five radials,
and in some infrabasals also. Interpinnular
grooves in somasteroids are'inferred to have
arisen from an earlier pelmatozoan condi
tion, in which the food grooves were orig
inally carried on the pinnules. The trans
formation is attributed to a change in the
attitude of the cover plates of the food
groove, which turned outward so as to over
hang the interpinnular space, with a simul
taneous development of interpinnular inte
gument. Pinnular ossicles of crinoids are
therefore considered to be homologues of
somasteroid virgalia, since both are essen
tially rod-shaped elements produced in
identical pinnate axial sequences, and bear
ing a double row of cover plates on the oral
surface. In the surviving somasteroid Plat
asterias the cover plates (and their support-

1 The homology of asteroid and ophiuroid primary plates
with the calyx of crinoids, and their fundamental difference
from the apical system of echinoids. has been demonstrated
by MORTENSEN, Systematiske Studier otler Echinodermlartler
1897, p. 169. '

ing webs) are erectile, and in the erected
condition apparently return to their ancient
attitude, simulating a (nonfunctional) food
groove on the pinnule.

(11) Somasteroids are thus interpreted as
a group transitional in character between
other Asterozoa and Crinozoa and are
thought to have arisen from some pinnulate
pelmatozoan stock, which cannot at present
be precisely identified. The approximate
nature of the inferred pelmatozoan ancestry
is indicated, however, and points to a pinnu
late crinoid. The characters of the hypo
thetical "protosomasteroid" fall very near
to those of a biserial crinoid. Since somaster
oids themselves are antecedent to other
asterozoans, it follows that all star-shaped
echinoderms constitute an independent
genetic stock, with no relationship to any
other group of echinoderms except pinnu
late pelmatozoans.

(12) Embryological data are utilized to
derive an hypothesis accounting for the man
ner in which asterozoans might have arisen
from a pelmatozoan ancestry similar to
pinnulate crinoids. The hypothesis postu
lates an initial dislocation in adoral direc
tion of the main radial growth axis at the
junction of the radial calycinal plate and
the first brachial ossicle. The dislocation is
inferred to have arisen in a pentacrinoid
stage of development of some pinnulate
pelmatozoan. Evidence that such disloca
tion has occurred in the past is adduced
from the embryology of extant asterozoans.
The dislocation is comparable in nature,
though greater in magnitude, to that ex
hibited in the transverse growth axes of
Platasterias, where the second virgalium in
each metapinnule is occluded, and thus
ejected from the growth axis in which it
initially belonged, to become the super
ambulacral ossicle; in postastropectinid as
teroids the occluded element vanishes, and
the general dislocation of the entire trans
verse growth axis is initiated, or even com
pleted.

(13) Extending the analysis to crinoids,
their somasteroid-like features have been
isolated and catalogued. The residual char
actersare of ancient, generalized type, like
those of eocrinoids or cystoids. Crinoids
thus seem to be late pelmatozoans which
have (a) retained the original meridional
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Holothuroidea

Echinoidea

6

Crinoidea7

2

Echinozoa

Asterozoa
(Asteroidea and Ophiuroidea)

Crinozoa

FIG. 31. Major patterns of growth gradients initiated by the hydrocoel during metamorphosis and imme
diately following it (hydrocoel shown in solid black). Echinozoa (1-6) display meridional patterns, where

as Crinozoa (7) and Asterozoa (8-11) exhibit divergent radial patterns (10) (Fell, n).
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patterns of growth in the calyx, as an in
heritance from early pelmatozoans; (b) in
addition, acquired five, radially directed,
divergent axes of growth, leading to the
outgrowth of arms and, later on, to sec
ondary acquisition of pinnular subsidiary
axes. Somasteroids represent a further term
in this progression, in which character (a)
is diminished, and (b) is exploited.

(14) The axes of growth of early pelma
tozoans are closely comparable with those
of echinozoan groups (echinoids, ophio
cistioids, holothurians). All are either
meridional patterns, or quite disordered.
None have radial divergent components.

(15) The Echinozoa are viewed accord
ingly as archaic derivatives of a still more
ancient globoid pelmatozoan stock, the
Ophiocistioidea perhaps representing tran
sitional forms. The Echinozoa can have no
closer relationship to the Asterozoa than that
implied by their derivation ultimately from
common ancient globoid pelmatozoans. On
the other hand, the Asterozoa present nu
merous fundamental resemblances to
Crinoidea, so great as to imply a close gene
tic affinity. Consequently, the conventional
association of Asterozoa and Echinozoa un
der one head (Eleutherozoa) is unjustified.
The characters supposedly shared by eleu
therozoans are, in fact, shared only by
demonstrably late groups of Asterozoa, and
demonstrably early groups of Echinozoa.
The subphylum "Pelmatozoa" is polyphyle
tic, and must be abandoned as a unit of
formal classification.

Figure 31 illustrates the two major pat
terns of dominant gradients which we may
recognize in echinoderms. The upper dia
grams show the essentially meridional pat
tern established in young Echinozoa. The
hydrocoel, during metamorphosis, encircles
the gut, and then sends out five meridional
water tubes which traverse the body. The
whole skeleton and nervous system there
after differentiates under the same merid
ional gradients. The lower diagrams show
the contrasted pattern of dominant radial
gradients, found in the Crinoidea and in
the Asterozoa. Instead of growing along
meridians, the five water tubes are thrust
radially outward in the horizontal plane,

carrying the body wall and coelom with
them, and thus they produce the divergent,
radiating arms. The whole skeletal and
nervous system differentiates thereafter
under the control of such dominant radial
gradients, with the calyx alone retaining the
ancient meridional system, inherited from
the oldest known fossil pelmatozoans. Thus,
it now appears that these postlarval gradient
systems are a better clue to the phylogeny
of post-Cambrian echinoderms. The con
ventional classification which groups echin
oids, holothurians, starfishes, and brittle
stars in one assemblage, set apart from crin
oids, cannot possibly accommodate the facts
as now known.

(16) These inferences, though based
mainly on postlarval embryology and com
parative morphology, are not entirely de
pendent on such data, for the fossil record
supports them in most respects. The major
phylogenetic differentiations here deduced
are provisionally dated as not later than
Tremadocian time, though some may have
been earlier (fossil evidence being inade
quate). Persistent transitional forms may
be expected at later horizons. In one respect
the fossil evidence at present diverges from
these results in that the hypothesis predicts
the existence of mid-Cambrian pinnulate
pelmatozoans, whereas such forms have not
yet been found earlier than the Early Ordo
vician; however, such negative evidence
need not be treated as significant until an
exhaustive search has been made for pinnu
late pelmatozoans in (for example) Indo
Pacific sediments of Cambrian age, and of
suitable facies.

(17) The pluteus and auricularia larval
stages of echinoderms known to possess
them cannot be indicative of phylogenetic
affinities, for they imply relationships which
are demonstrably false. The larvae may
have arisen as a response to similar tem
porary food-gathering phases in the life
histories of groups not closely related. The
evolution of such phases awaits clarifica
tion. On the other hand, the ontogeny of
the postlarval stages is entirely consistent
with morphological evidence from adult
echinoderms and with paleontological evi
dence.
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In addition to chapters on cystoids, para
crinoids, edrioblastoids, parablastoids, blas
toids, and eocrinoids, the description and

discussion of lepidocystoids given in the
Addendum (p. 5627) belong in this section.
Crinoids are allotted entirely to Part T of
the Treatise.
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GENERAL FEATURES

Cystoids are extinct pelmatozoan echino
derms characterized by having a theca of
numerous plates provided with distinctive
pores. The animals may be presumed to
have led an essentially sedentary existence,
feeding on microscopic organisms or detri
tus gathered by their armlike appendages,
termed brachioles. Most kinds were an
chored by a short column (Fig. 32).

As a group, the Cystoidea are not notable
as guide fossils. Let it be understood that
most cystoids were small populations, re
stricted within small geographic provinces.
Very few left a record of abundant speci
mens, and many species are so rare that
they are known only from the holotype.
Echinosphaerites aurantium (GYLLENHAAL),
it is true, achieved widespread distribution
and phenomenal numbers, but it is prop
erly stressed as the exception. In most for
mations, cystoids are a very minor faunal
element.

What cystoids lack in abundance they
make up for in diversity. Their differences
are so pronounced that most kinds of
cystoids can readily be fitted into a taxo
nomic key. The hierarchy of suprageneric
categories is defensible. At first glance, the
classification seems to be too involved, with
too many superfamilies for the number of
families and toO many families for the
number of genera; however, this impres
sion is misleading, and each taxon is justi
fied. The unusually high ratio of families
to genera does reflect and emphasize the
paucity of the paleontologic record. The
cystoids made known to science in the last
half century have filled in details in some
vague sections of the cystoid picture; but
they have also disclosed unexpected new
extents of the panorama. In the light of
the heterogeneity of cystoids already de
scribed, one anticipates the discovery of
additional genera, quite possibly additional
families and superfamilies.

The Cystoidea have invited comparison
with several other groups of echinoderms.
Several paleontologists have speculated
upon the possible ancestry of the cystoids
and their relation to other taxonomic units.
By their symmetry and shape, cystoids re
semble blastoids; by their organization of

plates into circlets, some show similarities
to crinoids; and by their thecal division into
ambulacral and interambulacral areas, some
are like echinoids. Nevertheless, cystoids
are none of these. They lack such com
plicated respiratory structures as the hydro
spires of the blastoids, they are encased in
a theca unlike the calyx and tegmen of the
crinoids, and they have a covered peristome,
not an open mouth like that of the echin
oids. Other differences could be mentioned.
The column and the ambulacra, for ex
ample, are uniquely developed in the cys
toids. Hence, the Cystoidea constitute a
discrete class.

Certain authors have suggested that the
early cystoids were ancestors of the blastoids
and echinoids. Others would not commit
themselves to as strong a position, but main
tained that the primitive blastoids were very
similar to Cystoblastus or Asteroblastus,
and primitive echinoids to Lepidocalix or re
lated cystoids. The implication is that the
cystoids or their immediate forebears gave
rise to other taxa of echinoderms. This
realm of supposition generated schools of
proponents for this or that genus as the
special progenitor of another class. Until
more echinoderms are intensively investi
gated, evolutionary hypotheses involving
classes remain inconclusive.

For one reason or another, most paleon
tologists have avoided the cystoids. Sig
nificant advances in studies of morphology
and taxonomy have been sporadic. Because
of the very few workers who have devoted
much effort to classification of cystoids, the
literature is not extensive. It is scattered,
however, through several journals and text
books and over a protracted period. The
most important contributions have been
made by GYLLENHAAL (56), who recognized
the animal nature of the fossils and placed
them in the echinoderms; by VON BucH
(29-31), who set the cystoids apart as a
taxon; by MULLER (90), who outlined the
primary bases for classification; by BATHER
(8-15), and JAEKEL (68-72), who presented
detailed systems of classification; and more
recently by REGNELL (99-105), who filled
in details of cystoid morphology and clari
fied pelmatozoan taxonomy. Other workers
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FIG. 32. Reconstruction of sea floor in southern Indiana during Richmond (Late Ordovician) time, showing
(A) Lepadocystis moorei (MEEK), (B) ramose bryozoans, (C) small brachiopods, and (D) edrioasteroids

in natural association (75).

advanced cystoid studies from time to time,
but generally they were concerned with de
scriptions of new species or with particular
divisions of the Cystoidea.

In recent years, the only paleontologists
who have attempted concerted investiga
tions of cystoids are Prof. GERHARD REG
NELL, of the Paleontologisk-Geologiska In
stitutionen at Lunds Universitet, Sweden,
and Prof. R. F. GEKKER [HECKER], of the
Paleontologiskii Institut of the Akademiya
Nauk, Moscow, Russia. Both have very
graciously offered suggestions on classifica
tion. Prof. GEORGES UBAGHS, of the Labora
toire de Paleontologie of the Universite de
Liege, Belgium, has kindly presented his
opinions on certain dubious cystoids and
provided me with latex casts which clarify
the position of Rhombi/era. To each of
these authorities, assistance given is grate
fully acknowledged.

The aspects which have best support are
the intricate relationships among genera
and suprageneric taxa. Of special interest
is the sudden culmination of the Cystoidea.
The first unquestioned cystoids appeared in
Early Ordovician time. In the following
epoch, more than three-fourths of the fam
ilies were represented. For the most part,
the 22 families and seven superfamilies of
Cystoidea are clear-cut entities.

Whereas the classification of cystoids is
now reasonably satisfactory, despite some
dubious genera, the paleontologist can
plausibly anticipate refinements. The most
deficient field of our knowledge centers on
the paleoecology of cystoids. Progress has
been halting, and likely will so continue.
The position of the Cystoidea among Paleo
zoic echinoderms can only be set forth on
the basis of morphology; the degree to
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which this reflects phylogeny will not be
soon decided. Nevertheless, the known
variety of shapes, thecal pores, ambulacra,
plate arrangements, and forms of periproct,
hydropore, and gonopore will undoubtedly
increase as new cystoids are discovered. At
the same time, the evolutionary trends with-

in families will assume sharper definition.
As stated by REGNELL (105), "Some future
finds may have far-reaching consequences.
But isn't it so that what makes Palaeontol
ogy such a fascinating study is, in part, the
very fact that so much of the Past remains
to be revealed in the Future?"

MORPHOLOGY

THECAL PORES
Whether or not they are considered to

be the sole criterion for the class, thecal
pores must be granted precedence in any
discussion of cystoid morphology. Certainly,
within the Crinozoa the nature of thecal
perforations assumes taxonomic significance,
and within the Cystoidea it is used to differ
entiate the two orders. Thecal pores are
here discussed according to their form, their
supposed function, and the manner in
which they operated.

FORM OF PORES
Thecal pores are in one or the other of

two main forms: those in which complete
units are confined in most specimens to one
thecal plate (Fig. 33,8) and those in which
each unit is invariably shared by adjacent
plates (Fig. 33,9). The first is characteristic
of the Diploporita and the second of the
Rhombifera. Although the two types have
been called diplopores and pore rhombs,
these designations are somewhat mislead
ing, for not all pores confined to individual
plates are paired and not all pores shared
by plates are arranged in rhombs. For con
venience, nevertheless, these terms will be
employed.

DIPLOPORES

The diplopore type of thecal pores may
well be older than pore rhombs, despite the
reference by REGNELL (99) to "the fact that
the Rhombifera appeared, as far as known,
earlier than the Diploporita." The Middle
Cambrian doubtful genera Lapillocystites

and Pilocystites from Bohemia appear to be
related to the diplopore-bearing genera of
the Aristocystitidae. If these Bohemian
forms are remains of cystoids, then the
Diploporita are definitely older than the
Rhombifera.

The classic development of diplopores is
found in such genera as Asteroblastus (Fig.
33,4), Sphaeronites, and Glyptosphaerites,
in which the pores are not only distributed
in pairs, but each pair lies within a distinct
depressed area (the "Porenhof" of JAEKEL,
69; "fossette" of CHAUVEL, 33), and the as
sociation is further emphasized by a sur
rounding rim (Fig. 33,6). In whatever ori
entation or wherever present on the theca,
the pores are invariably paired in such
cystoids, leading to the conclusion that the
two pores of each pair acted as a unit. In
most fossils, the canals leading to the open
ings have the form of a Y set normal to
the surface of the plate in which they occur
(Fig. 33,11).

Not all pore units confined to single plates
are so regular. In fact, a large spectrum can
be assembled to illustrate various degrees
of irregularity. The most irregular of the
pores have been termed haplopores (Fig.
33,10). Neither "diplopore" nor "haplo
pore" precisely express the development of
thecal pores in some cystoids, which have
intermediate stages with some pores more
or less paired and others obviously not
paired at all (Fig. 33,5).

In Aristocystites bohemicus, JAEKEL (69)
described the peripores as bent, twisted,
meandering, and branched, so that the

FIG. 33. Structure of thecal pores and plates.--l. Echinosphaerites (L.Ord.-U.Ord.), with outer layers
scaled off to show ornamentation of epitheca and underlying tangential pore canals (69).--2. Pseuda
ristocystis dagon (BATHER) (M.Ord.); 2a,b, polished surfaces to show pores in thecal plates (11).--3.
Pachycalix halli (ROUAULT) (M.Ord); 3a, section through theca showing mouth and anus; 3b, enlarged
sectwn through thecal plate; 3c.d, casts of thecal pores (34).---4. Asteroblastus foveolatus (EICHWALD)

(L.Ord.), section through thecal plate (69).--5. Codiacystis bohemica (BARRANDE) (M.Ord.), section
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through thecal plate (69).-6. Dactylocystis schmidti JAEKEL (M.Ord.), section through thecal plate
showing pore canals and peripore (69).-7-9. Generalized cross sections and surfaces of thecal plates
bearing haplopores (7), diplopores (8), and subepithecal pore rhombs (9) (34) .--10,11. Generalized

sections through haplopores and a diplopore (125).
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paired pores are more distant than in Meso
cystis and Codiacystis, and some peripores
have supernumerary pores. The related
descendant in America, Trematocystis, has
a complicated set of surficial grooves with
irregularly spaced pores. In his discussion
of peripores or fossettes, CHAUVEL (34) dif
ferentiated various kinds according to their
arrangement, (1) more or less radially dis
posed pores on each plate (e.g., Calix, Sino
cystis), (2) pores placed more or less parallel
to the long axis of a plate (e.g., Sphaero
nites lobiferus) , and (3) pores arranged
horizontally on adambulacrals (e.g., Proto
crinites, Dactylocystis). CHAUVEL also noted
the different shapes of peripores as ellipti
cal (e.g., Calix), subcircular (e.g., Codia
cystis), horseshoe-shaped (e.g., Hippocystis) ,
vermicular (e.g., Aristocystis) , polygonal
(e.g., Tholocystis) , and in pustules (e.g.,
Sinocystis) .

Some pores are nearly or quite closed
over by an epithecal layer. This occurs in
Trematocystis in much the same fashion,
according to JAEKEL (69), as epitheca covers
the tangential pore canals in the rhombi
feran Echinosphaerites. The nature of epi
theca became the subject of disagreement
between REED (98) and BATHER (13) re
garding cystoids from Yunnan. REED differ
entiated Sinocystis from Ovocystis partly
on the basis of the presence of an epithecal
covering of diplopores in the former and
its absence in the latter. BATHER studied the
type species of Sinocystis and reported on
the rounded elevations containing the pore
pairs that "as it grows upwards there is
certainly a tendency for the epistereom to
block the pores, but I was unable to con
vince myself that it ever actually succeeded."
In consequence, he made Sinocystis and
Ovocystis synonyms, and stated that if epi
theca did close diplopores, it should be
interpreted as a character of old age. Ac
cording to BATHER, the pore canals of
Sinocystis became ensconced in epitheca,
in some specimens a pair of pores opening
at the summit of a tubercle and in others
several pairs occurring in a fused structure
which he termed a turret.

In the Sphaeronitidae, an inverse corre
lation appears to be recognizable between
size and number of the pores, whereby pores
tend to be small and numerous or large
and few.

Another trend is for pores to become
localized. An outstanding example is found
in the Dactylocystidae, in which the diplo
pores are limited to the brachiole-bearing
"adambulacrals." The peripores are mostly
horizontal, set between brachiole facets. On
the "adambulacrals" the individual pores
are larger, longer, more nearly aligned
parallel, and much fewer in the Dactylo
cystidae than in the Protocrinitidae. In the
Asteroblastidae the pores are concentrated
on interambulacral plates in the adoral part
of the theca; this is especially well demon
strated in the five special pore-bearing plates
of Asteroblastus. In Glyptosphaerites lcuch
tenbergi the pores are concentrated in the
adoral part of each plate, as illustrated by
REGNELL (99), and in species of Eucystis
the diplopores are mostly limited to the
adoral half of the theca.

It may be emphasized that diplopores oc
cur in both ambulacral and interambulacral
positions. In the Protocrinitidae they are
about as numerous on the interambulacral
plates as on the "adambulacrals," and in
the Glyptosphaeritidae they are distributed
about evenly in the two positions. Where
localization occurs, the diplopores may be
restricted to ambulacral positions, as in the
Dactylocystidae, or concentrated in inter
ambulacral plates, as in the Asteroblastidae.

In the multiplated Aristocystitidae, some
specimens show diplopore-free areas of ir
regular shape and magnitude on the sides
of the theca, as illustrated by BARRANOE
(3). Cystoids attached by the base of the
theca lack diplopores on the "sole" or area
of attachment. Furthermore, CHAUVEL (34)
claims to have observed pores near the base
in Codiacystis moneta much more devel
oped than those on the rest of the theca.

A peculiar disposition of pores occurs in
a cystoid from the very low Middle Ordo
vician strata of Burma described by BATHER
(11) as Aristocystis dagon. This species
was made the type of Pseudaristocystis by
SUN (123) and the type of Dagoncystis by
CHAUVEL (34), who refused to acknowledge
SUN'S genus on the ground that the form
of the name suggested a lack of true rela
tionship to Aristocystites; irrespective of its
being appropriate, Pseudaristocystis has
priority. The remarkable circumstance in
the pores of P. dagon is that the canals in
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the central area of each plate perforate it
at right angles to the surface, but those in
the marginal area curve to become normal
to the suture and lead to adjacent plates
(Fig. 33,2a,b). Thus each plate contains
two kinds of pore canals, one nearly per
pendicular and resembling a haplopore and
the other with more horizontal develop
ment and resembling a unit of a pore
rhomb. In view of its stratigraphic posi
tion, Pseudaristocystis cannot be the an
cestor of both the Diploporita and Rhombi
fera, but its existence lends support to the
very tempting supposition that a similar
cystoid may have held such a distinction.

PORE RHOMBS

Just as not all pores confined to one thecal
plate conform to the classic concept of
diplopores, not all pore rhombs are ex
pressed as pectinirhombs. The canals of
some are concealed by epitheca, and the
pores in others are not arranged in a rhomb.
Each unit of a pore rhomb, however, is
shared by two adjacent thecal plates. Such
a unit and its openings were termed dicho
pores by JAEKEL (69, 71), who substituted
Dichoporita for Rhombifera as the name of
the order. In general, each of the four
superfamilies of Rhombifera-the Glypto
cystitida, Hemicosmitida, Polycosmitida,
and Caryocystitida-possesses a distinctive
type of pore rhomb.

In many of the Glyptocystitida, the
rhombs have long slits for openings, so that
FORBES (51) called them "pectinated
rhombs," and others have since termed them
"pectinirhombs." In many genera (e.g.,
Cheirocrinus, Fig. 34,2, Glyptocystites, most
callocystitids) the long, narrow, parallel slits
bear a strong resemblance to the slots in
a comb; but in other genera of the super
family (e.g., Echinoencrinites, Erinocystis)
some species have the openings reduced to
small ovals. The slits are always paired,
one in each plate, and the two halves of a
rhomb are approximately mirror images
(Fig. 34,1,2). The number of pores varies
greatly; some species of Erinocystis have
only a few in each half-rhomb, whereas
Pseudocrinites gordoni has more than 100
in a half-rhomb.

110st pore rhombs have the shape of a
rhomb, each half-rhomb occupying a sector

of the polygonal plate, a triangle bounded
by two radii and one side of the plate. Some
rhombs, however, are reduced to just half
of this area, each half-rhomb filling half
of a sector. These are called demirhombs,
and the pores in a demirhomb form a chev
ron more or less symmetrical with respect
to the plate suture. Demirhombs are mostly
limited to genera with numerous pore
rhombs (e.g., Cheirocrinus, Glyptocystites,
Cystoblastus).

Whether developed as full rhombs or as
demirhombs, the pectinirhombs can be
classified by the distribution of pores. In
some cystoids (e.g., Leptocystis) the two
pores are confluent in each unit of the
rhomb, so that open slits extend from one
plate into the other (Fig. 34,1). According
to the classification proposed by BATHER
(12), such pore rhombs are conjunct (Fig.
35). In contrast, pore rhombs in which each
unit or dichopore has a distinct and separate
opening in each plate are said to be disjunct
(e.g., Cheirocrinus penniger and the major
ity of other Glyptocystitida, Fig. 34,2). In
Cheirocrinus interruptus (and perhaps in
one or more other cystoids with which I am
not acquainted), each unit has more than
one pore in each plate and the pores are
so arranged as to form concentric rhombs;
this rare type BATHER called multidisjunct
(Fig. 35). To these types, SINCLAIR (1l8)
added montidisjunct, to apply to disjunct
pore rhombs in which one of the half
rhombs has a rim surrounding the pores
(Fig. 36,lb,c). 110st of the Silurian and
Devonian Glyptocystitida are montidis
junct, but the outstanding example is
/aekelocystis, in which one half-rhomb of
each pair is reduced to a small subcireular
opening provided with a spoutlike rim.

During the geologic history of the Glypto
cystitida, the number of pore rhombs was
reduced to three and the positions of these
rhombs were stabilized along the sutures be
tween plates designated as basal 2 and in
fralateral 2(B2 / IL2), lateral 1 and radial
5 (L1 / R5) and lateral 4 and radial 3
(L4 / R3). An Ordovician species of Glypto
cystites has as many as 14 pectinirhombs,
and some Ordovician cystoids of the family
Cheirocrinidae have even more. In contrast,
none of the Glyptocystitida younger than
Early Silurian have more than three rhombs.
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FIG. 34. Diagrammatic sections across pores (la, 2a, 3a), top views of pores (lb, 2b, 3b), and sections along
pores (le, 2e, 3e) in selected cystoids.--l. Leptoeystis (L.Ord.-L.Sil.), typical of conjunct pectinirhombs in
Glyptocystitida.--2. Cheiroerinus (L.Ord.-U.Ord.), typical of disjunct pectinirhombs in Glyptocystitida.
--3. Caryoerinites (M.Ord.-M.Sil.), typical of pore rhombs in Hemicosmitida (69). [Explanation: pi,
inner pore folds; pic, internal end of pore canal; pg, pore canal; ps, pore slit; ptb, intra-slit space; pth,

external pore; pw, pore wall; y, plate center; Z, suture.]

The stable positions of the three show an
unusual relationship in the theca: in the
adoral half of the theca, rhombs L1 / R5
and L4 / R3 are on opposite sides in pos
terior and anterior areas, and the third
rhomb, B2 / IL2, is at the aboral left, di
agonally opposite to the periproct. As thus
arranged, the alignment of the pore units

is such that those in each rhomb are nearly
at right angles to those of the other two.

Very little information is available on the
actual nature of the internal extensions of
the pores. From the few reports of struc
tures, the units seem to be folds projecting
inward from the thecal wall. Inasmuch as
these folds are seldom preserved, they ap-
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FIG. 35. Three principal types of pectinirhombs
(12) .

pear to be uncalcified in most specimens
and to be replaced post-mortem in the few
examples in which they are found. The
descriptions of these folds leave considerable
doubt as to whether they are composed of
inward extensions of the epitheca or of an
inner hypothecal layer of plate material.

It should be pointed out that the intra
rhombic platform which separates the pores
of one plate from those of the other in
disjunct pectinirhombs attains only about
half the thickness of the rest of the thecal
plate, as illustrated by KESLING & MINTZ

(75) in Lepadocystis moorei and by KES

LING (74) in Rhombi/era bohemica. Pos
sibly, the two pores of each unit were con-

conjunct disjunct multi disjunct

nected by a canal or tube that did not pro
ject into the thecal cavity but, instead, lay
close under the intrarhombic platform.

A second type of pore rhombs is found
in the Hemicosmitida and exemplified by
Caryocrinites. It strongly resembles the
pectinirhomb type except that the pores ter
minate externally in tubercles covered by
epitheca (Fig. 34,3). The canals leading
into the tubercles are branched near their
distal ends in some species; as a result,
weathered specimens in which the epitheca
has been removed are described as having
sieveIike end pores. In Caryocrinites, the
units were evidently quite regular, since
each pore-bearing tubercle is directly op
posed to its mate in the adjacent plate. In
some species of Hemicosmites, however, the
pores are irregularly distributed, so that it
is impossible to match pores of one plate
with those in another, at least with any
degree of assurance.

A third type has horizontal tubes within
the plates which curve inward at each end
to the interior of the theca. These are
termed tangential pore canals. They typify
the Caryocystitida. The whole of the rhomb
structure is concealed by the epitheca, and
the nature becomes apparent only in
weathered specimens in which the outer

10

lb

1c

Lovenicystis Strebi lecyst ites

FIG. 36. Ambulacral and pore-rhomb structures of cystoids.--l. Lovenicystis (U.Sil.); la, ambulacrum,
covering plates in upper (proximal) section, flooring plates removed to show impressions on thecal plates

in lower (distal) section; lb,c, examples of montidisjunct pectinirhombs (99).--2. Strobilocystites (M.

Dev.-U.Dev.); 2a, section of ambulacrum with brachioles restored; 2b, ambulacrum showing two kinds of
alternating flooring plates, ambulacral groove, and lateral branches leading to brachiole facets (120).
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FIG. 37. Diagrammatic section across pores (a), top view of a pore (b), and section along a pore (c) in
selected cystoids. --1. Stichocystis (M.Ord.), typical of pore rhombs in Polycosmitida.--2. Heliocrin

ites (L.Ord.-U.Ord.), typical of simple tangential pore canals in Caryocystitida.--3. Echinosphaerites

(L.Ord.-U.Ord.), typical of compound tangential pore canals in Caryocystitida (69). [Explanation: pc,
pore; pg, pore canal; pI, pore canal wall; z, junction of plates; y, center of plate.]

covering has been removed. Within this
type of pore rhomb are two subtypes. In
the first, the terminal portions of the canals,
more or less vertical, are connected by a
single tangential canal (Fig. 37,2); this sub
type is exemplified by Heliocrinites. In the
second, the terminal portions are connected
by more than one canal, so that the num
ber of tangential pore canals outnumbers
the terminal sections leading to the interior
(Fig. 37,3); this subtype is exemplified by
Echinosphaerites. In the latter, the epitheca
in some specimens is very thick and the
plates bear concentric markings, revealing
nothing of the kind of pores present (Fig.
33,1).

The last-cited type of pore rhombs is the
most difficult to interpret. As preserved in

cystoids of the Polycosmitida, the pore sys
tem consists of a number of inclined canals,
with no trace of inner or outer covered
tubes connecting those of one plate with
those of the other. In the family Polycos
mitidae the pores are irregularly arranged,
lacking clear association on the two thecal
plates concerned. In the family Stichocysti
dae, however, the pores are arranged in
rows leading from one plate onto the other
(Fig. 37,1). Normally, as preserved, the
pores are perforations through ridges, with
the same number on one side of a suture
as on the other. Those farther from the
suture are more inclined, suggesting that
each ridge of pores may have developed in
the Stichocystidae in much the same man
ner that the pores formed in the Caryo-
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cystitida, but with repetition of inclined
canals leading to the interior; neither epi
theca nor canals connecting pores have ever
been observed.

FUNCTION OF PORES
Although most authors ascribe a respira

tory function to thecal pores, there is not
yet universal agreement. The use for res
piration was stressed by many authors
PANDER (93), VON BUCH (31), VOLBORTH
(136), MULLER (90), BILLINGS (23), JAEKEL
(69), and others. Some differences of opin
ion on the mode of fulfilling this function
are noted below.

BATHER (10) suggested that in large
canals of the haplopore type, connective
tissue or stroma gained access from within
the theca to the outside, where it spread
out as a thin covering layer. This was en
dorsed by DELAGE & HEROUARD (37).

KIRK (76) supposed that free-living cyst
oids may have developed tube feet for
locomotion, inasmuch as the brachioles
were poorly suited for this purpose. Evi
dence in support of this possibility was
offered by CHAUVEL (34).

In 1941, GENEVIEVE DELPEY (who mar
ried HENRI TERMIER and with him pub
lished many joint papers and books) pro
posed that pectinirhombs were balancing
organs (38). She was impressed by the
arrangement of the dichopores in the three
rhombs of late Rhombifera at right angles
or nearly so. SINCLAIR (118) discussed this
theory, noting that even in the most special
ized of the Glyptocystitida, he could not
ascertain exact perpendicularity of the three
sets of pores, as would be the probable dis
position for organs of balance. He further
declared

Even in Pleurocystites, which seems most special
ized for a vagrant life and therefore most in need
of accurate knowledge of its position, there is no
precise arrangement of the rhombs.... It is es
sential for an organ of balance that the otoliths be
shielded from any influence other than the move
ment of the animal. Usually the otocysts are
either completely within the body or open to
the exterior by a very small pore. In Callocystites
we find the rhombs open for most of their length,
and each rhomb surrounded by about 40 ciliated
brachioles each creating a current of water....
I think the contrast between this structural ar
rangement and that necessary for a functioning
proprioceptor is too great for reconciliation.

TERMIER & TERMIER (125) again suggested
a balancing function for pectinirhombs.

BATHER (10) published a figure of a
hypothetical glyptocystitidan cystoid in
which he included pore rhombs in all loca
tions known on the theca. In this composite,
he supposed that the lack of pore rhombs
signified the course of the gut. In 1913,
BATHER (12) corrected his figure to add ad
ditional rhombs, and in 1948, SINCLAIR
(118) noted another. The accompanying il
lustration (Fig. 38) includes still others that
have been reported in the Glyptocystitida.
BATHER (10, 12) thought that pressure of
the gut against the thecal wall prevented
formation of pore rhombs.

SINCLAIR (118) explained the distribution
as an association of pore rhombs and in
ternal coelomic pouches. He pointed out
that the gut is adequately supplied by water
and that the water-vascular system is fur
nished contact with the outside by the
hydropore, but that the coelom, being in
ternal, is in need of a special respiratory
mechanism. From BATHER'S (10) recon
struction of the imagined primitive pelmato
zoan ancestor, SINCLAIR proposed that the
basal pore rhomb, on the suture between
basal 2 and infralateral 2 (B2 / IL2), served
to aerate the right posterior coelom and
that upper rhombs aerated the left posterior
coelom. With regard to the rhomb-free
zone around the theca, he stated, "There
are no rhombs along its [the gut's] course,
not because pressure inhibited them, but
because the presence of the gut precluded
that of the coelom, and the rhombs were
functionally connected with the latter:' In
Figure 38 one or the other of the alternative
courses for the rhomb-free zone are present
in any selected species.

A very positive expression of conviction
was that of REGNELL (99), who said, "Nor
can it be doubted nowadays that they [the
pores] performed a respiratory function
being-besides the ambulacral and ali~
mentary systems, the only organs by which
aerated water could come into contact with
the body-fluids for oxygenation by osmosis.
And it is likely that the main respiration
took place by the pores."

OPERATION OF PORES
The interpretation of how the pores func

tioned is dependent upon the interpretation
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FIG. 38. Generalized plate diagram of a glyptocystitidan cystoid, with plate designations by REGNELL

(adopted in the Treatise): B, basal; IL, infralateral; L, lateral; 0, oral; R, radial. Ambulacra are indi
cated by oblique ruling on orals and radials. Pore rhombs are shown in all positions known in the
Glyptocystitida. Alternative hypothetical courses of the gut are indicated by dotted lines along one or

another rhomb-free path present on each cystoid. Plates of A-ray shaded (10,12 mod.).

of the epitheca, of the external appendages
associated with pores, and of the ambula
cral system. Various combinations of rea
soning on these factors have led to strongly
divergent conclusions.

First, the epitheca (or epistereom, as
termed by some writers) has been inter
preted, according to CHAUVEL (34), as (1)
membranous, in some instances mineralized
after death of the cystoid, (2) the site of cal
cification more or less advanced, or (3) a
continuous calcareous layer. In this con
nection, REED (98) considered that a thick
layer of epitheca covered the tubercles and
concealed the openings of diplopores in
Sinocystis, whereas BATHER (13) stated,

It is difficult to believe that the closing of true
diplopores by epistereom can ever have been
a normal character of the adult in any species:
the structures seem so clearly adapted for the
passage of some aerating organs (papulae)
through the test; and the very fact that the epi
stereom does grow up in tubercles and turrets
indicates the constant outward extension of those
organs.

Depending upon whether one accepts or
rejects the hypothesis of a continuous cal
careous epitheca, two alternative explana-

tions of the circulation of fluids may be ad
vanced with respect to respiration: external,
with water introduced from outside (BILL
INGS, 23), or internal, acting as reservoirs
(BERNARD, 17).

The epitheca in Echinosphaerites, for ex
ample, seems so thick and distinctively or
namented (Fig. 33,1) that it is difficult to
conceive of it as the post-mortem calcifica
tion of a soft membrane on the surface of
the theca. On the other hand, it is equally
puzzling to explain the functioning of pore
rhombs in many cystoids if the epitheca was
a dense layer of calcareous deposits. It is
worthy of note here that, were it not for
the presence of the epitheca in the Hemi
cosmitida and Caryocystitida, all types of
pore rhombs would show rather close re
semblance.

KIRK (76) thought that contact with an
exterior object promoted the growth of
secondary stereom, thus accounting for the
layer covering over the diplopores in the
area of attachment for certain specimens of
Aristocystites.

The nature of external appendages, if any,
has occasioned much speculation. The
theories are predicated upon the interpreta-
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tion of the epitheca. In the original assign
ment of cystoids to the animal kingdom,
GYLLENHAAL (56) took the diplopores as
attachments for ambulacral feet, so that he
compared the globular Sphaeronites to
echinoids. MULLER (90) astutely noted the
interambulacral position of diplopores in
many Diploporita, and therefore denied
that diplopores were ambulacral pores.
Nevertheless, LovEN (81) continued to re
gard GYLLENHAAL'S interpretation as a bril
liant deduction, and stated (translation by
REGNELL, 99),

There seems also to be little reason for doubting
the pediceIIar character of the geminous pores in
Sphaeronis, Eucystis, Glyptosphae,-a, Protoerinus,
Mesites, the less so since the want of a decisive
proof in this regard is supplied, in some degree
at least, by the occasional preservation of the
actual pediceIs in a contemporary form of Echin
oids, Botryocidaris Pahleni. ...

Whereas the taxonomic position of Both
riocidaris may be open to question, its struc
ture does not corroborate the nature of
diplopores in the Diploporita, as stressed by
REGNELL (99).

KIRK (76) also supposed that free-living
cystoids may have developed tube feet for
locomotion. His interpretation has received
recent support. CHAUVEL (34) reported that
in Codiacystis moneta, canals of the aboral
corona are larger than those on the rest of
the theca, a situation that he analyzed as
robust tube feet or tentacles by which the
animal could attach itself for support or re
lease itself at will, the rest of the theca being
covered by respiratory structures. Inasmuch
as the brachioles are inadequately con
structed for propulsion, CHAUVEL was con
vinced that fixation and movement could
have been taken over by tube feet in forms
that were unattached as adults.

The respiratory function of external tube
feet or tentacles connected with the am
bulacral system through diplopores was sug
gested long ago by PANDER (93), VON BuCH
(31), and others.

BATHER (13) reached the conclusion that
canals served to conduct a liquid (probably
coelomic) in osmotic connection with the
surrounding medium, the fluid entering at
one pore and leaving by another terminat
ing distally in a papilla. He did not, it must
be remembered, think the epitheca con
stituted an impervious, continuous layer.

Later, BATHER (14) referred to the hypo
thetical external structures as papulae and
compared them with the podia of echinoids,
saying that both "subserve aeration by an
up-and-down current of the contained
fluid."

REGNELL (99) considered that a papula
or papilla may have projected from each
diplopore, with a circulation through the
canals quite independent of the ambulacral
system.

CHAUVEL (34) presented two hypotheses
whereby the structures associated with di
plopores (and possibly pore rhombs as well)
could have an ambulacral origin: (1) the
internal ambulacral system in the primitive
cystoid had ramified canals and numerous
podia distributed over all the theca, which
by specialization came to constitute one
group of ciliated tentacles devoted to feed
ing and another, little changed, used for
respiration; or (2) the primitive echino
derm may have had two absolutely inde
pendent systems, one a number of ciliated
grooves for feeding and the other an am
bulacral system; in the Asterozoa, radial
symmetry early affected both systems
equally, so that they came to be associated
(food grooves and ambulacra in radial posi
tions); but in the cystoids, resistant to penta
merism, only the food grooves were affected
and the ambulacral system remained dif
fused and leading to podia. The restriction
of diplopores to ambulacral areas in Dac
tylocystis and Estonocystis were cited as ex
amples favoring the second hypothesis,
wherein the pentamerism was extending its
influence to diplopores as well as food
grooves.

These hypotheses, as admitted by CHAU
VEL, have against them the fact that cystoids
show no traces of water canals under plates
forming the ambulacral grooves, such as
occur in all living echinoderms, from which
proliferations lead to the podia.

Still another suggestion on diplopores has
emerged. From the pustular form of the
diplopores in certain cystoids, CHAUVEL (34)
was moved to raise the question of the
possibility that some of the Diploporita
possessed an appendicular skeleton, pro
vided with movable spines like those of
echinoids. Later, TERMIER & TERMIER (125)
interpreted Lepidocalix as a cystoid bearing
such spines.
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No final conclusion regarding the nature
of external protuberances, the origin and
operation of diplopores, or the limits of the
ambulacral system can be attained at this
time. The form of fossil cystoids strongly
suggests a respiratory system operating
through the pores and completely separate
from the feeding system.

THECA

SHAPE AND SIZE

The theca varies drastically in shape.
Some of the rather bizarre forms have
taxonomic value, so that the quadrate
spindle shape is unique to the Rhombiferi
dae, the asymmetry caused by a protuberant
periproct is characteristic of the Echinoen
crinitidae, and the pentremite shape sets the
Cystoblastidae apart from all other families
of the Rhombifera.

Many authors have stressed that the
primitive cystoid was saclike. Perhaps, if
the Middle Cambrian Lapillocystites and
Pilocystites really represent cystoids, this is
true. Among unquestioned cystoids, how
ever, the Lower Ordovician forms include
the ovate Cheirocril1us, the strongly asym
metrical Eril10cystis with protruding peri
proct, the subspherical Echil10sphaerites and
Sphaerol1ites, and the pentremite-shaped
Asteroblastus. It would be difficult to de
fend any of these as typical of the ancestral
cystoid.

The size of the theca shows great range.
It is difficult, to be sure, to determine that
a small specimen is an adult, but Cysto
blastus leuchtel1bergi appears to have ma
tured with a height of theca less than 7 mm.
On the other hand, Calix reaches a height
of 40 cm.; this is an extreme, and the major
ity of cystoids do not exceed a few cm. in
height, exclusive of the column and
brachioles.

THECAL OPENINGS

In most cystoids, the theca has five open
ings in addition to the thecal pores. These
are mouth (with peristome), anus (with
periproct), hydropore, gonopore, and open
ing at base leading into the column. The
mouth and periproct are invariably present,
in one form or other. Some cystoids have no

detectable hydropore, a few lack any trace
of a gonopore, and some have no basal
opening, either having no column at all or
casting it off while very young and sealing
the opening by a cicatrix.

The mouth is usually at the oral pole,
although there are exceptions. It is covered
by a roof of small plates continuous with
those of the ambulacra, displaying varying
degree'S of regularity in the biserial ar
rangement. The shape of the opening may
be subquadrate and large (e.g., Tremato
cystis) , long and narrow (e.g., Schizocystis),
or relatively small (e.g., Callocystitidae).
In the Caryocrinitidae, the mouth is hidden
by a "tegmen" of specialized plates, giving
it the appearance of a crinoid.

The position and the size of the periproct
are subject to extreme variation. Insofar as
is known, the gut in all cystoids discharged
through a valvular anal pyramid. In some,
this pyramid filled the periproct. In the
Pleurocystitidae, in contrast, the periproct
filled nearly all of one side of the flattened
theca, the small anal pyramid situated in an
embayment in the aboral right corner, and
the remainder of the vast area plated by
numerous (as many as 1,500) tiny plates
called "periproctals." In many of the Callo
cystitidae, the anal pyramid was bordered
by a ring of small quadrate plates called
accessory plates.

The periproct in Sphaerol1ites is situated
quite close to the mouth, separated by only
a narrow bar of plate material; it is in such
close proximity that the anal pyramid is in
contact with the covering plates of the
peristome. In contradistinction, the peri
proct in Eril10cystis surrounds an opening
at end of a prolongation formed by thecal
plates, directed aborally, so that the peri
proct may be farther removed from the
mouth than is the column. Between the
two extremes, most cystoids have the peri
proct slightly above mid-height. The posi
tion of the periproct is used in generic
diagnoses in some families.

THECAL PLATES

The thickness of the thecal plates also
shows extremes. A few cystoids have such
thin plates that the specimens suffer from
distortion. The plates in most species are
less than 2 mm. thick. In contrast, Pachy-
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FIG. 39. Growth by interstitial addition of plates.--l. Aristocystites bohemic/ls BARRANDE (M.Ord.);
la, stage 1, in which plates are subequal, XO.8; lb, stage 2, in which secondary plates have been inserted
in circlets.--2. Calix sedgwicki ROUAULT (M.Ord.); 2a, stage 1, Xl; 2b-d, stage 2, in which secondary
plates develop as rhombs, pentagons, or hexagons, Xl; 2e-!, stage 3, in which circlets of plates are intro
duced between primary and secondary circlets. [P-primary plates; i'-secondary plates; in-tertiary

plates] (34).

calix pachytheca, as reconstructed by TER
MIER & TERMIER (129), is aborally very
thick, with plate material occupying more
than half of the total diameter near the
base; they report a thickness of 2 em.

In the cystoids, the number of plates com
prising the theca, exclusive of the many
segmented brachioles, ambulacra, peristom
ial covering plates, anal pyramid and peri
proctals, and columnals, is strongly stabil
ized in some families and diverse in others.
The Glyptocystitida have a pattern of 24
basic plates in such regularity that excep
tions are noteworthy. The Hemicosmitida
are also remarkable for the consistency of
plate number and arrangement in its gen
era. On the other hand, Calix is known to
have about 2,000 small plates in its theca.
Numerous genera have over 100 plates in
the theca.

As discussed below under "Ontogeny,"
cystoids show two growth patterns, one in
which the individual plates increase by
peripheral additions, and the other in which
new plates are added interstitially. All cyst
oids with numerous thecal plates in the
adult stage show evidences of the second

pattern at some stage of development, with
large initial plates and smaller secondary
plates (Fig. 39). In some, the secondary
plates are inserted in cycles between the
initial plates, and even tertiary plates may
be introduced in cycles.

In the Glyptocystitida, with 24 basic
plates in the theca, the genera can be closely
compared and distinguished by the plate
arrangement. For convenience, a system of
plate designations is used. Long ago,
FOREES (51) introduced a system of num
bering that still finds adherents (Fig. 40).
Starting with the plate in the aboral circlet
which is normally provided with a half
rhomb, he numbered the plates consecutive
ly in sequence spiraling adorally to the
right; thus the four plates of the basal
circlet are numbered 1 to 4, those in the
next are 5 to 9, and the oral circlet contains
20 to 24. Perhaps the most prominent, and
certainly the most persistent, devotee of
this system was BATHER. The greatest diffi
culty in using this system occurs in cystoids
in which plates of two adjacent circlets are
intercalated; the numbers have significance
as a series only in cystoids which conform
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FIG. 40. Generalized plate diagrams of glyptocystitidan cystoids (plates of A-ray shaded), with designa
tions by FORBES and BATHER (above) and by JAEKEL (below) (12).

to a rather idealized pattern, and the pre
cise location of any given plate is hard to
remember.

DESIGNAnONS OF PLATES

JAEKEL (69) introduced a system of desig
nations recognizing the association of thecal
plates in circlets (Fig. 40), calling the ab
oral circlet basalia (b), and succeeding circ
lets infralateralia (I), mediolateralia (I'),
radiolateralia (I"), and deltoidea [sic] (l"').
Within each circlet, the plates were num
bered in sequence from right to left, starting
with the posterior region for basalia, media
lateralia, and deltoidea [sic1 and with the
left posterior ambulacral region for infra
lateralia and radiolateralia. By this method,
the hydropore-bearing plate became /'''1 and
the hexagonal basal plate bJ,.

Essentially the same system but with more
conveniently written symbols was proposed
by REGNELL (99), and his system is fol
lowed in this study (Fig. 38). The basals
are designated as BB, infralaterals as ILL,
laterals as LL, radials as RR, and orals or
deltoids as 00. The singular is formed by
dropping the terminal letter. Thus, the
hydropore-bearing plate is 01 and the
hexagonal basal is B4.

Considerable difficulty is encountered in
applying this system to the Hemicosmitida.
The problem centers upon the question of
whether the plates of this superfamily are
homologous to those in the Glyptocystitida.
MOORE (89) favored homology, and use?
FORBES" system of numbered plates in Hemt
cosmites and Cal'yocl'inites. The possibility
remains, however, that through evolution
the Hemicosmitida and Glyptocystitida had
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diverged so far, by the time the fossil rec
ord is known, that homologies are obscure
and confused. In emphasizing the resem
blance of these cystoids to the crinoids,
BATHER (10) called plates of the aboral cir
clet in Caryocrinites and Hemicosmites in
frabasals, of the next basals, and of the next
radials. The smaller plates in excess of five
in the radial circlet were referred to as in
terradials. In Heterocystis, the ten plates of
the second circlet were designated accord
ing to the nearest ambulacrum. Regardless
of the symbols employed, it is obvious that
the Hemicosmitida do not have plates un
questionably homologous with those in the
Glyptocystitida.

Similar problems are met with in trying
to accommodate the plate system of the
Glyptocystitida to that of the Asteroblasti
dae. Whereas the plates generally conform
to the glyptocystitidan pattern, the circlets
of Asteroblastus contain extra or super
numerary plates in the region of the peri
proct. This "anal series" has no counter
part in other cystoids.

AMBULACRAL SYSTEM
GENERAL FEATURES

By ambulacral system is meant the struc
tures housing conduits leading to the oral
opening presumed to be the mouth. Pre
sumably, the chief function was food gather
ing, but in cystoids in which the gonopore
is atrophied, the appendages may have
played a role in reproduction, as do the
arms and pinnules of crinoids. The latter
function cannot be disproved, although it
seems unlikely that the genital system could
have been hypothecal in some and exo
thecal in other cystoids that were morpho
logically similar in most respects. There is
no assurance that the ambulacral system of
cystoids was homologous in its entirety to
that of other pelmatozoans. The possibility
that the thecal pores may constitute part
of the ambulacral system has already been
discussed.

The ambulacral system, as treated here,
includes the brachioles-biserial erect ap
pendages-and the ambulacra-structures
upon the theca housing conduits leading
from the brachioles to the mouth. The con
duits or passageways for food are covered

over by small biserially disposed plates, both
in the brachioles (Fig. 36,2a) and in the
ambulacra (Fig. 36,la). The parts lying
within the ambulacra are called the ambula
cral grooves (Fig. 36,2b).

Brachioles in most genera are long, taper
ing, unbranched appendages, consisting of
biserial platelets arranged to form a trough
and smaller biserial platelets serving as cov
ering plates. A surprising exception is
Caryocrinites ornatus SAY. In this species,
FOERSTE (47) discovered pinnulate free
arms, in which both brachials and pinnulars
are biserial. The biserial character of the
pinnules readily differentiates them from
the uniserial pinnules of crinoids.

Wherever a brachiole is disarticulated
from the rest of the cystoid, as happens in
numerous specimens, its juncture with the
ambulacrum is marked by a brachiole facet
(Fig. 36,2b). The configuration of this facet
strongly suggests that musculature con
trolled the movement of the brachiole.

The number of brachioles varies greatly.
Pleurocystites possessed only two, which
were strongly constructed and as long or
longer than the theca (Fig. 41). In contrast,
Mesocystis had about 1,000 brachioles, which
were short and delicate (Fig. 42). The
number of brachioles can only be stated as
commonly occurring within the family, in
asmuch as those families with an extensive
representation contain some cystoids which
depart appreciably from the average for the
family.

Nearly all ambulacra are on the outer sur
face of the theca. The only discrepancy from
this usual location may be Cystoblastus.
According to JAEKEL (69), the ambulacra
are inserted in clefts in the radial plates so
that they extend to the inside of the theca.
JAEKEL was strongly impressed by this sup
posed arrangement, and concluded that
Cystoblastus was the most remarkable cyst
oid known, admirably displaying all the
structures requisite for an ancestor of the
blastoids; indeed, in 1918 he placed it as a
"Vorform" in the Blastoidea. From speci
mens subsequently discovered, YAKOVLEV
(143, 145) presented a new interpretation of
Cystoblastus, wherein the force of JAEKEL'S
contention of blastoid-like structures was
seriously weakened. The possibility exists
that the ambulacra of Cystoblastus were
deeply entrenched within the thecal plates,
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but did not actually penetrate completely
through them; the answer to the condition
of the ambulacra lies in finding additional
specimens, carefully sectioning the ambula
cral areas, and studying the preservation.

Apart from Cystoblastus, cystoids have
two types of ambulacra. In the first, the

groove lies within flooring plates which are
attached to the surface of the theca. In the
second, the groove is incised in thecal plates
themselves. Both types have tiny covering
plates.

Flooring plates are well developed in the
Glyptocystitidae and the Callocystitidae.
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FIG. 41. Diagrammatic oral projections of ambulaeral systems (69, Kesling, n).
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Characteristically, they consist of large and
small plates alternating on each side, with
a large plate on one side opposite a small
one of the other to produce a kind of
biserial placement (Fig. 36,la). Many spe
cial forms evolved. In Pseudocrinites, the
flooring plates attained remarkable thick
ness, whereby the ambulacral groove was

perched rather far out on a palisade of
flooring plates. In Jaekelocystis, the flooring
plates were also thick, but so deeply en
trenched in the thecal plates that the am
bulacra were nearly flush with the general
surface of the theca. In Glyptocystites, the
flooring plates are thin and loosely attached
to the theca, from which they readily scale

Gomphocystites

Glyptosphaerites

,,,

,
,.

Mesocystis

Callocystites

5 Lepocrinites 6 Pseudocrinites

FIG. 42. Diagrammatic oral projections of ambulacral systems (69).
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off with weathering. In Cheirocrinus, the
flooring plates, if they exist, are very thin
and indistinct.

In those cystoids which lack flooring
plates, the ambulacral grooves may wander
over thecal plates indiscriminately, as in
Glyptosphaerites, or they may be confined
to series of regularly alternating special
thecal plates called adambulacrals, as in
Dactylocystis, Estonocystis, Protocrinites,
and others.

Whether flooring plates are present or
lacking, the ambulacra vary in length. In
Pseudocrinites and Revalocystis, the am
bulacra not only extend from the mouth
to the aboral end of the theca, but in some
specimens are even known to encroach onto
the column. In contrast, the brachioles of
Pleurocystites and many of the Sphaeroni
tida rise in close proximity to the mouth,
so that the ambulacra, if any can be dis
tinguished, are very short. Many families
(e.g., Echinoencrinitidae, Cheirocrinidae,
Glyptosphaeritidae, Gomphocystitidae) have
ambulacra of intermediate length.

BRANCHING OF AMBULACRA

The character of branching in ambulacra
has considerable taxonomic significance. In
the Glyptocystitida, branching of the main
grooves occurs normally only in the family
Callocystitidae; the set of flooring plates
divides into two sets of flooring plates, com
monly at some distance down on the theca,
and these may subdivide further so that the
ambulacral grooves assume a dendritic pat
tern (Fig. 42, Callocystites). Schizocystis
presents a special case in which the lateral
branches are short, curved, and irregular.
The spiral ambulacra of the Gomphocystiti
dae extend short branches only from the
convex side (Fig. 42, Gomphocystites). The
Dactylocystidae and Protocrinitidae send
out very short lateral branches to the alter
nating adambulacral plates. In the Sphaero
nitidae, the ambulaera branch immediately
from the peristome, extending relatively
short branches in a distinctive pattern;
those in Sphaeronites splay out fanwise
(Fig. 41), those in Archegocystis all curve
clockwise, and those in Codiacystis extend
subparallel in each ambulacral area (Fig.
41 ).

One interesting and curious aspect of
ambulacral branching is the manner in
which the brachiole facets of both Astero
blastus and Tholocystis come to be arranged
in the shape of a star, yet by drastically
different methods. In Asteroblastus, the
main ambulacral groove in each ambula
crum is straight; at an appreciable distance
from the mouth, each main groove sends
out lateral branches, nearly at right angles,
more or less alternating, and decreasing in
length distally (Fig. 41). As a result, the
ambulacral pattern of each ambulacral area
bears sharp resemblance to the branching
of a tree. On the other hand, T holocystis
has two main branches from each corner of
the peristome, diverging slightly at first
and then more sharply, with branches ex
tending from the outer side of the two
main branches (Fig. 41). Whereas both
genera have the brachioles in the form of
a star, each of the five apices in Astero
blastus is formed by one ambulacrum and
lies in an ambulacral position, but each apex
of T holocystis is formed by two ambulacra
and lies in an interambulacral position.

Most species are represented by too few
specimens to establish variation in ambula
eral development. In Jaekelocystis hartleyi,
study of 41 well-preserved specimens (KES
LING, 73) revealed one in which an ambula
crum was branched and three in which an
ambulacrum was not fully developed (Fig.
43). It is doubtful that any two specimens
have their four ambulacra in precisely the
same positions relative to the ambulacral
plates; the general location is nearly con
stant, but the ambulacra occupy slightly
different parts of the corresponding plates
and may obscure different sutures. The
specimen selected by SCHUCHERT (116) as
holotype and only known representative of
the type species of his genus Trimerocystis
may be interpreted as a Pseudocrinites with
a supernumerary third ambulacrum (KES
LING,73).

The ambulacra increase by distal exten
sion over the theca. As shown in Lepado
cystis, Brockocystis, and Glyptocystites, the
presence of a pore rhomb or rhombs athwart
the path of an ambulacrum normally seems
to prevent its further development. Some
specimens, however, show the "smothering"
of part of a rhomb by an ambulacrum. This
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FIG. 43. Variations in ambulacra in laekelocystis hartleyi SCHUCHERT (1. Dev.); 1, ambulacra typically
developed; 2, ambulacrum IV (B) short; 3, ambulacrum I (D) deformed; 4, ambulacrum I (D) aborted;
5, ambulacrum IV (B) bifurcate; 6, ambulacrum II (E) abutting on IV (D) (73). [Plate designations as

in Figure 38.]

physiological struggle between two systems
is discussed under "Ontogeny."

Certain published comments on ambula
era are misleading. JAEKEL (69) stated that
the ambulacra of Cheirocrinus are inserted
in indentations or "cut-outs'" of the radials;
instead, I find that the oral plates, on which
the ambulacra rest, have acuminate tips on
their junctures, which are set nearly hori
zontally on steeply inclined median folds
of the radial plates. The concept of am
bulacral insertion apparently stemmed from
the illusion engendered by the rather flat
crown set atop steep sides of the theca.

Some authors have referred to the long
ambulacra of certain Glyptocystitida as "re
cumbent"; actually, all ambulacra are re
cumbent, in that they lie on the surface of
the theca. Others have sought to distinguish
the ambulacra of certain cystoids as "exo
thecal"; this is no distinction at all, since
all ambulacral grooves have access into the
theca only through the mouth.

DESIGNATION OF RAYS

In designating particular ambulacra, sev
eral methods have been suggested. The
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FIG. 44. Cross sections through peristome, hydro
pore, gonopore, and periproct.--l ,2. Hypothetical
reconstructions of Glyptosphaerites (L.Ord.-U.Ord.)
and Callocystites (M.Sil.).--3. Young stage of

Antedon (Rec.) (69).

hydropore occupies the posterior interam
bulacrum. One system (introduced by CAR
PENTER, 1884), applied also to other echino
derms, designates the ambulacrum opposite
the hydropore by the letter "A," and in
clockwise direction (as the theca is viewed
orally) and others are marked "B" through
"E." BATHER (10) gave distinct rules for
orientation, with the ambulacrum opposite
the hydropore designated "anterior" and
the others "left anterior," "left posterior,"

Inasmuch as the hydropore and gonopore
appear to be combined in certain cystoids,
they are here discussed under the same
heading. Some authors call them the pri
mary pores. The two structures never occur
far removed from one another. Neither is
farther than the periproct from the mouth,
and typically both are close to the oral pole.
In Glyptosphaerites, the cystoid in which
the two are probably farthest apart, the
hydropore and gonopore are about equally
spaced between the peristome and periproct
(Fig. 44,1). In many of the Glyptocystitida,
the gonopore lies within the crescent formed
by the curved hydropore; and in such
genera as Jaekelocystis there is but one
opening. As JAEKEL (69) stated (trans
lated), "Here we must consider the possi
bility that, in the examples in which only
one of these primary pores is present, it
represents the opening of both canals."

As outlined by REGNELL (99), the gona
pore was misinterpreted for many years.
GYLLENHAAL (56), who first recognized the
echinoderm affinities of the cystoids, re
ferred to the gonopore of Echinosphaerites
aurantium as the anus. His interpretation
was followed by HISINGER (65), WAHLEN
BERG (139), VON BUCH (29, 31), EICHWALD
(42, 44), FORBES (51), HALL (60), BILL
INGS (20), with question by BARRANDE (3),
and in part by S. A. MILLER (85, 86). The
nature of the opening is said to have been
established first by ROEMER (1851). It was
recognized as a genital pore by LOVEN (80),
ANGELIN (1), CARPENTER (32), HAECKEL

"right anterior," or "right posterior;' ac
cording to their relative position. As noted
by JAEKEL (71), the terms "right" and "left"
introduce confusion, since the cystoid must
always be placed mouth upward with
hydropore-bearing interambulacrum next to
the observer in order for the terms to be
applied in consistent fashion. JAEKEL (68,
69) introduced a simple system using Ro
man numerals, in which "J" indicates the
first ambulacrum to the left of the hydro
pore and the others are numbered in se
quence clockwise. As explained in BATHER'S
(13) critique, REED (98) described cystoids
from Yunnan in extremely confused terms
of orientation.

HYDROPORE AND GONOPORE

stone canalring canal

(
~:..

esophagus ~A

/ / ~periProct
genital duct and gonad I

Glyptosphaerites

~~~7\
/ _~riProct

2 genital duct and gonad I
Callocystites

© 2009 University of Kansas Paleontological Institute



1a

1c

Lovenicystis

Morphology-Hydropore and Gonopore

5t robi locystites

S107

FIG. 45. Hydropore and gonopore features.--l. Lovenicystis (V.Sil.); la-c, posterior sector or oral region
showing various forms of hydropore and gonopore.--2. Strobilocystites (M.Dev.-V.Dev.); 2a,b, peri

stome and bipartite hydropore and pyramid-closed gonopore (99, 120).

(58), JAEKEL (69, 71), BATHER (10), and
subsequent authors. Contrary to previous
authors, who had correctly identified the
hydropore (under various names), S. A.
MILLER (85) interpreted it in part as the
anal opening. BARRANDE (3) and HAECKEL
(58) called the structure the fourth open
ing, although presuming, with question, its
function as a hydropore.

HYDROPORE-GONOPORE-DEFINED
GROUPS

The cystoids were divided by JAEKEL
(69) into three groups according to the
development of the gonopore, (1) the gono
pore situated below the hydropore, (2) the
gonopore combined with the hydropore, and
(3) the gonopore atrophied. To these, YAK
OVLEV (146) added (4) gonopore to the
left of the hydropore.

Much of the discussion of the hydropore
and gonopore has involved their possible
relation to a parietal septum. Some sort of
structure is indicated in a few cross sections
of specimens of Caryocrinites and on stein
kerns of Glyptosphaerites, Echinosphaerites,
and Echinoencrinites. These examples are
rare among the numerous cystoids that have
been studied. In the cross sections, the
structure is indicated by dark markings, and
on the steinkerns by a groove. It was inter
preted by JAEKEL (69) as a parietal septum,
a kind of mesentery forming an internal
meridional wall. From its position in the
posterior interambulacrum, the parietal sep
tum has been assumed to have a close rela-

tionship to the gonopore. A detailed investi
gation of Echinosphaerites, however, in
duced GEKKER [HECKER] (53) to question
the mesenteric interpretation, primarily be
cause of branching and ductlike circular
passageways of unknown significance.

Both the hydropore and gonopore occur
along sutures, although the fusion of thecal
plates in some specimens may tend to ob
scure the presence and location of sutures.
This is undoubtedly the result of the plates
growing around the pores and their canals
during the ontogeny of the cystoid.

The difference between group 1 (gono
pore below or aboral to the hydropore) and
group 4 (gonopore to the left of the hydro
pore) may not be as strong as emphasized
by YAKOVLEV (146). Even in such typical
representatives of group 1 as Pleurocystites,
Glyptocystites, and Lepadocystis, the gono
pore is situated to the aboral left of the
hydropore, rather than directly aboral to it.
The main distinction involves the location
of the two openings relative to the three
plates that commonly occur in the posterior
oral region. In group 1, the two are shared
by the middle and left plate; in group 4,
the gonopore is shared by the middle and
left plate and the hydropore by the middle
and right plate.

In the Glyptocystitida, which exemplify
group 1, the gonopore is a small circular
opening in nearly all genera, but the hydro
pore exhibits an evolutionary trend. In
Glyptocystites (M.Ord.) and Pleurocystites
(M.Ord.) the hydropore is an open cres-
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hydropore

FIG. 46. Protocrinites fragum (EICHWALD) (L.
Ord.). Diagrammatic plan of the posterior part of

the oral region (146).

centic slit curved around the gonopore; in
Lepadocystis (U.Ord.) bars develop across
the slit to form a grating; in Lovenicystis
(U.Sil.) the ends of the slit are greatly
dilated, so that the hydropore assumes a
dumbbell shape (Fig. 45,1); and in Lip
sanocystis (M.Dev.) and Strobilocystites
(M.Dev.-U.Dev.) the central part of the slit
is absent and the expanded ends are left as
two separate openings, one in each of the
pair of plates, with each provided with a
complex sieve structure (Fig. 45,2b).

The hydropore in Glyptosphaerites con
sists of irregular crenulate slits in a thick
ened triangular field. From the examples
illustrated by various authors, the hydro
pore in this genus may occur on the same
suture as the gonopore or on a suture to the
adoral right; thus Glyptosphaerites appears
to span groups 1 and 4. In A rchegocystis,
the hydropore is a curious hatchet-shaped
opening between the round gonopore and
the mouth. This structure finds expression
in Calix as a lobed plate with superficial
grooves.

The trend in the Callocystitidae for the
hydropore to divide into two parts has a
parallel in the gonopore. In certain speci
mens of Lovenicystis, as illustrated by
REGNELL (99), the gonopore comprises two
distinct round openings, one in each of the
adjacent plates (Fig. 45,lb). The gonopore
in several cystoids, including Pseudocrinites
and Echinosphaerites, has been found to be
closed by a tiny pyramid of triangular plates
(Fig. 45,2b). Possibly, other cystoids had
such closure of the gonopore, but the pyra
mids have not been preserved.

Group 2, in which the gonopore and
hydropore seem to be combined, is found in
several unrelated cystoids-/aekelocystis,
Eucystis, Gomphocystites, Hemicosmites,
Caryocystites, Sphaeronites, and others. In
Sphaeronites, the opening is small and cir
cular, located at the left of the anal pyramid,
which in this genus lies in exceptional prox
imity to the peristome; the size and shape
of this porelike perforation give it the aspect
more of a gonopore than a hydropore. In
contrast, the single opening of /aekelocystis
is large and provided with a sieve structure,
very much like half of the bipartite hydro
pore in the related Lipsanocystis and Stro
bilocystites. The majority of cystoids with
combined hydropore-gonopore openings,
however, are more nearly similar to Sphae
ronites.

Of the examples given by JAEKEL (69) of
group 3, those cystoids in which the gono
pore is atrophied or absent, the only genus
which has not been shown to belong to
other groups is Caryocrinites. In this cystoid,
the oral region is covered by a "tegmen" of
specialized plates, so that details of this part
of the theca are obscured. Possibly, a small
opening is present in the complicated crown,
and will yet be discovered. With all, how
ever, one cannot discount the possibility
that the crinoidal tendencies of Caryocrinites
in thecal organization, "tegmen," arms, and
column went even further, and that the
genital system was no longer internal, but
rather like that of living crinoids-located
in the arms. This seems highly unlikely,
but this genus has other features unique
among cystoids.

The best examples of group 4 are Proto
crinites and Cystoblastus, as established by
Y AKOVLEV (146). The hydropore of Proto
crinites is a slit, not unlike that in its con
temporaries of group 1 (Fig. 46). But that
of Cystoblastus is a large space perforated
like a sieve, in contact with the plate on
the right. As pointed out by YAKOVLEV,

the lateral locations of the openings in
Protocrinites can scarcely be reconciled with
an association with a vertical septum, as
presumed by JAEKEL (69).

The antiquity of the four groups is not
firmly established, and which is the primi
tive or ancestral form is a guess.
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FIG. 47. Protoerinites ol'iformis EICHWALD (M.
Ord.); 1, oral view, X 1.5; 2,3, aboral views of
very young and adult individuals, showing onto
genetic changes in which traces of the cicatrix of

columnar attachment are eradicated, XI (10).

FUNCTIONS OF HYDROPORE
AND GONOPORE

The function of the hydropore is pre
sumed to have been like that of the corre
sponding structure in modern echinoderms,
to admit water to the water vascular sys
tem through the stone canal. What use the
cystoid made of a water vascular system
is undetermined. As discussed above, sug
gestions have been made that the system
was ramified and connected to thecal pores,
or that it had nothing whatsoever to do
with the thecal pores but served in food
gathering in some manner.

The presumed function of the gonopore
to discharge products of internal gonads is
based on comparison with the gonopore
connected by a duct with the genital organs
in holothurians or with the dorsal organ
of the sexual system in crinoids, echinoids,
asteroids, and ophiuroids. Although grant
ing the connection of the orifice and the
sex system in cystoids, JAEKEL (69) never
theless chose to call it the "Parietalporus,"
mainly on account of the fusion with the
hydropore in certain genera.

COLUMN

2

anal pyramid

The presence or absence of a column has
limited taxonomic significance, as does the
form of the column. Because the columns
are detached from many thecae, and numer
ous columns are dissociated into columnaIs,
the structure is unknown or incompletely
known in many genera. Nevertheless, it ap
pears possible to group cystoids into three
categories: (1) those which lose the column
during youth, or perhaps never develop one
at all; (2) those in which the column is
flared at the junction with the theca, con
taining a wide lumen; and (3) those in
which the column is of about the same
diameter throughout its length, with a very
small lumen.

Protoainites oviformis EICHWALD IS

known to have a columnar facet in very
young specimens, but shows no trace of
the facet in adult specimens; the plates at
the aboral pole become strongly modified
during ontogeny, eradicating even a cicatrix
at the former position of the column (Fig.
47,3). Columns are absent in nearly all
genera of the Aristocystitidae. Calix has an

aboral terminal tubercle or spine. The ab
oral end of Aristocystites is indented and
cuplike or retains the impression of the
object to which it was attached. Some speci
mens of An'stocystites and Pseudaristocystis
have the aboral end crooked, logically in
terpreted to be so formed because the base
was attached and the remainder of the
theca bent down to live more or less pros
trate on the sea floor. In the Sphaeronitidae,
columns are never prominently developed
either. Eucystis occurs either with or with
out a column; if present it is very short,
and if absent the aboral end bears markings
of the object of attachment. Tholocystis is
noted for its kettle-shaped theca, with large
flat base or sale; it shows no traces of a
column. The enlargement of diplopores in
the aboral circlet of plates in Codiacystis,
as reported by CHAUVEL (34), has already
been discussed.

Among the rhombiferans, some cystoids
have weak columns. This is particularly
applicable to the Caryocystitidae, in which
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FIG. 48. Sections through proximal parts of the
column, showing association of two alternating
kinds of columnals.--l. Cheirocrintls (L.Ord.
U.Ord.).--2. St,'obilocystites (M.Dev.-U.Dev.)

(12, 120).

Caryocystites and Heliocrinites have small
facets at their aboral poles to which the
columns were presumably attached.

A few cystoids appear to have developed
substitutes for the column. Arachnocystites
has a thin, stemlike aboral protuberance of
alternating rows of tiny hexagonal plates.
To a lesser degree, Sinocystis possesses a
prolongation of the base as an unspecialized
stemlike section. Calix probably utilized
stout tubercles in the aboral region for sup
port, and Pachycalix pachytheca, as restored
by TERMIER & TERMIER (128), may have
kept upright by the sheer weight of the
thecal plates in the aboral region, like a
weighted flask.

The column in the Glyptocystitida and a
few other cystoids is wide at the junction
with the theca and tapers drastically in the
proximal part. The columnals differ con
siderably within each column; those close
to the theca are short, wide, and bear a
broad lumen, whereas those in the distal
section are high, narrow, and have a very
small lumen. Furthermore, in at least some
cystoids, the distal end of the column is
specialized to keep the animal anchored.
Thus, in Lepadocystis moorei, as reported
by KESLING & MINTZ (75), the terminus of
the column is variously modified by lobate

Cheirocrinus 2 Strobilocystites

processes which became attached to foreign
objects, growing around them for a firm
hold (Fig. 32). HALL (62) noted the curi
ous termination of the column in the re
lated genus Lepocrinites. In L. gebhardii,
the distal 15 or about that number of
columnals are ankylosed to form a club
shaped process, which was interpreted by
KIRK (76) as a ballast or drag.

The broad lumen may well have housed
musculature to control the attitude or posi
tion of the theca; such use in adjustment
was proposed by KIRK (76). The junctions
of the columnals in the proximal region is
such that great freedom of movement was
possible. An unusual arrangement of the
proximal columnals was described by
JAEKEL (69) for Cheirocrinus and by STAIN
BROOK (120) for Strobilocystites (Fig. 48).
In these cystoids, the columnals in the flex
ible section are of two sizes, alternating;
the wider rings have rims or flanges that
more or less conceal the narrower. Prob
ably, the disposition of the two kinds made
it possible for the larger columnals to move
over the outer surface of the smaller, in
sleeve fashion, while still maintaining the
strength and protection of a continuous
series of columnals. Perhaps this arrange
ment exists in other cystoids, but has not
been discovered.

Another bizarre form of proximal col
umnals is found in Brockocystis, as noted
by FOERSTE (48), wherein the column tapers
rapidly for about 12 columnaIs, the lower
end being set deeply in a cup formed of
about four greatly expanded columnals, be
yond which the column tapers rapidly to a
very narrow diameter; the whole structure
strongly resembles a kind of ball-and-socket
joint.

In sharp contrast to these broad-lumened,
tapering columns, the stem of Caryocrinites
strongly resembles that of a crinoid. It is
long, nearly constant in diameter, and has
a very small lumen. This form of its column
is only one of the ways in which Caryo
crinites approached the Crinoidea; it also
developed a "tegmen," arms, and a stout,
compact theca similar to the calyx of the
Camerata.
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GLOSSARY OF MORPHOLOGICAL TERMS APPLIED TO CYSTOIDEA

Relative importance of terms is indicated
by the type in which they appear: first rank
by boldface capital letters, second rank by
boldface small letters, and third rank (in
cluding obsolete terms, terms having cross
references, and synonyms) by italic small
letters.

abactinal. See aboral.
aboral. Located away from mouth; in direction

away from mouth; also called abactinal.
aboral pole. End of theca opposite mouth, in most

cystoids marking end to which column is at
tached.

actinal. See oral.
adambulacral. One of brachiole-bearing plates which

regularly alternate in paired vertical rows in
Dactylocystidae and Protocrinitidae.

adoral. Located toward mouth; in direction toward
mouth.

AMBULACRAL. (I, adj.). Referring to zone in
which an ambulacrum is present. as contrasted
with interambulac1'01. (2, adj.). Referring to an
ambulacrum or to ambulacra collectively, as in
ambulacral system. (3, n.). Broader of two types
of flooring plates, especially in Glyprocystitida;
see ambulacral flooring plates.

ambulacral covering plates. Tiny plates biserially
arranged and covering over ambulacral groove,
in some forms readily dislodged and rarely pre
served.

ambulacral flooring plates. Biserially arranged plates
of ambulacrum containing ambulacral groove and
attached to underlying thecal plates (with pos
sible exception of Cystoblastus, in which they
may be inserted in cleft in radial plate). Plates
are of two sizes, one broad and one narrow, ar
ranged biserially, whereby broad and narrow
plates alternate in each row, a broad plate being
aligned with a narrow plate in row on opposite
side of ambulacrum, thus forming a zigzag line;
broad plates called ambulacralia, ambulacrals, or
side-plates, and narrow plates called parambula
cralia, parambulacrals, or outer side-plates.

ambulacral groove. Groove through which food was
conveyed from brachioles to mouth, covered by
ambulacral covering plates; in some cystoids ly
ing within flooring plates as zigzag trough
(Glyptocystitida), but in others lying directly in
surface layer of thecal plates (Glyptosphaeritida)
or concealed by a "tegmen" (Caryocrinitidae).

ambulacralia. Broader of two types of ambulacral
flooring plates; also called ambulacrals or side
plates.

AMBULACRUM. Structure in which food was con
veyed from brachioles to mouth, always on sur
face of theca, never erect, exothecal (with pos
sible exception of Cystoblas!tIS, in which ambula
era may be in contact with interior of theca

owing to a cleft in thecal plates). Five ambulacra
in many cystoids, but number may be reduced
to 2. Length of ambulacra varies greatly, from
very short conduits, where brachioles are clus
tered near mouth (Aristocystitidae), to medium,
where brachioles are limited ro crown of theca
(Cheirocrinidae), to very long, in some ex
tending to base (Callocystitidae). Each ambula
crum consisting of ambulacral groove enclosed
by biserial covering plates; some ambulacra pro'
vided with flooring plates, others with groove
entrenched into thecal surface.

ANAL PYRAMID. Valvular structure of triangular
plates in periproct serving to close anus.

anal series. Plates in interambulacrum bearing peri·
proct in Hemiscosmitida and Asteroblastidae, so
called because they appear to be supernumerary
when plate system is compared with that of
Glyptocystitida; !Wt recommended, since plate
homologies are only inferred.

anterior. Located on side of theca opposite hydro
pore, or gonopore, or both.

anus. Exit of alimentary canal or gut, including
tissues as well as anal pyramid.

aperture. Any of major openings through theca,
commonly referring to mouth or anus but also
by some authors including hydropore and gono
pore.

arm. Major element in food-gathering structure of
Caryoerinites, which, unlike other cystoids with
simple unbranched brachioles, has arms of bi
serially arranged plates bearing biserial pinnules.

auxiliary plate. One of tiny plates bordering anal
pyramid and forming ring around inner edge of
periproct, present in many cystoids of Glypto
cystitida.

axial ridge. See radial ridge.
BASAL. (I, n.). Plate in aboral circlet, especially

one of 4 plates in this circlet in Glyptocystitida
and Hemicosmitida, designated as Bl, B2, etc.,
plural, BE. (2, adj.). Referring to aboral part of
theca.

base. Aboral part of theca, by some restricted to
. columnar facet but by others expanded to include

thecal plates of basal circlet or aboral circlets.
bipartite. Divided into 2 parts, especially used to

refer to glyptocystitidan in which one plate of
classic series is represented by 2 plates, as some
species of Cheiroerinus have Rl bipartite (2 plates
in position occupied by Rl in most other speCIes
of the superfamily).

BRACHIOLE. One of erect structures by which
food is gathered and transmitted to ambulacrum.
Brachioles reduced to 2 large tapering structures
in Pleurocystitidae, but numerous in most Glypto
cystitida, especially Callocystitidae, and abundant
in Mesocystidae, with as many as 1,000 in Meso
cystis. Each brachiole composed of biserial plates
and unbranched. Two rows of dorsal plates in·
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clude brachiole groove, and 2 rows of tiny ven
tral plates (also biserially arranged) roof it over.

BRACHIOLE FACET. Indentation where brachiole
was attached, commonly subcircular. Brachiole
facets on thecal plates in cystoids lacking ambula
eraI flooring plates (e.g., Glyptosphaeritida)
otherwise shared by an ambulacralium and par
ambulacralium (e.g., Glyptocystitida).

cicatrix. Scar, usually used for former position of
column in cystoids which apparently molt it
(e.g., Protocrinites).

CIRCLET. Plates which form ring around theca,
or which in classic type of Glyptocystitida form
such ring. Thus, B, IL, L, R, and 0 circlets
are present in glyptocystitidans; they arc called
complete, if circlet extends entirely around theca,
and interrupted, if plate of another circlet inter
venes in such manner as to separate 2 plates
adjacent in the circlet.

coelom. Supposed major unit of body comparable
with that known in living echinoderms.

COLUMN. Stemlike structure attached to aboral
end of most cystoids, fairly rigid in Caryoerinites
but in most other forms having proximal section
flared and flexible. Column presumably used
for anchoring cystoid, distal end known to be
variously modified in some species.

columnal. Unit ossicle composing column. Colum
nals in many species varying according to posi
tion in column, distal columnals longer, cylindri
cal, with narrow central canal, and proximal col
umnals shorter, ringlike, with wide lumen. Cer
tain proximaIs strongly modified in some cystoids
(e.g., Brockocystis).

columnar facet. Indentation in basal plates of theca
to accommodate proximal end of column, nor
mally circular.

complete. See circlet.
compound. See tangential pore canal.
conjunct. See pectinirhomb.
covering plate. See ambulacral covering plate and

peristomial covering plate.
crown. Oral region, especially applied to cystoids

having sharp boundary between steep lateral sides
and blunt, flat or gently convex oral region (e.g.,
Cheirocrinus), in which theca is adorally truncate,
with flat-lying 00 forming lidlike cap atop steep
RR.

deltoid. See oral.
DEMIRHOMB. Kind of pectinirhomb -.in which

pores are arranged in chevron, formed when suc
cessive pores arc developed on only one side of
first pore; rare except in Glyptocystitidae, Cheiro
crinidae, and Cystoblastidae.

diameter. Distance from point on theca to point
opposite, mostly used to indicate greatest distance
across theca equatorially.

DICHOPORE. Structure in pore rhomb, originally
proposed for complete unit of 2 terminal open
ings and their connection, but sometimes applied

to only terminal pore or slit in pectinirhomb.
Dichopores differ in superfamilies of Rhombifera
as explained in "Morphology," but each kind ex:
tends from one thecal plate to another.

DIPLOPORE. Structure penetrating thecal plate
and mostly confined to that plate; classic example,
as figured in texts, consisting of Y-shaped branch
ing canal or tube with 2 openings at outer end,
but canals which do not branch or which branch
irregularly are also included in diplopores by
some workers. Unbranched canals may be sep
arated as haplopores.

disjunct. See pectinirhomb.
divided. As applied to ambulacra, signifying that

ambulacral groove (exclusive of lateral branches)
bifurcates, each branch complete with flooring
and covering plates; taxonomically significant In

Callocystitidae.
EPITHECA. Outermost thin calcareous layer of

thecal plates, especially noted in Caryocystitida,
in which it covers tangential pore canals so that
pore rhombs are apparent only in specimens hav
ing epitheca weathered off. Epitheca in Echino
sphaerites composed of several thin laminae bear
ing concentric lines (probably growth lines).

epithek. See epitheca.
exothecaI. Outside theca, secreted by integument

not connected with that of theca. Ambulacra in
nearly all cystoids physically separated and dis
tinct from thecal plates and lying outside them.
In Cystoblastus, however, ambulacra may extend
through clefts in RR to interior of theca; never
theless, integument which secreted ambulacra
undoubtedly had form of 5 flaps apart from that
of theca and folded back to fit into clefts or
recesses in RR, so that even in this genus am
bulacra could be technically called exothecal.

/looring plate. See ambulacral flooring plate.
food groove. See ambulacral groove.
genital pore. See gonopore.
GONOPORE. Small opening in posterior region,

usually close to mouth, penetrating thecal plates.
Gonopore not detected in all cystoids; in Glypto
cystitida, lying on suture within plate 01. Some
gonopores closed by small valvular pyramid of
few pieces or plates.

gut. Supposed alimentary canal similar to that
known in living echinoderms. Course of gut
inferred; see rhDmb-free area.

HALF-RHOMB. That part of pore rhomb lying
within one thecal plate.

haplopore. Unbranched pore lying normally with
in one thecal plate; sometimes included under
broad interpretation of diplopore.

height. Distance between oral and aboral poles.
HYDROPORE. Opening or openings through thecal

plates in posterior region in vicinity of mouth,
variously developed as slit, group of irregular
slits, or sieve. In most cystoids, hydropore lies
between gonopore and mouth, yet in some it is
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offset to one side, in which case it is not farther
from mouth than gonopore. In Glyptocystitida,
hydropore lies within plate 01. Hydropore also
known as primary pore, madrepore, madreporite,
and water pore.

INFRALATERAL. One of circlet of 5 plates in
Glyptocystitida lying adoral to BB and aboral to
L circlet, designated as ILl, IL2, etc., plural ILL.

integument. Supposed exterior layer of tissue in
cystoids which secreted thecal and other plates,
similar to layer known in living echinoderms.

INTERAMBULACRAL. Referring to zone between
ambulacra, especially to thecal plates found there.

INTERAMBULACRUM. Part of theca between am
bulacra, in most cystoids present as meridional
zone or lune but in Gomphocystitidae strongly
modified by spiral ambulacra. Interambulacra dis
tinctly bordered in some families (e.g., Dactylo
cystidae) .

intercalation. In Glyptocystitida, arrangement of
thecal plates wherein those of one circlet extend
into zone of another circlet, separating plates or
parts of plates; extending plates sometimes said
to be "inserted" into other circlet.

interrupted. See circlet.
LATERAL. (I, n.). One of circlet of 5 plates in

Glyptocystitida lying between IL and R circlets,
thus about equatorial in many cystoids, desig
nated as Ll, L2, etc., plural LL. (2, adj.). Lo
cated on side of theca, as contrasted to oral and
aboral areas.

lateral branches. Short grooves from brachioles to
main ambulacral groove, roofed by tiny biserial
covering plates; in Glyptocystitida lying upon
flooring plates.

lumen. Central open space, applied particularly to
wide space in proximal columnals of many cyst
oids.

madrepore. See hydropore.
madreporite. See hydropore.
nlOntidisjttnet. See pectinirhomb.
MOUTH. Aperture at oral pole through which

food entered body from ambulacra, covered by
peristomial covering plates similar and continu
ous with those of ambulacra.

11lultidisjttnet. See pectinirhomb.
ORAL. (1, n.). One of circumoral circlet of 5 plates

in Glyptocystitida, designated as 01, 02, etc.,
plural 00; 01 containing hydropore and gono
pore, normally tripartite. Sutures between 00
in most cystoids obscured by ambulacra.

oral pole. End of theca containing mouth.
oral projection. Protuberance of oral pole, in Eehino

splzaerites set off by constriction, whereby theca
has phialine lip at mouth.

orifice. Any major opening through theca; used in
general sense, like aperture.

ornanunt. See ornamentation.
ornamentation. Surface features of thecal plates

(e.g., ridges, granules, tubercles, nodes, spines).
ottter side-plate. See ambulacral flooring plates.

papilla. Surficial mound associated with pore.
parambttlacral. See ambulacral flooring plates.
parambulaeralia. See ambulacral flooring plates.
parietal pore. See gonopore.
parietal septum. Longitudinal wall extending inward

from theca in posterior region, seldom preserved
but traces observed.

PECTINIRHOMB. Type of pore rhomb found in
Glyptocystitida, with units or dichopores ter
minating in perforations through thecal plates,
either as round pores or, more commonly, as
slits. If slits from one plate are continuous with
those of another, pectinirhomb is conjunct; if
slits of one plate are separated from those of
other by slit-free area, pectinirhomb is disjunct;
if each dichopore has line of slits in each plate,
instead of terminal slit only, pectinirhomb is
multidisjunct (rare, known in Clzeiroerinus in
terrttptus); and if slits in one half-rhomb are
surrounded by rim, pectinirhomb is montidis
junct.

peripore. Small rimmed fossette associated with
pores, commonly applied to rim enclosing pair
of diplopores.

PERIPROCT. Major thecal tract containing anal
pyramid and, in many species, additional plates;
extreme development attained in Pleurocystitidae,
in which periproct nearly fills one side of com
pressed theca. In many Callocystitidae, periproct
is filled by small anal pyramid and surrounding
ring of auxiliary plates.

periproctal. Any of small plates filling area between
anal pyramid and border of periproct, particularly
used in descriptions of Pleurocystitidae.

PERISTOME. Thecal tract associated with mouth,
especially peristomial covering plates.

peristomial covering plate. Any of small plates cov
ering mouth and continuous with ambulacral
covering plates which they resemble.

peristomial projection. See oral projection.
piece. Sometimes used for one of small triangular

plates in valvular pyramid, either anal pyramid or
small pyramid over gonopore.

pinnule. One of branches of food-gathering system
in Caryoerinites, biserial, and thus differing from
pinnules of crinoids; homologous to simple
brachiole in other cystoids.

plate. Any calcareous ossicle, normally flat, in cyst
oid; by some used only for thecal plates, but all
calcareous bodies formed serve as framework of
support for soft parts and constitute plates.

pole. See aboral pole and oral pole.
pore. General term for perforations in thecal plates.

It is better to use pore for openings of these per
forations and pore canal for perforation, but
usage has been confused on this distinction.

pore canal. Perforation in thecal plate.
PORE RHOMB. Group of perforations in thecal

plates, of which each end of perforation lies in
one of 2 adjacent plates. Ends may be exposed
(Glyptocystitida) or covered by epitheca (Hemi-
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cosmitida), and canal from one opening to other
may pass through stereotheca (Caryocystitida)
or under it (Glyptocystitida, Hemicosmitida).

pore slit. Form of pore in pectinirhomb. See dicho
pore.

posterior. Applied to interambulacrum containing
hydropore, in some forms also containing peri
proct.

primary pore. See hydropore.
RADIAL. (I, n.). One of circlet of 5 plates in

Glyptocystitida lying adoral to LL and aboral to
o circlet, designated as Rl, R2, etc., plural RR.
Most ambulacra extend to or over corresponding
radial. (2, adj.). Used as synonym of ambulacral
to signify zone in which ambulacrum is present;
use not recommended.

radial ridge. Ridge on thecal pia te passing from
umbo to side and commonly continuous with
similar ridge on adjacent plate; also called axial
ridge.

ray. Abulacrum.
"reCllmbent." Applied to long ambulacra, such as

those in Callocystitidae, but misleading, inasmuch
as all ambulacra extend back on theca and are
therefore recumbent.

r/zomb. See pore rhomb.
rhomb·free area. Zone around theca of glypto

cystitidan cystoid from mouth to periproct which
contains no pectinirhombs, interpreted as mark
ing course of gu t.

sculpture. Ornamentation of thecal plates, especially
strongly developed ornamentation.

side plate. See ambulacral flooring plates.
simple. See tangential pore canal.
skeleton. All calcareous parts of cystoid.
stem. See column.
stereom. Calcareous material of cystoid, in particu

lar that comprising thecal plates.
STEREOTHECA. Inner layer of thecal plate, thicker

than epitheca, containing tangential pore canals
in Caryocystitida.

stereot/zel(. See stereotheca.
subepithecal. Lying below epitheca, used in reference

to location of tangential pore canals.
s"bvectit'e appendage. See ambulacrum.
s"bvective groove. See ambulacral groove.
SUTURE. As used by most workers, boundary line

marking junction between 2 plates; in reality,
area of contact between 2 plates.

tangential pore canal. Subepithecal pore canal in
Caryocystitida which runs parallel to surface of
thecal plates and connects 2 pore canals normal
to inner surface of different plates; each tangential
pore canal extends through stereotheca of 2 ad
jacent thecal plates. If 2 pores normal to surface
and leading to interior of theca are connected by
only one tangential pore canal, that canal is said
to be simple; but if 2 are connected by more
than one, tangential pore canals are compound.

"tegmen." Structure in Caryocrinites and related
genera which covers mouth and ambulacral
grooves as plated roof; probably not homologous
to tegmen of a crinoid.

tcst. See theca.
THECA. Enclosure of plates In which body of

cystoid was housed.
THECAL PLATE. One of plates composing theca.
thickness. Distance through plate normal to its sur

face.
tripartite. Divided into 3 parts; in Glyptocystitida,

01, consisting of 3 plates, is said to be tripartite.
umbo. Central projection on thecal plate, part of

ornamentation.
l'alv"lar pyramid. Either anal pyramid or pyramid

covering gonopore in some species.
l'aINtle. One of triangular plates or pieces making

up anal pyramid or pyramid covering gonopore.
water pore. See hydropore.

ONTOGENY

THECAL GROWTH

MODES OF GROWTH

Two distinct plans of thecal growth can
be distinguished among cystoids. Insofar as
the theca alone is concerned, growth pro
ceeded by peripheral additions to plates
already present or by interstitial insertion of
plates. In the first plan, the total number
of plates appears to have formed very early
in the life cycle, each plate increasing in
size by holoperipheral growth. In the sec·
ond plan, the total number of plates can be
roughly equated with the ontogenetic stage
attained by the individual; the first-formed
plates tended to grow by peripheral increase

in such manner as to attain a much larger
size than plates interstitially inserted later
(Fig. 39). The mode of growth is an im
portant concept, for it seems certain that
the nature of pores and other features were
directly related or even controlled by it.

Thecal growth by peripheral additions to
plates is exemplified by cystoids of the
superfamily Glyptocystitida, in which de
partures from the basic 24 thecal plates is
so exceptional as to be worthy of note. It is
true, of course, that a few specimens have
been found with anomalous fusion of two
plates or division of one or more plates,
but no species is known to have irregular
intercalation of supernumerary plates. In
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this superfamily, a few genera exhibit a re
duction of plates (e.g., Cystoblastus, with
only four laterals; Glaphyrocystis, lacking
radial 4; Proctocystis, lacking radial 5; per
haps Pleurocystites, which seems to lack
lateral 5, and Sphaerocystites, which has
very small radials 1 and 4 or neither of these
plates). Some glyptocystitids possess a
bipartite radial 1 (e.g., certain cheirocrinid
species and possibly Glyptocystites). All
such variations are accorded taxonomic sig
nificance, attesting to the remarkable con
stancy of the number of plates in the wide
spread and diverse Glyptocystitida.

This superfamily is also noted for the
constancy of its pore rhombs, both in num
ber and in thecal position, by which genera
are distinguished. Each unit, called a dicho
pore by some, first appeared as a pore on
a suture, and became elongate perpendicu
lar to the suture by peripheral growth of
the two plates which shared it; each pectini
rhomb consisted of several to many dicho
pores. Plainly, the existence and mainte
nance of rhombs of this kind were possible
only in thecae with peripheral plate growth;
they would have been interrupted and de
stroyed by insertion of additional plates
along the suture. Rhombs will be discussed
in more detail below. It suffices here to
point out that rhomb-bearing plates of the
Glyptocystitida show concentric growth
lines, from which the shape and number
of dichopores in the rhomb can be deduced
at successive growth intervals of the plates.

The superfamily Hemicosmitida is like
wise noted for the constancy of plate num
ber and arrangement. Although the rhombs
are perhaps not as perfected as those in the
Glyptocystitida, the dichopores similarly
extend from one plate to the next, and owe
their continued development to peripheral
plate growth.

In the other two superfamilies of the
Rhombifera, the Polycosmitida and the
Caryocystitida, the number of plates is not
constant for a species, insofar as known.
From the variation in plate size noted for
certain specimens of Echinosphaerites, for
example, it appears that some of the smaller
plates were interstitially added after the
larger. In neither of the two superfamilies
were pore rhombs strongly developed; in
stead, they were numerous, present on near
ly all sides of each plate. From selected

illustrations, one is led to the impression
that the rhombs are dissimilarly developed
on the various sides of a plate. It seems
logical to presume that as soon as an addi
tional plate was inserted in the theca, it
started forming dichopores with adjacent
plates, and that peripheral growth pro
ceeded at the same rate in all plates, re
gardless of their time of formation; as a
result, the size of a rhomb would be pro
portional to the size of the smaller plate
sharing it (or to the length of the suture
between the plates) but not comparable with
all other rhombs of the specimen. This was
apparently the case.

Among the diplopore-bearing cystoids,
both types of growth also took place. The
ultimate expression of interstitial insertion
seems to have been in species of Holocystites
and related aristocystitids, whereby the
initial plates attained very large size, re
sembling platters set in a mosaic of small
pieces. By contrast, Asteroblastus possessed
a plate stability comparable to that of the
rhombiferan Cystoblastus.

From this discussion, the following con
clusions are derived: (1) diplopores could
form irrespective of the kind of plate
growth; (2) pectinirhombs could develop
only with peripheral plate growth; and (3)
small, dissimilar pore rhombs were char
acteristic of thecae with interstitial plate
insertion.

CHANGES IN SHAPE

Regardless of mode of growth, the theca
could change shape somewhat during
ontogeny. In particular, the largest (and
presumably gerontic) specimens commonly
differ from other adults. This change was
expressed in most species by progressive
elongation, so that spherical juveniles and
adults became pyriform in old age. Many
cystoids tended to become prolonged ab
orally. The alterations in shape were pro
duced in cystoids having peripheral growth
by differential rates in various plates, and
in those having the interstitial insertions
by addition of more plates in the oral re
gion than the aboral.

DEVELOPMENT OF PORE RHOMBS
In considering the manner in which

rhombs formed, it is necessary to bear in
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mind that the thecal plates were undoubted
ly encased in an integument, a layer of
"living skin" like that of present echino
derms. All calcareous deposits constituting
the fossil were secreted, at one time or an
other, during the lifetime of the cystoid.
In the Glyptocystitida, the complex and
very regular pectinirhombs began, un
doubtedly, as a single pore on the suture
between plates. Stages with only a few
pores in each rhomb have been found. As
the plates increased peripherally, as shown
by growth lines, the spot at the pore re
ceived no deposits from either plate, and
gradually was left as a dichopore slit from
one plate into the other. At the same time,
as the length of the suture increased, other
pores appeared along the suture on each
side of the slit. Thereafter, the process con
tinued, with periodic additions of new
pores at each end of the suture. Thus the
conjunct rhombs were developed. The pore
slits extending farthest from the suture lie
at the obtuse angles of the rhomb and were
the first-formed; the pairs at the ends of
the suture are closest together and were the
last-formed.

The disjunct rhombs required an addi
tional step. After the slit had grown to a
length characteristic of the species, the inte
gument began secretin~ a thin surficial
calcite along the edge of the plate, sealing
off the slit and creating a platform area
within the rhomb; this proceeded to apply
at intervals to dichopore slits on either side,
so that the intrarhombic platform area also
came to have a rhomb shape. In the rather
rare occurrences of multidisjunct rhombs,
such as in Cheirocrinus interruptus, the in
tegument alternately secreted and failed to
secrete along the sites of the pores, with the
result that additional slits were left along
the line connecting the distal (original)
paired dichopores. The multidisjunct rhomb
can be described as a series of concentric
rhombs, but this is misleading in terms of
its genesis; a more fitting description is a
pectinirhomb in which each dichopore is
represented by a row of slits.

No evidence of extensive alteration of
dichopores by subsequent resorption and
resecretion can be cited. Once formed, a
pore retained its position as the plate ex
tended peripherally. So it is not surprising

that the spacing of dichopore slits is con
stant for all specimens of a species, regard
less of their size.

With reference to the time of rhomb for
mation, certain anomalies are instructive.
A specimen of Pseudocrinites described by
SCHUCHERT (116) as P. abnormalis shows
the lower rhomb developed along the suture
between infralaterals 1 and 2 instead of the
normal basal 2 and infralateral 2, accom
panied by necessary alterations in shape of
aboral plates to accommodate the large
rhomb in the anomalous position. SINCLAIR
(117), mentioned a specimen of Glypto
cystites multipara with a rhomb on the
lateral I-radial 1 suture instead of the nearby
normal lateral I-lateral 2 position. This sup
ports SINCLAIR'S statement: "It seems that
the position of a rhomb was not fixed with
reference to a particular suture, but only
with reference to a given area of the theca."
If this is true, pores initiating the rhombs
developed in the very young cystoid before
the thecal plates assumed their definitive
form.

Another point in connection with the
ontogeny of pore rhombs concerns the
"smothering" of rhombs by ambulacra. In
some specimens, a part of a rhomb area may
be covered by an ambulacrum; invariably,
if pores on one side of the rhomb were pre
vented from forming, their counterparts in
the plate opposite did not develop. One may
interpret this, in terms of growth, as an in
stance wherein the exothecal ambulacrum
transgressed the plate suture at a time when
a dichopore was being formed. Both the
thecal plates and the ambulacral flooring
plates were coated with a layer of integu
ment, so that the initial bond between the
thecal plates and extending ambulacral
plates was not strong. When an ambula
crum grew as far as a pore rhomb, a physio
logical conflict appears to have developed
between the functions of respiration through
the pores and food-gathering by the ambula
crum. In the cases cited above, the ambula
crum was victorious and grew right on
across the pore area; but these were prob
ably exceptions. In most other cases, the
rhombs provided effective blockades for
ambulacral extension. Thus, in Lepadocystis
with two half-rhombs on radial 3, ambula
crum III grew only as far as the rhombs,
or projected its tip onto the narrow ridge
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separating the two rhombs. Similarly, am
bulacrum 1I1 in Glyptocystites was effec
tively blocked by the transverse lateral 3
radial 3 rhomb, to which it extended and
then apparently stopped distal growth. One
may judge that whichever occupied the part
of the theca first, rhomb or ambulacrum,
thenceforth prevented the other from utiliz
ing the particular area.

In large specimens of some species, the
process of pore addition ceased, and the
half-rhomb on each plate was moved far
ther away from the half-rhomb opposite.
In certain of the Callocystitidae, for ex
ample, one of the half-rhombs came to be
completely enclosed by a rim in the adult
theca. In a few Glyptocystitida (e.g.,
Jaekelocystis) the pores in adjacent plates
developed in different fashion, although
they were paired, of course.

Rhombs of the type found in the Hemi
cosmitida fall into this same ontogenetic
pattern, as do the rhombs with simple tan
gential canals in the Caryocystitida. In the
rhombs of Echinosphaerites, which possess
compound tangential canals, the formation
was somewhat more complicated. After
each pore was formed along the suture, the
integument proceeded to secrete small bars
across this area, then wider bars; the pore
canals, therefore, instead of developing as
single tangential tunnels through the plates,
became divided into several subparallel con
nections between each pair of pores.

DEVELOPMENT OF AMBULACRA

As the size of the theca increased, the
ambulacra kept pace by (I) increasing the
diameter or lateral extent by peripheral ad
ditions, and (2) extending the length by
addition of new terminal elements. Numer
ous excellent examples to illustrate this
mode of growth can be found in the Callo
cystitidae, in which the ambulacra are small
and short in the small specimens of the
species and larger and longer in more ma
ture specimens.

In many groups (e.g., Cheirocrinidae,
Pleurocystitidae, Caryocystitidae, Echino
sphaeritidae, and others) the ambulacra are
short, limited to the crown or apex of the
theca. Their ontogenetic development pro
ceeds slowly, with more emphasis on periph
eral extension than on terminal additions.

In such groups as the Glyptocystitidae,
and Callocystitidae, however, the ambulacra
grow in length more rapidly than in lateral
extent. In Lepadocystis moorei, for example,
juvenile specimens have short ambulacra
on the crown of the theca, mature individ
uals have ambulacra extending to the level
of the upper rhombs, and gerontic forms
have some ambulacra reaching below this
level (75); hence, the ambulacra grew more
rapidly than the theca. In Glyptocystites,
Callocystites, Pseudocrinites, Sphaerocystites,
and other genera, the ambulacra of the
adults reach almost or quite to the column,
crossing the entire theca meridionally; their
ambulacra are sometimes called "recum
bent," though this term is exceedingly mis
leading. The spacing of the brachiole facets
along the course of the ambulacrum does
not change much through ontogeny, proof
that the growth of the ambulacral plates is
mostly lateral, rather than in direction of
the length. In this group, however, the
adult has many more brachiole facets than
the juvenile. The significant mode of am
bulacral growth, therefore, is by addition of
terminal plates. The lateral growth of long
ambulacra evidently slows up, for many of
the callocystitid cystoids have ambulacra
with subparallel sides.

Inasmuch as the brachiole facets on the
ambulacral flooring plates retain nearly
their original spacing, the growth and ex
pansion of thecal plates must have r~9.ui:ed

continuous readjustment and repositIOnIng
beneath the nonexpanding bases of the floor
ing plates (KESLING, 73). This accounts, in
part at least, for the rather loose attachment
of ambulacra in most genera.

Branching of the main ambulacra, in
volving addition of new flooring plates, is
progressive (Fig. 49,5-9). Young individuals
have simple ambulacra; branches are added
later.

COLUMN
Certain cystoids (e.g., Protocrinites ovi

formis) have immature specimens with a
facet for column attachment and adults
with the base completely altered to obliter
ate all signs of such attachment (Fig. 47).
Presumably, as suggested by JAEKEL (69),
the disappearance of the column marked
the entry of the individual into a free ex-
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FIG. 49. Structures of Strobilocystites (M.Dev.-U.Dev.) and their variations.--l. S. calvini WHITE (M.
Dev.), restoration, X2.--2. Diagram of plates in nearly average specimen, except that B3 (4) is rather
small (plates of A-ray shaded).--3. Diagram of plates of aoomalous specimen in which IL3, U, and
RI are not developed (plates of A-ray shaded).-4. Anomalous reduction of sutures at B3-IL2-IL3-L3
juncture.--5-9. Ontogenetic series showing progressive branching of ambulacra.--IO.14. Variations

in anal pyramid and circlet of auxiliary plates (120). [Plate designations as in Figure 38.]© 2009 University of Kansas Paleontological Institute
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istence. In Protocrinites the stem had been
cast off and only a scar remained in a
specimen 11 mm. in diameter.

Certain of the Aristocystitidae probably
never possessed a column, for their flexible
aboral region is found variously conform
ing to the shape of objects to which they
were attached.

On the other hand, the column of Caryo
crinites grew relatively very long, much
more like the stem of a crinoid than the
generally short, tapering column in cystoids
of other families.

PERISTOME AND PERIPROCT
The major thecal openings of the mouth

and anus commonly are surrounded by
rather small, irregularly arranged plates
which are classed as belonging to the
peristome and periproct, respectively. These
areas required alterations in the curvature
of bordering plates in order to increase in
size. It must be reasoned that the plates ad
jacent to the peristome and periproct could
undergo some marginal resorption, as well
as differential peripheral growth.

PALEOECOLOGY

It should be understood from the start of
discussion that paleoecological literature on
cystoids is fragmentary, mostly in the form
of annotations or remarks appended to sys
tematic descriptions. It should be further
admitted that the occurrences of cystoids are
not generally reported with details of the
burial attitude, associated fauna, lithology
of the enclosing strata, or distribution
throughout a sequence of beds. Without
such basic data, a comprehensive treatment
of paleoecology cannot be accomplished.

Certain factors may be considered. In
more than a century of purposeful collect
ing, several species are known from only
one or two specimens; some of these are
types of the only known species of their
genera. Only a few species are known to
have widespread geographic distribution.
One species may be locally abundant. Many
cystoids were able to exist without a col
umn. Columns, where developed, are of
several kinds. Brachioles are not power
fully constructed elements of cystoids. Food
could enter the ambulacral system only
through the gap between opened tiny bi
serial plates on the brachioles. The number
of thecal pores varies greatly, both as diplo
pores and haplopores in the Diploporita and
as pore rhombs in the Rhombifera. Thecae
occur in laterally compressed, elongate, and
spherical shapes with drastic extremes in
symmetry. These differences in abundance,
distribution, and morphology have been
studied independently and irregularly,
whereas they probably have coherent rela
tionships.

Even if one is convinced that evolution
of cystoids resulted from dramatic muta
tions, monogeneric families based on mono
specific genera can scarcely be explained ex
cept as evidence of poor paleontologic rec
ord. Conversely, widespread and abundant
species (e.g., Echinosphaerites aurantium)
may be well represented because of very
fortunate circumstances of preservation and
discovery. Nevertheless, insofar as reports
are concerned, some species appear to have
been represented by small, restricted popula
tions and others to have been cosmopolitan
and prolific.

From the narrow openings present in the
brachioles, even when the covering plates
were fully opened, one must conclude that
the cystoids could only ingest microscopic
particles. Irrespective of their possible motil
ity, none of the cystoids could have fed upon
large animals. KESLING & MINTZ (75) noted
that Lepadocystis moorei was preserved in
excellent condition on slabs bearing bryo
zoans, small brachiopods, and edrioaster
oids, other "filter-feeders," and theorized
that current eddies may have provided a
more or less continuous rain of microscopic
life or debris to the community. This im
plies that cystoids may have thrived only in
restricted areas where food was abundantly
provided. SINCLAIR (119) described nu
merous Cheirocrinus in close proximity as
probably living in colonies with the distal
end of the column embedded in the soft
bottom sediment. STAINBROOK (120) had
interpreted the abundant Strobilocystites as
inhabitants of a quiet sea bottom on which
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fine mud was accumulating, associated with
small brachiopods, bryozoans, and aulopor
oid corals but no nektonic or planktonic
forms.

The crowding together in a favorable area
was noted by BILLINGS (20), who studied
60 specimens of Glyptocystites multipora
well-preserved on a shale slab two yards
square. He offered the opinion that they
formed a colony growing at considerable
depth in clear water, and were buried alive.
Specimens of Echinosphaerites occurring in
great banks, densely packed in certain strata
containing more clay than adjacent cystoid
free beds, were differently interpreted by
HADDING (57), who thought their environ
ment to be quiet water near the shore.

One of the principal problems of paleoe
cology is eleutherozoic adaptations of the
cystoids, including the means and extent of
their motility. KIRK (76) made a special
investigation of such tendencies for all the
Paleozoic pelmatozoans, dividing them into
three groups: (1) those retaining jointed
columns throughout life, but not using
them for permanent attachment; (2) those
losing most or all of the column at some
stage of development; and (3) those possess
ing no true jointed column, but attaching
the theca by a base of varying morphological
nature. The cystoids (which KIRK used
in a broad sense) were placed in group 1,
but with some explanation that there were
technical difficulties in the separation; with
in group 1, three types were distinguished:
(la) no true columns, attached by an out
growth of the thecal wall, if at all; (1 b) col
umns prehensile, the animal attached at
will; and (1c) propulsion along the bottom
by means of brachial appendages and pos
sibly by columns-this included only the
"carpoids." Type 1a included the Echino
sphaeritidae and Aristocystitidae as used by
BATHER, approximately the Caryocystitida,
Protocrinitidae, and Sphaeronitida in mod
ern taxa, to judge from the genera cited.
Type 1b included most of the Glyptocysti
tida. KIRK'S advocacy of adaptations for
free existence was enthusiastic, as witnessed
by his statement, "Whether there ever ex
isted a stalked Pelmatozoan that was seden
tary from the time of its attachment is a
question that must unfortunately be for
ever open."

Al'istocystites has come up for considera
tion of its mode of life. BATHER (10) stated,
"The animal usually fixed itself to some
solid body by a portion of the theca at or
near the lower pole." KIRK (76) distin
guished three kinds of specimens of Aristo
cystites: (1) those with an aboral depres
sion covered by secondary stereom, thought
to signify that the animal was fixed until
the time of death; (2) those with aboral de
pression and theca entirely porous, no sec
ondary stereom, the animal presumably pre
serving the marks of its pelmatozoan ex
istence; and (3) those with the aboral ex
tremity rounded, lacking a depression, no
secondary deposits, some with an apical
plate distinguishable, considered to have
been only briefly fixed while very young,
the apical plate being the sole souvenir of
this state. CHAUVEL (34) suggested that fixa
tion may have been principally by means
of aboral diploporitic "tentacules," a sort
of tube feet. In many specimens of Aristo
cystites, the base is strongly twisted to one
side. This distortion of the silhouette was
shown in certain older reconstructions as
the result of the base remaining fixed and
the heavy oral section falling over to lie
prostrate on the sea floor. KIRK and CHAU
VEL concluded that these organisms tended
to detach themselves and travel about. TER
MIER & TERMIER (125) believed they could
detect eleutherozoic tendencies in reduction
of ambulacral grooves and in the presence
of a sort of calcareous epidermis corking up
the diplopores on all or part of the theca in
Al'istocystites and related genera.

Other features have been cited to demon
strate the adoption of a free existence, such
as flattening of the theca in Pleurocystites,
the deciduous column of Protocrinites leav
ing scarcely a cicatrix in the adult, if at all,
and others. An unusual suggestion was put
forth by TERMIER & TERMIER (125) for
Cam pylostoma (translated): "The mouth
. .. is arcuate, sinuous, and presents two
lips, as if they had a function more active
than the mouth of a fixed form." This is
exceedingly difficult to comprehend, for the
peristome was presumably arched over by
covering plates, like those known to be pres
ent and fixed in other cystoids.

Not all cystoids have been regarded as
eleutherozoic. Many authors of the 19th
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century looked upon all cystoids as anchored
by a column, and therefrom inferred a re
lationship to crinoids. With regard to the
exceptional find of Glyptocystites multipora
already alluded to, BILLINGS (20) said,
"There is good reason to believe that they
lived and died upon this spot. . . . It is
quite clear that they could not have been
at all drifted about the bottom after death,
otherwise they would at least have lost
their columns and pinnulae. It is more
probable that they formed a little colony,
growing on this spot at a considerable
depth, . . . and that the shale consists of a
deposit showered down upon them from a
superficial current, liter~lly burying: them
alive." CHAUVEL (34) saId that Caltx may
have lived with the aboral end buried, the
spines of that region giving the theca
anchorage; he also suggested that Pachy
calix may likewise have lived submerged 1ll

the bottom sediments. In their reconstruc
tion of Pachycalix pachytheca, TERMIER &
TERMIER (129) showed it to be flask-shaped,
thin-walled in the tapered oral end and
much-thickened and heavy at the rounded
base, causing the theca to be weighted like
a child's tumble-doll.

Echinosphaerites aurantium GYLLEN
HAAL) has inspired considerable speculation
on its life habits because it is found in many
parts of the world and because certain lime
stone strata are crammed with thecae. No
other Ordovician echinoderm was more ubi
quitous. A salient point for reconstruction
of their environment is whether the remark
able occurrences are biocoenoses or thanato
coenoses. Both views have had adherents.
DEECKE (35) thought that they lived in im
mense colonies at or quite near their burial
site. This concept received the endorsement
of HADDING (57) and REGNELL (99). On
the other hand, KIRK (76) and BATHER (14)
promoted the idea of burial at considerable
distances from the living arena. They dif
fered somewhat in their suppositions on the
mode of life. KIRK emphasized the thin
thecal walls and consequent light weight
of the animal and took them to indicate
an adaptation to a floating existence; but
BATHER conceived of these cystoids as an
chored like captive balloons by their flexible
columns, broken away from their moorings
when deceased or at times while living, and

concentrated in great masses along the shore
by currents and winds. Both authors were
attempting to discover a peculiarity of
Echinosphaerites aurantium as an animal
that would explain its wide dispersal as a
species. Both claimed that dissemination
took place with the adults, since, if larvae
were involved, all other species would have
similar distributions. This was countered by
REGNELL (104), who expressed the opinion
that the Echinosphaerites-bearing beds were
autochthonous and that larvae of this species
could readily have been spread by currents;
supposition that the larvae of other species
did not accomplish widespread dispersal
could not be accepted in REGNELL'S opinion,
as an argument against such a factor for
E. aurantium.

KIRK (76) reported a flattening on one
side of Cheirocrinus by "excessive multipli
cation of circum-anal plates," a curious re
lationship of cause-and-effect. In it he
claimed to see a lineage leading to Pleuro
cystites and negating any claims that Glyp
tocystites descended from Cheirocrinus. The
prostrate habit he also assigned to Erino
cystis, the periproct being produced by
hypertrophy of the bordering plates so as
to shift the anal opening outward and back
ward.

In Pleurocystites, KIRK (76) claimed that
the rhombs were on the dorsal convex side,
whereas BATHER (12) thought them to have
belonged on the underside of the animal.
According to BATHER, the column coiled
loosely around some upright object and the
animal stretched out horizontally with the
periproct uppermost. Clogging of the pore
rhombs on the underside by sediment in
duced the periproct to assume a respiratory
function. Thus, BATHER hoped to derive an
explanation that would satisfy two phylo
genetic trends-reduction in size and num
ber of pore rhombs and great enlargement
of the multiplated periproct.

The manner of accomplishing locomo
tion is another matter of debate. MULLER
(90) suggested the presence of "suctorial
feet" in the cystoids, but assumed a close
proximity to the ambulacral grooves. KIRK
(76) admitted the possibility of podia in
Protocrinites and other Diploporita similar
to those suspected in Bothriocidaris. This
theme was followed by CHAUVEL (34), who
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argued that the brachioles were too weak
for propulsion in Codiacystis moneta but
concluded that (translation) "the aboral
corona of canals is more developed than on
the rest of the theca, a situation that may
be interpreted as robust tube feet or ten
tacles that permitted the animal to attach
for support or release itself at will." On
the other hand, KIRK (76) called attention
to the stout brachioles of Arachnocystites
which conceivably could have served as
"fairly effective swimming organs:' He
also proposed that the brachioles of Pleuro
cystites may have acted like flagella for
locomotion. Still another mode of move
ment was postulated by CHAUVEL (34). He
compared the papillae associated with the
diplopores with those of echinoids and
raised question as to the presence of mov
able spines in the cystoids. TERMIER &
TERMIER (125) assumed the existence of
such spines in their reconstruction of
Lepidocalix.

The column of the Glyptocystitida is
modified in bizarre ways. The proximal
section is wide and contains a large lumen;
judging from its structure, this section was
undoubtedly very flexible. The column
tapers and distally is narrower and less flex
ible. Some of the accounts have implied
that the animal sculled along like a one-

armed brittle star. KIRK (76) claimed that
the eleutherozoic habit was a mark of "dec
adence" in Pleurocystites, "and the animals
crawled about, dragging an all but useless
stem behind them." If, as KIRK supposed
in the same publication, the brachioles acted
as flagella in Pleurocystites, one is hard
pressed to imagine them "crawling."

In some Glyptocystitida, at least, the col
umn is terminally specialized. Lepocrinites
has the distal columnals fused to form a
clavate appendage, which may have served
as a ballast or drag. Lepadocystis moorei
has processes grown around objects of at
tachment, presumably extending as soft
integument and calcifying later. These
genera may be thought of as utilizing mus
culature housed in the lumen of the flexible
column to adjust and shift the attitude of
the theca, rather than for locomotion.

No clear consensus on paleoecology has
emerged. I am inclined to agree with
REGNELL (lOS) that the cystoids were prac
tically sedentary, some perhaps moving slug
gishly on the bottom ooze. Spread of a
species over great distances was accom
plished, therefore, by the active larvae.
Favorable areas were soon saturated with
individuals. There is some evidence that
different species preferred different depths
and bottom conditions.

dae and Callocystitidae, the ambulacral
plates in many species are so loosely fas
tened to the theca that they readily flake
off; further, these plates are so small and
so similar that they can be reassembled, if
at all, only after tedious efforts. It is wise
to leave the theca encased in as much matrix
as possible until it can be cleaned under a
binocular microscope.

In certain occurrences that have been de
scribed, numerous specimens have been
found associated in a rather small area. The
finding of one cystoid should be the signal
to examine the exposure for others before
proceeding with quarrying operations. It
may also be borne in mind that a species
does not necessarily attain its greatest
abundance in the oldest strata. After the
initial discovery, the search should be ex-

TECHNIQUES FOR PREPARATION AND STUDY OF CYSTOIDS

FIELD METHODS
Cystoids are in general so rare and so

fragile that considerable care must be ex
ercised in collecting them. Before going
into the field, the paleontologist should take
cognizance of certain characteristics of cyst
oids. These concern the structures of the
specimens, the distribution of specimens,
and the paleoecological setting in which
they occur.

Certain structures are so weakly attached
to the theca that they are liable to be left
behind in the rock unless special attention
is given to their recovery. The brachioles
and the column are such structures. If they
are present in the fossil, it may be necessary
to quarry the slab on which the specimen
rests, delaying further exhumation until it
reaches the laboratory. In the Glyptocystiti-

© 2009 University of Kansas Paleontological Institute



Techniques S123

Homocystites

FIG. 50. Four views of a specimen coated with sublimated ammonium chloride and the same submersed in
xylol, all photographed in high contrast. Honzocystites anatiformis (HALL), M.Ord.(Trenton), Mich.;
la-d, four lat., X2, coated; Ie-II, same, submersed; only part of specimen shown in lb was exposed; the

remainder was exhumed from limestone matrix with vibrotool and needles (Kesling, n).

tended stratigraphically as well as geo
graphically.

Much of the information requisite to

paleoecology can be obtained only in the
field. Detailed notes on the burial attitude
of the cystoids, the associated fauna, and
the lithology should be set down for each
find.

WORK ON SPECIMENS

PREPARAnON

Depending upon rarity of the species, the
nature of preserved structures, and char
acters of the rock matrix, a specimen may
be fully exhumed or left partly embedded
in a slab. If the cystoid appears to be new,

especially of the Glyptocystitida, the theca
should be entirely removed from matrix
for the purpose of exposing the thecal plates,
periproct, peristome, thecal pores, and other
structures of diagnostic value. This does
not mean that brachioles and column must
be destroyed, however, because they can be
carefully preserved during the cleaning pro
cedure and later restored to their normal
position.

Each kind of matrix demands its special
treatment. Limestone may be so dense that
it can be removed only with vibratool and
small chisels. Great skill and practice are
needed when the matrix is harder than the
thecal plates. All work should be done un
der magnification. If the matrix is soft
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1f

Lepadacystis

FIG. 51. Four views of a specimen coated with sublimated ammonium chloride and the same submersed in
xylol, all photographed in low contrast. Lepadocystis moorei (MEEK), U.Ord.(Cincinnati.), Ind.; la-d, lat.
(lll), oral, lat. (post) and lat. (anal), X4, coated; le-h, same submersed; this specimen has anomalous

bipartite ILl (75).

shale, it can be removed by brushing while
wet. It may happen that similar material
forms the steinkern, or part of the stein
kern, in which instance prolonged soaking
will loosen the thecal plates. Calcareous
shales are difficult or impossible to dislodge
by brushing, but they tend to break down
with application of potassium hydroxide
pellets. The reaction is rather extreme, and
should be under surveillance. Inspection will
indicate when the matrix has been softened
sufficiently to be removed. When the hy
droxide treatment is complete, the specimen
must be soaked at length in slightly acidi
fied water, then clear water, to prevent fu
ture reaction that could disintegrate the
fossil.

With mechanical scraping, chipping, and
gouging, or with chemical treatment, the
application of ultrasonic vibration may be
a helpful supplement. It has the unfortunate
disadvantage of dislodging loose thecal and
ambulacral plates and brachioles. No matter
how the cystoid is handled in the initial
stages of exhumation, normally some addi
tional touches of needle and brush are
needed to clean sutures, ambulacra, rhombs,
and other tiny parts. A toothpick is help
ful in final steps of preparation.

Parts that are dislodged or intentionally
removed can be reassembled with glue. The
opposing faces should be carefully cleaned
and the parts positioned under a binocular
microscope. The choice of glue depends
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FIG. 52. GZyptocystites e/zlersi KESLING, M.Ord.(Trenton.), Mich.; 1, photographs, all X 1; la, oral view;
Ib,c, aborally inclined views of interambulacra 4 and 1; Id-I, orally inclined views of ambulacra V (C),

Z (D), and llZ (A); Ig, aboral view; H-o, lateral views, h on interambulacrum 5 (posterior), i on

ambulacrum Z (D), i on interambulacrum Z, k on ambulacrum II (E), Z on interambulacrum 2, m on
ambulacrum llZ (A), n on interambulacrum 3, 0 on interambulacrum 4.--2. Plates drawn with camera
lucida.--3. Simplified plate diagram, plates of A-ray shaded (p, periproct; h, hydropore; g, gonopore)

(73). [Plate designations as in Figure 38.]© 2009 University of Kansas Paleontological Institute
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partly upon the solutions in which the
specimen may be submersed for study. In
most cases, the glue should be applied in
adequate quantity, and any excess removed
immediately or with cautious use of a sol
vent later.

OBSERVAnON

To see the details of thecal pores, hydro
pore, gonopore, ambulacra, and such small
structures, it may be necessary to submerge
the specimen in a liquid or to stain it, or
both. The sutures of most cystoids show
to advantage when submersed and soaked
in glycerine, xylol, or various other sub
stances. The slits of a pectinirhomb are nor
mally filled with shaly matrix, and can be
strongly emphasized by staining with or
ganic dyes. The same treatment may be
used for other thecal openings and sutures.

PHOTOGRAPHY

The cystoid may be lightly coated with
sublimated ammonium chloride to show
the general form (Fig. 50). If details of
pore rhombs are to be illustrated, they can
be photographed while submersed (Fig. 51).
The diverse diagnostic structures in cystoids
require various views and magnifications
for adequate substantiation. The films em
ployed for coated specimens normally have
greater contrast than those for submersed
specimens. Exposures for submersed speci
mens are very long.

SPECIAL PROBLEMS

In cystoids having an epithecal layer, it
becomes essential to grind off a small area
to reveal the thecal pores in the stereom.

If numerous specimens are available, in
ternal structures can be sought by a series
of polished surfaces. These may be recorded
photographically or by preparation of peels.

Some species are known from parts pre
served in several incomplete specimens. A
reconstruction can be attempted fur a species
by drawing individual plates or sections
with the aid of a camera lucida. Each plate
must be drawn to a selected scale and from
a direction normal to its surface. In proper
relationship, these plates form a diagram
of the theca expanded and reduced to a
plane (Fig. 52). Such diagrams are essen
tial to study of the Glyptocystitida, and they
are helpful for many other kinds of cystoids.

UNPROMISING TECHNIQUES

No vital information has been disclosed
by thin sections that is not equally clear on
polished surfaces. The application of hydro
fluoric acid to make thecal plates translucent
has not been explored, especially with ref
erence to the extent of thecal pores. Grind
ing down a few thecal plates appears to be
a more satisfactory method of determining
the precise level of subsurface pore struc
tures. This should not be taken to mean
that such methods of examination should
not be further explored, but that they have
not yet been found helpful.

OCCURRENCE OF CYSTOIDS

STRATIGRAPHIC
DISTRIBUTION

ORDOVICIAN ROCK DIVISIONS

Cystoids attained their zenith in diversity
during the Ordovician in Europe. There
fore, any attempt to arrange related forms
chronologically to reveal phylogeny or
routes of dispersal must first resolve the
complex stratigraphy of Ordovician deposits
in Europe, particularly the Baltic region.

Inasmuch as European stratigraphers have
points of difference, it is necessary to be
somewhat arbitrary in correlation. The lack

of universal agreement on the Lower-Middle
and the Middle-Upper boundaries is natural
-the sequence of sediments in most Euro
pean sections lacks major interruptions cor
responding to the boundaries recognized in
North America and on which the Treatise
terms Lower, Middle, and Upper Ordovi
cian are based.

The correlation table presented here (Fig.
53) is a compilation from many authors,
foremost of whom are BoucEK (25), GPiK
(92), ST¢RMER (122), REGNELL & HEDE
(106), and THORSLUND & JAANUSSON (132).
The critical boundaries adopted here are
those of THORSLUND (in THORSLUND & JAAN-
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USSON, 132), who in central Sweden places
the base of the Ordovician at the base of
the Dictyonema desmogmptoides zone, the
Lower-Middle boundary at the top of the
Didymograptus bifidus zone, the Middle
Upper boundary at the top of the Dicrano
graptus clingani zone, and the top of the
Ordovician at the top of the Dalmanatina
Beds.

In Bohemia, the designations of BAR
RANDE (3) have been found to have serious
deficiencies arising from the discontinuity
of exposures used in compiling his pro
posed sequence. In present stratigraphic
terms, the Middle Ordovician begins at the
base of the Sarka Beds, and the Upper at
the base of the Bohdalec Beds, which lie in
the Pleurograptus linearis zone; thus, the
Middle-Upper boundary occurs within the
Zahofany Series.

In Britain, the current hexapartite divi
sion of the Ordovician does not contain
boundaries that fit those in North America.
The Lower-Middle boundary lies within
the Llanvirn Series, between zones 6 and 7,
and the Middle-Upper within the Caradoc
Series, between zones 12 and 13. In the
Girvan district of Scotland, the cystoid
bearing Drummuck Group lies in zone 15,
the Dicellograptus anceps zone, of the Ash
gill Series.

In Norway, the debated Lower-Middle
boundary is here placed, by correlation with
the Swedish section, within the Upper
Didymograptus Shale, between 4al and 4a2.
The Middle-Upper boundary is more dis
tinct, corresponding to the boundary of the
Chasmops and Tretaspis Series.

In the so-called shelly facies of Sweden,
the Lower-Middle division line comes be
tween the Gigas Limestone (top of the
Vaginatum) and Platyurus Limestone, and
the Middle-Upper between the Maerourus
Limestone and Slandrom Limestone. In the
graptolitic facies, the latter boundary is be
tween Middle and Upper Dicellograptus
divisions.

In Estonia, the Lower-Middle boundary
is placed between the Upper Linsen (CIa)
and Echinosphaerites (CIb) in terms of
SCHMIDT (113, many others). In the classi
fication of OPIK (92), it is between the
CIa and C1!3; it therefore comes within the
Azeri, Duboviki, and Volkhovstroy succes-

sion of the Estonian and the Leningrad re
gion, Russia. The Middle-Upper boundary,
as in Scandinavia, is more sharply expressed,
lying between the Wasalemm and Wesen
berg (D3 and E) with their variant spell
ings. In eastern Estonia, the E zone is called
the Rakvere. In placing the Upper Ordo
vician limit, the table follows OPIK (92)
and SARV (Ill) in assigning the Borkholm
or Porkuni (F2 ) to the Lower Silurian,
rather than uppermost Ordovician, as classi
fied by ROOMUSOKS (108).

Correlation of these strata with Ordo
vician deposits in other parts of the world
contains elements of doubt, irrespective of
the means used. The classification of the
cystoid-bearing beds in Burma and southern
China is especially important, as it bears
on the origin of Heliocrinites and Hemicos
mites. Here, the Naunkangyi Beds of
northern Burma, the Shihtien Beds of
Yunnan, and the Shihtzepu Shale of Kwei
chou, China, are considered to be approxi
mate equivalents; a review of the suggested
correlations in the three areas has been
offered by REGNELL (101). Following REED
(97) and REGNELL (100), the Naungkangyi
Beds are correlated with the C1!3-C1y of the
eastern Baltic region, and are thus consid
ered to be lower Middle Ordovician.

In North America, the Trenton Group
is regarded as the same in age as zone 12
(Dicranograptus clingani zone) of Britain,
the Upper Chasmops Limestone of Norway,
the Maerourus Limestone of Sweden, and
the Wasalemm Beds (and possibly the
Kegel) of Estonia. The Richmond is equiva
lent to the zone 15 (Dicellograptus anceps
zone) of the British section.

EARLIEST CYSTOIDS

The oldest occurrence of unquestioned
cystoids is Early Ordovician. In Arenig and
lower Llanvirn strata in the Baltic region,
cystoids belonging to the Glyptocystitida,
Caryocystitida, Sphaeronitida, Asteroblasti
da, and Glyptosphaeritida have been found.
Thus, within one epoch, all superfamilies
of the Diploporita and half the superfam
ilies of the Rhombifera left a fossil record.
Such diversity at this taxonomic level may
be regarded as strong evidence for a long
p~r~od of evolution antedating the Ordo
VICIan.
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FIG. 53. Correlations of Ordovician formations in parts of Europe. Lower-Middle-Upper boundaries from
THORSLUND (1960); other data from BOUCEK (1938), OPIK (1952), STpRMER (1953), REGNELL & HEDE

(1960), and THORSLUND & JAANUSSON (1960).

Lowermost Ordovician outcrops in Bo
hemia, the Trenice Beds (dal)' contain
Paleosphaeronites. These strata are early
Tremadoc in age (Fig. 53).

Cheirocrinus holmi REGNELL is the oldest
cystoid mentioned by REGNELL (I 0I) in his
excellent contribution, "An Outline of the
Succession and Migration of Non-Crinoid
Pelmatozoan Faunas in the Lower Paleo
zoic of Scandinavia." The only specimen of
this species occurs in the Planilimbata Lime
stone of the Island of Oland, Sweden, cor
related with the 3ba zone of Norway.

Some of the cystoids from the eastern
Baltic region are only a little younger.
OPIK (92) listed Mesocystis pusirejskii
(HOFFMAN) and Echinoencrinites angulo
sus (PANDER) from the Estonian Buy zone,
about equivalent to the Norwegian 3ca
Megalaspis Limestone. From the B2 Volk
hov (Walchow in older reports), the litera
ture records the occurrence of Asteroblastus
sublaevis JAEKEL, A. volborthi SCHMIDT,
Echinoencrinites interlaevigatus (JAEKEL),

and Leptocystis gigantea (LEUCHTENBERG);
and listed as from either the Volkhov or
Kunda (B3 ) are Asteroblastus stellatus
EICHWALD, Echinoencrinites simplicatus
PHLEG~R, E. sphaeroidalis PHLEGER, Eutre
tocystis acutirostris PHLEGER, E. similis
PHLEGER, Glyptosphaerites leuchtenbergi
(VOLBORTH), and Heliocrinites echinoides
(LwcHTENBERG). Although Echinosphaeri
tes, so abundant in early Middle Ordovician
strata, is generally stated to appear in the
C 1(3 of Estonia, E. ellipticus EICHWALD has
been noted in the Estonian B3 (BASSLER &
MOODEY, 7). From strata of this age in
Estonia and the Leningrad region, reported
cystoids include Erinocystis sculpta JAEKEL,
E. volborthi JAEKEL, Heliocrinites radiatus
(EICHWALD), Metasterocystis micropelta
JAEKEL, Scoliocystis pumila (EICHWALD),
and S. thersites JAEKEL.

Elsewhere, Sphaeronites pomum (GYL
LENHAAL) occurs in profusion in strata of
the 3c(3 zone in Norway. From equivalent
beds in Sweden, REGNELL (99) described
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FIG. 53 (Continued).

Proctocystis monstruosa. The Vaginatum
Limestone has yielded Protocrinites fragum
(EICHWALD). Glyptosphaerites ferrigenus
(BARRANDE) from Bohemia is said to be
Lower Ordovician.

In brief summary, the following cystoids
are considered to have lived during Early
Ordovician time.

Lower Ordovician Cystoids
Order RHOMBIFERA
Cheirocrinidae·-Leptocystis, Cheirocrinus.
Echinoencrinitidae - Echinoencrinites, Erinocystis,

Eutretocystis, Proctocystis, Scoliocystis.
Caryocystitidae-Heliocrinites.
Echinosphaeritidae-Echinosphaerites.

Order DIPLOPORITA
Glyptosphaeritidae-Glyptosphaerites.

Protocrinitidae-Protocrinites.
Asteroblastidae-Asteroblastus, Asterocystis, Metas

terocystis.
Mesocystidae-Mesocystis.

RHOMBIFERA

As can be readily seen in Table 1, the
Rhombifera had a great taxonomic expan
sion in Middle Ordovician, with 11 of the
14 families recorded during that epoch. By
gradual decline during the Late Ordovician,
Silurian, and Early Devonian, the number
of families dwindled until only one sur
vived in Middle and Late Devonian time.
Only three families appeared after the Mid
dle Ordovician. It is interesting to note

TABLE 1. Number of Families of Cystoidea Known in Each Epoch.
[Doubtful records not included.]

Total
Order Ordovician Silurian Devonian Known

Early Middle Late Early Middle Late Early Middle Late Families

Rhombifera 4 11 9 6 5 4 3 1 I 14
Diploporita 5 6 5 3 3 1 1 0 0 8

Total ...... -..... ---_ .. -- 9 17 14 9 8 5 4 I 1 22
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TABLE 2. Percent of Total Families of Cystoidea Known in Each Epoch.
[Doubtful records not included.]

Total
Order Ordovician Silurian Devonian Known

Early Middle Late Early Middle Late Early Middle Late Families

Rhombifera .h.u 18 50 41 27 23 18 13 5 5 64
Diploporita 23 27 23 14 13 5 5 0 0 36

Total .- .... _______ n .... 41 77 64 41 36 23 18 5 5 100

TABLE 3. Number of Genera of Cystoidea Known in Each Epoch.
[Doubcful records not inc! uded.]

Order

Rhombifera
Diploporita

Total ,h.h.

Ordovician Silurian Devonian
Early Middle Late Early Middle Late Early Middle Late

9 19 14 5 8 9 8 2 1
8 21 8 2 5 I 4 0 0

17 40 22 7 13 10 12 2 1

Total
Known
Genera
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FIG. 54. Diagram representing stratigraphic distribution and inferred relationships of orders and super
families of Cystoidea (Kesling, n).
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HEMICOSMITIDA

The Hemicosmitida appear to be inter
mediate between the Glyptocystitida and
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Although relatively short-lived, this group
of cystoids was widespread and abundant.
Echinosphaerites is particularly prominent
in lowermost Middle Ordovician deposits of
the Baltic, being tightly packed in some
strata of the Cl{3 and Cly zones and their
equivalents. There is no reason to doubt
that formations containing this cystoid in
other parts of the world are about the same
in age. Heliocrinites was also prolific, so
that part of the C2 Kukruse Beds of the
East Baltic Provinces are crammed with H.
balticus (EICHWALD). This species or close
ly related forms, or both, are found also in
Sweden, Norway, and Britain in Chasmops
and Caradoc beds.
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FIG. 55. Diagram representing stratigraphic distri·
bution and inferred relationships of families of the

Caryocystitida (Kesling, n).

CARYOCYSTITIDA

The Caryocystitida began in the Early
Ordovician with Heliocrinites of the eastern
Baltic region, and survived until the Late
Ordovician (Fig. 55). Each of the two fam
ilies has the same range, although the
Echinosphaeritidae appeared later in Early
Ordovician time than the Caryocystitidae.

(Table 2) that half of all known cystoid
families are represented among Middle
Ordovician Rhombifera.

On a generic basis (Table 3), the Middle
Ordovician expansion of cystoids and their
subsequent decline are not so cle.arly por
trayed, primarily because the family Callo
cystitidae, which attained its zenith in Late
Silurian and Early Devonian time, has been
divided into numerous genera. Another
factor tending to distort the record is the
paucity of good Early Silurian faunas.

Whereas the Cheirocrinidae is the oldest
known family of undisputed Rhombifera, it
may not necessarily be the ancestor of all
the others. The recorded appearance of the
families Echinoencrinitidae, Caryocystitidae,
and Echinosphaeritidae from formations
only slightly younger indicates familial di
vergence at a considerably remote time.

Within the Rhombifera, each of the
superfamilies created its own pattern of
stratigraphic distribution by diversity,
abundance, decline, and extinction (Fig.
54). The relationship of one superfamily
to another must be inferred. In the Polycos
mitida, the pores perforating the thecal
plates are inclined outward toward the su
ture separating the paired plates. Logically,
one is led to suppose that tangential canals,
if they existed in this taxon, were outside
the preserved stereom and were covered by
integument or perhaps by thin fragile epi
theca that did not survive fossilization. By
this arrangement, the Polycosmitida are
closely allied to the Caryocystitida, lacking
the preserved tangential canals and epitheca
of the latter. The fossil record is too sketchy
to determine when the Polycosmitida be
came a distinct entity. The superfamily has
been recorded only from Middle Ordo
vician rocks. Specimens are rare. Each of
the two families is represented only by the
type genus, Polycosmites and Stichocystis;
undoubtedly, numerous genera remain to be
discovered.
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FIG. 56. Diagram representing stratigraphic distri
bution and inferred relationships of families of the

Hemicosmitida (Kesling, n).

America. Caryocrinites is the longest-lived
of the genera, from Middle Ordovician to
Middle Silurian. Juglandocrinus, Oocystis,
and Ptychocosmites are Upper Ordovician
genera containing only a few species.
Stribalocystites is very similar to Caryo
crinites, originating in the Middle Silurian
and continuing into Early Devonian, the
last of the family. The Heterocystitidae ap
pear to be taxonomically distinct, although
based only on the Middle Silurian type
genus, itself founded on one species repre
sented by an incomplete specimen. This
family is probably an offshoot from the
Hemicosmitidae (Fig. 56).

GLYPTOCYSTITIDA

The Glyptocystitida are the rhombiferan
superfamily containing the greatest num
ber of genera. Partly this may be attributed
to fortuitous collecting, but mostly it is the
result of closer taxonomic discrimination,
which is made possible by the standard
number of their thecal plates and conspicu
ous differences in their ambulacra and pore
rhombs. The superfamily began in Early
Ordovician time, attained its zenith in the
Middle and Late Ordovician, and included
the last surviving cystoid in the Late Devon
ian. Of the seven families into which the
Glyptocystitida have been divided (Fig.
57), the Callocystitidae contain 15 genera,
Echinoencrinitidae eight, Cheirocrinidae
and Pleurocystitidae three each, Cystoblasti
dae two, and Glyptocystitidae and Rhombi
feridae one each. In Ordovician strata,
seven genera are represented in the Lower,
eight in the Middle, and six in the Upper;
in Silurian strata, two are present in the
Lower, five in the Middle, and eight in the
Upper; and in Devonian rocks, seven gen
era are in the Lower, two in the Middle,
and one in the Upper. This distribution of
genera does not accurately reflect the im
portance of the superfamily during any se
lected epoch, for in two of the families
large gaps are encountered in the record.

The Cheirocrinidae constitute such a
closely knit group of cystoids that generic
boundaries are discerned and fixed rather
arbitrarily, without much significance.
Cheirocrinus, the type and oldest member of
Rhombifera, ranged from Early to Late
Ordovician; Homocystites, with a more cos-
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Hemicosmitida in development of thecal
pores, which could be adequately described
as having internal linkage of paired pores
like the Glyptocystitida and a covering epi
thecal layer like the Caryocystitida. With
respect to the regularity of the thecal plates,
the Hemicosmitida stand closer to the
Glyptocystitida. The superfamily ranges
from Middle Ordovician to Early Devonian.
Two significant expansions are indicated by
the fossil record, each representing a success
of one of the two larger families (Fig. 56).
The Hemicosmitidae, notably the type
genus, is present in considerable numbers
and species in Middle Ordovician forma
tions; the sudden culmination of the fam
ily after its oldest geologic record is taken
to signify a long period of development for
which no fossil evidence has been discov
ered. Hemicosmites survived until the Early
Silurian. Corylocrinus is known from Late
Ordovician rocks and Tricosmites from the
Early Silurian, but neither genus is dis
tinguished for abundance or diversity. The
Caryocrinitidae attained their maximum
during the Middle Silurian Epoch in North
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FIG. 57. Diagram representing stratigraphic distribution and inferred relationships of families of the
Glyptocystitida (Kesling, n).

mopolitan distribution, was confined to the
Middle Ordovician; and Leptocystis oc
curred in both Late Ordovician and Early
Silurian time. The Echinoencrinitidae have
a strange record-five genera are known in
Lower Ordovician formations, one in Upper
Ordovician, and two in Upper Silurian, yet
not a single specimen has been found in
Middle Ordovician, Lower Silurian, or
Middle Silurian strata. From Lower Ordo
vician beds, Echinoencrinites, Erinocystis,
Eutretocystis, Proctocystis, and Scoliocystis
all seem to be well founded and distinct,
although Eutretocystis may be an anomal
ous Echinoencrinites. At any rate, these
genera all agree in having a rather small
periproct, short ambulacra, ovate theca,
large radials, and plates bordering the peri
proct that form a large protuberance serv
ing to direct the opening outward and ab
orally. The last feature is not nearly so
prominently developed in the Late Ordo
vician Glaphyrocystis or the Late Silurian

Prunocystites and Schizocystis, but the other
characters are present and no valid reason
is seen to remove the three genera as a
separate family. Should Prunocystites and
Schizocystis be set apart from the Echino
encrinitidae, it would be most difficult to ex
plain the derivation of these cystoids with
short ambulacra from the only other Glyp
tocystitida that were their near contem
poraries-the Callocystitidae, with very long
ambulacra, or the Pleurocystitidae, with
strongly compressed thecae and extremely
large periprocts. Hence, the most satisfac
tory treatment is to maintain the Echino
encrinitidae as a family, despite the spotty
log of its contained genera.

The Cheirocrinidae and Echinoencriniti
dae (Fig. 57) are representative of the two
major groups of families in the Glypto
cystitida, those with large periprocts con
taining numerous small plates and those
with small periprocts containing at most a
small ring of plates around the anal pyra-
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FIG. 58. Diagram representing stratigraphic distri
butwn and inferred relationships of families of the

Sphaeronitida (Kesling, n).

mid. Intermediate development of the peri
proct is unknown, so that divergence of the
two groups evidently was accomplished
prior to the geologic record of the super
family. By Middle Ordovician time, the
cheirocrinid stock gave rise to two other
families, the short-lived Middle Ordovician
Glyptocystitidae and the long-lived Pleuro
cystitidae, which continued into the Early
Devonian. The Glyptocystitidae are known
only from the type genus. The Pleurocystiti
dae, morphologically rather far removed
from other cystoids, contain the well-known
Pleurocystites (M.Ord.-U.Ord.), the enig
matic Amecystis (M.Ord.), and the sur
prising Regulaecystis (LDev.); not a single
pleurocystitid has been discovered in Silur
ian deposits. The placement of Regulae
cystis in the family, nevertheless, cannot
reasonably be questioned.

DIPLOPORITA
The accepted Diploporita extend from

Early Ordovician to Early Devonian. The
Sphaeronitida and Glyptosphaeritida at
tained their maxima during the Middle
Ordovician. The third superfamily, the
Asteroblastida, is limited to Early Ordo
vician. In both symmetry and ambulacral
development, the Asteroblastida stand closer
to the Glyptosphaeritida than to the
Sphaeronitida (Fig. 54).

In addition to the Echinoencrinitidae, the
echinoencrinitid stock, characterized by
small periprocts, seems to have produced the
Cystoblastidae (M.Ord.), Rhombiferidae
(U.Ord.), and Callocystitidae (U.Ord.-U.
Dev.). The first two are rare from the
standpoint of number of species, number of
specimens known, and formations in which
they occur. The Callocystitidae, on the
other hand, are extensive and heterogeneous
to such a degree that they are separated into
three subfamilies. The Callocystitidae be
gan, in so far as the record goes, with the
Late Ordovician Lepadocystis moorei
(MEEK), followed by the Early Silurian
Brockocystis. The Middle Silurian is
marked by the appearance of Callocystites,
Coelocystis, Hallicystis, Apiocystites, and
Tetracystis, of which the first three are lim
ited to the Middle Silurian and the latter
two endured until Early Devonian time. In
the Late Silurian, four additional genera
evolved: Lovenicystis, Staurocystis, Lepo
crinites, and Pseudocrinites. In Europe none
of these outlasted the epoch; in North
America the last two are found in the Key
ser and Coeymans Limestones, here in
cluded in Lower Devonian. These beds also
yielded Sphaerocystites and Jaekelocystis.
Lipsanocystis occurs in the Middle Devon
ian. Strobilocystites extends from the Mid
dle Devonian Cedar Valley Limestone into
the Upper Devonian Shell Rock Limestone
of Iowa, and is the last known survivor of
the cystoids. Whereas the subfamilies Callo
cystitinae and Staurocystinae have brief and
uneventful histories, the subfamily Apio
cystitinae displays some interesting trends
in reduction of the number of pectini
rhombs, loss of an ambulacrum, complexity
of the hydropore, and shifting of the peri
proct.
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TABLE 4. Percent oj Total Genera oj Cystoidea Known in each Epoch.
[Doubtful records not included.]

S135

Total
Order Ordovician Silurian Devonian Known

Early Middle Late Early Middle Late Early Middle Late Genera

Rhombifera 11 22 16 6 9 11 9 2 1 59
Diploporita .Uh 9 25 9 2 6 1 5 0 0 41

Total .... _n·· .. · __ h _ ... 20 47 25 8 15 12 14 2 1 100

Tables 1 and 2 portray the rise, culmina
tion, gradual curtailment, and final disap
pearance of the Diploporita. The Middle
Ordovician climax of the diploporitan cyst
oids was less spectacular than that of the
Rhombifera at the same time, primarily
because ephemeral little taxa have not been
conceded the stature of families. This ap
proach has much in its favor, inasmuch as
discrete groups do not stand out among
the genera now included. If more kinds of
diploporitans should be discovered, it is
likely that further divisions could be made
on the basis of thecal symmetry, which is
far advanced in Tholocystis, for example.
The generic tabulation (Tables 3, 4) shows
the Middle Ordovician diversification to ad
vantage, but it also stresses the paucity of
Silurian faunas. The Diploporita and
Rhombifera seem to have classifications
which progressed in comparable fashion,
since the familial ratio of 36:64 is nearly
the same as the generic ratio of 41 :59
(Tables 2, 4).

SPHAERONITIDA

The Sphaeronitida (Fig. 58) contain the
families Sphaeronitidae (L.Ord.-L.Dev.)
and Aristocystitidae (M.Ord.-M.Sil.). Of
the former, Paleosphaeronites and Sphaero
nites lived during the Early Ordovician;
of the two, Sphaeronites became very pro
lific at certain times; it did not die out
until Late Ordovician. Archegocystis, Codi
acystis, and Tholocystis, established for a
very modest number of specimens, are con
fined to the Middle Ordovician. Haplo
sphaeronis and Eucystis occur in Middle
and Upper Ordovician rocks, and the latter
is also found in Lower Devonian beds.
Strangely, no genera are known from
Lower or Upper Silurian strata, and the
only Silurian member with a fossil record
is Allocystites, poorly represented, from the

Middle Silurian. In Early Devonian time, a
final proliferation occurred before the
Sphaeronitidae became extinct. Carpo
cystites, Proteocystites, and Bulbocystis have
been described from Lower Devonian beds,
although some authors consider them to
resemble the contemporary Eucystis so
closely as to be merely junior synonyms.

The Aristocystitidae (Fig. 58) comprise
a potpourri of genera unequivocally dis
parate except for their abridged ambulacra.
Many genera are poorly understood and
more refined taxonomy must await the
finding of better specimens. At this time,
the phylogeny of these cystoids is obscure.
Nine genera have been recorded from Mid
dle Ordovician formations, of which only
one (Calix) extends into the Upper Ordo
vician. In addition to this genus, Campy
lostoma and Holocystites occur in the Late
Ordovician, the latter generating numerous
species in the Middle Silurian. Tremato
cystis is the only other genus known in
Middle Silurian strata.

GLYPTOSPHAERITIDA

The Glyptosphaeritida are essentially an
Ordovician superfamily (Fig. 54). Three
of the families (Fig. 59) are restricted to
this period and the other lasted until at
least Middle Silurian time. Probably, the
oldest of the Glyptosphaeritida is Glypto
sphaerites leuchtenbergi (VOLBORTH), re
ported from B2 or B3 rocks of the Baltic
region. This type and only genus of the
family Glyptosphaeritidae has good repre
sentation, so that the family is prominent,
despite its being monogeneric. It lived until
Late Ordovician time. The Protocrinitidae,
allied to the Glyptosphaeritidae by weak
symmetry and possession of interambulacral
diplopores, range from Early to Middle
Ordovician. In Middle Ordovician deposits
the type genus was joined by Eumorpho-
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ASTEROBLASTIDA

The Asteroblastida flourished and with
ered within the Early Ordovician (Fig. 54).
They exhibit stronger resemblances to the

GEOGRAPHIC DISTRIBUTION

MODE OF DISPERSAL

As reasoned by REGNELL (104), adult
cystoids were capable of very little moving
about from one place to another. They were
sedentary or sluggish bottom-dwellers. ~e

fore they settled down to become benthomc,
however the larvae were free to invade
wide ar~as. Extension of a cystoid species
into new places appears to have been accom
plished by larval migrati~n or transport. If
cystoid larvae could surVIve for as long as
crinoid larvae, that is, from two to 12 days,
then widespread areas could potentially be
populated in a few generations. .

The paleontological record, admIttedly
fragmentary and probably inaccurate, re
veals only one species, Echinosphaerites
aurantium, that achieved intercontinental
distribution. On the other hand, several
genera are known to be widespread, and
most families occur on more than one
continent. From this, one is led to believe
that dispersal was, on the whole, a very
slow process, or that the larvae could sur
vive only under restricted conditions. Con
ceivably, both factors may have operated
to keep populations locali~ed? e.xcept for
very hardy species. What hmitatIOnS were
imposed genetically and what were at-

Glyptosphaeritida than to the Sphaeronitida,
particularly in the well-developed ambulacra
and clear pentameral symmetry, but no
forms are known to have thecal organiza
tion intermediate between the Asteroblastida
and the Glyptocystitida. Hence, phylo
genetic division occurred prior to deposi
tion of the Buy zone, which contains the
oldest of the Asteroblastida, Mesocystis
pusirefskii (HOFFMAN). The superfamily
has been much discussed as a possible an
cestral stock of the blastoids, but no form
morphologically closer to the latter has been
discovered than Asteroblastus. The two
families, Asteroblastidae (with Asteroblas
tus, Asterocystis, and Metasterocystis) and
the Mesocystidae (with M esocystis) are dis
tinctive, even though their existence was
brief. If the stratigraphic determination of
TERMIER & TERMIER (126) is correct, frag
ments identified as Asteroblastus occur in
Llandeilo strata of Morocco.
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cystis, Fungocystites, and Regnellicystis. Ex
amples of these three genera are rare. The
Gomphocystitidae, also related to the Glyp
tosphaeritidae more closely than to the
Dactylocystidae, have an interrupted record.
No cystoids of the family ~~ve been found
between the Middle OrdOVICIan Pyrocystttes
and the Middle Silurian Gomphocystites.
The questioned species G. califomicus was
described by STAUFFER (1930) fro.m t~e
Kennett Formation at Kearsarge, Cahfornla.
The age is no longer regarded as ~i~dle

Devonian, but instead as Middle Silunan.
The Dactylocystidae, with advanced sym

metry and restriction of thecal pores to the
adambulacrals, stand apart from other fam
ilies of the Glyptosphaeritida (Fig. 59).
The assemblage includes Dactylocystis and
E.aonocystis of Middle Ordovician age, and
Revalocystis, of the Late Ordovician. Al
though this family excites cons~de~able. i~

terest in its resemblance to echlllOlds, It IS
not known from many examples.
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FIG. 59. Diagram representing stratigraphic distri
bution and inferred relationships of families of the

Glyptosphaeritida (Kesling, n).
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FIG. 60. Sequence and geographic distribution of cystoids of the family Cheirocrinidae.--l. Cheiroerintls
holmi, L.Ord.(Planilimbata), Sweden(bland).--2. Leptocystis gigantea, Homocystites spp., L.Ord.
(B2 -BR), USSR(Leningrad region).--3. Cheiroerinus radiatus, C. ornatus, etc., L.Ord.-U.Ord., Eu.
(Est).--4. Cheiroerinus leuc/ltenbergi, L.Ord.(Expansus beds), Sweden(Sodermanland).--5. Homo
cystites angulatus, M.Ord.(Chazy.), USA (Tenn.).--6. Homocystites forbesi, M.Ord.(Crown Point
Aylmer), USA(N.Y.)-Can.(Que.).--7. Cheiroerinus nodoStls, M.Ord.(Ogygiocaris beds), Norway.-
8. Homocystites anatiformis, H. walcotti, M.Ord.(Trenton), USA(N.Y.-Mich.)-Can.(Ont.).--9. Homo
cystites alter, M.Ord.(Dd4 ), Eu.(Czech.).--lO. Leptocystis constricta, U.Ord.(Craighead), Scot.--

11. Leptocystis tertia, L.Sil.(E, -E2), Bohemia (Kesling, n).

tributable to ecology are matters for con
jecture.

RHOMBIFERA
Because the ancestry of the order Rhombi

fera cannot be established, each of the
superfamilies must of necessity be consid
ered separately. The selection of the very
ancient cystoid, CheirocrillUs holmi, from
Norway, as typical of the ancestral stock
would be a presumption.

GLYPTOCYSTITIDA

Within the superfamily Glyptocystitida,
more than one interchange between Europe
and North America seems to have occurred.
The Cheirocrinidae appeared in Early
Ordovician time in Europe, where they con
tinued until the Early Silurian. During the
earliest part of Middle Ordovician time,
the first cheirocrinid reached North Amer
ica, where members of the family lived only
through the remainder of the epoch. An
other emigration from one continent to the
other took place in the Cystoblastidae, but
correlations are not accurate enough to de
termine whether Cystoblastus of Europe or
Hesperocystis of North America is the
older.

The Pleurocystitidae presumably devel
oped from cheirocrinid ancestors. The old
est of the family, however, seems to be a
species of Pleurocystites from China, where
no cheirocrinids are known. The Pleuro
9stitidae flourished in North America dur
ing late Middle Ordovician time, and spread
to Europe during the Late Ordovician. Al
though no post-Ordovician pleurocystitids
have been discovered in North America,
the family survived in Europe until the
Early Devonian. .

A definite migration from North Amenca
to Europe involved the Callocystitidae,
which evolved in North America during
Late Ordovician time from unknown an
cestors and thrived to become the last of
the cystoids in the Late Devonian. During
the Late Silurian one genus traveled from
America to Europe, and during the Early
Devonian another came from Europe to
America. Of the other three families of the
Glyptocystitida, the Echinoencrinitidae and
Rhombiferidae did not escape from Europe,
nor the Glyptocystitidae from North
America.

Within families, the cystoids appear to
have had strong geographic preferences at
certain times. The Cheirocrinidae furnish
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FIG. 61. Sequence and geDgraphic distribution of cystoids of the family Pleurocystitidae.--l. Pleuro
cystites basslai, M.Ord., China.--2. P. elegans, P. filitextus, P. sqllamosus, etc., Amecystis, M.Ord.
(Trenton.), Can. (Que.-Ont.)-USA(Wis.-Minn.-Mich.-Ky.-N.Y.).--3. P. anglicus, P. ruge,"i, M.Ord.
(Caradoc), Eu.(Eire-Wales).-4. P. anticostiensis, P. beckeri, P. foriolus, P. gibbus, etc., U.Ord.
(Richmond.-Maquoketa-Craighead), Can. (Anticosti 1.) -USA (Iowa) -Eu. (Scot.) .--5. Reglilaecystis pleu-

rocystoides, L.Dev.. Eu.(Ger.) (Kesling, n).

good examples (Fig. 60). Cheirocrinus was
restricted to the Baltic region. The oldest
species are from Norway: C. holmi REG
NELL (3ba) and C. hyperboreus REGNELL
(3cf3). During Early Ordovician (B3 ) time,
the genus extended to western Russia in
Estonia and the Leningrad region, C. radia
tus (JAEKEL), C. ornatus EICHWALD, and C.
volborthi (SCHMIDT). Estonia remained a
favorable locale during the Middle and Late
Ordovician, with C. granulatus (JAEKEL)
(C2 ) and C. penniger (EICHWALD) (E).
The report by BATHER (12) of C. interrup
tus in Upper Ordovician deposits of Scot
land raises doubt about the B2 or B3 occur
rence in Russia reported by BASSLER &
MOODEY (7), from what source cannot be
learned; at any rate, it poses a longevity of
this species inconsistent with those known
for other cystoids, incredibly long. Other
occurrences of Cheirocrinus are in Sweden,
C. leuchtenbergi (ANGELIN) (the Lower
Ordovician Expansus Limestone), in Nor
way, C. nodosus (JAEKEL) (the Middle

Ordovician Ogygiocaris Shale), and in Bel
gium, C. dilatus REGNELL (the Upper Ordo
vician Fosse Shales).

Another cheirocrinid genus, Homo
cystites, began in the Leningrad region,
where H. sculptus (SCHMIDT), H. degener
(JAEKEL), and H. striatus (JAEKEL) occur
in the Lower Ordovician B3 Kunda Forma
tion. Early in the following epoch, Homo
cystites came to America as H. angulatus
(WOOD), found in the Chazyan of Tennes
see. Other cheirocrinids, all of this genus,
evolved during the Middle Ordovician in
North America: H. forbesi (BILLINGS) in
the Aylmer Formation of Quebec and the
Crown Point Limestone of New York, H.
anatiformis (HALL) in the Trenton of New
York, and H. walcotti (JAEKEL) in the
Trenton limestones of Ontario and Michi
gan. The last of Homocystites is the rather
isolated occurrence of H. alter BARRANDE in
the Dd4 of Bohemia.

The last cheirocrinid genus, Leptocystis,
migrated about Europe. The oldest species
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are reported from the Leningrad region
in Early Ordovician formations, L. gigantea
(LEUCHTENBERG) (B z) and L. atava (JAE
KEL) (Bs). The next appearance of Lepto
cystis is in Scotland, L. constricta (BATHER)
in the Upper Ordovician Craighead Lime
stone. The final species is the type, L.
tertia BARRANDE, in the Lower Silurian E 1

and Ez of Bohemia.
All of the Echinoencrinitidae are Eu

ropean. The early history centers around
western Russia and the late history around
England. Many species have been described
from Lower Ordovician beds in Estonia
and the Leningrad region, from Buy,
Echinoencrinites angulosus PANDER; from
Bz, E. interlaevigatus (JAEKEL); from Bz or
B:<, E, fenestratus (LEUCHTENBERG), E. sim
plicatus PHLEGER, E. sphaeroidalis PHLEGER,
Eutretocystis acutirostris PHLEGER, and E.
similis PHLEGER; and from Bs, Echinoen
crinites angulosus comptus (JAEKEL), E. an
gulosus quadratus (JAEKEL), E. laevigatus
JAEKEL, E. lahuseni JAEKEL, E. ,'eticulatus
JAEKEL, E, striatus PANDER, E. senckenbergii
MEYER, Erinocystis angulata JAEKEL, E.
sculpta JAEKEL, E. volborthi JAEKEL, Scolio
cystis tho'sites JAEKEL, and S. pumila (EICH
WALD). Other Early Ordovician echino
encrinitids include Echinoencrinites senck
enbergi acutangulus REGNELL and Erin 0

cystis broggeri REGNELL, from the Oslo re
gion (3cf3), Proctocystis monstruosa REG
NELL, from Sweden (Expansus Limestone),
and P. rossica REGNELL, from Russia.

Glaphyrocystis occurs only in Estonia, G.
woehrmanni JAEKEL and G. compressa
JAEKEL, both being restricted to Upper
Ordovician F 1. All Late Silurian echino
encrinitids are from England, in the Dudley
Limestone: Prunocystites baccatus (FORBES),
P. fietcheri FORBES, and Schizocystis armata
FORBES.

The Glyptocystitidae are all North Ameri
can, the five species of Glyptocystites occur
ring in Trenton rocks of Ontario, Quebec,
and Michigan. The Rhombiferidae include
only Rhombifera bohemica BARRANDE from
Bohemia. No close relatives of the two fam
ilies have been recognized.

The Pleurocystitidae (Fig. 61) may have
begun with Pleurocystites bassleri SUN from
the early Middle Ordovician of China;
REGNELL (104) referred to it as "a some
what doubtful species." Oklahoma has

yielded P. watkinsi STRIMPLE from the Mid
dle Ordovician Bromide Formation. In late
Middle Ordovician time in North America,
Pleurocystites proliferated into numerous
species recorded from Ontario, Quebec,
Wisconsin, Minnesota, Michigan, Ken
tucky, and New York: P. elegans BILLINGS,
P. exornatus BILLINGS, P. [ilitextus BILL
INGS, P. squamosus BILLINGS, P. robustus
BILLINGS, P. matutinus (RUEDEMANN), and
P. mercerensis MILLER & GURLEY. The
genus continued to thrive on this continent
in the Late Ordovician, with P. anticostien
sis BILLINGS, recorded on Anticosti Island
and P. beckert' FOERSTE, P. clermontensis
FOERSTE, P. slocomi FOERSTE, and P. multi
striatus ULRICH & KIRK, from Iowa. The
first emigrants to Europe were P. anglicus
JAEKEL, of Ireland, and P. rugeri SALTER,
of Wales, found in Caradoc strata. The
species from the Craighead Limestone in
Scotland were described by BATHER (12),
P. foriolus, P. gibbus, P. procerus, and P.
quadratus. With these Late Ordovician spe
cies, Pleurocystites came to an end. The
unique and perplexing A mecystis laevis
(RAYMOND) occurs in Ontario and Michi
gan in the late Middle Ordovician Trenton
rocks, with unknown ancestors or descend
ants. With no known Silurian forms, Regu
laecystis pleurocystoides DEHM, from the
Lower Devonian Hunsriick Slates, near
Bundenbach, Germany, was unexpected,
but insofar as known, closed the record of
the family.

The Cystoblastidae include Cystoblastus
leuchtenbergi VOLBORTH from the Leningrad
region (C1 ), C. kokeni JAEKEL, from Es
tonia (C z), and Hesperocystis deckeri SIN
CLAIR, from Oklahoma (Bromide Forma
tion, upper Chazy and lower Black River).
Whether the American or Russian occur
rences are earlier is open to question.

In the Callocystitidae (Fig. 62), the sub
family Apiocystitinae commence registry
with Lepadocystis moorei (MEEK), from
Ohio and Indiana, in the Upper Ordovician
Richmond beds. North America remained
the stronghold of the subfamily until its ex
tinction, The Early Silurian Brockocystis
is known by B. nodosaria FOERSTE, from
Ohio, and B. huronensis (BILLINGS) and B.
tecumsethi (BILLINGS), from Ontario. Halli
cystis imago (HALL) occurs in Wisconsin,
Illinois, and Ohio in Middle Silurian Ni-
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FIG. 62. Sequence and geographic distribution of cystoids of the family Callocystitidae. --1. Lepadocystis,
U.Ord., USA (Ind.-Ohio).--2. Brockocystis, L.Sil., Can.(Ont.)-USA(Ohio).--3. Apiocystites, Halli
cystis, Tetracystis, M.Sil.(Niagaran) , Can.(Ont.)-USA(N.Y.-Wis.-IlI.-Tenn.).---4. Apiocystites, Loveni
cystis, Lepoerinites, U.Sil., Eu.(Gotl.-Eng.).--5. Jaekelocystis, Leptocrinites, Tetracystis, L.Dev., USA
(W.Va.-Md.).---6. Lipsanocystis, M.Dev., USA(Mich.).--7. Strobilocystites, M.Dev.-U.Dev., USA

(Iowa) (Kesling, n).

agaran strata. Other Niagaran cystoids of
the subfamily are Apiocystites elegans
HALL, from New York and Ontario, and
Tetracystis fenestratus (TROOST), from
Tennessee. Early Devonian species include
Apiocystites anna SAFFORD, from Tennessee,
Lepocrinites gebhardii CONRAD, from New
York, Maryland, and Virginia, and several
species described by SCHUCHERT from West
Virginia and Maryland: Tetracystis chry
salis, Lepocrinites manlius, laekelocystis
avellana, I. hartleyi, and I. papillata. Michi
gan was the homeland of all described spe
cies of the Middle Devonian genus Lip
sanocystis. In Iowa, Strobilocystites calvini
WHITE, S. polleyi CALVIN, and S. schucherti
THOMAS are reported from the upper Mid
dle Devonian Cedar Valley Limestone, and
the last-named species extends into the
lower Upper Devonian Shell Rock Lime
stone. In Late Silurian time, the Apio
cystitinae reached to Europe, with Apia
cystites pentrematoides FORBES and Lepo
crinites oblongus (FORBES), in England, and
Lovenicystis angelini (JAEKEL), in Sweden.
The invading stock did not become firmly
entrenched, and no later European species
have been found.

The subfamily Callocystitinae did not
migrate beyond North America. Callo
cystites canadensis BILLINGS and C. jewetti

(HALL) resided in New York and Ontario
and C. jewetti elongatus FOERSTE in Ohio
during the Middle Silurian. The contem
poraneous Coelocystis subglobosa (HALL)
was in Wisconsin, Illinois, and Ohio. Spe
cies of Sphaerocystites are limited to the
Lower Devonian Keyser Formation, and
are found in Pennsylvania, West Virginia,
and Maryland.

The subfamily Staurocystinae reversed
the route of the Apiocystitinae, developing
first in Europe and emigrating to North
America. In England, the Upper Silurian
Dudley Limestone contains Staurocystis
quadrifasciata (PEARCE), Pseudocrinites bi
fasciatus PEARCE, and P. magnificus FORBES.
Staurocystis seems to have produced no
more species; but Pseudocrinites reached its
climax in North America during the Early
Devonian, with seven species described by
SCHUCHERT from the Keyser Formation in
Pennsylvania, West Virginia, and Mary
land.

The pattern of migrations is a little enig
matic. During Late Silurian time, England
was receiving immigrants of the Apio
cystitinae from North America at about the
same time that it was dispatching emigrants
of the Staurocystinae to North America. If
currents were responsible for the spread of
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FIG. 63. Sequence and geographic distribution of cystoids of the family Hemicosmitidae.--l. Hemi
cosmites iaekeli, M.Ord., China.--2. H. malum, H. ablangus, M.Ord. (C,f3), Eu.(Baltic).--3. H.
oelandicus, M.Ord.(L.Chasmops), Sweden.--4. Corylocrinus elongatus, C. occidentalis, C. carnicus, U.
Ord., Eu.(Fr.-Port.-Carnic Alps).--5. H. grandis, Tricosmites tricornis, L.Sil.(F2 ), Eu.(Est.) (Kesling,

n).

cystoids, there was ample time in this epoch,
of course, for reversals of direction.

HEMICOSMITIDA

The superfamily Hemicosmitida was dis
persed throughout the northern hemisphere.
In the Hemicosmitidae (Fig. 63), the genus
Hemicosmites probably began in the Orient.
The oldest described species may be H.
jaekeli SUN, from China; nevertheless, it
was nearly contemporaneous with some Bal
tic species, H. malum (PANDER) (C1{3) and
H. laevior JAEKEL and H. oblongus (PAN
DER) (reported only as C1 ). The last-named
species has also been recorded from Wales.
The exact age of H. squamosus FORBES,
from Wales, has not been stated. H. oelandi
cus REGNELL occurs in Sweden in Lower
Chasmops strata. Numerous species come
from Estonia, including H. altus JAEKEL,
H. pulcherrimus JAEKEL, and H. pocillus
JAEKEL (01 ), H. porosus EICHWALD and
H. rudis JAEKEL (03), H. verrucosus EICH
WALD (F1 ), and H. grandis JAEKEL (Lower
Silurian, F 2), the youngest species found.
H. extraneus EICHWALD has been discovered
in Estonia and Russia (01 or 0 3 ) and in
Sweden (Kullsberg Limestone). The other
two genera included in the Hemicosmitidae
are restricted to Europe. Corylocrinus is
represented in Upper Ordovician deposits
of Russia, C. oUi YAKOVLEV; France, C.
elongatus JAEKEL and C. europaeus (QUEN-

STEDT); Portugal, C. occidentalis JAEKEL;
and the Carnic Alps, C. carnicus BATHER.
Tricosmites contains only the type species,
T. tricornis (JAEKEL), from Estonia, where
it occurs in the F 2 Borkholm Limestone
with Hemicosmites grandis JAEKEL.

The second family of Hemicosmitida, the
Caryocrinitidae, also seems to have orig
inated in the Far East (Fig. 64). From the
lower Middle Ordovician Naungkangyi
Beds of northern Burma BATHER (11) de
scribed Caryocrinites aurorus, C. avellanus,
and C. turbo. The Late Ordovician C. sep
tentrionalis REGNELL is from Sweden. Other
named species are all from Middle Silurian
strata and, with one exception, from North
America. Niagaran rocks of east-central
United States and adjacent areas of Canada
have yielded C. milliganae (MILLER & GUR
LEY), C. gorbyi (MILLER & GURLEY), and C.
indianensis (MILLER), from Indiana; C.
persculptus SPRINGER and C. globosus
TROOST, from Tennessee; C. missouriensis
(ROWLEY), from Missouri; and C. ornatus
SAY, from Ontario, New York, Indiana,
Iowa, and Wisconsin. The only other spe
cies known is from France, C. ornatus eu
ropaeus (QUENSTEDT). Stribalocystites,
closely related to Caryocrinites, is exclusive
ly North American. Middle Silurian species
include S. sphaeroidalis (MILLER & GUR
LEY) and S. tumidus (MILLER), from In
diana, S. bulbulus (MILLER & GURLEY),
from Tennessee, and S. kentuckiensis (MIL-
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FIG. 64. Sequence and geographic distribution of cystoids of the genus Caryocrinites.--l. C. aurorus,
C. avellanus, M.Ord.(Naugkangyi beds), Burma.--2. C. sp., M.Ord., Asia(Karakorum).--3. C. sp.,
M.Ord.(Llandeilo or Caradoc), Eu.(Port.).--4. C. septentrionalis, V.Ord., Sweden(Dalarna).--5.
C. sp., L.Si\. (5b), Norway(Oslo).-6. C. ornatus, C. milliganae, C. persculptus, C. ornatus europaeus,
M.Si\., Can.(Ont.)-VSA(N.Y.-Ind.-Iowa-Wis.)-Eu.(Fr.).--7. "C. ornatus" of SCHMIDT (1858), U.Si\.

(Wenlock, L.Oesel or Jaani beds), Eu.(Est.) (Kesling, n).

LER & GURLEY), from Kentucky. The last
of the family is the Early Devonian S. elon
gatus (ROWLEY), from Missouri.

During the Late Ordovician, the Caryo
crinitidae produced three short-lived genera,
restricted stratigraphically to the epoch and
geographically to western Europe. Juglando
crinus crassus KOENEN, Oocystis major
DREYFUSS, and O. vulgaris DREYFUSS come
from France; Ooeystis rugata (FORBES),
from Wales and England; and Ptyehocos
mites sardinicus JAEKEL, from Sardinia.

The family Heterocystitidae rests only on
Heterocystites armatus HALL, from Niag
aran rocks of New York.

POLYCOSMITIDA

In the superfamily Polycosmitida, only
two species are involved, each the type of
a genus that is type of a family. Both are
Middle Ordovician, Polyeosmites bohemi
eus JAEKEL, from Bohemia, and Stiehocystis
geometriea (ANGELIN), from Scandinavia
and from drift in Germany. SUN (123) re-

ported Stichoeystis from China, as S. geo
metrica or a very similar species. The Chi
nese specimens are earliest Middle Ordo
vician, whereas the European are latest
Middle Ordovician, supporting REGNELL'S
(1948) contention that the genus migrated
westward.

CARYOCYSTmDA

The superfamily Caryocystitida achieved
widespread distribution. The Caryocystiti.
dae inhabited Asia and Europe. As recorded
(Fig. 65), Helioerinites began as H. eehin
oides (LEUCHTENBERG) in Russia (B2). This
species was followed by H. radiatus (ElCH
WALD) in Estonia and the Leningrad region
(Bs). H. granatum (WAHLENBERG) from
Sweden is said to be in the "Orthoeeras"
Limestone, presumably used in the broad
sense for Lower and Middle Ordovician
limestones. Early Middle Ordovician occur
rences in the Orient are H. fiscellus
(BATHER), H. qualus (BATHER), and H.
rugatus (BATHER), in Burma, H. subovalis
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FIG. 65. Sequence and geographic distribution of cystoids of the genus Helioerinites.--l. H. echinoides,
L.Ord.(B2), USSR(Leningrad region).--2. H. radiatus, L.Ord. (B3), Eu.(Est.-Leningrad region).--3.
H. fiscellus, H. qualus, H. kweichouensis, M.Ord., Burma-China (Yunnan-Kweichou).---4. H. granatum,
H. augustiporus, H. ovalis, M.Ord.(L.Chasmops,) Sweden(Scania-6stergiitl.-Jamtl.).--5. H. confortatus,
M.Ord.-U.Ord.(Dd.-Dd5), Eu.(Czech.).--6. H. rouvillei, H. malaisei, U.Ord., Eu.(Fr.-Belg.).--7. H.
burdigalensis, U.Ord., Eu.(Port.-Spain).-8. H. stellatus, H. variabilis, U.Ord., Sweden (Dalama)

(Kesling, n).

(REED), in Yunnan, China, and H. kwei
chouensis (SUN), at Kweichou, China. At
about the same time, the genus appeared
in Estonia as H. araneus (VON SCHLOTHEIM)
in Estonia and Sweden (C l ) and H. balticus
(EICHWALD) in Estonia and Wales (Cz).
The age of H. ovum (VON SCHLOTHEIM)
from near Reval, Estonia, is not given, but
may be presumed to be about C l . In Swed
en, several species occur in the Chasmops
series, H. granatum (WAHLENBERG), H.
guttae/ormis REGNELL, H. oval£s (AN
GELIN), H. prominens (ANGELIN), and H.
tenuistriatus (ANGELIN). During the Late
Ordovician, Heliocrinites continued in
Sweden as H. stellatus REGNELL and H.
variab£lis REGNELL, and spread southward
to Thuringia and Bohemia as H. con/or
tatus (BARRANDE), to Belgium as H. malai
sei REGNELL, to France as H. rouvillei
(KOENEN), and to Portugal as H. burdi
galensis (JAEKEL).

Caryocystites also has its earliest history
centered in the Baltic and in China, but
which area yielded the older fossils cannot
be decided until greater stratigraphic ac
curacy is attained in correlation. C. bicom
pressus (REED) comes from the Shih-tien
Beds of China, C. esthoniae (JAEKEL) from
the Cz of Estonia, and C. laevis GEKKER

from C strata of the Leningrad region.
Elsewhere, C. davisi M'CoY occurs in
Llandeilo rocks of Wales and England, C.
angelini (HAECKEL) in Chasmops beds of
Sweden, and C. lagenalis REGNELL from the
Swedish Kullsberg Limestone, which REG
NELL (1945) regards as "Middle and
(basal) Upper Ordovician." BASSLER (1919)
mentioned cystoid plates which he assigned
to Caryocystites as abundant in his "Caryo
cystites bed" at the base of the Chambers
burg Limestone in Pennsylvania and Mary
land; no specifically determinable specimens
have been described.

Other caryocystitid genera are from Mid
dle and Upper Ordovician strata. Orocys
tites helmhackeri BARRANDE is found in
Bohemia and Portugal (M.Ord.), O. helm
hackeri thuringae (JAEKEL) in Thuringia
(M.Ord.), and O. sp. d. O. helmhackeri in
Belgium (U.Ord.). The inadequately de
scribed Ulrichocystis eximia BASSLER is from
Tennessee.

The Echinosphaeritidae are of particular
interest because one species has been recog
nized in Europe and in North America.
Echinosphaerites ellipticus EICHWALD from
Estonia (Bg ) is the oldest known species
of the family (Fig. 66). The famous E.
aurantt'um (GYLLENHAAL), including the
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FIG. 66. Sequence and geographic distribution of cystoids of the genus Echinosphaerites.--l. E. sp.,
E. ellipticus, L.Ord.(B2-B3), Eu.(Est.).--2. E. aurantium, M.Ord., USA-Eu.(Sweden-Norway-Lenin
grad region).--3. E. sinensis, M.Ord., China.-4. E. granulatus, M.Ord. (Caradoc) , Eire.--5. E.
barrandei, M.Ord.(Dd4 ), Eu.(Czech.).---6. E. barrandei belgicus, U.Ord.(Fauquez Sh.), Eu.(Belg.)

(Kesling, n).

several subspecies and mutations erected, is
present in Middle Ordovician deposits of
the Leningrad region, Estonia, Sweden,
Norway, Wales, and eastern United States
(Pennsylvania, Virginia, and Tennessee).
In the Baltic, this species ranges from C1b

to Cs. It bears a close resemblance to E.
sinensis (REED) from China. E. pogrebowi
GEKKER occurs in the Leningrad region
(Cz). E. grandis JAEKEL, in Estonia and
the Leningrad area, is perhaps from the
Cz; in Sweden, it comes from the Kullsberg
Limestone. From the Cs of Estonia, two
species were described by JAEKEL, E. difJor
mis and E. pirum. In Ireland and Scotland,
E. granulatus M'Coy is found in the Cara
doc Series. E. barrandei JAEKEL has been
described from the Dd4 of Bohemia and
recognized in Norway, and E. barrandei
belgicus JAEKEL, from the Upper Ordo
vician Fauquez Shales of Belgium. The age
remains in doubt for E. gyllenhahli QUEN
STEDT of Sweden and Russia, E. globosus
JAEKEL, of Estonia, E. globosus anglicus
JAEKEL, of Ireland, and E. kloedeni JAEKEL,

from the drift of Estonia and northern Ger
many. Arachnocystites infaustus (BAR
RANDE) is from Bohemia (Dd1-Dd4 ).

DIPLOPORITA

Cystoids of the order Diploporita have
been collected in southeastern Asia, Europe,
northern Africa, and North America. The
lack of finds in the southern hemisphere
may be explained by absence of concerted
collecting.

GLYPTOSPHAERITIDA

The superfamily Glyptosphaeritida may
not have given rise to many species, but it
spread over a considerable area. The fam
ily Glyptosphaeritidae contains only the
type genus. One wishes to know whether
C. ferrigenus (BARRANDE) from Bohemia
(Dd1 ) or G. leuchtenbergi (VOLBORTH)
from the Baltic region (Bs to C1b) is older,
but no conclusion is obtainable (Fig. 67).
G. suecicus (ANGELIN) in Swedeh is latest
Middle Ordovician, and G. mariae JAEKEL
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in the drift of northern Germany is of un
known age.

The Gomphocystitidae began with Pyro
cystites orientalis (REED) in China. The
genus has also been determined in Bohemia
by BARRANDE, with P. patulus and P. in
certus (D1 ) and P. pirum (D1 and D 4).

No lineage leading to Gomphocystites has
been discovered. Gomphocystites is a Mid
dle Silurian genus, primarily North Ameri
can. From Niagaran strata, G. bownockeri
FOERSTE has been described from Ohio, G.
clavus HALL from Wisconsin, G. glans
HALL from Wisconsin and Illinois, G. in
dianensis MILLER from Indiana, and G.
tenax HALL from New York and Kentucky.
This cystoid fauna has not been found in
Michigan and Ontario. "G.? califomicus"
STAUFFER, from the Kennett Formation in
California, was thought to be Middle Dev
onian, but recent evaluations of stratigraphy
place it in Middle Silurian. The only spe
cies outside North America is G. gotlandi
cus (ANGELIN) from the Hogklint Lime
stone of Gotland. It is Middle Silurian, but
its age relationship to the Niagaran species
cannot be established.

The Protocrinitidae are widely dispersed
(Fig. 68). Protocrinites begins its record
with P. fragum (EICHWALD) in the Baltic
area (Vaginatum through Wasalemm). P.
sparsipoms (BATHER) occurs in Burma
(Naungkangyi Beds). In Estonia, P. ovi
formis (EICHWALD) is known from D 3 beds.
Middle Ordovician protocrinitids from
North America include Eumorphocystis
multiporata BRANSON & PECK from Okla
homa and Regnellicystis typicalis BASSLER
from Virginia. The known species of
Fungocystites, F. rarissimus and F. solitarius,
were described from Bohemia by BARRANDE.

The family Dactylocystidae is based on
very unusual but very rare cystoids from
Estonia: Dactylocystis schmidti JAEKEL
(D1), Estonocystis antropo[fi JAEKEL (D1 ),

and Revalocystis mickwitzi JAEKEL (E).

SPHAERONITIDA

Cystoids of the superfamily Sphaeronitida
are found in many places in the northern
hemisphere, but they are especially char
acteristic of central and southern Europe.
In fact, TERMIER & TERMIER (127) called
this area the "province a Amphorides" be-

FIG. 67. Sequence and geographic distribution of
cystoids of the genus Glyptosphaerites.--l. G.
jerrigenus, Ord. (Dd,), Eu. (Czech.).--2. G.
leuchtenbergi, L.Ord. (Ba-C,), Eu. (Baltic).--3.
G. leuchtenbergi, M.Ord. (Platyurus Ls.), Eu.
(Sweden).-4. G. sp., M.Ord.(Chasmops Ls.),
Norway(Oslo region).--5. G. suecicus, M.Ord.
(Maerourus Ls.), Sweden(Dalarna).---6. G.
leuchtenbergi hispanicus, U.Ord., Eu.(Spain) (Kes-

ling, n).

cause of the predominance of the Aristo
cystitidae.

The family Sphaeronitidae contains some
genera that became diverse and left an
ample record and some that are understood
only from a few specimens. Generic bound
aries are not sharply drawn, adding to the
difficulty of searching out the geographic
extent of a particular genus.

Insofar as known, the ancestor of the
family is the earliest Ordovician Paleo
sphaeronites from Bohemia. It is closely
related to the slightly younger Sphae1·onites.

For much of its content, Sphaeronites is
taxonomically bound to the fate of the
genera poorly established by HAECKEL (58),
Pomosphaera, Pomonites, and Pomocystis.
These are here suppressed, and Sphaeronites
is acknowledged as one of the senior syn-
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FIG. 68. Sequence and geographic distribution of cystoids of the family Protocrinitidae.--l. Protocrinites
fragum, L.Ord.(Vaginatum beds or C l ), Eu.(USSR).--2. P. sparsiporus, M.Ord.(Naungkangyi beds),
Burma.--3. Eum01'phocystis, M.Ord.(Bromide), USA(Okla.).-4. P. oviform;s, P. fragum, M.Ord.

(DR)' Eu.(USSR-Est.-Scand.-Ger.).--5. Fungocystites, M.Ord.(Dd4 ), Eu.(Czech.) (Kesling, n).

FIG. 69. Sequence and geographic distribution of cystoids of the genus Sphaeronites.--l. S. sp., L.Ord.,
Norway.--2. S. pomum, L.Ord., Sweden(bland).--3. S. shihtiensis, M.Ord., Asia(China-Karako
rum)-Eu.(Italy).-4. S. globulus, M.Ord.(L.Chasmops beds), Sweden (Vastergotland-Ostergotland-

Dalarna).--5. S. stelluliferus, Caradoc, Eu.(Wales) (Kesling, n).
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onyms involved. Its oldest occurrence (Fig.
69) is in the 3cf3 of Norway (100).
The prolific S. pomum (GYLLENHAAL) is
found in the Asaphus Limestone of Sweden
in strata equivalent to the 3cf3. S. shihtien
ensis (REED) is an eastward extension of
the genus during early Middle Ordovician,
being recorded in Yunnan, China, and the
central Asian Karakorum region. In Swed
en, the genus continued as S. globulus
(ANGELIN) in the Lower Chasmops. The
westernmost extent is in Wales, where S.
stelluliferus SALTER is found in Caradoc
beds and S. punetatus FORBES and S. pyri
formis (FORBES) are found in the Ashgillian
Rhiwlas Limestone. The stratigraphic posi
tion of S. daleearlieus (ANGELIN) in Swed
en, S. pentaetaeus (HAECKEL) in Scandi
navia, and S. tesselatus PHILLIPS in England
is not known. The closely related Haplo
sphaeronis makes its debut in the Shihtien
Beds of southeastern China as H. lobifera
(REED). In Sweden, H. oblonga (ANGELIN)
is known from lower Chasmops strata.
REGNELL (10I) gave the Swedish range of
Haplosphaeronis as at least from Kullsberg
to Boda (Fig. 53). From Norway comes
the Middle Ordovician H. kiaeri JAEKEL and
H. kiaeri norvegiea JAEKEL and from Bel
gium the Late Ordovician H. proieiens
REGNELL.

Eueystis lacks clear separation from cer
tain Early Devonian cystoids, which could
be interpreted as species either of the genus
in a broad sense or of strongly similar
genera derived from Eueystis. The latter
disposition is followed in the Treatise. The
oldest species known was described from
Yunnan, China, as E. sp. d. E. raripuneta
REED (98), from the early Middle Ordo
vician Shihtien Beds (Fig. 70). The species
probably is not E. raripuneta ANGELIN,
which occurs in the Boda Limestone of
Sweden. E. litchi (FORBES) from Wales
(Caradoc) was said by REGNELL (100) to
be atypical of Eueystis. In addition to E.
raripuneta, the Boda Limestone of Sweden
has yielded E. angelini REGNELL, E. aeumi
nata REGNELL, and E. quadrangularis REG
NELL. The Lower Devonian of Germany,
France, Bohemia, and Morocco contains
cystoids of the late Eueystis complex. E.
hereyniea JAEKEL from Germany is retained
provisionally in Eueystis. Carpoeystites
soyei OEHLERT from France and Proteo-

FIG. 70. Sequence and geographic distribution of
cystoids of Eucystis and related genera.--l.
"Eucystis d. raripuncta" of REED (1917), M.Ord.,
China.--2. E. litchi, Caradoc, Eu.(Wales).-
3. E. quadrangulal'is, E. sp., U.Ord.(L.Boda beds).
Sweden(Scania).--4. E. raripuncta, E. angelini,
E. acuminata, U.Ord.(U.Boda beds), Sweden (Da
larna).--5. E. hercynica, Carpocystites soyei,
Proteocystites fiavus, P. barrandenus, Bulbocystis

mira, L.Dev., Eu.(Ger.-Czech.-Fr.) (Kesling, n).

eystites flavus BARRANDE, P. barrandenus
(HAECKEL), and Bulboeystis mira RUZICKA
from Bohemia are tentatively placed in their
respective genera.

Tholoeystis kolihai CHAUVEL from France
does not have clear affinities with any other
described cystoid of the Sphaeronitidae.

Bohemia produced all the known species
of Arehegoeystis and Codiaeystis. A. desi
deratus BARRANDE has the distinction of
being the oldest (Dd1 ) Bohemian sphaeroni
tid. In the Chrustenitz region, BARRANDE
(3) described an amazing number of spe
cies of Codiaeystis from Dd4 beds, under
the original assignment to Aristoeystites (C.
potens, C. seulptus) and to Craterina (c.
absens, applanata, bohemiea, eonsobrina,
doeens, embryo, exeavata, exeavata inter
media, idealis, infundibulum, modica,
oneta, simulans, surgens, and tecta). These
species have never been subjected to revi
sion; they appear to be excessive.
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Allocystites hammelli S. A. MILLER from
Indiana is notable for being the only Silur
ian cystoid of the Sphaeronitidae. It is not
particularly well described or well repre
sented.

In the Aristocystitidae, the generic bound
aries are even more diffuse than in the
Sphaeronitidae. The antiquity of the fam
ily seems to lie in the Early Ordovician
species from China, Sinocystis loczyi
REED, S. yunnanensis REED, S. mansuyi
(REED), and Aristocystites sinicus (SUN);
and from Burma, Pseudaristocystis dagon
(BATHER). Sinocystis reached Morocco in
Llandeilo time as S. segaudi TERMIER &
TERMIER. Two species of Aristocystites
have also been described from Morocco, A.
gigas TERMIER & TERMIER, from Llandeilo
strata, and A. regularis TERMIER & TER
MIER, from Caradoc strata. Other species
were found in Bohemia (Dd4 ) by BAR
RANDE, A. bohemicus, A. desideratus, and
A. rudis.

Calix is another genus associated with
the so-called Aristocystites fauna. In France,
it is represented by the Middle Ordovician
C. sedgwicki ROUAULT and C. rouaulti
CHAUVEL and by the Late Ordovician C.
lebesconti CHAUVEL. Pachycalix halli (Rou
AULT) occurs in the Middle Ordovician of
Brittany, and P. pachytheca TERMIER &
TERMIER in the Caradocian of Morocco.
The somewhat doubtful Lepidocalix pulch
rum TERMIER & TERMIER has been found
in Algeria (M.Ord.). The unique Campy
lostoma grandis DREYFUSS was obtained
from Upper Ordovician beds in France.
The Dd4 in Bohemia contains, in addition
to the species of Aristocystites, Amphora
cystis irregularis (BARRANDE), Hippocystis
subcylindrica (BARRANDE), and the ques
tionable Baculocystites simplex BARRANDE.

The Middle Silurian fauna of east-central
North America seems to be the culmination
of a lineage that began with Holocystites
ovalis (ANGELIN) in Sweden during the
Late Ordovician. It contains Holocystites
and Trematocystis, the former beset by a
multiplicity of species names. For speci
mens from Indiana, S. A. MILLER alone
created species for localities, H. indianensis
and madisonensis; for shape and ornamen
tation of theca, H. adipatus, amplus, bacu
Ius, canneus, commodus, elegans, globosus,
ornatissimus, ornatus, papulosus, parvulus,

parvus, perlongus, plenus, pustulosus, 1'0

tundus, scitulus, subovatus, subrotundus,
tumidus, turbinatus, and ventricosus; and
for acquaintances, benedicti, brauni, colletti,
dyeri, faberi, gorbyi, spangleri, wetherbyi,
and wykoffi. One suspects that MILLER
was overzealous in discrimination. Other
species are known from Wisconsin, Illinois,
Ohio, and Tennessee, including Holocystites
abnormis HALL, H. affinis MILLER & FABER,
H. cylindricus (HALL), H. greenvillensis
FOERSTE, H. gyrinus MILLER & GURLEY, H.
scutellatus HALL, H. sphaericus WINCHELL
& MARCY, H. sphaeroidalis MILLER & GUR
LEY, H. splendens MILLER & GURLEY, and
H. winchelli HALL. This extensive list is
evidence of the abundance of these cystoids
in Niagaran rocks of tbe United States.
The closely allied Tremaiocystis, from the
same strata and geographic locale, contains
T. subglobosa (MILLER) and T. hammelli
(MILLER); it may be found to have one or
more additional species from MILLER'S re
plete set.

ASTEROBLASTIDA

The superfamily Asteroblastida lived in
Early Ordovician time in the Baltic prov
inces. Mesocystis pusirefskii (HOFFMAN) is
the oldest. The other species are Astero
blastus foveolatus (EICHWALD), A. regularis
JAEKEL, A. sublaevis JAEKEL, A. volborthi
SCHMIDT, Asterocystis globulus JAEKEL, A.
tuberculatus (SCHMIDT), Metasterocystis
micropelta JAEKEL, and Mesocystis jaekeli
YAKOVLEV. Fragmentary specimens from
Morocco identified by TERMIER & TERMIER
(126) as Asteroblastus were said to come
from Llandeilo strata. The stratigraphic
accuracy is not known.

MIGRATIONS

The whole undertaking of establishing
migration routes is fraught with uncer
tainties. All taxonomic determinations are
not accurate, and correlations are not re
liable. Even some geographic occurrences
have been cited incorrectly. As REGNELL
(105) stated, "To be sure, it is no easy
task to recognize the individual threads in
this entangled web . . . the pictures of
palaeobiogeographic features in remote
times which we endeavour to envisage are
poor in details, on account of scanty infor
mation."
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To simplify the geographic factor, five
areas can be designated which have had
distinctive cystoid faunas-( 1) Burma and
adjacent parts of China, (2) Scandinavia
and the eastern Baltic region, (3) central
and southern Europe and the Mediterranean
region, (4) the British Isles, and (5) east
ern North America. These areas are par
ticularly prominent during the Ordovician,
the time of maximum diversity and dis
tribution of the cystoids.

REGNELL (101), from a detailed study of
the succession of cystoids, concluded that
many of the significant faunal elements
came from the Far East or that they orig
inated in the Arctic and spread to both the
Far East and to Europe. The picture of
cystoid migration that emerges in the light
of the Ordovician correlations adopted in
this section of the Treatise in part substan
tiates, in part deviates from that which he
depicted.

From inspection of the known ranges of
the families (Fig. 71), it is apparent that
the late Early Ordovician and early Middle
Ordovician were times when specialized
stocks evolved; they were also times when
old lineages spread into new territories.
Hence, this interval is one of extreme im
portance in unraveling the origins of the
suprageneric taxa and their prime routes
of dispersal.

Much of the available information on
the sequence of recorded first appearances
of various taxa in the five principal regions
is summarized in Table 5. This is a com
pilation of the cystoid distribution in time
and space insofar as known. In analyzing
these data, one must not lose sight of the
small percentage of sediments of a particu
lar age that are exposed, the lack of per
sistent collecting from many outcrops, and
the possibility that many key species lived
in small populations.

Nevertheless, in the examples selected in
Table 5, eight taxa made their appearance
in the Baltic region, six in the China-Burma
region, one in North America, and none
in the British Isles or southern Europe.
Thus, two centers emerge as significant.
Many of the Early and Middle Ordovician
migrations appear to have been interchanges
between these two centers.

Several taxa originated in the Baltic dur
ing the late part of Early Ordovician and

spread to Burma and China during the
early part of Middle Ordovician: Helio
crinites (Fig. 65), Echinosphaerites (Fig.
66), Protocrinites (Fig. 68), and Sphaero
nites (Fig. 69). On the other hand, some
taxa developed in the Far East during the
early part of Middle Ordovician and quickly
migrated westward to the Baltic region:
Haplosphaeronis, Eucystis (Fig. 70), Sticho
cystis, and possibly Caryocrinites (Fig. 64).
A plausible explanation of this pattern was
suggested by REGNELL (100), that the evo
lutionary center may not have been at either
the Baltic or Far East occurrences of cyst
oids, but situated instead in the Arctic
Sea, whence the faunal elements dispersed,
some arriving first in the Baltic and others
arriving first in the Far East.

The families Cheirocrinidae and Astero
blastidae are exceptions among the cystoids
appearing first in the Baltic during Early
Ordovician. Neither reached Burma or
China. The Cheirocrinidae (Fig. 60) ex
tended to North America and southern
Europe during the Middle Ordovician, and
the Asteroblastidae seem to have spread to
the Mediterranean region at that time.
Conversely, the Pleurocystitidae (Fig. 61)
begin their record in China, if SUN'S (124)
identification is correct, and spread to North
America (Middle Ordovician), to Britain
(Late Ordovician), and to Germany (Early
Devonian), but never reached the Baltic
region.

Some of the occurrences are interrupted,
and little can be inferred about intermediate
locales. This applies to H olocystites from
the Baltic (V.Ord.) to North America (M.
Sil.). The Echinoencrinitidae have no repre
sentation during the Middle Ordovician or
Early and Middle Silurian, the Sphaeroniti
dae and Caryocrinitidae during Early or
Late Silurian, or the Pleurocystitidae during
all of the Silurian.

The supposed Scottish-Hungarian barrier
separating the Baltic region from the "prov
ince aAmphorides" may have been an in
fluence in guiding cystoid migrations. For
example, Heliocrinites (Fig. 65) and Echi
nosphaerites (Fig. 66), which have a con
siderable fossil record, seem to have gone
from the Baltic to Britain before extending
to Bohemia. The same route may have
been followed later by Caryocrinites (Fig.
64), which has a record in the Baltic in
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TABLE 5. Sequence and Time of Recorded Appearances in Various Regions of Selected
Families and Genera of Cystoids.

[Where considerable doubt exists as to which of two occurrences is the older, both are assigned the same sequence number.
Where the occurrence itself is dubious, the entry is followed by a question mark.1

North
America

British
Isles

Baltic Southern
Europe

China
Burma

Cheirocrinidae
Cheiroerinus 6 V.Ord. I L.Ord.
Homocystites 4 M.Ord. . 3 L.Ord.
Leptocystis .. __ __ . 6 V.Ord. 2 L.Ord.

5 M.Ord.
7 L.Sil.

Echinoencrinitidae
Echinoenerinites __ .__ __ 1 L.Ord.
Glaphyrocystis 2 V.Ord.
Prunocystites 3 V.Sil.

.. 1 M.Ord.?3 V.Ord.
Pleurocystitidae

Pleurocystites __ 2 M.Ord.
Amecystis 2 M.Ord.
Regulaecystis 4 L.Dev.*

Callocystitidae
Apiocystitinae

Lepadocystis 1 V.Ord.
Brockocystis 2 L.Sil.
Hallicystis . __ .__ 3 M.Sil.
Tetracystis 3 M.Sil.
Apiocystites 3 M.Sil. 4 V.Sil.
Lovenicystis .__ 4 V.Sil.
Lepoerinites 5 L.Dev. 4 V.Sil.
Jaekelocystis 5 L.Dev.
Lipsanocystis 6 M.Dev.
Strobilocystites __ 7 M.Dev.

Callocystitinae
Callocystites 3 M.Sil.
Coelocystis 3 M.Sil.
Sphaerocystites 5 L.Dev.

Staurocystinae
Staurocystis __ .. __ __ 4 V.Sil.
Pseudocrinites 5 L.Dev. 4 V.Sit.

Hemicosmitidae
Hemicosmites 2 M.Ord. I M.Ord.

~~;:;~::ft:~~.::::::::::::::::::::::::::::::::::::::::::: ::::::::::::::::::::::::::::: ~ t3rd
.

____ 1 M.Ord.
3 V.Ord.

Caryocrinitidae
Caryocrinites 4 M.Sil. 3 V.Ord. 2 M.Ord.? 4 M.Sil.
Juglandocrinus __ h __ 3 V.Ord.
Oocystis __ .. 3 V.Ord. .. __ __ .. 3 V.Ord.
Ptychosmites __ .__ .. __ __ .__ __ .__ 3 V.Ord.
Stribalocystites .. 4 M.Sil.

1 M.Ord.

Polycosmitidae
Polvcosmites __ . __ . .. __ ___
Stichocystis .. . .. __ 3 M.Ord.

___.n 2 M.Ord.
___ 1 M.Ord.

Caryocystitidae
Heliocrinites .__ __ 3 M.Ord. I L.Ord.
Caryocystites __ 3 M.Ord.? 3 M.Ord. 3 M.Ord.
Orocystites __ . __ . __ .. __ .__.3 M.Ord.

4 V.Ord. 2 M.Ord.
. 2 M.Ord.
3 M.Ord.

1 L.Ord.
Echinosphaeritidae

Echinosphaerites . ..... 3 M.Ord.
Arachnocystites ...... __

4 M.Ord. 5 M.Ord.
. __ .. 2 M.Ord.

2 M.Ord.

Gomphocystitidae
Pyrocystites . .. __ __ __ 2 M.Ord.
Gomphocystites 3 M. Sit. __ .. 3 M.Sil.

I M.Ord.

......................... __ 2 M.Ord.
Protocrinitidae

Protoc1'inites __ .. __ __ 1 L.Ord.
Eumo1'phocystis 3 M.Ord.
Fungocystites .. __ .__ .. __ __ __ 4 M.Ord.
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TABLE 5 (continued)

North
America

British
Isles

Baltic Southern
Europe

China
Burma

Sphaeronites 3 M.Ord. 1 L.Ord. ........................... 2 M.Ord.
Haplosphaeronis 2 M.Ord. . 1 M.Ord.
Ettcystis 3 M.Ord.? 2 M.Ord. 4 L.Dev. 1 M.Ord.
Holocystites 2 M.Sil. 1 U.Ord.
Asteroblasttts I L.Ord. 2 M.Ord.?

"'Germany

Middle Ordovician, Britain in Late Ordo
vician, and France in Middle Silurian.

Within the subfamily Apiocystitinae,
Apiocystites occurs first in the Middle Sil
urian rocks of the United States and then
in the Upper Silurian rocks of Britain, but
Lepocrinites appears first in the Upper Sil
urian of Britain and extended to America
in Early Devonian time. In this migration,
Lepocrinites was joined by Pseudocrinites.
Only during Late Silurian did callocystitids
send out emigrants from North America.
The easternmost extent of this minor wave
was Sweden.

Despite these invasions and extensions,
the regions produced distinctive faunas. The
Middle Ordovician cystoids of North
America are dominated by Pleurocystites

and Homocystites. The fauna of this age in
the Baltic consists primarily of Heliocrinites,
Echinosphaerites, and Caryocystites, although
other cystoids are present. The Early and
Middle Ordovician faunas of Estonia con
tain many rare genera. The majority of
Ordovician cystoids in central and southern
Europe are Aristocystitidae. The Silurian
cystoids of North America are mostly
Holocystites, Caryocrinites, and Callocystiti
dae. Other examples could be cited.

In summary, the cystoids evolved as dis
tinctive faunas, probably because each pop
ulation was closely attuned to the ecological
factors in a particular province. Only rarely
did a species develop a range of tolerance
sufficient to thrive over a broad interconti
nental area.

taxonomic value have been retained because
time was insufficient to locate and evaluate
types of the assigned species, particularly of
cystoids described in the previous century.

The long-dominant concept of Cystoidea
including any and all pelmatozoans not
definitely classed as crinoids led to an amal
gamation of echinoderms having such di
verse morphology that they fell far short of
constituting a definable class. The Cystoidea
attained its present state by major excisions.
Removal and diagnosis of the Edrioaster
oidea were early accomplished by BILLINGS
(20) and confirmed by the major contribu
tion of JAEKEL (69) and BATHER (9, 10).
This was followed by separation of the
Carpoidea by JAEKEL (70), the Eocrinoidea
by JAEKEL (71), the Paracrinoidea by REG
NELL (99), and the Edrioblastoidea by FAY
(45). Not all workers have accepted these
efforts to reduce the Cystoidea.

CLASSIFICATION

INTRODUCTION
Taxonomy of cystoids has not followed a

consistent trend. For the class as a whole,
additions and deletions have been piece
meal and have lacked universal acceptance,
despite the comprehensive works of JAEKEL
(69,71) and BATHER (10). Major contribu
tions have been sporadic, and very few
changes have been made in recent years.

From new discoveries of fossil cystoids,
through the years, new genera were made
known and accommodated into the supra
generic framework. From sharper discrim
ination, sometimes astute and sometimes
picayune, additional genera have been cre
ated by splitting the old. For the most part,
attempts to assess the genera, even within a
superfamily, have been perfunctory. Many
authors have been reluctant to eliminate
genera; this criticism may apply to the
Treatise, wherein several genera of dubious
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Cystoid Taxa with Index Numbers for Sequence
Given on Figure 71

MULLER

The most important attempt at classifi
cation, however, was that of JOHANN MUL
LER (90). He devised an outline of classi
fication which was not completed with
taxonomic names until years after his time.

them Echinus pomum and E. aurantium,
regarding them as sea urchins "of the genus
Echinus, or its nearest relatives" (translated
from the title by REGNELL (99), who pre
sented annotations and commentary on the
work). He correctly interpreted the peri
stome and periproct in Sphaeronites po
mum, but identified the periproct as the
peristome and the gonopore as the periproct
in Echinosphaerites aurantium. The sig
nificant contribution was GVLLENHAAL'S rec
ognition of these objects not only as organic
but also as representing echinoderms.

Whereas several additions of genera were
published in the succeeding 70 years, only
two bear much taxonomic interest in that
the idea of cystoid relationship to echinoids
was changed. THOMAS SAY (112) described
Caryocrinites from North America as a
crinoid, and HiSINGER (66) stated that
cystoids were intermediate between "En
crinites" (crinoids) and "Echinites" (echin
oids) because they were provided with a
stem (column) and yet displayed similari
ties to sea urchins.

In 1846, LEOPOLD VON BUCH (31) pub
lished a paper that he had read earlier, in
which he recognized for the first time the
independence of the cystoids from other
echinoderms. He called them "Cystideen."

The position of the Blastoidea is still
debated. Rather firm positions for includ
ing and for excluding them from the Cyst
oidea have been taken in the past decade.
In the Treatise, the Blastoidea are classed
as a separate taxon.

To identify the echinoderms that have
appeared in literature as cystoids but are
here classified otherwise, a list is offered
of "Echinoderms Formerly Included in
Cystoidea."

Some of the problems of classification
have been of a nomenclatural nature. An
especially perplexing area of concern is the
publication by HAECKEL (58) o.f genera
based on previous accounts, nomma nuda,
and hypothetical genera. This creation of
names for possible cystoids that could have
developed on theoretical grounds, coupled
with his general unreliability ~or ~ccording

authorship of species, makes it difficult t.o
do justice to his work. Nearly all of his
genera are extremely weakly foun?ed, but
one must decide if they are recogmzable at
all and whether they were even based on
specimens. Lists are presented herein of
Junior Synonyms, Nomina Nuda, Preoccu
pied Names, and Unrecognizable Genera.

DEVELOPMENT OF
CLASSIFICATION

The cystoids Sphaeronites pomum and
Echinosphaerites aurantium are so ~bundant

in the Asaphus and Chasmops Limestones
of Sweden, respectively, that some .ex
posures yield a wealth of these. sphenc~l
fossils which are closely packed m certam
strata.' LINNE (79) mentioned them as
"Crystall-aplen" and WALLERIUS (140) as
"Spat-klot," both authors expressmg the
current belief that such crystal-apples and
lime-balls were of inorganic origin.

EARLY WORK

The brilliant, pioneer work of JOHAN
ABRAHAM GVLLENHAAL, a Swedish miner,
was published in the journal of the Royal
Swedish Academy of Science (Kg!. Veten
skap Academiens Handlingar) in 1772
(56). (His name was misspelled as GVLLEN
HAHL at the heading of the paper, and has
been so cited many times.) In it he illus
trated these two common species and named

Aristocystitidae-3
Asteroblastida-l0
Asteroblastidae-12
Callocystitidae-24
Caryocrinitidae-30
Caryocystitida-14
Caryocystitidae-15
Cheirocrinidae-18
Cystoblastidae-21
Dactylocystidae-8
DIPLOPORITA-l
Echinoencrinitidae-19
Echinosphaeritidae-16
Glyptocystitida-17
Glyptocystitidae-20
Glyptosphaeritida-5

Glyptosphaeritidae-6
Gomphocystitidae-9
Hemicosmitida-28
Hemicosmitidae-29
Heterocystitidae-31
Mesocystidae-ll
Pleurocystitidae-22
Polycosmitida-25
P.olycosmitidae-26
Protocrinitidae-7
RHOMBIFERA-13
Rhombiferidae-23
Sphaeronitida-2
Sphaeronitidae-4
Stichocystidae-27
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Cambrian Ordovician Silurian Devonian
L M U L M U L M U L M U

1 DIPLOPORITA 20
2 Sphaeronitida 26
3 Aristocystitidae 27 "",",,,,,",,.....,,,--4 Sphaeronitidae 28

~
5 Glyptosphaeri tida 21 ..........i""""-
6 Glyptosphaeri tidae 22
7 Protocrinitidae 24

r==
8 Dactylocystidae 23
9 Gomphocystitidae 25 F== ,,,,,,,...,,,,,,,,,,,,,,..,...,,,,,.......,.....,,,,t--

r--
10 Asteroblastida 29 ~ ••••••••
11 Mesocystidae 31 =
12 Asteroblastidae 30 ~

........

13 RHOMIlIFERA 1
14 Caryocystitida 17
15 Caryocyst itidae 18

r:""": ---------
16 Ech inosphaeritidae 19

17 Glyptocysti tida 2
18 Cheirocrinidae 6 .-.---_. -------- ........

-------- --._---- --------- --_..~---
19 Echinoencrinitidae 7

~
'"....,_.._....-I--- -",-_.., ",......,......,...... -----f---- F====

20 Glyptocystitidae 3 r==
21 Cystoblastidae 4

~
22 Pleurocystitidae 8 ,....,,,_........,,1-,."••"",,,,""..",,,'........,,'""I--

1-

23 Rhombiferidae 5 1-
24 Ca Ilocysti tidae 9 ====
25 Polycosmitida 14

~
26 Polycosmitidae 15 F=o'
27 Sti chocystidae 16 F==
28 Hemicosmitida 10
29 Hemicosmitidae 11

30 Caryocrinitidae 12 =====
31 Heterocysti tidae 13 =

FIG. 71. Stratigraphic distribution of suprageneric cystoid taxa; geologic periods indicated only to epoch.
The numbers following the names of taxa indicate systematic placement as given in the preceding tabular
outline of cystoid classification. Also, an alphabetical list of taxa is accompanied by index numbers referring
to the serially arranged numbers that precede the names of taxa on the diagram; this facilitates location of
any selected family as plotted with respect to stratigraphic occurrence. [Range of orders (capital letters) and
superfamilies indicated by heavy black lines, that of families by intermediate-weight lines, and individual

genera by thinnest lines.]
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He divided cystoids into two groups, those
with "Doppelporen," which were restricted
to individual plates, and those with "Poren
rauten:' The first he called the "Diplopori
ten" and the second he left unnamed. In the
following summary of his outline, the pres
ent taxa are indicated in brackets.

Classification of Cystoids by Muller
1. Cystoids with pore rhombs [Rhombifera].

a. Rhombs without external openings for the
pores, Hemicosmites, Caryoerinites [Hemi
cosmitida] .

b. Pores linked by an outer rod [actually a
pore canal beneath epitheca], Caryocystites
[Caryocystitida, Caryocystitidae in part].

c. Pores linked by several outer rods [actually
multiple pore canals beneath epitheca], Echi
nosphaerites [Caryocystitida, Echinosphaeriti
dae in part].

d. With few pore rhombs, Echinoenerinites,
Pseudoerinites, Apiocystites, Prunocystites
[Glyptocystitida] .

2. Cystoids with double pores, which occur on the
same plate (Diploporiten), Sphaeronites, Pro
toerinites, Glyptosphaerites [Diploporita].

MULLER'S worthy system, which with addi
tions and slight emendation serves as the
order-superfamily classification now in use,
was not readily accepted for nearly a half
century.

EICHWALD

The next contribution to taxonomy was
by E. VON EICHWALD (44), who sought to
formalize his concepts of the cystoids. He
created four "orders," written as family
names, which he assigned to the Crinoidea.
Of these, his Rhombiporitidae was said to
contain Cheirocrinus and Gonocrinus
[=Echinoencrinites], and corresponds to
the Glyptocystitida of the Rhombifera. His
Diploporitidae is the order Diploporita. His
order Taxiporitidae is an admixture of
Rhombifera and Crinoidea; it contained the
cystoids Heliocrinites, Caryocystites, and
Echinosphaerites [Caryocystitida J and
Hemicosmites [HemicosmitidaJ. His last
order, the Aporitidae, contained only the
eocrinoid Cryptocrinites.

Classification of Cystoidea by Eichwald,
1860 (44)

[As orders of Crinoidea]

Order Diploporitidae (Sphaeronites, Protoerinus,
Glyptosphaerites)

Order Taxiporitidae (Echinosphaerites, Caryo-

cystites, Helioerinus, Hemicosmites, Cycloerinus)
Order Rhombiporitidae (Gonoerinus, Cheiroerinus)
Order Aporitidae (Cryptoerinus)

QUENSTEDT

A simple division was proposed by F. A.
QUENSTEDT (96) in which he divided cyst
oids into the "Serti" and the "Tricati." The
first contained few and mostly large plates,
to which he assigned Caryocrinites, Hemi
cosmites, and an "entire host of Rhombo
cystiden" (here translated); hence it corre
sponds to the Glyptocystitida and Hemicos
mitida of the Rhombifera. The second,
which QUENSTEDT admitted contained essen
tially different forms, contained Echino
sphaerites of the Rhombifera and various
genera of the Diploporita.

ANGELIN

N. P. ANGELIN (1) divided the cystoids
into three groups. His Apora was so named
because the pore canals were obscured in
Echinosphaerites and Caryocystites [now
included in the CaryocystitidaJ; he added
"Megacystis" [=HolocystitesJ, apparently
because pores were not discerned on the
steinkerns. His Gemellipora (twin-pores)
corresponds to the Diploporita. His last
group, Pedicellata, contained Glyptocystites
and Lepocrinites (under other names), and
hence is equivalent to the Glyptocystitida,
insofar as one may judge from the content
rather than the name.

Classification of Cystoidea by Angelin,
1878 (1)

Apora (Echinosphaera, Caryocystis, Megacystis)
Gemellipora (Sphaeronis, Glyptosphaera)
Pedicellata (Glyptocystis, Lepadoerinus)

ZITTEL

KARL A. VON ZITTEL (147) used a tri
partite division, each part of which he
ascribed to J. MULLER. The group Aporiti
dae were carpoids, edrioasteroids, and
eocrinoids. The Diploporitidae included the
Diploporita. The Rhombiferi were sub
divided according to MULLER'S classifica
tion, although some carpoids, eocrinoids,
crinoids, and a blastoid were included along
with cystoids. The Rhombiferi appeared
for the first time in the stem form of the
Rhombifera.
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Classification of Cystoidea by Zittel, 1879
(147)

Group Aporitidae J. MULLER
Group Diploporitidae J. MULLER
Group Rhombiferi J. MULLER

BARRANDE

JOACHIM BARRANDE (3), in his monu
mental work on cystoids of Bohemia, di
vided the Cystoidea according to their sup
posed number of thecal openings. Many of
his determinations of openings were in
error. He did not, however, formally de
clare these divisions to be taxa, and he may
perhaps have regarded them merely as a
utilitarian aid in identification.

NEUMAYR

MELCHIOR NEUMAYR (91) proposed a
classification of "groups" (written infor
mally as families with -iden termination)
and "orders" (written with a subfamilial
-inen termination). It is important not for
the overall treatment, but for the first ap
pearance of the stems from which Sphaeron
itidae, Aristocystitidae, Echinosphaeritidae,
and Pleurocystitidae were derived.

Classification of Cystoidea by Neumayr,
1889 (91)

Group Sphaeronitiden
Order Sphaeronitinen
Order Aristocystinen
Order Mesitinen

Group Echinosphaeritiden
Group Pleurocystiden

MILLER

S. A. MILLER (85) published a list of
12 families, the first 11 in alphabetical order
and the last called "Family uncertain."
By present standards, seven of the families
contained noncystoid echinoderms. MIL
LER'S work did establish the families Caryo
crinitidae and Gomphocystitidae.

Classification of Cystoidea in Families by
S. A. Miller, 1889 (85)

Amygdalocystidae Gomphocystidae
Anomalocystidae Holocystidae
Caryocrinidae Hybocystidae
Comarocystidae Lepadocrinidae
Echinocystidae Platycystidae
Eocystidae Family Uncertain

STEINMANN

G. STEINMANN (121) expressed taxonom
ically the conviction held by several workers
in that century that cystoids were inter
mediate forms giving rise to other echino
derms. In the following key, his Eucyst
oidea contains both Rhombifera and Diplo
porita, his Cystechinoidea was created for
one cystoid and one echinoid, his Cystaster
oidea for an edrioasteroid, and his Cysto
crinoidea for a unit of the Glyptocystitida,
a unit of the Hemicosmitida, and a crinoid.

Classification of Cystoidea by Steinmann,
1890 (121)

A. No sharp border present between upper and
lower sides of theca. No distinct free arms,
instead m.ost!y developed as ambulacral
grooves or fields.
a. Plates either numerous and irregular or

less numerous and arranged in various
circlets like those in crinoids, Glypto
sphaerites, Echinosphaerites, Lepocrinites
............... h h __ Eucystoidea

b. Part of thecal plates arranged in merid
ional rows, Cystocidaris, Mesites
............................................. __ .. Cystechinoidea

B. Upper and lower sides of theca different;
several free arms developed like those of
crinoids.
a. Theca flat, with 5 arms fused onto a disc,

Agelacrinus ..... h. __ ....... h __ ......... Cystasteroidea
b. Theca beaker-shaped; free arms at junc

tion of upper and lower sides, Echino
encrinites} Caryocrinites, Porocrinus
. __.. __ __ .. __ Cystocrinoidea

BERNARD

BERNARD (17) included the cystoids in
his "groupe des Eucystides," which he
divided into six families. He introduced the
Glyptosphaeritidae and Callocystitidae, al
though their definitions would scarcely
suffice in modern taxonomy. The former
included, in addition to Glyptosphaerites,
Protocrinites of the Protocrinitidae, Proteo
cystites of the Sphaeronitidae, and an eocrin
oid; it was based on the presence of diplo
pores, small brachioles, and amblilacral
grooves. Apart from the Eucystides, BER
NARD placed Cystoblastus and Asteroblastus
as transitional to the blastoids; he also
listed "Cystocrinoides," supposedly inter
mediate between cystoids and crinoids, but
containing an eocrinoid and two crinoids
as listed genera.
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Classification of Cystoidea (Cystidh) in
Families by Bernard, 1895 (17)

Aristocystides Caryocrinides
Echinosphaeritides Callocystides
Glyptosphaeritides Pleurocystides

HAECKEL

The work of E. HAECKEL (58), notorious
for serious misconceptions and factual er
rors and liberally supplied with hypotheti
cal genera, introduced a classification that
divided the majority of cystoids into those
with numerous plates and those with few.
It is remembered, however, for the intro
duction of the Amphoridea, an assemblage
of cystoids, eocrinoids, paracrinoids, and
carpoids that found favor with certain sub
sequent authors and long delayed trimming
the cystoids to a definite taxon. The fam
ilies and their divisions (presumably sub
families) added little to classification.

Classification of Cystoidea by Haeckel,
1896 (58)

Class Amphoridea
Family Eocystida-hypothetical.
Family Anomocystida or Pleurocystida-Pleuro

cystites and carpoids.
Family Aristocystida or Holocystida-diploporites,

rhombiferans, and carpoids.
Family Palaeocystida or Archaeocystida-cystoids,

carpoids, and crinoids.
Order Microplacta or Eucystidea-numerous thecal

plates, irregularly arranged.
Family Pomocystida (Sphaeronitida, Proteocyst

ida).
Family Fungocystida (Glyptosphaerida, Malo

cystida).
Family Agelacystida (Hemicystida, Asterocystida).
Family Ascocystida-forms transitional to holo

thurians.
Order Megaplacta or Parcystidea-few thecal plates,

regularly arranged.
Family Callocystida (Acanthocystida, Apiocystida,

Pseudocrinida) .
Family Glyptocystida (Hexalacystida, Sycocystida).

KOKEN

Also in 1896, KOKEN (78) presented a
key to the cystoids in his "Leitfossilien."
Because he based his primary division on
the extent of the ambulacra, the Diploporita
and Rhombifera appear in each of the two
major groups.

Classification of Cystoidea by Koken, 1896
(78)

A. Brachiata-brachioles near the mouth.
1. Numerous thecal plates,

With diplopores: Holocystites, Sphaeronites.
With pore rhombs: Ecllinosphaerites, Caryo

cystites.
2. Few thecal plates, arranged in circlets,

With simple pores: Cryptocrinites, Hypo
erinus (eocrinoid, crinoid).

With numerous pore rhombs: Caryoerinites,
Hemicosmites.

With few pore rhombs: Echinoencrinites.
B. Abrachiata-long ambulacra radiating from

the mouth.
1. Numerous thecal plates,

With pores absent: Agelacrinites (edrioaster
aid).

With diplopores: Mesites, Protocrinites, Glyp
tosphaerites.

2. Few thecal plates,
With numerous pore rhombs: Glyptocystites.
With few pore rhombs: Lepocrinites, Callo

cystites.

BATHER AND JAEKEL

It was a coincidence that the two most
influential, penetrating, substantial classifi
cations were in preparation simultaneously
but independently, by BATHER (9) and by
JAEKEL (69), and both appeared in the
same year, 1899. It is an even more aston
ishing coincidence that the two classifica
tions agreed on nearly all major divisions.

Both authors recognized the order
Rhombifera and Diploporita with many of
the same families. Both used families Glyp
tocystitidae, Callocystitidae, Caryocrinitidae,
Echinosphaeritidae, Glyptosphaeritidae,
Gomphocystitidae, Sphaeronitidae, Aristo
cystitidae, and Mesocystidae, in vanous
spellings and taxa.

The main difference between BATHER
(9) and JAEKEL (69) lies in the inclusion
by the former of the order Amphoridea (for
the Aristocystitidae and carpoids) and the
order Aporita (for some eocrinoids). Al
though they both put Dactylocystis and
Protocrinites into one family, BATHER called
it Protocrinidae and JAEKEL called it Dacty
locystidae; actually, the two genera are
representative of separate families. Although
both put Rhombifera and Tiaracrinus into
one family, BATHER called it Tiaracrinidae
and JAEKEL called it Tetracystidae; actually,
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Rhombifera is the type of a cystoid family
and Tiaracrinus is a crinoid. BATHER'S
subfamily Echinoencrininae of the Glypto
cystidae is approximately equal to JAEKEL'S
family Scoliocystidae. Hence, for the most
part, even the differences are those of
taxonomic names rather than content.

BATHER'S classification appeared slightly
earlier than JAEKEL'S, and has priority.
BATHER introduced the following taxa (with
variant spellings and ranks): Glyptocystiti
dae, Echinoencrinitidae, Mesocystidae, and
Protocrinitidae. JAEKEL introduced Cheiro
crinidae, Cystoblastidae, and Dactylocysti
dae.

Classification of Cystoidea (Called Cystidea)
by Bather, 1899 (9)

Order Amphoridea
Aristocystidae
Dendrocystidae
Anomalocystidae

Order Rhombifera
Echinosphaeridae
Macrocystellidae
Tiaracrinidae
Malocystidae
Glyptocystidae
Echinoencrininae
Callocystinae
Glyptocystinae

Caryocrinidae
Order Aporita

Cryptocrinidae
Order Diploporita
Sphaeronidae
Glyptosphaeridae
Protocrinidae
Mesocystidae
Gomphocystidae

Classification of Cystoidea by Jaekel, 1899
(69)

Order Dichoporita
Regularia

Chirocrinidae
Cystoblastidae nov.
Pleurocystidae
Scoliocystidae nov.
Callocystidae BERNARD

Glyptocystinae
Apiocystinae
Staurocystinae
Callocystinae

Irregularia
Caryocrinidae nov.
Echinosphaeridae nov.

?Tetracystidae nov.
Order Diploporita

Mesocystidae
Sphaeronidae
Aristocystidae nov.
GDmphocystidae nov.
Glyptosphaeridae
Dactylocystidae

BATHER'S (10) treatment of the Cystoidea
in LANKESTER'S A Treatise on Zoology was
published in 1900, after he had the oppor
tunity to examine JAEKEL'S (69) classifica
tion briefly. For intent and purpose, how
ever, BATHER followed his taxonomy of the
previous year. He added the family Eocysti
dae to the Amphoridea and the family
Comarocystidae to the Rhombifera. There
with, he emphasized an important distinc
tion between his system and that of JAEKEL;
we may note that BATHER"S concept of the
cystoids was very broad, including the
carpoids and other pelmatozoans, whereas
JAEKEL'S concept was more restricted, ap
proaching the modern content of the class.

Classification of Cystoidea (Called Cysti
dea) by Bather, 1900 (10)

Order Amphoridea
Aristocystidae
Dendrocystidae
Eocystidae
Anomalocystidae

Order Rhombifera
Echinosphaeridae
Comarocystidae
Macrocystellidae
Tiaracrinidae
Malocystidae
Glyptocystidae

Echinoencrininae
Callocystinae
Glyptocystinae

Caryocrinidae
Order Aporita

Cryptocrinidae
Order Diploporita

Sphaeronidae
Glyptosphaeridae
Protocrinidae
Mesocystidae
Gomphocystidae

Also in 1900, a classification of cystoids
appeared in the ZITTEL textbook (transla
tion by EASTMAN). It took no cognizance of
the significant changes introduced by
BATHER (9) and JAEKEL (69).
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Classification of Cystoidea in Families by
Zittel-Eastman, 1900

Aristocystidae Cryptocrinidae
Sphaeronitidae Caryocrinidae
Camarocystidae Anomalocystidae
Echinosphaeritidae Callocystidae

Agelacrinidae

JAEKEL (70) formally set up the class
Carpoidea, which he had used the year pre
viously as a nomen nudum; the current con
cept of these echinoderms, however, in
cludes only the Heterostelea of JAEKEL.

Then, BATHER (11, in REED) defended his
classification, including the Amphoridea,
and presented it once again, with slight
modification, in 1913.

The classification closest to the one in the
Treatise was published by JAEKEL in 1918
(71). The families Hemicosmitidae, Hetero
cystitidae, Polycosmitidae, Stichocystidae,
and Caryocystitidae came into being.
JAEKEL'S subclasses Dichoporita and Diplo
porita are the orders Rhombifera and Diplo
porita recognized here. His orders and sub
orders were strangely named and used in
the sense of superfamilies. In this important
contribution, the blastoids were included
as a subclass of the cystoids, in the same
rank as "Dichoporita" and Diploporita;
this close affinity of cystoids and blastoids
was to become a point of taxonomic contro
versy. It should be mentioned that JAEKEL

at the same time refined his definition of
Carpoidea and set up the Eocrinoidea,
which he made a subclass of the Crinoidea.

Classification of Cystoidea by Jaekel, 1918
(71)

Subclass Dichoporita
Order Regularia

Chirocrinidae
Cystoblastidae
Scoliocystidae
Pleurocystidae
Callocystidae

Glyptocystinae
Schizocystinae
Apiocystinae
Staurocystinae
Callocystinae

Order Irregularia
Suborder Hemicosmites, nov.

Hemicosmitidae
Caryocrinidae
Heterocystidae

Suborder Polycosmites, nov.

Polycosmitidae
Stichocystidae

Suborder Caryocystites, nov.
Caryocystidae
Echinosphaeridae

Order Tetracystida
Order ?Pentacystida

Subclass Diploporita
Order Asterocystida

Asterocystidae
Mesocystidae

Order Seriolata
Estonocystidae, nov.
Protocrinidae
Glyptosphaeridae
Gomphocystidae

Order Sphaeronita
Sphaeronidae
Aristocystidae

Subclass Blastoidea
"Vorform: Cystoblastus"
"Aberrante Versuchsform (Parablastida)"

Blastocystidae
Order Radiolata

Suborder Spiraculata
Troostoblastidae
Pentremitidae
Nucleoblastidae
"Anhang: Eleutheroerinus"

Granatoblastidae
"Anhang: Pentephyl/um, Zygocrinus"

Suborder Fissiculata
Orophocrinidae
Codasteridae

Order Coronata
Stephanoblastidae

BROIL!

In the ZITTEL-BROILI textbook (21), the
Cystoidea were divided into three orders
corresponding to edrioasteroids, carpoids,
and cystoids in the sense used here. The
last was called the Hydrophoridea.

Classification of Cystoidea in Zittel-Broili
(21 )

Order Thecoidea JAEKEL (Edrioasteroidea BILLINGS,
emend. BATHER)

Edrioasteridae JAEKEL
Steganoblastidae
Cyathocystidae
Agelacrinidae HALL (emend. JAEKEL)

Order Carpoidea JAEKEL (Amphoridea BATHER)
Anomalocystidae H. WOODWARD (Heterostelea

JAEKEL)
Order Hydrophoridea ZITTEL
Suborder Rhombifera ZITTEL, emend. BATHER

(Dichoporita JAEKEL)
Echinosphaeritidae NEUMAYR
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Caryocrinidae JAEKEL
Macrocystellidae BATHER

Chirocrinidae JAEKEL

Scoliocystidae JAEKEL
Pleurocystidae MILLER & GURLEY (emend.

JAEKEL)
Callocystidae BERNARD

Cystoblastidae JAEKEL

Suborder Diploporita
Aristocystidae NEUMAYR (emend. JAEKEL)

Sphaeronidae JAEKEL (Pomocystae HAECKEL)
Gomphocystidae JAEKEL
Glyptosphaeridae JAEKEL
Protocrinidae BATHER (Dactylocystidae JAEKEL)
Mesocystidae JAEKEL

BATHER (15) in his last published classi
fication, in the Encyclopaedia Britannica,
14th ed., abandoned the Amphoridea and
treated the Cystoidea and Blastoidea as dis
tinct but closely related.

BASSLER

BASSLER (5) in the "Pelmatozoa Palaeo
zoica'" for the Fossilium Catalogus, and
BASSLER & MOODEY (7) in Bibliographic and
Faunal Index of Paleozoic Pelmatozoan
Echinoderms turned back taxonomy to the
1900 concepts of BATHER, enlarging some
what on the unwieldy Amphoridea and
altering the Rhombifera and Diploporita to
a degree, but nevertheless reviving a general
system that JAEKEL (71) had condemned
and BATHER (15) had come to abandon.

Classification of Cystoidea by Bassler &
Moodey, 1943 (7)

Order Amphoridea HAECKEL
Eocystitidae BASSLER (Eocystidae BATHER)
Aristocystitidae BASSLER (Aristocystidae NEUMAYR)
Anomalocystitidae BASSLER (Anomalocystidae

MEEK)
Dendrocystitidae BASSLER (Dendrocystidae

BATHER)
Cothurnocystidae BATHER
Malocystitidae BASSLER (Malocystidae BATHER)
Comarocystitidae BASSLER (Comarocystidae

BATHER)
Order Rhombifera ZITTEL

Echinosphaeritidae N EUMAYR (Echinosphaeridae
JAEKEL)

Caryocrinitidae BASSLER (Caryocrinidae BERNARD)
Callocystitidae BASSLER (Callocystidae BERNARD)
Cheirocrinidae JAEKEL
Pleurocystitidae BASSLER (Pleurocystidae JAEKEL)
Echinoencrinitidae PHLEGER (Echinoencrinidae

BATHER)
Cryptocrinitidae BASSLER (Cryptocrinidae ZITTEL)

Macrocystellidae BATHER

Order Diploporita ZITTEL

Sphaeronitidae NEUMAYR (Sphaeronidae of
authors)

Glyptosphaeritidae BASSLER (Glyptosphaeridae
JAEKEL)

Protocrinitidae BASSLER (Protocrinidae BATHER)

Gomphocystitidae BASSLER (Gomphocystidae
JAEKEL)

Eumorphocystidae BRANSON & PECK

REGNELL (99) criticized BASSLER (5) and
BASSLER & MOODEY (7) for their classifica
tion, and elected to follow JAEKEL (71) in
including the blastoids in the Cystoidea. He
also corrected some of the taxonomic names
of earlier authors, and presented a general
critique of noncrinoid Pelmatozoa. REGNELL
set up the Paracrinoidea to receive certain
forms that had been assigned by some to
the cystoids.

MOORE (89) gave a summary of Pelmato
zoa, and stated that "the relegation of blast
oids to rank as a subclass of the cystoids, as
recently proposed by REGNELL (99), is a
backward step which is not accepted."
REGNELL (104) rebutted MOORE'S conten
tion by saying, "Now, the way of classifica
tion is a purely technical question and a
matter of personal judgement and taste."
He then referred to previous interpretations
of Cystoblastus, Asteroblastus, and Thola
cystis as possible intermediate forms be
tween the cystoids (in a restricted sense)
and the blastoids.

Other papers could be discussed here; but
these above have treated the Cystoidea as
an entity, whereas many lesser contributions
have been concerned with only a part of
the class.

CLASSIFICATION ADOPTED
IN TREATISE

GENERAL DISCUSSION

The classification adopted here differs in
some respects from any previously pre
sented. Except for the inclusion of the
Blastoidea, JAEKEL'S (71) diagnoses were
mostly sound and his criteria clearly stated,
insofar as suprageneric taxa were concerned.
Unfortunately, the generic content of each
taxon was not complete, and generic dis
tinctions were sketchy or omitted.
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No single morphological character will
suffice to differentiate all the families. Cri
teria employed for the families in one super
family are not applicable to those in an
other superfamily. To judge from the
morphological extremes included therein,
some superfamilies are taxonomically more
discrete than others. Similarly, some fam
ilies are composed of very diverse genera,
whereas others contain closely similar gen
era. Monofamilial superfamilies and mono
generic families serve to emphasize the in
adequacy of the fossil record. Our knowl
edge of the Callocystitidae, probably the
best understood of families, appears to have
been the result of fortuitous availability of
good specimens rather than innate qualities
of the cystoids concerned.

Inasmuch as cystoids became extinct in
the mid-Paleozoic, their physiology, specific
variation, and diagnostic features must be
inferred, in many cases from an insufficient
sample of the population. The criteria based
on the fossils are undoubtedly artificial to
some degree. Nevertheless, the separation
of the two orders on the basis of the thecal
pores has been granted wide acceptance. As
it has subsequently developed, the choices
of names for them have priority but little
else in their favor.

The Rhombifera have thecal pores ex
tending from one plate to another, but not
all genera exhibit rhombic arrangements.
And the Diploporita have thecal pores con
fined to individual plates, but not all genera
have these developed as diplopores. Both
orders contain some cystoids with very
regular disposition of thecal plates and
some with irregular. The number of thecal
pores varies greatly in each order. Some
Rhombifera and some Diploporita have no
column in the adult.

Criteria for dividing the Rhombifera into
superfamilies are not the same as those for
dividing the Diploporita. The four super
families of the Rhombifera are differ
entiated by the sort of thecal pores and the
regularity of the thecal plates. The three
superfamilies of the Diploporita are dis
tinguished by the development of the am
bulacral system and, to a lesser degree, by
the nature of the column and the distribu
tion of thecal pores.

Within superfamilies, the families are de
fined on various characters, such as num
ber and arrangement of thecal plates, shape
of theca, size of periproct, development of
ambulacra, number of brachioles, number
and location of rhombs or diplopores, and
development of column.

Although the effort may be somewhat
discretionary, the Systematic Descriptions
contains in the Cystoidea a key to all fam
ilies and in each family a key to the firmly
established genera. These should prove
useful to the beginning student and may
be valuable to the advanced worker in
gauging the validity of the current classifi
cation and in formulating additional
emendations. The keys constitute a com
pendium of the taxonomy adopted in the
Treatise.

ORDER RHOMBIFERA

The Rhombifera are a group of cystoids
in which the thecal pores extend from one
plate to another, being normally shared
equally by the two plates. Most cystoids of
the order have the pores, called dichopores,
aligned in rhombs, but the Polycosmitidae
are an exception. The Rhombifera were
clearly separated from the Diploporita when
the fossil record starts in the Lower Ordo
vician (Fig. 54), so that a previous long
history may be inferred. The order reached
its maximum diversity in Middle Ordo
vician, but continued to produce new gen
era throughout the Silurian and much of
the Devonian. The last surviving cystoid
was the rhombiferan Strobilocystites from
the Upper Devonian of Iowa.

The basis for differentiating superfamilies
was indicated long ago by MULLER (90). It
is rather remarkable that, among the rela
tively few cystoids known in his time, he
had representation of the different super
families, and that he was discerning enough
to discover the key character. Subsequently,
taxonomic names were devised to fit the
categories set up by MULLER.

SUPERFAMILY GLYPTOCYSTITIDA

The thecal pores of the Glyptocystitida
are pore rhombs, typically developed as
pectinirhombs. In all the pores are open
to the outside, but some have pores that
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are subcircular, rather than parallel slits, so
that the rhombs do not fit the textbook con
cepts of pectinirhombs.

In addition to the form of the pores, the
Glyptocystitida have thecae composed of 24
basic plates (although rare exceptions are
found in which one or more plates may be
bipartite or tripartite). These plates are
disposed more or less in circlets of four
basals (BB) , five infralaterals (ILL), five
laterals (LL), five radials (RR) , and five
orals or deltoids (00). Because of the con
stant number of the thecal plates, species
and genera can be compared in greater de
tail than those of other superfamilies.

The Glyptocystitida are divisible into
two groups (Fig. 57), one characterized by
large periprocts containing numerous plates
in addition to the anal pyramid and an
other distinguished by small periprocts con
taining not more than a single circlet of
auxiliary plates around the anal pyramid.
The first group includes the Pleurocystiti
dae, Cheirocrinidae, and Glyptocystitidae.
Of these, the Pleurocystitidae is distinctive
for having a strongly compressed theca,
extremely large periproct, and few pore
rhombs. The Cheirocrinidae can be differ
entiated from the Glyptocystitidae by their
shorter ambulacra and fewer brachioles.

The second group, with small subcircular
periprocts, includes the Echinoencrinitidae,
Callocystitidae, Cystoblastidae, and Rhombi
feridae. The first two both have subovate
thecae, but can readily be distinguished by
shortness of the ambulacra and (in most)
the protuberant nature of the periproct re
gion in the Echinoencrinitidae. The Cysto
blastidae have a pentremite shape that can
not be confused with that of any other
Rhombifera; the theca bears such resemb
lance to a pentremite blastoid that JAEKEL

(68, 69, 71) repeatedly emphasized the de
rivation of the Blastoidea from this family
of cystoids. The Rhombiferidae contains
only the type genus, Rhombifera, which
also has a unique shape; the spindle-like
theca is futher conspicuous in having the
laterals set directly atop the infralaterals
with the radials reduced to small plates
alternating with the orals, an arrangement
not met with in any other cystoid.

SUPERFAMILY HEMICOSMITIDA

The cystoids of the Hemicosmitida ex
hibit a degree of regularity in the plate
pattern, although not as prominent as that
in the Glyptocystitida. The chief character
lies in the nature of the rhombs, which are
numerous and internally like pectinirhombs,
but have the pores covered by epitheca.
The Hemicosmitida bear close resemblances
to crinoids, some more than others, in form
of the column and organization of the
theca. This similarity is interpreted here
as convergence, rather than indicative of
close genetic affinity.

The division into families (Fig. 56) is not
as sharply defined as in other superfamilies.
The Heterocystitidae are readily identified
by the 10 plates in the circlet above the
basals, as contrasted with the six in the
Hemicosmitidae and Caryocrinitidae. In
sofar as Hemicosmites and Caryocrinites are
concerned, the differences are clear; in the
latter, the brachioles lie at the borders of
a "tegmen" formed by modified covering
plates, which roof over the ambulacral
grooves. The other genera of the same fam
ilies, however, are not so definitely of one
or the other type; the "tegmen" of some is
much reduced and the ambulacra rather
closely set, so that classification becomes a
matter of preference. As a result, the con
tents of the Hemicosmitidae and Caryo
crinitidae in the Treatise do not conform
in all respects to any previously presented.
The taxonomic treatment of these cystoids
offers fertile ground for further investiga
tion.

SUPERFAMILY POLYCOSMITIDA

Of all superfamilies of the Rhombifera,
the Polycosmitida is the one least known
because of the scarcity of complete speci
mens and well-preserved structures. The
thecal pores are the openings of inclined
canals, disposed symmetrically with respect
to plate sutures but not connected by pre
served inside or outside tangential pore
canals. Pore rhombs are numerous and
apparently present on all sides of thecal
plates.

In the Polycosmitidae the pores are ar
ranged in rows that outline rhombic areas,
whereas in the Stichocystidae they are ir
regularly placed within sectors of the plates
so as to fill the rhombic areas. Polycosmites,
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the only genus of its family, is known only
from isolated plates. If complete thecae are
found, perhaps other criteria may enter into
the familial diagnoses.

The pore structure, on which this super
family is based, seems to be intermediate
between that of the Hemicosmitida and
that of the Caryocystitida. The paleon
tological record, however, does not suffice
to warrant phylogenetic conclusions.

SUPERFAMILY CARYOCYSTITIDA

In the Caryocystitida, the ends of the
dichopores open to the interior of the
theca and the tangential canals linking
paired pores lie beneath a layer of epitheca.
Pairs of pores may be linked by a single
tangential canal (simple) or by more than
one (compound) . Where the epitheca is
not preserved, the tangential canals display
a superficial resemblance to the pore slits
in conjunct pectinirhombs of the Glypto
cystitida, although they are more numerous
and are underlain by stereotheca.

Two families (Fig.55) are distinguished
by the number of thecal plates, the Caryo
cystitidae with 30 to 120 plates and the
Echinosphaeritidae with 200 to more than
800. Other differences are not so incisive.
In the Caryocystitidae, the epitheca is sel
dom preserved and presumably was thinner
or more incompletely calcified than that
of the Echinosphaeritidae, but this has not
been proved; the theca is elongate in many
genera, but some are ovate and approach
the spherical shape of the Echinosphaeriti
dae; also, the plates tend to be arranged
in circlets and to be disposed in alternating
position, as opposed to the irregular pat
tern of the tiny plates in the other family.

ORDER DIPLOPORITA
The Diploporita are a group of cystoids

in which the thecal pores are nearly all con
fined to individual plates. Commonly, these
pores are paired as diplopores, but in some
genera the canals are irregular, do not
divide in two, and are called haplopores. It
is unsafe to assert that diplopores or haplo
pores are the ancestral form of cystoid pores,
for the record is too fragmentary to support
either contention.

Certain incompletely preserved fossils
from the Middle Cambrian of Bohemia may

belong to the Diploporita, and they are as
signed with question in the Treatise. Un
questionable Diploporita are present in
Lower Ordovician deposits. The order ex
tends into the Lower Devonian. Like the
Rhombifera, the order attained maximum
diversity in the Ordovician.

The three superfamilies (Fig. 54) are
classified by form of the ambulacra, which
are very short in the Sphaeronitida, long in
the Glyptosphaeritida, and intermediate
and quite regular in the Asteroblastida.
Other superfamilial characters are the shape
of the theca, distribution of the thecal pores,
and development of the column.

SUPERFAMILY GLYPTOSPHAERITIDA

Genera of the Glyptosphaeritida (Fig. 59)
have long ambulacra, variously developed
in the families. The theca varies in shape
from irregular and saclike to ovate or
globular with a high degree of symmetry.
Pores are present as diplopores, typically
with peripores highly developed, invariably
found in the ambulacra-bearing plates and
in some cystoids on the interambulacral
areas as well.

Ambulacra are spiral in the Gomphocysti
tidae, long, straight, and regularly provided
with short lateral branches in the Dactylo
cystidae, long and zigzag, with regularly
alternating branches in the Protocrinitidae,
and long, irregularly branched in the
Glyptosphaeritidae. The Glyptosphaeritidae
also have an apple-shaped theca, anchored
by a short, small column; except for the
peristomial covering plates, these cystoids
show weak expression of symmetry. The
Gomphocystitidae, shaped like an inverted
pear, have no true column, although the
theca is aborally prolonged as a stemlike
section. The Protocrinitidae and Dactylo
cystidae have a high degree of pentameral
symmetry, especially the latter; both have
the ambulacra resting on special alternating
thecal plates known as adambulacrals. Pri
mary distinction lies in the distribution of
diplopores, which occur in interambulacral
and ambulacral plates in the Protocrinitidae,
but are restricted to the adambulacrals in
the Dactylocystidae. In addition, the main
ambulacral grooves in the latter are very
straight, and the bordering adambulacral
plates are regularly shaped and distinctly
different from the interambulacral plates.
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SUPERFAMILY SPHAERONlTIDA

The brachioles are closely set around the
peristome in representatives of. the Sphaero
nitida so that the ambulacra, If any can be
distinguished, are quite short. Most of the
cystoids are attached by the base of the
theca at least as adults, and show no trace
of a 'column. Thecal pores are developed
either as diplopores or as haplopores.

The two families (Fig. 58) are separated
on the basis of the ambulacra. In th.e
Sphaeronitidae, the ambulacra bra~ch dI
rectly from the corners of the penstom.e,
in characteristic patterns for the genera! III

the Aristocystitidae, however, no extensiOns
of any kind are known for the food. grooves,
and the brachiole facets are set adFce.n~ to
the peristome. Whereas the Spha~romtl~a.e
are rather similar in form, the Anstocystltl
dae contain a heterogeneous assemblage
showing extremes not only in shape of the
theca but also in kinds of thecal pores.
Many of the genera are poorly kn~wn..Any
key to the est~blished genera IS highly
artificial at this tlme.

The inconsistent order Amphoridea, con
ceived by HAECKEL (58) to ~mbra~e mark
edly dissimilar echinoderms, mc~udmg some
of his imaginary genera, met with obstac~es

to acceptance from th.e. start. !he asso~la
tion of the Aristocysuudae with carpOlds,
eocrinoids and paracrinoids was unnatural,
so that J:EKEL (69) was fully justified in
removing so-called amphorideans to the
Diploporita. From time to time, BATHER
(10-13) defended the Amphoridea, but
at last dropped the group in his final (15)
classification of the cystoids. Nevertheless,
BASSLER & MOODEY (7) retained it in their
compilation of Paleozoic Pe1matozoa. REG
NELL (99) stoutly denied the desirability for
such a "fatal" taxon, and it seems to have
been suppressed effectively.

SUPERFAMILY ASTEROBLASTIDA

Cystoids placed in the Asterobla~tida have
in common a bud- or pentremlte-shaped
theca, small column, straight ambulacra,
diplopores confined to interambulacral
plates, and a high degree of pentameral
symmetry. The superfamily is of particular
interest because some authors have pro
posed that it contains the ancestral form of
the blastoids. Undoubtedly, the thecal shape

and strong symmetry convey an impression
of a blastoid lacking only the hydrospires.
This particularly applies to Asteroblastus,
just as it did to Cystoblastus among the
Rhombifera. As early as 1874, SCHMiDT
(114) concluded that Asteroblastus was a
transitional form. BERGOUNIOUX (16) in
cluded the genus in his chapter of the
Traite de Zoologie on the blastoids. WAN
NER (1951) thought that, if blastoids did
originate from known cystoids, only the
Asteroblastidae contained the required
structures. On the other hand, JAEKEL (71)
was quite as firmly convinced that the
Blastoidea descended from Cystoblastus.

In the Asteroblastidae, the ambulacra are
broad, the brachioles relatively few, and
the thecal plates organized comparable to
those in the Glyptocystitida. In direct con
trast, in the Mesocystidae, the ambulacra are
very narrow, the brachioles numerous (as
many as 1,000), and the thecal plates ex
ceptionally numerous, tiny, and irregularly
disposed. Insofar as known, both families
are present in Early Ordovician, and the
Cystoblastidae may have lived on into Mid
dle Ordovician time.

SUMMARY OF CHARACTERS
The main characters of the orders and

superfamilies of cystoids recognized in the
Treatise are summarized in Table 6 on p.
5164. Certain other characters are used in
diagnoses of superfamilies in one order but
not in the other. These appear in the Key
to Orders, Superfamilies, Families, and Sub
families on p. 5167.

ECHINODERMS FORMERLY
INCLUDED IN CYSTOIDEA

Acanthocystites BARRANDE, 1887 [=Acantho
cystis BATHER, 1889 (nom. van. pro Acantho
cystites BARRANDE, 1887), non CARTER, 1863,
nec HAECKEL, 1887 (nom. null. pro Acantho
cyrtis HAECKEL, 1881), nec HAECKEL, 1896
(nom. nud.)] m •• mh.mm..m.mmm........ Eocrinoidea

Achradocystites VOLBORTH, 1870 [=Achrado
cystis HAECKEL, 1896 (nom. van.)] ., Paracrinoidea

Amygdalocystites BILLINGS, 1854 [=Amygdalo
cystis CARPENTER, 1891 (nom. van.); Ottawa-
cystites WILSON, 1946] .. m •• m Paracrinoidea

Anatiferocystis CHAUVEL, 1941 m .. Stylophora
Anomalocystites HALL, 1859 [=Anomalocystis

BATHER, 1889 (nom. van.); Anomocystis
HAECKEL, 1896 (nom. null. pro Anomalo-
cystites HALL)] .m Stylophora
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TABLE 6. Characters of Cystoid Orders and Superfamilies

Order RHOMBIFERA DIPLOPORITA

Superfamily Glypto- Hemicos- Polycos- Caryo- Glypto- Sphaer- Astero-
cystitida mitida mitida cystitida sphaer- onitida blastida

itida

Thecal Some
plate Regular Regular Irregular Irregular Irregular Irregular regular
arrangement
Kind of Pectini- Inner tan- No inner Subepi- Diplo- Diplo- Diplopores
pores rhombs, gential or outer thecal pores, pores or on special

pores canals, tangenti- tangential dispersed haplo- interamb-
open pores al canals canals, or ambul- pores, ulacral

covered calcified pores acral dispersed plates
inside

Number of Few in Many Numerous Very Numerous Numerous Relatively
pore units most numerous few

Column Present, Present, Weakly Weakly Small, Absent Present,
normally much like developed developed, absent in weakly
flared at crinoid absent in some developed
theca column some

Anomoeystis JAEKEL, 1918 [non HAECKEL,
1896 (nom. null. pro Anomaloeystites HALL,
1859) J Stylophora

Arc!laeoeystites BARRANDE, 1887 [=Arehaeo
eystis HAECKEL, 1896 (nom. van.)] ?Eocrinoidea

Aseoeystites BARRANDE, 1887 [=Aseoerinus
BARRANDE, 1887, non TROMELIN & LEBES
CONTE, 1876 (nom. nltd.); Aseoeystis BATHER,
1889 (nom. van.)] .... __ ...... __ __ .__ Eocrinoidea

Astroeystites WHITEAVES, 1897 __ Edrioblastoidea
Ateleoeystites BILLINGS, 1858 [=Ateleoeystis

LINDSTROM, 1888; Ateleeystis BATHER, 1889
(nom. null.); Ateloeystis HAECKEL, 1896
(nom. null.) J __ __ Stylophora

Balanoeystites BARRANDE, 1887 [=Balanoeystis
HAECKEL, 1896 (nom. van.) J Stylophora

Batheroeystis BASSLER, 1950 __ Eocrinoidea
Belemnoeystites MILLER & GURLEY, 1894

[=Belemnoeystis BATHER, 1900 (nom. van.);
Myeinoeystites STRIMPLE, 1953) __ Homoiostelea

Billingsoeystis BASSLER, 1950 __ Paracrinoidea
Boekia GEKKER, 1938 ......... .... Eocrinoidea
Canadoeystis JAEKEL, 1900 [=Sigmaeystis HUD-

SON, 1911) Paracrinoidea
Cardioeystites BARRANDE, 1887 [=Cardioeystis

HAECKEL, 1896 (nom. l'an.)) ..... Eocrinoidea
Ceratoeystis JAEKEL, 1900 .. Stylophora
Cigara BARRANDE, 1887 __ __ Eocrinoidea
Columboeystis BASSLER, 1950 Eocrinoidea
Comaroeystites BILLINGS, 1854 [=Comaroeystis

CARPENTER, 1891 (nom. van.)] Paracrinoidea
Cothul'noeystis BATHER, 1913 Stylophora
Crinoeystites HALL, 1867 [=Crinoeystis

HAECKEL, 1896 (nom. van.)] ........ __ .... Crinoidea
Cryptoerinites VON BucH, 1840 [=Cryptocrinus

GEINITZ, 1846 (nom. van.)] Eocrinoidea
Cycloeystoides BILLINGS & SALTER, 1858 ..__ ........
.................................... __ Cyc1ocystoidea

Deeaeystis GISLE.N, 1927 Homostelea

Dendroeystites BARRANDE, 1887 [=Dendroeystis
BATHER, 1889 (nom. van.)) __ Homoiostelea

Dendroeystoides JAEKEL, 1918 __ Homoiostelea
Euoplou1'a WETHERBY, 1879 [=Enopleura

SPRINGER, 1913 (nom. van.)] Stylophora
Eoeystites BILLINGS, 1868 [=Eoeystis BATHER,

1900 (nom. van.) non HAECKEL, 1896 (gen.
hypoth.)) Eocrinoidea

Foersteeystis BASSLER, 1950 Eocrinoidea
Gogia WALCOTT, 1917 m Eocrinoidea
Gyroeystis JAEKEL, 1918 __ Homostelea
lowaeystis THOMAS & LADD, 1926 Homoiostelea
Kirkoeystis BASSLER, 1950 Stylophora
Lagynoeystis JAEKEL, 1918 m Stylophora
Lapilloeystites BARRANDE, 1887 Eocrinoidea
Larites DE GREGORIO m Unrecognizable
Lepidoeystis FOERSTE, 1938 .. __ __ .. Lepidocystoidea
Lic!lenoides BARRANDE, 1846 [=Liclzenoeystis

HAECKEL, 1896 (nom. l'an.)] Eocrinoidea
Linguloeystis THORAL, 1935 Eocrinoidea
Lodanella KAYSER, 1885 Crinoidea
Lysoeystites S. A. MILLER, 1889 [nom. subst.

pro Eehinoeystites HALL, 1865, non THOMSON,
1861J [=Lysoeystis BATHER, 1897 (nom.
t'an.); Eehinoeystis HAECKEL, 1896 (nom. van.
pro Ec!linoeystites HALL), non GREGORY, 1897
(nom. van. pro Eehinoeystites THOMSON);
Aethocystites S. A. MILLER, 1892; Aethoeystis
BATHER, 1900 (nom. van.)] Eocrinoidea

Macroeystella CALLAWAY, 1877 __ Eocrinoidea
Malocystites BILLINGS (in CHAPMAN), 1857

[=Malocystis CARPENTER, 1891 (nom. van.))
........................................... __ .. __ Paracrinoidea

Mimocystites BARRANDE, 1887 [=Mimoeystis
CARPENTER, 1891 (nom. van.)] ........ Eocrinoidea

Mitroeystites BARRANDE, 1887 [=Mitrocystis
BATHER, 1889 [nom. van.] __ . Stylophora

Narrawayella FOERSTE, 1920 ..__ __ Cyc1ocystoidea
Neocystites BARRANDE, 1887 [=Neocystis
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1896 = Echinosphaerites

[=Gogia WALCOTT,
.. ... Eocrinoidea

1840 = Echinoencrinites

BATHER, 1889 (nom. van.)] Probably a root
Palaeocystites BILLINGS, 1858 Eocrinoidea
Peltocystis THORAL, 1935 Stylophora
Phyllocystis THORAL, 1935 Stylophora
Pilocystites BARRANDE, 1887 . .. Eocrinoidea
Placocystella RENNIE, 1936 .... Stylophora
Placocystites DE KONINCK, 1869 [=Placocystis

HAECKEL, 1896 (nom. van.)] Stylophora
Platycystites S. A. MILLER, 1889 [=Platycystis

BATHER, 1900 (nom. van.), non LEGER, 1892]
............................................... Paracrinoidea

Polyptychella JAEKEL, 1918 Eocrinoidea
Protocystites HICKS, 1872 [non SALTER, 1865

(nom. nud.); =Protocystis BATHER, 1900
(nom. van.), non WALLICH, 1862] .. ?Eocrinoidea

Rhenocystis DEHM, 1932 .. .. Stylophora
Rhipidocystis JAEKEL, 1901 Eocrinoidea
Savagella FOERSTE, 1920 Cyclocystoidea
Schuchertocystis BASSLER, 1950 Paracrinoidea
Sinclairocystis BASSLER, 1950 Paracrinoidea
Springerocystis BASSLER, 1950 Eocrinoidea
Stal/rosoma BARRANDE, 1887 . .. ... Crinoidea
SyringocrinllS BILLINGS, 1859 Homoiostelea
Tiaracrinus SCHULTZE, 1867 . .. Crinoidea
TrachelocrinllS ULBICH, 1929 ?Eocrinoidea
T,.ochocystites DE VERNEUIL & BARRANDE, 1860

[non BARRANDE, 1859 (nom. nud.); =Tri
gonocystis HAECKEL, 1896; Trochocystis
HAECKEL, 1896 (nom. van.)] Homostelea

Trochocystoides JAEKEL, 1918 Homosteiea
Wellerocystis FOERSTE, 1920 .. Paracrinoidea

JUNIOR SYNONYMS
Aethocystites s. A. MILLER, 1892 [=Lyso-

cystites S. A. MILLER, 1889] ......... Eocrinoidea
Amorphocystites JAEKEL, 1896 = Caryocystites VON

BUCH, 1846
Anthocystis HAECKEL, 1896 = Callocystites HALL,

1852
Cttrocystis HAECKEL,

WAHLENBERG, 1818
Crystallocystis HAECKEL, 1896 = Echinosphaerites

WAHLENBERG,1818
Dagoncystis CHAUVEL, 1941 (obj.) = Pseudaristo

cystis SUN, 1936
Deutocystites BARRANDE, 1887 = Echinosphaerites

WAHLENBERG, 1818
Dipleurocystis JAEKEL, 1918 = Pleurocystites BILL

INGS, 1854
Dorycystites KLOUCEK, 1917 =Calix ROUAULT,

1851
Ellnaecystis HAECKEL, 1896 = Caryocrinites SAY,

1825
Eocrinl/s JAEKEL, 1918

1917] .
Gonocrinites EICHWALD,

VON MEYER, 1826
Heliopirum HAECKEL, 1896 = Heliocrinites EICH

WALD, 1840
Hexalacystis HAECKEL, 1896 = Hemicosmites VON

BUCH, 1840

Leucophthalmus KOENIG, 1825 = Echinosphaerites
WAHLENBERG,1818

Meekocystis JAEKEL, 1899 = Lepadocystis CARPEN-
TER, 1891

Megacystites HALL, 1865 = Holocystites HALL, 1864
Ovocystis REED, 1917 = Sinocystis REED, 1917
Palmacystis HAECKEL, 1896 = Eucystis ANGELIN,

1878
Pllacocystis HAECKEL, 1896 (obj.) = Pseudocrinites

PEARCE, 1842
Sycocystites VON BUCH, 1846 = Echinoencrinites

VON MEYER, 1826
Trimerocystis SCHUCHERT, 1904 = Pseudocrinites

PEARCE, 1842
Trinemacystis HAECKEL, 1896 = Echinosphaerites

WAHLENBERG, 1818

NOMINA NUDA
Genera which clearly lack description,

notes, or illustration are designated as nom.
nud.; genera which are described and
founded on hypothetical species based on
nonexistent fossils are designated as gen.
hypo/h. The latter are creations of HAECKEL,

1896.
Amphoraea HAECKEL, 1896 (gen. hypoth.)
Anthocystites BERNARD, 1893 (nom. nud.)
Atc!zaeocystis HAECKEL, 1896 (gen. hypoth.)
Ascocrinus TROMELIN & LEBESCONTE, 1876 (nom.

nud.)
Chilocystis PERNER, 1911 (nom. nud.)
Eocystis HAECKEL, 1896 [gen. hypoth.; non

BATHER, 1900 (nom. van. pro Eocystites BILLINGS,
1868)]

Lagarocystis JAEKEL, 1899 (nom. nud.)
Microcystites ULRICH, 1880 (nom. nud.)
Palamphora HAECKEL, 1896 (gen. hypoth.)
Pcntactaea HAECKEL, 1896 (gen. hypoth.)
Pomonites HAECKEL, 1896 (gen. hypoth.)
ProteroblastllS JAEKEL, 1895 (nom. nl/d.)
Protocystites SALTER, 1865 (nom. nud.)
Psolocystis HAECKEL, 1896 (gen. hypoth.)
Stephanamphora HAECKEL, 1896 (gen. hypoth.)
Thuriocystis HAECKEL, 1896 [nom. nud. (Jena

Zeitschr.); gen. hypoth. (Festschr. Gegenb.)]
Trochocystites BARRANDE, 1859 (nom. nud.)

PREOCCUPIED NAMES
Craterina BARRANDE, 1887 (non BORY, 1826, nee

CURTIS, 1826, nee GRUBER, 1884) = Codiacystis
JAEKEL, 1899

Mesites HOFFMAN, 1866 (non SCHOENHERR, 1838,
nee GEOFFROY, 1838, nee JENYNS, 1842, nee LUD
WIG, 1893) = Mesocystis BATHER, 1898

UNRECOGNIZABLE GENERA
Pomocystis HAECKEL, 1896 (probably = Haplo

sphaeronis JAEKEL, 1926)
Pomosphaera HAECKEL, 1896 (probably = Haplo

sphaeronis JAEKEL, 1926)
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SUMMARY OF CLASSIFICATION
AND STRATIGRAPHIC

DISTRIBUTION
The tabular outline of classification that

follows is accompanied by statement of the
stratigraphic range of each taxon as re
ported and interpreted into terms of Lower,
Middle, and Upper parts of periods in ac
cordance with the correlations given in Fig.
53. The bracketed index numbers preced
ing each taxon are for cross reference to and
from the stratigraphic-distribution diagram
(Fig. 71); the first of the two numbers are
in sequence in the tabular outline and fol
low the names of the taxa in the diagram,
whereas the second numbers are in sequence
in the diagram. The numbers in paren
theses before the range of each taxon
refer to the number of genera; the first in
dicates well-established genera and the sec
ond (if required) the total genera recorded
in the Treatise.

Genera are plotted on stratigraphic-dis
tribution diagrams in the sections of the
systematic descriptions devoted to the vari
ous families. These compilations are inter
preted into parts of periods in accordance
with correlations on p. 5128-5129, as are
those for the suprageneric taxa. It is hoped
that this summary, like those for other
fossil groups in the Treatise, will be useful
for various purposes.

5uprageneric Taxa of Cystoidea
Cystoidea (class) (81, 87). L.Ord.-U.

Dev. (Fig. 71)
(1-13) Rhombifera (order) (46, 51). L.Ord.-

U.Dev. (Fig. 71).
(2-17) Glyptocystitida (superfamily) (30,

33). L.Ord.-U.Dev. (Fig. 54, 81)
(3-20) Glyptocystitidae (1). M.Ord. (Fig.

57, 81)
(4-21) Cystoblastidae (2). M.Ord. (Fig.

57, 81)
(5-23) Rhombiferidae (1). U.Ord. (Fig.

57, 81)

(6-18 )

(7-19)

(8-22)

(9-24)

(10-28)

(11-29)

(12-30)

(13-31)

(14-25)

(15-26)

( 16-27)

(17-14)

(18-15)

( 19-16)

(20-1)

(21-5)

(22-6)

(23-8)

(24-7)

(25-9)

(26-2)

(27-3)

(28-4 )

(29-10)

(30-12)

(31-11)

Cheirocrinidae (1, 3). L.Ord-L.Sil.
(Fig. 57, 81)

Echinoencrinitidae (7, 8). L.Ord.
U.Sil. (Fig. 57, 81)

Pleurocystitidae (3). M.Ord.-L.Dev.
(Fig. 57, 81)

Callocystitidae (15). U.Ord.-U.Dev.
(Fig. 57, 81)

Hemicosmitida (superfamily) (9).
M.Ord.-L.Dev. (Fig. 54, 116)
Hemicosmitidae (3). M.Ord.-L.Sil.

(Fig. 56, 116)
Caryocrinitidae (5). M.Ord.-L.Dev.

(Fig. 56, 116)
Heterocystitidae (1). M.Sil. (Fig.

56, 116)
Polycosmitida (superfamily) (2). M.

Ord. (Fig. 54, 125)
Polycosmitidae (1). M.Ord. (Fig.

125)
Stichocystidae (1). M.Ord. (Fig.

125)
Caryocystitida (superfamily) (5, 6).

L.Ord.-U.Ord. (Fig. 54, 125)
Caryocystitidae (3, 4). L.Ord.-U.

Ord. (Fig. 55, 125)
Echinosphaeritidae (2). L.Ord.-U.

Ord. (Fig. 55, 125)
Diploporita (order) (35, 37). L.Ord.

L.Dev. (Fig. 71)
Glyptosphaeritida (superfamily)

(10). L.Ord.-M.Sil. (Fig. 54, 131)
Glyptosphaeritidae (1). L.Ord.-U.

Ord. (Fig. 59, 131)
Dactylocystidae (3). M.Ord.-U.Ord.

(Fig. 59, 131)
Protocrinitidae (4). L.Ord.-M.Ord.

(Fig. 59, 131)
Gomphocystitidae (2). M.Ord.-M.

Silo (Fig. 59, 131)
Sphaeronitida (superfamily) (21,

23). L.Ord.-L.Dev. (Fig. 54,139)
Aristocystitidae (10, 12). M.Ord.-M.

Silo (Fig. 58, 139)
Sphaeronitidae (11). L.Ord.-L.Dev.

(Fig. 58, 139)
Asteroblastida (superfamily) (4). L.

Ord., ?M.Ord. (Fig. 54)
Asteroblastidae (3). L.Ord., ?M.

Ord. (Fig. 71)
Mesocystidae (1). L.Ord. (Fig. 71)

SYSTEMATIC DESCRIPTIONS

Class CYSTOIDEA von Buch, 1846
[nom. correct. NICHOLSON, 1879 (pro Cystideen VON BUCH,

1846)] [=Cystideae FORBES, 1848; Cystidea HALL, 1847;
Cystoidia DELAGE & HEROUARD, 1903j Hydrophoridea ZITTEL,

1903J

Calcareous plates around body constitut
ing theca that extends to mouth, not differ-

entiated into dorsal calyx and ventral teg
men; thecal plates penetrated from within
theca by pores, either perforating plates or
terminating subepithecally, never provided
with inward radial structures like hydro
spires. Ambulacra recumbent on surface of
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theca and, with possible exception of Cysto
blasIus, exothecal, only openings being those
of ambulacral or food grooves leading to
mouth; flooring plates, if present, biserially
arranged. Brachioles composed of biserial
plates, groove covered by tiny biserial plates,
unbranched except in Caryocrinites, in
which brachioles are developed as arms
(biserially plated) bearing pinnules (bi
serially plated). Column present in most
forms, in some shed early in ontogeny, in
a few perhaps never developed. L.Ord.-U.
Dev.

To the name of this class could be ap
pended numerous emendations, altering its
content by enlargements, restrictions, and
revisions, so as to approach the form here
considered definitive. The foremost emenda
tions are those of BATHER in 1899 (9), who
published the first comprehensive classifica
tion and review; JAEKEL (69), who aban
doned the Aporita and Amphoridea and
omitted the Carpoidea, formally defined by
him later (70); BATHER (10), who gave ex
tensive treatment of the cystoids in a text
book that strongly influenced the concept of
the class for many years; JAEKEL (70), who
published a full classification of the cystoids
with formal separation of the Eocrinoidea;
BATHER (15) in a review and revision of
the class in the Encyclopaedia Britannica;
and REGNELL (99), who excised the Para
crinoidea and revised the Pelmatozoa. To
the list of emendations could be added those
of other authors, who shaped parts of the
class into definitive form: NEUMAYR (91),
S. A. MILLER (85), BERNARD (17), BATHER
(11, 12), BROILI-ZITTEL (27), BASSLER (5),
and BASSLER & MOODEY (7). With all these
emendations to which the Cystoidea have
been subjected, the class, as herein con
ceived, nevertheless differs in minor points
from any previously published. In general,
it is treated much as by JAEKEL in 1918
(71) but without inclusion of the Blastoidea.

The stratigraphic distribution of supra
generic groups of cystoids is shown in Fig
ure 71.

Key to Cystoid Orders, Superfamilies,
Families, and Subfamilies

1. Thecal pores developed as rhombs, with
units extending across sutures __ mm ..

... hm hmh...... Order RHOMBIFERA, 2

Thecal pores developed as units normally
contained within plates, commonly as
diplopores, rarely extending across su-
tures m m ..m. Order DIPLOPORITA, 14

2. Theca composed of 4 BB, 5 ILL, 5 LL,
5 RR, and 5 00 (with rare exceptions);
rhombs as distinct pectinirhombs on par
ticular sutures, outer surface with well
exposed slits Superfamily GLYPTOCYSTITIDA, 3

Theca composed of 4 BB, 6 to 10 LL, 8 or
more LL, several RR; rhombs with inner
side of strong folds or laminae perpendi
cular to sutures, outer side of pores (cov
ered by stereom or epitheca) each sur
rounded by a rim (Dr divided into 2 or
more smaller pores) mmmh"m''''''

..........mm...... Superfamily HEMICOSMITIDA,10

Theca composed of numerous, irregularly
arranged plates; pore rhombs on all sides
of thecal plates, pores inclined and not
connected by inside or outside calcareous
tubes m Superfamily POLYCOSMITIDA,12

Theca composed of numerous, irregularly
arranged plates; pores connected by outer
covered tubes Superfamily CARYOCYSTITlDA,13

3. Periproct large, containing numerous
plates ... m .......mm........ m ..mm.. 4

Periproct small, anal pyramid surrounded
by DDt more than one circlet of auxiliary
plates mm mm...... 6

4. Theca strongly compressed, periproct com
prising most of one side of theca, 3
rhombs or less m"'"'''' Family Pleurocystitidae

Theca ovate, periproct much smaller than
one side of theca, numerous rhombs ........ 5

5. Ambulacra short, limited to crown of
theca, brachioles relatively few ..mm........

m .. h ..... mh .... m .... Family Cheirocrinidae

Ambulacra long, extending down over
theca, brachioles numerous .........
........................ mm.m. Family Glyptocystitidae

6. Theca shaped like a pentremite or bud,
with marked pentameral symmetry; am
bulacra very large, tapering, tongue
shaped; rhombs numerous m

...................................... Family Cystoblastidae

Theca ovate, spindle-shaped, globular, or
biconvex, but not pentremite-shaped; am
bulacra not broad and tongue-shaped;
rhombs not very numerous, in many re-
duced to 3 ....... m .. _ ........m.. 7

7. Ambulacra short, restricted to crown of
theca m............................... 8

Ambulacra long, extending down over
theca; periproct never produced .
..... m m..... Family Callocystitidae, 9

8. Theca with shape of quadrate spindle; ILL
and LL comprising sides of theca, RR
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and 00 alternating smalI plates in circlet
at crown; 3 long vertical rhombs on LL
set directly above 3 long rhombs on ILL;
periproct small .. .. Family Rhombiferidae

Theca ovate to subglobular; RR large; peri-
proct typically produced ...
................................ Family Echinoencrinitidae

9. Theca ovate or globular; 4 or 5 divided
ambulacra; brachioles small, widely
spaced; LL intercalated deeply into ILL
circlet, as many as 3 LL in contact with
BB __ 0. Subfamily Callocystitinae

Theca ovate or biconvex; 2 to 4 undivided,
strongly protuberant ambulacra; brach
ioles very numerous, closely spaced; plate
circlets variously modified by shape of
theca __ .0.. Subfamily Staurocystinae

Theca ovate; 4 or 5 undivided (except in
Strobilocystites) ambulacra not protuber
ant; brachioles relatively widely spaced;
ILL forming closed circlet __... ... __ 0. ...

__ ... ......... __ ......__ ... __ . Subfamily Apiocystitinae

10. Ten ILL in circlet above BB .........__... __........
........... __ 0. __ .. Family Heterocystitidae

No more than 6 ILL in circlet above BB.. 11
1I. Brachioles few, clustered at top with very

short ambulacral grooves; periproct lat-
eral .____ Family Hemicosmitidae

Brachioles at lateral borders of covering
plates (so-calIed "tegmen"), which forms
roof over ambulacral grooves; periproct at

upper border of theca 0. ..

• ...0. • ........__ •• Family Caryocrinitidae

12. Pores not arranged in rows 0. __ __ •• __ •

...................................... Family Polycosmitidae

Pores in radial rows Family Stichocystidae

13. Theca ovate or elongate; 30 to about 120
plates, tending to be arranged in circlets,
alternating; epitheca seldom preserved ....
• 0. .. .. Family Caryocystitidae

Theca bullet-shaped or spheroidal; 200 to

more than 800 tiny irregularly polygonal
plates; epitheca preserved in many speci
mens as smooth, concentricalIy striped
layer . ..0. .. Family Echinosphaeritidae

14. Theca ovate, saclike, pear-shaped, or glob
ular; ambulacra radial, extending over
theca, with alternating lateral branches
(single or in groups) to brachioles; most
forms stemmed, few becoming free as
adults; diplopores restricted to ambula-
cral plates or spread out over rest of theca
........0... Superfamily GLYPTOSPHAERITIDA 15

Theca with one of several shapes, ovate
to conical, with one or other end ex
panded in some; ambulacra with brach
ioles concentrated near mouth, not ex-

tending over theca; most attached by
base of theca; pores irregularly distributed
over theca __ 0. ...... • •• ' .. ..0.. 0. ••••• ___

..... 0. •• __ Superfamily SPHAERONITIDA 16

Theca bud-shaped or bullet-shaped with
flat base; ambulacra straight, pentameralIy
arranged, distalIy resting on RR;
stemmed; diplopores only on interam-
bulacral plates 0. __ • __ ..

....0. __ • • Superfamily ASTEROBLASTIDA 17

15. Theca apple-shaped; stem short; ambula-
cral grooves long, twisted or zigzag, with
few irregularly alternating brachioles,
ends may branch to several brachioles;
pores in many forms radialIy disposed, in
some concentrated in upper parts of plates
................................ Family Glyptosphaeritidae

Theca saclike, bullet-shaped, or ovate;
stemmed as young, but may be free as
adult; ambulacral grooves very long,
slightly zigzag, with regularly alternating
branches leading to brachioles, may ex
tend to aboral end; pores distributed over
both ambulacral and interambulacral
plates ......... 0.. __ ....0. ..... Family Protocrinitidae

Theca ovate to pear-shaped; stemmed or
free; ambulacra long, straight, brachioles
at ends of short, very regularly alter
nating branches, so that those of each
ambulacrum are arranged in 2 straight
rows; brachiole-bearing plates regularly
alternating, bearing diplopores; inter
ambulacral plates irregularly arranged,
without diplopores . Family Dactylocystidae

Theca shaped like inverted pear; no spe
cial columnar section known; ambulacra
spiral, branches (if present) from only
one side; brachioles unknown; diplo-
pores distributed over theca __ ..
.. .0. .....0. ...0. ... __ •• __ .. Family Gomphocystitidae

16. Ambulacral grooves distinctly branched
immediately from peristome; numerous
brachioles in each radius ..__ ..... .__ .. __ .....
... ..0. .......0. .______ Family Sphaeronitidae

No extensions of any kind known in food
grooves; at most, one brachiole in each
radius, number may be reduced to 2, no
brachioles or attachment known for some
forms 0. 0. 0.. Family Aristocystitidae

17. Theca bud-shaped; ambulacra broad, leaf
like; brachioles relatively few; 4 BB, 6
ILL, other plates in circlets, and several
additional intervening plates . ........... __
.........0. __ • Family Asteroblastidae

Theca bullet-shaped, base rather flat; am
bulacra very narrow, long, straight; nu
merous brachioles; plates small, excep-
tionally numerous .. __ . Family Mesocystidae
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Order RHOMBIFERA Zittel, 1879
[nom. correct. BATHER, 1899 (pro Rhombiferi ZITTEL, 1879)]
[:::Rhombiporitidae+Taxiporitidae EICHWALD, 1860; Dicho·

pori'a JAEKEL, 1899]

Thecal pores developed as dichopores, ar
ranged in rhombs in which each unit or
dichopore is shared by 2 adjacent plates.
L.Ord.-UDev.

The structure of the rhombs varies in the
order and serves as the character by which
the four superfamilies can be differentiated.
The number of rhombs also varies, from
very few in most of the Glyptocystitida to
very numerous in the Caryocystitida.

The thecal plates are regularly arranged
in the cystoids included in the Glyptocysti
tida and Hemicosmitida, but not in the
Polycosmitida and Caryocystitida. A column
is present in most of the Rhombifera, but is
absent in some of the Caryocystitida.

Insofar as known, the Rhombifera In

cludes the last surviving cystoids.

Superfamily GLYPTOCYSTITIDA
Bather, 1899

[nom. transl. REGNELL, 1945, p. 68 (ex Glyptocystidae
BATHER, 1899, p. 920)] [=Regularia JAEKEL, 1899, p. 193;

superfamily G1YPlocystidea BATHER, 1913, p. 433]

Theca in most genera composed of four
BB, five ILL, five LL, five RR, and five
00, although plate 01 is tripartite in many
genera and R1 is bipartite in some; a few
anomalous plate divisions known to occur
in some specimens. Rhombs developed as
distinct pectinirhombs, most as full rhombs
and a few as demirhombs, with well-ex
posed pores or slits. Column present, in
most forms with expanded, flexible proxi
mal part. L.Ord.-UDev.

Within this superfamily certain trends are
well demonstrated. First, the number of
rhombs tends to be reduced to three:
B2/IL2, Ll/R5, and L4/R3. In the strongly
modified Pleurocystitidae, the rhombs
L3/L4, Ll/L2, and B2/IL2 show per
sistence in that order. Second, the periproct
tends to show specialization; in the Pleuro·
cystitidae and to a lesser degree in the
Glyptocystitidae and Cheirocrinidae, it is
enlarged and filled with numerous small
plates (periproctals) in addition to the anal
pyramid; in the Echinoencrinitidae it tends
to be prolonged and protuberant, but with
a small opening. Third, the pore rhombs
become specialized, whereby one of the

halves is surrounded by a rim (e.g., Pseudo
crinites, Lovenicystis) or even reduced to

a small circular opening with a tubular
border (e.g., laekelocystis). Fourth, the
hydropore changes from an elongate slit
bisected by a suture through 01 to two
separate openings (e.g., Lipsanocystis,
Strobilocystites) or even reduced to one
large sievelike opening, perhaps combined
with the gonopore (e.g., laekelocystis). On
the other hand, there is no consistent pro
gression with regard to ornamentation of
plates or size of theca.

Because the plates occur with regularity,
they can be compared readily from one
genus to another. As a result, this super
family is best known and understood. It
also has, perhaps, the longest range, definite
ly so if the Cambrian Aristocystitidae are
discounted as unsubstantiated cystoids; at
any rate, this superfamily contains the last
surviving cystoids known, from the Upper
Devonian of Iowa.

The stratigraphic distribution of genera
belonging to the Glyptocystitida is shown
in Figure 72.

Family GLYPTOCYSTITIDAE Bather,
1899

[nom. correct. KESLING, herein (pro Glyptocystidae BATHER,

1899, p. 920)]

Theca more or less ovate, not compressed.
Periproct large, containing numerous plates
in addition to anal pyramid, but not com
prising most of one side of theca. Pore
rhombs numerous. Ambulacra long, ex
tending down over theca ("recumbent"),
provided with numerous short alternating
branches to brachiole facets; one or more
ambulacra extending to BB in adults. M.
Ord.

This family is known only from North
America. The species include the type, G.
multiporus BILLINGS, and the more recently
described G. batheri SINCLAIR, G. grandis
SINCLAIR, G. regnelli SINCLAIR, and G.
ehlersi KESLING. Aside from the circum
stance that ambulacrum IV is much shorter
in G. regnelli and G. ehlersi than in the
other species, there seems no grouping that
would serve a useful taxonomic purpose.
The family, therefore, remains monogeneric.
Glyptocystites BILLINGS, 1854, p. 215 [*G. multi-

pOrtiS; aD] [=Glyptocystis BATHER, 1900, p. 64
(nom. van.)]. Theca elongate ovate or sub-
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FIG. 72. Stratigraphic distribution of genera belong
ing to the superfamily Glyptocystitida. Classification
of the genera in families is indicated by letter sym
bols: A-Callocystitidae, B-Cheirocrinidae, C
Cystoblastidae, D-Echinoencrinitidae, E-Glypto
cystitidae, F-Pleurocystitidae, G-Rhombiferidae.
The following alphabetical list of genera furnishes
cross reference to the serially arranged numbers on

the diagram (Kesling and Moore, n).

pyriform, with BB somewhat indented for junc
tion with the column. Rhombs numerous, one
half of each normally bordered by rim ("monti
disjunct"), variously developed as full rhombs
or demirhombs; rhombs B2/ILl, B2/IL2, L3/L4,
L3/R3, L3/R2, Rl/R2, Rl/R5, R2/RJ, and
R4/ R5 present in all known species, each of which
bears one or more additional rhombs. Plates B2,
ILl, IL2, and L2 practically meeting at a point;
R2 atop IL2, interrupting LL circlet; RI excep-

tionally large, probably bipartite. Ambulacra very
long except III, which terminates against trans
verse L3/R3 rhomb, and IV, which is inter
mediate in G. "egnelli and G. ehlersi. Flooring
plates of ambulacra of 2 sizes, alternately placed,
loosely attached to thecal plates and readily scaled
off; brachiole facets numerous. Hydropore a long,
broadly V-shaped slit and gonopore a small per
foration immediately aboral to it, both bisected
by suture through tripartite 01. Periproct bor
dered by IL4, L4, and L5. Proximal part of col
umn with flared, telescoped columnals, apparently
originally flexible. Plates ornamented chiefly by
irregular radiating ridges. M.Ord., Can.(Que.
Ont.) - VSA (Mich.). -- FIG. 52,1-3; 74,1. G.
ehlersi KESLING, Trenton, VSA(Mich.); 52,1,
photographs, X I; 52,2, plates drawn with camera
lucida; 52,3, plate diagram (73); 74,1a,b, lat.,
coated with ammonium chloride and submersed
in xylol, X3.75, showing 2 half-rhombs on B2
(73).--FIG. 73,1; 75,2. '"G. multiporus, Tren
ton, Que.; 73,1a,b, plate diagram and oral region
(Kesling, n); 75,2a-c, oral, lat., and aboral, X3
(69).

Family CYSTOBLASTIDAE Jaekel, 1899
[Cystoblastidae JAEKEL, 1899, p. 222]

Theca shaped like a pentremite or bud,
with marked pentameral symmetry. Am
bulacra very large, broad and tapering,
tongue-shaped, on theca appearing as petals
upon radials. Rhombs numerous. M.ord.

This definition of the family differs
radically from the original, here translated,
"Ambulacra symmetrically developed, with
ambulacralia and parambulacralia lying in
deep indentations of the RR; the last
wedged in between the LL."

The original author (VOLBORTH) of
Cystoblastus had supposed it to be a crinoid
intermediate between cystoids and blastoids.
From a cross section of one fragment pre
pared by E. KOKEN, JAEKEL (69) inter
preted the pores as leading to folds deep
within the theca, the radials as forked plates
to accommodate the ambulacra, and the
ambulacral plates as incipient blastoid struc-

Sil. Dev.
L M U L M U

Ord.
L M U

-------I--
1 Echinoencrinites 0
2 Erinocystis 0
3 Eutretocystis D
4 Proctocystis 0
5 Scoliocystis D
6 Homocystites ? B
7 Cheirocrinus B
8 Leptocystis ? B

9 Glyptocystites E _
10 Cystoblostus C _
11 Amecystis F _
12 Pleurocystites F __

13 GlophyrocYstis D _
14 Lepodocystis A _
15 Rhombifero G _

16 Brockocystis A _
17 Hallicystis A I-
18 Callocystites A I-
19 Coelocystis A I--
20 Apiocystites A ~+-+-l

21 Tetrocystis A .... "1"11111~

22 Loyenicystis A ....
23 Staurocystis A I-
24 Prunocystites D I-
25 Schizocystis D I--
26 Lepocrinites A 1--1-
27 Pseudocrinites A ....1--

28 Sphaerocystites A I-
29 Joekelocystis A I-
30 Reguloecystis F ....

31 Lipsonocystis A I--
32 Strobilocystites A 1--_

Amecystis-ll
Apiocystites-20
Broc!(ocystis-16
Callocystites-I 8
Cheirocrinus-7
Coelocystis-19
Cystoblastus-IO
Echinoencrinites-I

Generic Names 0/ Glyptocystitida with Index Numbers

Erinocystis-2 Leptocystis-8 Regulaecystis-30
Eutretocystis-3 Lipsanocystis-3I Rhombi/era-15
Glaplzyrocystis-13 Lepadocystis-14 Sclzizocystis-25
Glyptocystites-9 Lovenicystis-22 Scoliocystis-5
Hallicystis-17 Pleurocystites-12 Splwerocystites-28
Homocystites-6 Proctocystis-4 Stattrocystis-23
Jaekelocystis-29 Prttnocystites-24 Strobilocystites-32
Lepocrinites-26 Pseudocrinites-27 Tetracystis-2I
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Ib

10

Glyptocystites

FIG. 73. Glyptocystitidae (p. 5169-5170). [Plate designations as in Figure 38.]

tures. He postulated that Cystoblastus was
the immediate ancestor of the blastoids. In
the following year, BATHER wrote, "The
superficial resemblance of Cystoblastus to
certain Blastoids has led most writers to
imagine a true relationship. This involves
. . . the violent supposition that the hori
zontal transverse or tangential folds of the
demi-rhombs in Cystoblastus originated the
radial or vertical folds of the hydrospires
in Codaster. ..." In 1918 JAEKEL (71)
elaborated on his theme, and presented a
series of diagrams to compare Cystoblastus
with Pentremites and Nucleocrinus, indi
cating a hypothetical stage in which all
infralaterals and laterals disappeared from
Cystoblastus, along with the troublesome
rhomb-bearing B2. This intriguing concept
was followed by MOORE (89) (Fig. 76).

Perhaps the strongest evidence bearing
on the evolutionary significance of Cysto
blastus was presented by YAKOVLEV (143),
who studied additional specimens in detail.
He found that the pore rhombs were com
parable with those in other cystoids, and
not transitional to blastoid hydrospires. It
has also been pointed out that the excessive
number of pores in the rhombs does not
support the theory of extensive atrophy of
these typically cystoidean structures.

The controversy is somewhat beclouded

by the wistful and admirable desire to fit
each kind of fossil into an evolutionary
scheme. It appears impossible at this time
to place the Cystoblastidae more precisely
than within the superfamily Glyptocystitida
(Fig. 77, 78). More genera, better preserva
tion, and keener observations are required .

Key to Genera of Cystoblastidae
Only one pair of RR without an intervening L;

only demirhombs on RR, with not more than
2 half-rhombs on anyone R _.. Cystoblastus

At least 2 pairs of RR without intervening L;
RR with demirhombs and full rhombs, with
3 half-rhombs on at least one R ....._ Hespe"ocystis

Cystoblastus VOLBORTH, 1867, p. 666 [*C. leuch
tenbergi; OD]. Theca pentremite- or bud-shaped,
with marked pentameral symmetry; base indented.
BB and ILL developed as in most rhombiferans,
forming complete circlets except for tip of B2
extending to that of L2 above and possibly sep
arating ILl from IL2; IL4 between B4 and peri
proct. [From this point, designations become con
fused because of different positions of the hydro
pore reported by VOLBORTH (137) in the type
species and by YAKOVLEV (143, 144) in C. kokeni.
The subsequent description is based primarily on
the latter account.] Large RR intercalated with
narrower LL, except that R4 lies next to R5 due
to absence of L4; R4 bordered below by IL4, IL5,
and periproct, and all other radials with their
horizontal bases upon corresponding ILL. Sides of
RR tapering acutely toward mouth through most
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FIG. 74. Glyptocystitidae (p. S169-Sl70).--l. Glyptocystites ehlersi KESLING, M.Ord., USA(Mich.); la,b,
lat. view (L2 near center, below rhomb), coated with ammonium chloride and submersed in xylol, X3.75

(73).

of their length, obtusely at junction with 00. It
appears dubious that RR could be forked plates,
as originally described and shown in most figures,
for it would necessarily follow that ambulacra in
this genus are not superficial but integral parts
of the theca, with no thecal plates on which to
rest; this would be such a drastic departure from
cystoid morphology that Cystoblastus might well
be removed to form another class. Four LL kite
shaped, acutely acuminate adorally and obtusely
acuminate aborally. 00 subequal, small; one oral
in type species said to have perforation at its
distal corner, hydropore, situated at head of
R4/R5 suture; all other orals apparently with long
narrow extensions down onto LL below. Two full
rhombs on B2 and adjacent ILL; 2 long demi
rhombs on each radial, shared with plates on

either side; pore slits numerous, from 550 to
about 1,800 listed. Periproct round, rather small,
shared about equally by IL4, L4, and R4. Am
bulacra tongue-shaped, with numerous alternating
brachiole facets (aoout 60 and about 200 in the
two known species). Plate designations in the
type species present a dilemma, and no solution
is entirely satisfactory or consistent with other
cystoids. JAEKEL (69), in his elaborate discussion
of the genus, showed Ll at right of Rl in his
Fig. 42 and at left of it in his Fig. 43; he also
confessed to bewilderment at position of the
hydropore reported by VOLBORTH (1867), and
said that he had been unable to find such a
structure in his specimens. If the hydropore is
present where stated, then by analogy with other
cystoids it should lie between Rl and RS, whereby
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R5 would be the radial bordering the periproct;
but the rhomb-bearing basal should by analogy
B2 and the subhexagonal basal B4, the lateral
above B2 should be L2, the radial between Ll
and L2 should be Rl, and the radial bordering

the periproct would be R4. In one plate diagram,
the RR are designated with reference to the
hydropore as commonly figured in the type species
and other plates with reference to the basal
rhombs; in the other, the RR are designated with

Callocystites Glyptocystites

FIG. 75. Callocystitidae; Glyptocystitidae (p. 5169-5170; 5199-5201).
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f

o

o
u

FIG. 76. Hypothetical derivation of cystoids and blastoids from a common ancestor as suggested by MOORE

(1954); i, "hypothetical evolutionary derivative of a pre-CystoblasttlS type"; 2, Cystoblastlls; 3, typical
eublastoid with lancet plates identified as rhombiferan RR, deltoids as rhombiferan LL, and radials as

rhombiferan iLL (89).

reference to other plates, so that they are directly
adoral to corresponding iLL, and the reported
position of the hydropore is assumed to be
erroneous, as indicated by YAKOVLEV. One might
suspect that VOLBORTH erred in his interpretation
or description; his type specimen was already lost
when JAEKEL made his study in 1899. YAKOVLEV

(143-146) discovered a different situation in
Cystoblastus kokeni JAEKEL, one which agrees
with the arrangement in other cystoids of the

Glyptocystitida. He found the hydropore and
gonopore to be in the normal posiiton with respect
to the basal pore rhombs, the missing L to be L4,
and the periproct to be in the interambulacrum
between III and IV. The hydropore in this species
is a group of perforations forming a sieye struc
ture more or less to the right of the small round
gonopore. M.Ord., Eu.(Est.-USSR).--FIG. 76.
Relationship of Cystoblastlls to blastoids (Kesling,
n).--FIG. 77,1. *C. lellchtenbergi, USSR; ]a-(,
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FIG. 77. Morphology of Cystoblasttls.--1. '"c. letlchtenbergi VOLBORTH, M.Ord., Eu.(USSR); 1a-c,
aboral, lat., oral views of theca, X4 (10); 1d, oral region (diagram. reconstr.) (Kesling, n): le', plate dia
gram to accord with VOLBORTH'S original description (Kesling, n).--ll. C. /,o/,eni JAEKEL, M.Ord., Eu.
(Est. diagram); plate diagram interpreted in accordance with YAKOVLEV'S description (Kesling, n). [Plate

designations as in Figure 38.]© 2009 University of Kansas Paleontological Institute
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aboral, lat., oral views, X4 (10); ld, oral region
(diagram. reconstr.) (Kesling, n); le,!, plate dia
grams interpreted according to VOLBORTH'S orig
inal description and according to YAKOVLEV'S de-

scription of C. kokeni (Kesling, n).--FIG. 79.
C. kokeni JAEKEL, Kuckers (C2), Est.; oral VIew
(reconstr.), approx. x2 (Cuenot, 1953, after
Yakovlev).

FIG. 78. Hypothetical derivation of Cystoblastus (3) from a generalized glyptocystitidan ancestor (l) with
an intermediate stage (2). As shown, the evolution is supposed to have inn,h·ed (I) diminution and
disappearance of L5, (2) insertion of RR between ILL to rest atop corresponding LL, (3) shift of periproct
from IL5-L5-IL4 position to IL4-R4-L4, (4) elongation of LI -L4 suture, and (5) modification of hydro-

pore from simple slit to perforated area (Kesling, n). [Plate designations as in Figure 38.]
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hydropore

FIG. 79. Cystoblastidae (p. SI71-S176). CystoblasttlS
kokeni JAEKEL, M.Ord., Eu.(Est.); oral view
(reconstr.), ca. X2 (Cuenot, 1953, from Yakovlev).

Hesperocystis

FIG. 80. Cystoblastidae (p. SI77).--I. "Hespero
cystis deckeri SINCLAIR, M.Ord., USA (Okla.) ; plate

diagram of preserved part of holotype(117).

Hesperocystis SINCLAIR, 1945, p. 709 ["H. deckeri;
OD]. Theca known only from fragment preserv
ing a few plates, which from description and
figures I account as B3, IL2, IL3, L3, Rl, R2, and

parts of B2, ILl, L2, L-!, and R3. ;-\To part of
periproct or hydropore recorded, making orienta
tion difficult. The 2 BE, from their p,,,ition away
from the periproct, cannot include B-!; the left
one is near center of known thecal area, and
considered to be B3. Strangcil', there is no basal
rhomb; insofar as known, rhombs begin at the
LL level; full rhombs arc present as follows:
L21?Ll, L31L4, L311'2, L-!IR3, R1/0 R5, and
R1 1R2; 3 demirhombs, one at each end of the
R2/R3 suture. ILl, IL2. and IL3 in a continuous
row; L2 separated from L3 by RI 1IL2 suture; 1'1,
R2, and R3 in a continuous row; L3, L-!, R2, and
R3 with their right-angle corners meeting to
form a +; Rl considerably larger than other 2
RR. Ambulacra broad, like those of C-"SloUt/SIIlS,

probably extending halfway down 1'1'. [The
pentremite shape of the known specimen, coupled
with the broad ambubcra and rhomb-bearing RR,
indicates a probably secure association with C-"SIO

bIasllls.] .\J.(Jrd., USA(Okla.).--FIG. ~U,I; ~1,1.

"H. dec/(cri; 80,1, plate diagram of holotype,
only known specimen; ~ 1,1, lat. and oral, hoi0

type, X 1.5 (117).

Family RHOMBIFERIDAE Kesling,
1962

[Rhomhiferidae KI.Sl.I:-;l" JlH12. p. 2KII

Theca extremely elongate, spindle-shaped,
consisting of five 00, five RR, five LL, at
least four ILL (presumably five), and prob
ably four BB. Rhombs developed only be
tween ILL and between LL, unusually
large. RR reduced to small plates alternat
ing with 00 and with them forming slight
ly elevated ring, corona-like, around peri
stome. Brachioles erect, attached to facets
that nearly fill RR plates. V.Ord.

As pointed out by KESLING (74), no line
age is known that indicates even faintly
the relationship of the bizarre cystoid
known as Rhombifera. The vertical align-

Hesperocystis

FIG. 81. Cystoblastidae (p. SI77).
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ment of ILL and LL is unique, as is the
extreme reduction of RR. The presence and
nature of pore rhombs are sufficient to as
sign it to the order Rhombifera, super
family Glyptocystitida.
Rhombifera BARRANDE, 1867, p. 175 [.R. bohemiea;

OD]. Theca shaped like a quadrate spindle, or
bipyramidal, with adoral and aboral halves re
sembling high, square, truncated pyramids at
tached base to base; each face somewhat convex.
Corona-like ring around mouth formed of slightly
elevated alternating 00 and RR. Periproct near
mouth, directed upward with its aboral side ex
tended outward, transverse subelliptical opening

formed by deep indentation in L3 and shallow
one in L4. BB probably very small, to judge from
steinkerns of thecae. ILL and LL large, with each
of LL set above corresponding ILL and aligned
with it; except for eccentric periproct, a plane of
symmetry through IL4 and L4 and ILl /IL2 and
and L1 / L2 sutures; IL4 and L4 narrow vertical
strips along one face of theca, and other ILL and
LL each angled to form edges of quadrate spindle.
Six large rhombs, each set along vertical suture:
3 full rhombs ILl /IL2, ILl /IL5, and ILZ/IL3,
and 3 demirhombs Ll/L2, Ll /L5, and LZ/U,
rhombs filling most of each face of theca, pro
vided with numerous oval pores. Brachiole facets
subcircular, large, one on each R and filling most

I
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I
I
I

1[5...,.... ,
;=-':. 1
=:.~ I
;~~I

:::r~~:
:2:~::

'i,...... I

-;;: I
• I

~: I
I
I
I
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84 83

Rhombifero

82

.........

8 J
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Flc. 82. Rhombiferidae (p. 5178-5179).--1. "Rhombi/era bohemiea BARRANDE, V.Ord., Eu.(Czech.);
la, plate diagram, X2; 1b, oral region, X4; Ie, latex cast showing part of interior on opposite side of

theca, X4 (74). [Plate designations as in Figure 38.]
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Leptocysti s

Cheirocrinus

FIG. 83. Cheirocrinidae (p. 5182-5184).--1. Leptoeystis eonstrieta (BATHER), V.Ord., Scot.; plate
diagram (12).--2. *Cheiroerinus penniger (EICHWALD), L.Ord., Eu.(Est.); plate diagram (12). [Plate

designations as in Figure 38.J

of plate. Hydropore and possibly gonopore on 01,
each small. U.Ord., Eu.(Czech.).--FIG. 82,1.
*R. bohemiea; la, plate diagram, X2; 1b, oral
region, X4; Ie, latex cast showing part of in
terior on opposite side of theca, X4 (73).

Family CHEIROCRINIDAE Jaekel, 1899
[nom. correct. BATHER, 1913, p. 434 (pro Chirocrinidae

JAEKEL, 1899, p. 212)]

Theca irregularly ovate, BB indented to
accommodate junction with column. Plates
of each row may form complete circlets,
or ILL may be interrupted by aboral dis
placement of L2 or L3, or both, or LL by
insertion of R2 between L2 and L3; Rl
represented by two plates in many species,
so that circlet of RR contains six plates.
Periproct large, containing numerous small
platelets in addition to anal pyramid. Am·

bulacra short, radiating from peristome atop
flat or slightly arched oral region, which
more or less truncates theca, each bordered
by few brachioles; ambulacra never extend
ing far, if at all, onto RR. Pectinirhombs
numerous, developed as full rhombs or as
demirhombs, conjunct or disjunct, ranging
from eight to more, commonly 15 or more;
rhombs B2/IL2, L3/L4, L5/Rla, Rlb1R2,
and R2/R3 present on most, if not all,
species; many species with rhomb B2/ILl,
and some with rhombs between all RR
(Fig. 83, 84). L.Ord.-L.Sil.

Most workers recognize only one genus,
Cheirocrinus. JAEKEL (69) explained his
reasons for creating Leptocystis, but later
(71) ignored it completely. The genus
Homocystites was placed in synonymy with
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Cheirocrinus shortly after its erection by
BARRANDE (3) and kept there. Some
grounds, however, support recognition of

a genus including cystoids like Homo
cystites alter BARRANDE, as distinguished
from those like Cheirocrinus penniger

2 ,' ... -----/

FIG. 84. Cheirocrinidae. Plate diagrams, plates of A-ray shaded. designations of plates as in Figure 38

(p.5182).
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(EICHWALD). JAEKEL (69) divided the spe
cies having demirhombs into three groups:
(1) those with only "Spannleisten" (ridges
from centers of plates to each of the sides),
(2) those with both "Spannleisten" and
parallel "Nebenleisten" (ridges perpendi
cular to sides of plates), and (3) those with
"Gitterskulptur" (reticulation of ridges and
growth lines). Of these groups, the type

species of Cheirocrinus represents the first
and that of Homocystites the more highly
ornamented second. Here Homocystites is
expanded to include the third group also,
which is obviously closely related to the
second. It seems preferable to explain the
kinds of cystoids associated with each genus
than to lump all together without any rec
ognition.

Ie Homoeystites

FIG. 85. Cheirocrinidae (p. 5182-5184) .--1. Homocystites anatijormis (HALL). M.Ord., USA (Mich.) ;
1a, plate diagram; 1b·d, reconstructions of theca in lateral views, ca. 2.5 (7-+). [Plate designations as in

Figure 38, inferred rays of Carpenter system indicated by capital letters at top.]
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Homocystites

FIG. 86. Cheirocrinidae (p. 5183-5184).

The crux of the taxonomic problem is
whether to accredit the characters originally
attributed to each genus as restrictive or to
interpret and revise the description to ac
cord with observations of the type species.
Thus, JAEKEL (69) noted in Leptocystis
tertius an association of conjunct rhombs
and proximal columnals that did not ap
pear to be telescoped but all of subequal
size. In the species described by BATHER

( 12) as Cheirocrinus constrictus, however,
conjunct rhombs are associated with strong
ly modified proximal columnals. I am in
clined to regard the nature of the rhombs
as significant, for the fact that the column
is unknown in many specimens, if for no
other reason.

Thus, to Cheirocrinus would be assigned
C. radiatus JAEKEL, C. volborthi (SCHMIDT),

C. penniger (EICHWALD), C. granulatus
JAEKEL, C. leuchtenbergi (ANGELIN), C.
nodosus JAEKEL, and probably the incom
pletely known C. interruptus JAEKEL and
C. ornatus EICHWALD; to Homocystites, H.
alter BARRANDE, H. anatiformis (HALL), H.
insignis (JAEKEL), H. forbesi (BILLINGS), H.

sculptus (SCHMIDT), H. degener (JAEKEL),

H.striatus (JAEKEL),H. angulatus (WOOD),

and H. walcotti (JAEKEL); and to Lepto
cystis, L. tertius (BARRANDE), L. atavus
(JAEKEL), L. giganteus (LEUCHTENBERG),

and L. constrictus (BATHER).

Key to Genera of Cheirocrinidae
1. Pectinirhombs developed as conjunct

rhombs, at least on the base Leptoeystis

Pectinirhombs developed as disjunct or
multidisjunct rhombs .__....._. __ ... __ ... __ .. __ ...... 2

2. Theca ornamented only by ridges radiating
from centers to sides of plates, forming
a large network of triangles Chciroerinus

Theca ornamented by both large radiating
ridges from centers to sides of plates and
parallel lateral ridges, forming concentric
triangles with the former; lateral ridges
may be interrupted by growth lines to
make a reticulate sculpture ...... Homoeystites

Cheirocrinus EICHWALD, 1856, p. 123 [non SALTER
in MURCHISON, 1859, nee HALL, 1860] [*Cyatho
erinus penniger EICHWALD, 1842, p. 78; 00]
[=Chiroerinus HAECKEL, 1896, p. 402 (nom. van.),
non ANGELIN, 1878 (nom. van. pro Chciroerinus
SALTER, non EICHWALD)]. Pectinirhombs nor
mally including some demirhombs as well as full
rhombs, in many species varying greatly in size
and shape. Thecal plates ornamented only by ridges
radiating from centers to each of sides, in some
forms with gentle slopes to sides and not with
sharply defined boundaries. Most, perhaps all,
species with 2 half-rhombs on B2 and at least 3
rhombs shared by RR. Brachioles confined to
crown of theca, along the sides of the ambulacra,
which are short and never branch. Hydropore
and gonopore, insofar as known, bisected by
suture through plate 01. Columnals appearing to
be telescoped, perhaps all columns in proximal
part composed of outer columnals flexibly held
by interlocking inner columnals. Periproct large.
L. Ord. - U. Ord., USSR - Est. - Scand. - Belg.-Scot.
--FIG. 83,2; 87,1. *C. penniger (EICHWALD),
L.Ord., Eu.(Est.); 83,2, plate diagram (12);
87,la,b, lat., two thecae, XI (69).--FIG. 84,
la,b; 88,1. C. radiatus (JAEKEL), L.Ord.(Kunda,
B3), Eu.(USSR); 84,la,b, plate diagrams (Kesling,
n, after 12, 69); 88,1, lat. view, L2 near center,
X2 (69).--FIG. 84,2. C. hypel'borc/ls REGNELL,
L.Ord(3cl3), Norway; diagram of known plates
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with heavy lines indicating inferred course of the
gut (100). [See also Fig. 34,2, 48,1.]

?Homocystites BARRANDE, 1887, p. 160 [OH. alte'-;
00] [=Homocystis BATHER, 1889, p. 269 (nom.

Chei rocri nus

van.)]. General shape and plate arrangement like
that of C/zeirocrintls, of which some consider this
genus to be a junior synonym. Rhombs highly
developed, demirhombs commonly in form of

Homocystites

Leptocystis

FIG. 87. Cheirocrinidae (p. 5182-5184).
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Cheirocrinus 20 Homocystites

FIG. 88. Cheirocrinidae, plates of A-ray shaded (p. SI82-S184). [Plate designations In 2a are as given
in Figure 38.]

chevron; B2 may have only single half-rhomb in
stead of 2. Plates highly ornamented by parallel
ridges perpendicular to sides ("Nebenleisten") ,
which together with main radiating ridges
("Spannleisten") form series of concentric tri
angles, or are interrupted regularly by growth
lines to form a reticulation ("Gitterskulptur").
This highly ornamented group of cheirocrinids
includes all known North American species. L.
Ord.-M.Ord., Eu. (Boh.-Port.-USSR) -N.Am. (N.Y.
Mich.-Ont.-Que.-Wis.) .--FIG. 85,1, 86,1. H.
anatiformis (HALL), M.Ord.(Trenton.), USA
(Mich.) (85,1) and Can.(Ont.) (86,1); 85,la,
plate diagram; 85,lb-d, lat. views (reconstr.), ap
prox. X2.5 (73); 86,la,b, lat. views, X2 (Kes
ling, n).--FIG. 87,2a,b. *H. alter, M.Ord., Boh.;
2a,b, lat. views of 2 specimens, XI (69).--FIG.
87,2e. H. striatus (JAEKEL), L.Ord.(Kunda, Ba),
USSR(Leningrad area); part of theca, X2.5 (69).
--FIG. 87,2d. H. waleotti (JAEKEL), M.Ord.,
USA(N.Y.); lat. view (reconstr.) (69).--FIC.
88,2. H. insignis (JAEKEL), L.Ord.(Kunda, Ba),
USSR; 2a,b, lat. views, periproct at left (2a,
reconstr.), X2 (69). [See also Fig. 50.]

?Leptocystis JAEKEL, 1899, p. 222 [*Homoeystites
tertius BARRANDE, 1887; OD]. Pectinirhombs de
veloped as conjunct rhombs, at least at base. In

type species, column divided by transverse sutures
into nearly equal segments, not appearing "tele
scoped" and probably much more rigid than
column of Cheiroerinus. [Otherwise like Cheiro
erinus, of which this genus may be a junior syn
onym.] L.Ord.-L.Sil., Eu.(Boh.-Scot.-USSR).-
FIG. 87,3. L. atava (JAEKEL), L.Ord.(Ba), USSR
(Leningrad area); 3a,b, lat and aboral, X3; 3e,
lat., oral part of theca, X3 (69).--FIG. 83,1.
L. eonstrieta (BATHER), U.Ord.(Drummuck Gr.),
Scot. (Girvan) ; plate diagram (12). [See also Fig.
34.]

Family ECHINOENCRINITIDAE
Bather, 1899

[nom. correct. PHLEGER, 1935, p. 194 (pro Echinoencrininae
BATHER, 1899, p. 920)] [=Scoliocystidae JAEKEL, 1899,

p. 235]

Theca ovate to subglobular, modified by
typically produced periproct. Ambulacra
short, restricted to crown. Pore rhombs few.
L.Ord.-U.Sil.

This family, confined to Europe insofar
as known, occurs in Russia, Estonia, Scandi
navia, and Britain. It is well known from
the rather bizarre forms with long peri-
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proctal extensions of the theca, but it also
contains genera with less modification. The
record of the family is far from complete,
as attested by the lack of Lower and Mid
dle Silurian forms. The Echinoencrinitidae
probably developed in the Baltic region,
where they became diverse in the Middle
Ordovician. The last survivors are from

1o

2b

Upper Silurian strata in England. The
stratigraphic distribution of genera is in
dicated in Figure 72.

Key to Genera of Echinoencrinitidae
1. R circlet interrupted by adoral projection of

L5, with R4 very small or absent; of ILL,
only IL4 bordering periproct ..00 Glaphyrocystis

Schizocystis

Ib

2c

Echinoencrinites

FIG. 89. Echinoencrinitidae. Plate diagrams, A-ray plates shaded, plate designations as 10 Figure 38
(p. S187-S189, S191).
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R circlet not interrupted by any LL; both
IL4 and IL5 bordering periproct ....... n... 2

2. Four RR only, no R5 Proctocystis

Five RR n.......................................... 3

3. The<!a sharply pointed by elongate, adorally
attenuated RR; L3 in contact with B3,

interrupting IL circlet between IL2 and
IL3 Erinocystis

Theca not sharply pointed by attenuated RR;
IL circlet complete 4

4. B2/ILl pectinirhomb; BB strongly in
dented to form quadrate depression for

30 Echinoencrinites

'0

Erinocystis

L2-

IL2-·
82---

4c

FIG. 90. Echinoencrinitidae, plates of A-ray shaded, plate designations as in Figure 38 (p. 5187-5189, 5191).
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Ech inoencrinites

SI87

FIG. 91. Echinoencrinitidae, all L.Ord., USSR(Leningrad region), plate designations as in Figure 38
(p. SI87-S189).

junction with column; periproct rather
strongly protuberant .. __ .. __ 5

No B2/ILl pectinirhomb; BB only slightly
indented or not at all; periproct not
strongly protuberant 6

5. Extra pectinirhomb on L3/R3 Elltretocystis

No extra pectinirhomb on L3/R3 ..
.......... __ .. __ Ec/zinoenC1'inites

6. More than three pectinirhombs; periproct
bordered by five plates (IL4, IL5, Ll, L4,
L5) __ __ __ .. Scoliocystis

Two or three pectinirhombs, B2 /IL2 and
L4/R3 invariably present, LI / R5 in
most; periproct bordered by less than five
plates, never by LI 7

7. Brachioles clustered near peristome ; theca
subova te __ .. __ __ __ .__ Prunocystites

Brachioles in two groups, at ends of long
curved ambulacral groove across top of
theca (mouth in center); theca suoovate
aborally, compressed in R3-Ll plane ad-
orally .__ .__ __ Sc/zizocystis

Echinoencrinites VON MEYER, 1826 [.E. sencken
bergii (=Ec!Jinosp/zaerites granatllm VON SCHLOT
HElM, 1826); 00] [=EcI'inoencrinlls VOLBORTH,
1842 (nom. "an.); EllcI,ino-Encrinites VON MEYER,
1826 (nom. nllll.); Gonocrinites EICHWALD, 1840;
Gonocrinlls EICHWALD, 1859 (nom. van.); Syco
cystites VON BucH, 1846; Sycocystes GEiNITZ, 1846
(nom. nllll. pro Sycocystites); Cyclocystites
D'ORBIGNY, 1852 (nom. nllll. pro Sycocystites);
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Sycocystis HAECKEL, 1896 (nom. van. pro Syco
cystites) non HAECKEL, 1870]. Theca subpyri
form, globose aborally and tapering adorally, but
not sharply pointed by attenuated RR; periproct

slightly produced but not directed aborally; plates
highly ornamented in many species, typically by
concentric triangles of ridges or rows of flattened
tubercles with apices directed toward centers of

Glophyrocystis

3

40

Prunocystites

Scoliocystis

Eri nocystis

FIG. 92. Echinoencrinitidae. Plate diagrams, plates of A-ray shaded, plate designations as in Figure 38
(p. SI89-S192).
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10 R-4

Proctocystis Echinoencrinites Erinocystis

FIG. 93. Echinoencrinitidae (p. 5187-5191). [Plate designations as in Figure 38.]

3 adjoining plates; all rows of thecal plates in
complete circlets; BB well developed, indented
to form quadrate depression for ample column.
Brachioles 2 to 5 or more, set on short ambulacra
on narrow crown. Three pore rhombs, B2/ILl,
B2/IL2, and L4/R3. [Elltretocystis, created by
PHLEGER for a specimen with an extra rhomb on
L3/R3, may be an anomalous Echinoencrinites.
Because many specimens are found with the
proximal part of the column bent or curved,
JAEKEL (71) suggested that the column was
prostrate and the theca erect in Echinoenerinites.
Because specimens were not rare, and because
VON MEYER'S publication was overlooked by sub
sequent workers, this cystoid was described under
several names.] L.Ord., Eu. (USSR-Norway-Swed
en)-?Asia(Burma).--FIG. 89,2a; 91,la-d; 93,
la-d. *E. sencl,enbergii, Kunda(B3), USSR(Len
ingrad region); 89,2a, plate diagram (Kesling, n,
after 69); 91,la-c, lat., aboral, and lat., Xl; 91,
ld, oral region showing brachiole facets, X3
(69); 93,la-d, lat., aboral, oral, lat., Xl (31).

--FIG. 89,2b,c; 91,3. E. Ia/luseni JAEKEL, Kunda
(B3 ), USSR(Leningrad region); 89,2b,c, plate dia
gram and oral region (Kesling, n, after 69); 91,3,
lat., X4 (69).--FIG. 90,3; 93,le,j. E. sencken
bergi aClitanglilatlis REGNELL, ExpansllS (3c(3),
Norway; 90, 3a,b, lat., diagram., X1.5 (100);
93,le.j, lat., 2 thecae, X2 (lOO).--FIG. 91,4. E.
anguloStts (PANDER), B" USSR(Leningrad region);
lat., X3 (69).--FIG. 91,2. E. reticulatlls JAEKEL,
Kunda (B3 ), USSR(Leningrad region); lat., X3
(69).

Erinocystis JAEKEL, 1899, p. 252 [*E. sculpta; OD].
Theca fig-shaped, orally strongly attenuated, base
indented. ILL and LL with adjacent parts inter
calated, LL forming complete circlet, but ILL
interrupted by insertion of L3 between IL2 and
IL3; RR elongate, sharply tapering to narrow
crown. Periproct produced by prolongation of
IL4, IL5, and L5, its opening rather small and
directed aborally as well as outward. 00 re
stricted to apex of theca, their number and ar
rangement obscured. Two brachioles, rather large
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for size of oral field, one facet atop RI and R2
and other atop R3 and R4. Three pore rhombs,
B2/ILl, B2/IL2, and L4/R3, each rather high
and sharply angled. Column with proximal thin-

walled, circular, collar-like columnals, tapering
to distal massive, compressed columnals. Thecal
plates, particularly ILL, strongly sculptured and
ornamented in some species, so much so that

Seol iocystis

Schizocystis Glaphyrocystis Erinocystis

FIG. 94. Echinoencrinitidae (p. 5189-5192). [Plate designations as in Figure 38.]
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plate shapes and arrangements are difficult to de
fine. L.Ord., VSSR-Est.-Norway. -- FIG. 90,4;
93,3. E. broeggeri REGNELL, Expanms Ls. (3cf3),
Norway; 90,4a, lat., small theca, X2; 90,4b,c,
aboral and lat., X2 (100); 93,3a,b, lat. and ab
oral, X3 (100).--FIG. 92,4; 94,3eJ. E. t'ol
borthi JAEKEL, Kunda (B3 ), Leningrad; 92,4a,b,
plate diagram and oral region (Kesling, n); 94,
3e,j, lat. and aboral, X I (69).--FIG. 94,3a,b.
*E. sculpta, Vaginatum Ls., Leningrad region; 3a,
lat., X3.5; 3b, rhomb-bearing plate, X5 (69).
--FIG. 94,3c,d. E. angulata JAEKEL, Kunda
(B3), Est. or Leningrad; 3c,d, opposite lat., X2
(69).

?Eutretocystis PHLEGER, 1935, p. 200 [*E. similis;
OD]. Like Echinoencrinites in all respects except
for pectinirhomb L3 / R3; this may well be an ab
normal Echinoencrinites with a supernumerary
rhomb. L.Ord., Eu.(VSSR).

Glaphyrocystis JAEKEL, 1899, p. 196 [*G. woehr
manni; OD]. Theca irregularly ovate, narrow end
oral, base indented. IL circlet complete in most,
but some have L3 reaching B3; LL forming com
plete circlet; L5 prolonged orally between R3 and
R5, with R4 rudimentary, absent, or fused with
L5. Single basal pore rhomb, B2/IL2, and several
upper rhombs between LL and RR; type species
strongly resembling that of V.Ord. Lepadocystis,
with rhombs LI/R5, L2/RI, L3/R3, and L4/R3.
Periproct bordered by L4, IL4, and L5, not
strongly protuberant. Hydropore and gonopore
reported, but oral region mostly unknown, in
cluding brachioles. Proximal part of column with
swollen, projecting columnals. U.Ord., Est.--FIG.
92,1; 94,4. *G. woehrmanni; 92,1, plate diagram
(Kesling, n); 94,4, lat., X2 (69).

Proctocystis REGNELL, 1945, p. 85 [*P. monstruosa;
OD]. Shape of theca very strongly influenced by
large, protruding, aborally directed periproct,
formed by IL4, IL5, and L5; only 4 RR present,
R5 absent; L3 in contact with B3, interrupting
circlet of ILL; 00 apparently rudimentary; BB
invaginated to form quadrangular depression.
Three rhombs in known species: B2/IL1, B2/IL2,
and L4/R3; few slits in each rhomb. Proximal
columnals oval, with large lumen. L.Ord., Swed
en-VSSR.--FIG. 90,2; 93,2. *P. monstruosa,
Expanms Ls., Sweden; 90,2a,b, lat., diagrammatic,
X2; 90,2c, plate diagram (99); 93,2a-c, 2 lat.
and aboral, X 1.5 (I 00).

Prunocystites FORBES, 1848, p. 503 [*P. fletcheri;
OD] [=Prunocystis CARPENTER, 1891, p. 135
(nom. van.)]. Theca small, ovate, its base not
indented, set atop exceptionally large column
more than half as wide as theca); theca said to
resemble "fruit of the dog-rose." BB, ILL, and
LL circlets complete; RR circlet broken by L5,
which, as in many genera, extends from peri
proct to 00 circlet. 00 little known, set atop
somewhat truncated theca and partly obscured by
clustered brachioles; FORBES' (51) description and

JAEKEL'S (69) comments indicate that some plates
of the short ambulacra may be incorporated into
the cover of the theca. Hydropore and gonopore
present. Periproct bordered by 4 plates, IL4,
IL5, L4, and L5, containing an anal pyramid and
ring of plates, set at mid-height. Ambulacra long,
their number unknown, but according to thick
ness of known fragments and size of oral region,
each theca had only 5 to 10 at most; segments
of brachioles ("digitalia") longer than broad,
with nodose enlargements. Three pore rhombs,
at common locations. Proximal columnals flanged.
U.Sil., Eu.(Eng.).--FIG. 92,2. *P. fletcheri;
lat., X4 (10).

Schizocystis JAEKEL, 1895, p. 193 (non LEGER,
1900) [*Ecltinoencrinus armatllS FORBES, 1848,
p. 507; OD]. Theca ovate aborally, adorally com
pressed in direction of B1-B3, so that periproct
Iies on one of small sides; base only sligh tIy in
dented. ILL large, forming complete circlet;
L2 and L3 more or less diamond-shaped, having
little contact with adjacent LL; L5 separating R4
from R5; 00 relatively large, distorted to fit
elongate, narrow oral field. Long ambulacral
grooves across narrow oral field, one extending
from each side of mouth slot in gentle curve,
irregularly branched and leading to 4 or 5
brachiole facets of various sizes. Periproct bor
dered by IL4, IL5, L4, and L5, rather large,
with high valvular pyramid and surrounding ring
of plates, not strongly protuberant. Only 2 pore
rhombs, B2/IL2 and L4/R3, each with moderate
number of slits, basal rhomb diagonally opposite
periproct on narrow side of theca. Hydropore a
curved slit and gonopore a closely adjacent hole
in large, elongate, tripartite 01, which fills most
of one side of oral region. Column tapering
distally, rather thick. U.Sil., Eng.--FIG. 89,1;
90,1; 94,1. *S. armata (FORBES); 89,la,b, plate
diagram and oral region (Kesling, n, after 69);
90,1a,b, oral and lat., X 2; 90,lc, plate diagram
(10); 94,1a-c, oral, lat., and aboral, X5 (69).

Scoliocystis JAEKEL, 1899, p. 196 [*Caryocystites
pumilus EICHWALD, 1860, p. 629; OD]. Theca
irregularly elongate ovate, tapering at both ends,
base not indented; all circlets of plates nearly or
quite complete, definitely so in type species, but in
S. thersites first 4 LL nearly separated by aboral
corners of RR which extend to or almost to corre
sponding ILL below, so that junctions of IL1
LI-L2-R1, 1L2-L2-L3-R2, and IL3-L3-L4-R3 tend
to be expressed as X's. In type species, ILL
vertically elongate and very narrow, inducing
JAEKEL (69) to describe the theca as "stunted."
Peripr0ct bounded by 5 plates, IL4, IL5, LI, L4,
and L5, set at mid-height in S. thersites and rather
high in S. pumilus, not protuberant. One basal
pore rhomb, B2/IL2, and several between LL and
RR; S. pumilus with LI/R5, L4/R3, and 1L2/L3,
S. tlw'sites with LI/R5, L2/R1, L3/R3, and
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L4/R3, same disposition as in Glaphyrocystis, its
U.Ord. successor, or in Lepadocystis, U.Ord. callo
cystitid from N.Am. Ambulacra with few brach
ioles, concentrated near mouth. Hydropore and

gonopore exactly as in Echinoencrinites. L.Ord.,
USSR.--FIG. 92,3; 94,2. S. thersites JAEKEL,

Kunda (B,), Leningrad; 92,3, plate diagram
(Kesling, n); 94,2a,b, opposite lat., X5 (69).

540

4c

7

4b9

6

FIG. 95. Pleurocystitidae (p. 5194-5199).--1-10. Pleurocystites, M.Ord.~U.Ord.; pectinirhomb Ll/L2 in

various species, all X 5 (12).
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Family PLEUROCYSTITIDAE
Neumayr, 1889

[nom. correct. BASSLER, 1938, p. 11 (pro Pleurocystiden
NWMAYR. 1889. p. 413)]

Theca strongly compressed, with extreme
ly large periproct comprising most of one
side. Only two brachioles, long, extending
forward from sides of narrow peristome.
Hydropore and gonopore on anal side.
Three rhombs or less. M.Ord.-L.Dev.

This rather well-known family has in
spired considerable speculation as to its sig
nificance in evolution of the Crinozoa,
the taxonomic position of the enigmatic
Amecystis, and precise chronological suc
cession of species in North America, Britain,
Belgium, Germany, and China. In addi
tion, authorities have differed in their in
terpretation of the living position of these
cystoids, their motility, and their mode of
respiration.

The Pleurocystitidae appear from known
records to have originated in Ontario,
wherefrom they spread during the Ordo
vician into other parts of eastern North
America-New York, Michigan, Wiscon
sin, Minnesota, Iowa-and eastward across
the Atlantic to the British Isles and Bel
gium. The doubtful species Pleurocystites
bassleri SUN is said to come from strata of
Llanvirn age in China, and may represent
the ancestral stock of the family. Strangely,
Silurian pleurocystitids are unknown. Un
doubtedly the Lower Devonian Regulae
cystis from Germany is a member of this
family.

A chronological series of Pleurocystites
species can be selected to show anyone of
several trends. First, enlargement of the
periproct, which attained its maximum size
in British Caradocian forms and which is
correlated with the spreading of adoral
plates, so that Ll and L4 became more
widely separated. Whether plate L5 is dis
tinct, fused to L4, or absent is still open
to question.

A second trend concerns the number of
small plates in the periproct, the so-called
"periproctals." These vary from about 50
to perhaps as many as 1,500. The diminu
tion in size of the periproctals does not ap
pear to have been a trend throughout the
history of the genus, but possibly it occurred
in separate lineages at different times.

Third, the reduction in number and size

of pectinirhombs. This trend, if such it be,
can be strongly presented in a carefully se
lected series. But if all species are con
sidered, it is somewhat less spectacular.
The L3 /L4 rhomb shows progressive re
striction on the suture, as well as fewer
slits in the series Pleurocystites filitextus
(Fig. 95,1), P. robustus (Fig. 95,2), P.
squamosus (Fig. 95,8), P. anglicus (Fig.
95,6), P. rugeri (Fig. 95,7), and P. procerus
(Fig. 95,3). Another series can be chosen
to demonstrate the loss of slits on one-half
of this rhomb, P. filitextus, P. foriolus (Fig.
95,4), and P. gibbus (Fig. 95,5); in the last
named species, BATHER (12) said that the
"folds" on L4 were "almost entirely closed
by stereom." Other examples are seen in
P. elegans (Fig. 95,9) and P. quadratus
(Fig. 95,10). Rhomb B2/IL2 is very small
in P. anglicus and absent in P. rugeri and
P. procerus. A drastic change also occurs in
some Caradocian forms whereby the pore
rhombs become elongate normal to the
suture, rather than along it, attaining the
ultimate expression in P. rugen'. It is true
that Late Ordovician species all have re
stricted pectinirhombs, as compared with
Middle Ordovician species, but the changes
were evidently not attained in strict chron
ological sequence.

Other differences characterize species of
Pleurocystites. The "shoulder-angle," de
fined by BATHER (12) as the angle formed
by projection of the edges of plates L1 and
L4, varies from 40 to 115 degrees (at least).
Ratios of height and width also exhibit an
appreciable range. These are useful in
description of species, but can scarcely be
established as trends.

The modification, diminution, and elim
ination of pectinirhombs in Pleurocystites
raise the problem of the two other genera.
Regulaecystis seems to be a Devonian de
scendant in which both B2 /IL2 and L1 / L2
pectinirhombs were eliminated. But Ame
cystis, with a plate pattern almost identical
with that of Pleurocystites but lacking any
discernible rhombs or pores, originated in
the Middle Ordovician and was a con
temporary of Pleurocystites elegans and P.
filitextus. No progression of forms is known
that could have led to Amecystis.

Question may be raised as to whether
Amecystis should be classed as a cystoid
at all, inasmuch as it lacks thecal pores.
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DEHM (36) concluded that Amecystis pro
vided evidence of close affinity of cystoids
with "carpoids," and proposed a Soluta
Pleurocystitidae group as an intermediary or
passage from the Hydrophoridea group
(true cystoids) to the Cincta-Mitrata-Cor
nuta group (true "carpoids"), with closer
affinity to the "carpoids" than to the cystoids.
This relationship, as such, has been denied
by GEKKER [HECKER] (54) and REGNELL
(-99). On the other hand, Amecystis is clear
ly not a member of any known "carpoid"
lineage.

Inclusion of Amecystis in the cystoids
produces a difficult problem in defining the
taxon. Although strongly reduced, at least
some thecal pores occur in Regulaecystis,
and although roofed over by epistereom,
there are pores within the thecal walls of
Hemicosmites, Polycosmites, and Caryo
cystites. Insofar as I am aware, no attempts
have been made to section plates of Ame
cystis to look for pores within the thecal
plates. In regard to reduction of rhombs in
Pleurocystites, BATHER (12) suggested that
in adapting to near-shore environment, the
cystoids of this genus were confronted with
a problem in respiration, and that when
pectinirhombs became clogged with sand,
they utilized rectal respiration, as do certain
living echinoderms. Thus, he seems to have
correlated increase in the periproct, at least
in part, with the decrease in rhombs. If
respiration was a function of the pectini
rhombs, as generally conceded, and if
respiration in some forms was accomplished
otherwise so that the rhombs were no longer
necessary or functional, and if with disuse
the pectinirhombs finally disappeared
then, the position of Amecystis is decided,
but the Cystoidea must be defined on other
grounds than possession of thecal pores.

As to the position assumed by Pleura
cystites in life, BATHER (12) assumed that
the column coiled loosely around some up
right object and the animal stretched out
parallel to the sea-floor, with the periproct
or anal face uppermost. This suggestion
introduces another problem: if the pectini
rhombs were on the lower face of the theca,
where sediment was liable to clog them,
then why was the basal (B2/IL2) rhomb
first to disappear in the evolutionary se
quence? One might expect all rhombs to be
affected equally. Thus, although the

Pleurocystitidae has been studied from more
and better specimens than most families,
its ecology and evolution are poorly known.

Key to Genera of Pleuracystitidae
I. No trace of pore rhombs, at least externally

............u um m Amecystis

One to three pore rhombs, distinct, slits
well defined OU umun...................... 2

2. Two or three rhombs (Ll/L2 and L3/L4
invariably present, B2/IL2 in most); anal
pyramid at corner of periproct, in so-
called "rectal lobe" u. Pleurocystites

Only one rhomb (L3/L4); anal pyramid
subcentral in periproct m Regulaecystis

Pleurocystites BILLINGS, 1854, p. 250 ["P. squamo
SItS; SD S. A. MILLER, 1899, p. 272] [=PleUt·o
cystis CARPENTER, 1891, p. 12 (nom. van.) (non
Pleurocystis HESSE, 1909); Diplettrocystis JAEKEL,
1918, p. 95 (type, Pleurocystites anglicus JAEKEL,
1899, p. 235) ]. Pectinirhombs developed in various
forms on the antanal face; B2/IL2 smallest of
rhombs, absent in some species; LI / L2 never
larger than L3/L4, may be conspicuously smaller;
rhombs varying in degree of elongation normal
to suture, number and length of slits, length of
suture involved, development of bordering rim,
and asymmetry of halves; P. gibba with slits in
L4 nearly obliterated by covering of stereom.
BI and B4 on anal side, forming aboral border
of very large periproct, B2 and B3 on antanal
side. ILL large, circlet interrupted by periproct
between IL4 and IL5; LL also well developed,
particularly LI and L4 which extend around edge
of theca from antanal to anal sides and abut on
short suture at adoral side of periproct; L5 either
absent, indistinct, or fused with L4. RR small,
circlet interrupted between RI and R5 by inser
tion of 01; 00 forming complete circlet, with
tripartite 01 rather large and centered on adoral
margin of anal side, 02 giving rise to one
brachiole and 04 and 05 to other, 03 on antanal
side directly opposite 01. Hydropore a curved slit
and gonopore a small opening, both bisected by
suture within 01. Periproct large, covered by 50
to about 1,500 small plates ("periproctals") with
anal pyramid at aboral corner between B4 and
IL4 in so-called "rectal lobe." Two brachioles,
long, biserial as in other cystoids. Column long
and tapering to very small diameter, end not
known with certainty; proximal part composed
of alternating inner and outer rings, probably
interlocking, and distal part of longer columnals
having much smaller lumen. The creation of
Diplew'ocystis by JAEKEL in 1918 (71) was due to
a misunderstanc.ling of the type species of Pleuro
cystites. The type was c.lesignatec.l by S. A. MILLER
(85) in 1889, as P. squamoStls. Unaware of this
action, HAECKEL (58) in 1896 also selected a type,
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P. filitextus. P. squamoStls has very numerous
small plates in the periproct, whereas P. filitextus
has fewer, larger, more nearly polygonal plates.
BATHER (12) called attention to the correct type
species; but JAEKEL (71) evidently did r.ot under
stand it, for he defined Pleurocystites as having
large periproctals and sought to create a new genus

with type species P. anglicus JAEKEL for the species
with large periproct, minute periproctals, and nar
row pore rhombs. As recognized by FOERSTE (in
SLOCUM & FOERSTE, 1924), and emphasized by
REGNELL (personal communication), Dipleuro
cystis cannot be maintained because by definition
it would include the type species of Pleurocystites.

10

Ib

Ie

Ie

Ameeystis

ld

[Plate designations as in Figure 38.]
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Further, REGNELL has informed me that the num
ber of periproctals in known species falls into a
nearly continuous series, with no appreciable hiatus

between "few" and "numerous."] M.Ord.-U.Ord.,
Eu.(Brit.-Belg.) -N.Am.- ?China.--FIG. 95,1-10.
Pectinirhomb LI / L2 in various species, all XS

FIG. 97. Pleurocystitidae (p. 5194-5199).
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(l2).--FIG. 96,1; 97,1; 98,2a; 99,3. P. filitextus
BILLLINGS, M.Ord.(Trenton.), ant.; 96,la-c, plate
diagram, antanal, and anal (Kesling, n); 96,ld-t,

3 plate diagrams showing various interpretations of
plate number and arrangement (10, 12); 97,la,b,
antanal, anal views, X 2 (69); 98,2a, antanal,

Ih

p

Br 04

~~,"
,--'"

l4

V~
'!---~!~J~J-'84_J --

FIG. 98. Pleurocystitidae, plates of A-ray shaded (p. 5194-5199). [Plate designations as in Figure 38.]
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reconstr. (10); 99,3a,b, anal, antanal views, Xl
(20).--FIG. 97,2. P. anglicus JAEKEL, U.Ord.(L.
Ashgill.), Ire.; 2a, anal, incomplete theca, X2
(69); 2b, antanal, X2 (l2).--FIG. 99,2. P.

elegans BILLINGS, M.Ord.(Trenton.), Ont.; 2a,b,
antanal, 2 thecas, Xl (20) .--FIG. 97,5. P.
foriollts BATHER, U.Ord.(Drummuck), Scot.; 5a,b,
antanal, anal views, Xl (12) .--FIG. 97,3. P.

Pleurocysti tes

40

4d

4b

Reguloecystis

FIG. 99. Pleurocystitidae (p. S194·S199).
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rugeri BATHER, M.Ord(Caradoc.), Wales; antanal,
X2 (l2).--FIG. 97,4. P. quadratus BATHER, U.
Ord.(Drummuck), Scot.; 4a, "rectal" lobe of peri
proct with anal pyramid, X4.5; 4b, anal view, Xl
(12).--FIG. 98,2b,c; 99,1a-d. *P. squamosus,
M.Ord., Can. (Ont.) ; 98,2b,c, proximal and distal
secs. of column (12); 99,1a,b, antanal, 2 speci
mens, XI; 99,1c, anal, incomplete theca, XI;
99,1d, oral regions and brachioles, eni. (20).

Amecystis ULRICH & KIRK, 1921, p. 147 r*Pleuro
cystites Iaevis RAYMOND, 1921, p. 2; OD]. Theca
with plate arrangement like that of Pleurocystites.
No trace of pore rhombs, at least externally. [This
genus is included here as a pleurocystitid despite
its anomalous structure.] M.Ord., N.Am.(Ont.
Minn.-Mich.-Pa.-Ky.).--FIG. 96,2. *A. laevis
(RAYMOND), Ont.; antanal (36).

Regulaecystis DEHM, 1932, p. 74 [*R. pleurocyst
oides; OD]. Theca flattened, as in Pleurocystites,
composed of thin, fragile plates. Four BB visible
on antanal side, B1 and B4 with extensions on anal
side to form lower border of periproct; IL4, 1L5,
L1 and L4 folded in thick rim, their antanal sides
bordering periproct; L4 especially large; RR and
00 small. Only one rhomb, L3/L4, occupying
short section of suture and elongate normal to
suture; slits not reported. Three curious ridges
radiating from center of IL2, to R2, to IL5, and to
IL3, perhaps serve to give rigidity to antanal side
of thin-plated theca. Periproct oval, transversely
elongate. Oral end of theca very narrow, bearing
2 long, thin brachioles. Column long, tapering,
with 20 to 30 columnals in proximal part and 60
to 80 in distal, structurally like column of Plem'o
cystites. Hydropore and gonopore not reported.
L.Dev., Ger.--FIG. 98,1; 99,4. *R. pIeurocyst
oides; 98,1a-d, sketches of 4 specimens (36);
98,1 e, plate diagram (36); 98,11,g, antanal, anal
views (reconstr.) (Kesling, n); 98,1 h, plate dia
gram, some sharply folded peripheral plates split
(dashed lines) to show antanal and anal sides and
marginal rim (dotted lines) (Kesling, n); 99,4a-d,
4 specimens, all distorted, X? (36).

Family CALLOCYSTITIDAE
Bernard,1895

[nom. correct. BASSUR, 1938, p. 10 (pro Callocystid~s
BERNARD, 1895, p. 206)] [=Callocystidae JAEKEL, 1899, p.

266]

Rhombiferan cystoids provided with dis
tinct pectinirhombs; periproct relatively
small, not produced; theca ovate, globular,
biconvex, or ellipsoidal, not spindle-shaped
or resembling a pentremite; rhombs rela
tively few, rarely developed as demirhombs;
ambulacra long, extending down over theca;
column present. U.Ord.-UDev.

This family includes many of the well
known genera of rhombiferans. It was long-

lived and diverse, both in Europe and in
North America.

The distinctive long ambulacra, "recum
bent" on the theca, tend to obscure certain
of the sutures and smaller plates. For this
reason, details of many cystoids can only be
established from specimens in which am
bulacra have been exfoliated.

Subfamily CALLOCYSTITINAE Bernard, 1895
[nom. transl. KESLING, herein (ex Callocystides BERNARD,

1895, p. 206)] [=Callocystinae JAEKEL, 1899, p. 287
(parlim)]

Theca ovate, ellipsoidal, or globular; four
or five ambulacra, branching; brachioles
small, widely spaced; LL intercalated deep
ly into ILL circlet, as many as three LL in
contact with BE. M.Sil.-LDev.

Key to Genera of Callocystitinae
I. R1 and R4 very small or absent; L2 nearly

or quite reaching B2; L4 not forming
a suture with B4, subtrapezoidal, four-
sided Sphaerocystites

All RR present; L2 distinctly separated from
B2; L4 in contact with B4, five-sided .2

2. Theca ovate to ellipsoidal; pectinirhombs
rather long, provided with numerous
slits .........._................................... Callocystites

Theca depressed globular; pectinirhombs
small, with few slits Coelocystis

Callocystites HALL, 1852, p. 238 roC. jewetti; OD]
[=Anthocystis HAECKEL, 1896, p. 132 (type, A.
halliana); Callocystis CARPENTER, 1891, p. 135
(nom. van.)]. Theca ovate to ellipsoidal, base flat
or truncated but not invaginated. L1, L3, and L4
atop corresponding BB, with ILL forming tier of
8 plates; BB large, especially B4, which is in
contact with IL3, L4, IL4, and IL5, as well as the
adjacent BB; L5 above periproct, inserted between
R4 and R5. Five long ambulacra, broad, normally
one or more subdivided at about mid-length;
brachiole facets rather numerous, alternating. Peri
proct bordered by elongate 1L4 and IL5 and by
subtrapezoidal smaller L5; anal pyramid sur
rounded by numerous small subquadrate platelets.
Pectinirhombs rather well developed, intermediate
between those of Splzaerocystites and Coelocystis,
with numerous slits, halves on IL2, L1, and L4
surrounded by prominent walls, those on B2, R3,
and R5 by high outer rim and lower inner ridge.
Hydropore more or less 8-shaped with expanded
distal parts; gonopore aJjacent and small, said to
be closed by pyramid of 4 pieces. Column stout,
proximal part composed of rings wide in diameter;
tapering rapidly in proximal half, more slowly in
distal; total length unknown but exceeding 6 cm.;
proximal columnals more highly ornamented and
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shorter than distal. M.5il., N.Am.(Ont.-N.Y.
Ohio).--FIG. 100,3; 101,2a-g. *C. jewetti; Ni
agaran, USA (N.Y.) ([01,2a-g); Can.(Ont.) (100,
3); 100,3a,b, plate diagram and oral region (Kes-

ling, n); 101,2a-d, 4 lat., Xl; 101,2e, enlarged
pectinirhomb; 101,2/, diagram of ambulacra, hy
dropore, gonopore, periproct, and pectinirhombs
(60); 101,2g, enlarged end of ambulacrum with

C
Lipsonocystis

10

FIG. 100. Callocystitidae, Calloc)'stitinae (3), Apiocystitinae, (1,2), plates of A-ra)' shaded (p. 5199
5201,521)9,5212-5213). [Plate designations as in Figure 38.]
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I brachiole (69).--FIC. 102,1; 101,2h,i. C.
jewetti elongatlls FOERsTE, Cedarville Dol., USA
(Ohio); 102,1, plate diagram (49); 101,21z,i, 2 lat.,
steinkern, Xl (47). [See also Fig. 44,2; 75,1.]

Coelocystis SCHUCHERT, 1903, p. 234 ["Hemicos-

mites SIIbgloboSlls HALL, 1867, p. 316; OD
(=5plzaerocystis dolomiticllS JAEKEL, 1899, p.
289; Callocystites splzaeroidalis FOERsTE, 1917, p.
239)]. Theca depressed globular. [Reports that
the BB are deeply invaginated are based on stein-

83

Collocystites

84

Coelocystis

Ih

2c

IL5

If

Ie

2f

1d

Flc. 101. Callocystitidae, Callocystitinae (p. 5199-5202). [Plate designations as in Figure 38.]
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A

Joekelocystis

FIG. 102. Callocystitidae, Callocystitinae (I), Apiocystilinae (2), plate diagrams, plates of A-ray
shaded (p. S199-S201, S209). [Plate designations as in Figure 38, Carpenter letter symbols for rays in 2b.]

kerns; from external molds, FOERSTE (49) deter
mined that at the junction with the column the
plates are not indented externally but instead are
much thicker in that part.] Ll atop B1, L3 atop
B3, and L4 atop B4, thus thoroughly disrupting
IL circlet and producing second tier of 8 plates;
L2 and L5 inserted into R circlet to form third
tier of 7 plates; 00 distinct but small, with 01
bipartite (possibly tripartite?) and bearing hydro
pore slit and gonopore opening. Pectinirhombs
small, with few slits. Five ambulacra, each rather
broad and dividing into 2 to 4 branches. Anal
pyramid apparently not surrounded by circle of
small platelets, as in most genera of subfamily;
one specimen of type species with excess plates in
adoral half of theca, here accounted as bipartite R1
and 03 and tripartite R3, such occurrence perhaps
being indicative of instability of depressed globu
lar form. M.Sll., N.Am.(Wis.-l1l.-0hio).--FIG.
103,1; 101,1. *C. subglobosa (HALL), Niagaran,
USA; 103,1a,b, plate diagram and oral region,
normal theca (Kesling, n, after 116); 103,1e,d,
plate diagram and oral region, specimen with
anomalous RR and 00 (Kesling, n, after 116);
101,1a-d, oral, 2 lat., and aboral, steinkern, XO.8;
IOI,Ie-g, oral, lat., and aboral steinkern, XO.8
(49); 101,lh, lat., ambulacra flaked off, Xl (47);
101,li,j, oral and lat., XI (49).

Sphaerocystites HALL, 1859, p. 130 [*S. mldti/asci·
attlS,o OD] [=Splzaeroeystis CARPENTER, 1891, p.
5 (nom. van.) (non LEGER, 1892; nee CHODAT,
1897) J. Theca subspherical, some adults broader
than high. B2, L2, ILl, and IL2 with apices in
contact Dr nearly so; L1 andL3 also deeply inter
calated into IL circlet, in some species in contact
with corresponding BB; R1 and R4 either absent
or so small as to be obscured by ambulacra. Peri
proct set rather high on globular theca, with anal
pyramid of 6 to 8 plates surrounded by 10 to
14 small subquadrate pieces. Four ambulacra,
branched (particularly in large specimens) irregu
larly to produce 14 or 15 branches (maximum of
27 reported) on aboral part of theca; ambulaera
narrow, with low flooring plates and numerous
alternating brachiole facets on all extensions. 01
distinct, bearing dumbbell-shaped hydropore and
adjacent gonopore, which is said to be closed by
small pyramid of 4 or 5 platelets; other 00 plates
small, obscured by covering plates of narrow, elon
gate peristome. Rhombs on B2/IL2, Ll / R5, and
L4/R3, long and filling entire suture, disjunct,
halves on lL2, L1, and L4 narrow and enclosed
by sharp-edged rims; slits numerous, closely
spaced. Column tapering for short distance, re
mainder constant in diameter, distal end terminat
ing in rootlike processes. [The diagnosis given by
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JAEKEL (69) is misleading, inasmuch as it was
based on" his "5. dolomiticus," which is a junior
synonym of Hemicosmites subglobosus HALL, later

made the type of Coelocystis by SCHUCHERT
(115).J L.Dev., N.Am.(Pa.-Md.-W.Va.).--FIG.
104,3a,b. *5. multi/asdatus, Keyser F., USA

lb

Ie

20

2b

Sphoerocystites

FIG. 103. Callocystitidae, Callocystitinae. Plate diagrams, plates of A-ray shaded (p. 5201-5203). [Plate
designations as in Figure 38.J
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Tetrocystis

2e

B4 Sphoerocystites

Lepocrinites

B1

FIG. 104. CallocysIiIidae, Callocystitinae (3), Apiocystitinae (1,2) (p.5202-5203, 5211, 5214).
[Plate designations as in Figure 38.]

(Md.); 3a,b, oral and lat., X2 (ll6A).--FIG.
103,2; 104,3c,d. 5. globlliaris SCHUCHERT, Keyser
F., USA(Md.); 103,2a,b, plate diagrams, lat. and
oral (Kesling, n); 104,3c,d, lat. and oral, X2
(l16A).

Subfamily APIOCYSTITINAE Jaekel, 1899
[nom. correct. KESLING, herein (pro Apiocystin:l.e JAEKEL,

1899, p. 277) J

Theca ovate or ellipsoidal; four or five
ambulacra, unbranched (except in Strobila-

cystites) and not protuberant; brachioles
rather widely spaced; ILL forming a closed
circlet. U.Ord.-UDev.

The position of Strobilocystites, the last
surviving cystoid, is not clearly manifest. In
branching of the ambulacra, it is allied with
the Callocystitinae, but in the complete
circlet of ILL, it shows definite affinities
with the Apiocystitinae. Furthermore, the
branches are only short lateral processes
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from the main ambulacra, not major divi
sions like those of Sphaerocystites, youngest
of the Callocystitinae. In shape of thecal
plates, structure of the hydropore, and gen
eral organization, Strobilocystites has closest
resemblance to the slightly older Lipsano
cystis. It also has ambulacra somewhat
entrenched, although not to the degree
present in Jaekelocystis. Therefore, I place
it in the Apiocystitinae, contrary to previous
assignments.

With inclusion of Strobilocystites, the
Apiocystitinae portrays some interesting
evolutionary trends. As recognized by
JAEKEL (69), BATHER (10), REGNELL (99),
and others, the Upper Ordovician Lepado
cystis of southern Indiana and Ohio is the
oldest known genus of the subfamily. From
this ancestor, with five ambulacra and five
pectinirhombs, the Lower Silurian Brocko
cystis developed in eastern North America
by loss of the L2 / R1 pectinirhomb and addi
tion of globular projections on the major
thecal plates. All subsequent genera had
only four ambulacra; apparently, ambula
crum Ill, already short in Lepadocystis and
Brockocystis (in which it was obstructed
by the two half-rhombs on R3), failed to
form in Middle Silurian and later genera.
Also in the Middle Silurian, the number of
pectinirhombs stabilized at three-B2! IL2,
L1 !R5, and L4!R3.

Another trend involved the hydropore.
In Lepadocystis, this structure is a long U
shaped slit, with a few crossbars to form a
grating. In the Devonian Lipsanocystis and
Strobilocystites, the central part of the hy
dropore is absent, and the ends are greatly
enlarged and elevated as two separate sieve
plates. In Tetracystis and Jaekelocystis, a
single large complex sieve-plate occurs, evi
dently representing one end of the ancestral
structure. Lovenicystis is intermediate be
tween Lepadocystis and Lipsanocystis; it
has two openings, one piercing each of the
two parts of 01 bearing the hydropore,
with a shallow groove leading from one
to the other.

Certain Middle Silurian and later genera
exhibit a reduction in the number of thecal
plates bordering the periproct. Tetracystis
has four, Apiocystites has three, and Lip
sanocystis has the periproct nearly sur
rounded by L5. Although this may have

been a trend in one lineage, the Upper
Devonian Strobilocystites has four plates in.
volved.

Key to Genera of Apiocystitinae
[After RECNELL. 1945 (99)]

1. Ambulacra five more than three pectini-
rhombs, with two half-rhombs on R3.. 2

Ambulacra four; only three pectinirhombs,
with single half-rhomb on R3 3

2. Pectinirhombs five; IL4 and IL5 elongate
vertically; R circlet interrupted by L5; no
globular projections on thecal plates
...................................................... Lepadocystis

Pectinirhombs four; IL4 and IL5 not elon
gate; R circlet complete; major thecal
plates with globular projections .. Brockocystis

3. Land R circlets complete 4

LL and RR intercalated, one or both inter-
rupted 6

4. Periproct bordered by four plates, including
L4 Lovenicystis

Periproct bordered by three plates, not L4 5
5. Pectinirhombs shoTt, with few slits; ambu

lacra long, nearly reaching the column
........................................................ Apiocystites

Pectinirhombs long, with numerous slits;
ambulacra rarely extending below LL
. Lepocrinites

6. Periproct enclosed mainly by L5 .. Lipsanocystis
Periproct bordered by three plates, not L4 7
Periproct bordered by four plates, including

L4 8

7. Pectinirhombs small, with few slits; LI, L2,
and L3 diamond-shaped, scarcely in con
tact, if at all; ILL much larger than
LL Hallicystis

Pectinirhombs large, long, with numerous
slits; LI, L2, and L3 large, with sutures
between; ILL not much larger than LL
........................................................ Lepocrinites

8. Hydropore represented by two separate
openings; anal pyramid very small, with
aboral bordering pIa tes very large and
elongate; ambulacra divided in most ma-
ture specimens Strobilocystites

Hydropore represented by only one open
ing; anal pyramid relatively large, with
bordering plates (if present) subcqual;
ambulacra undivided in normal speci-
mens 9

9. Pectinirhombs long, with nearly equal
halves; anal pyramid with marginal ring
of plates; hydropore elongate ........ Tetracystis

Pectinirhombs short, with half-rhombs on
lL2, LI, and L4 reduced to small circular
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lb1eId

Apioeystites

1e

Lovenieystis

FIG. lOS. Cal\ocystitidae, Apiocystitinae (p. 5206, 5209, 5212-5214). [Plate designations as in Figure 38.]

openings with tubular rims; anal p):ramid
lacking marginal ring; hydropore large,
subcircular ._. Jaekdocys/is

Apiocystites FORBES, 1848, p. SOl [",-I. pell/rema/·
aides; OD] [=Apiocys/is BATHER, 1889, p. 268
(110m. "all.)]. Theca regularly ovate, elongate or
slightly compressed, plum-shaped, with long axis
not exactly vertical. Land R circlets complete.
Ambulacra 4, long, attenuated, nearly reaching
column, ne\'er branched or entrenched in thecal
plates; brachioles spaced farther apart than in
other genera of subfamily, so that each ambu·
lacrum has only 20 to 36 facets. Pectinirhombs 3,
'mall, short, and discrete, with few slits; no not-

able difference between the 2 halves of each
rhomb; rhombs L1 / R5 and L4/R3 inclined. Peri·
proct small, bordered only by lL4, lL5, and L5;
anal pyramid of 6 plates, outer ring of 9 plates.
Hydropore and gonopore present on 01; other
00 very small. M.5il.-L.Dell., Eu.(Eng.)-N.Am.
(N.Y.·Tenn.·Ont.).--FIG. 105,Ia. "A. pen/reo
ma/oides, M.Sil.(Wenlock), Eng.; lat., reconstr.,
X I (69).--FIG. 105,Ib·g. A. degans HALL,
M.Sil.(Niagaran), USA(N.Y.); lb·e, 4 lat., Xl;
1/. detail of ambulacrum, enl.; 19, plate diagram
of oral region (a, hydropore; b, oral plates; d,
gonopore; o. periproct) (60).

Brockocystis FOERSTE, 191 i. p. 469 [.A piocys/i/es?
/eCllmsetlzi BILU!'<GS, 1866, p. 91; OD]. Theca
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ovate, many thecal plates strongly modified by
large hemispherical protuberance occupying most
of plate. R circlet complete; 1L4 and IL5 not

elongate; R3 distinctive, nearly square, and like
corresponding plate in Lepadocystis bearing 2
half-rhombs on its aboral sides, separated only by

lb

Brockocystis

10

Lepodocystis

20

FIG. 106. Callocystitidae, Apiocystitinae, plates of A-ray shaded (p. 5206-521\). [Plate designations as in
Figure 38.]
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narrow ric.lge; 00 little known. Periproct large,
nearly circular, its plates unknown, borc.lerec.l by
lL4, lL5, L4, anc.l L5. Ambulacra 5, relatively
short, few extenc.ling below RR, ambulacrum III
short anc.l obstructec.l by the close-set half-rhombs
on R3; ambulacral grooves in trimerous arrange
ment in oral region; brachioles few. Pectinirhombs
4, B2/1L2, LI/R5, L3/R3, anc.l L4/R3, each with

long slits. In known examples, column tapering
c.listally for about 12 columnals, lower end of this
section set deeply in curious kind of cup formed
by about 4 greatly expanc.led columnals, beyond
which column tapers rapic.lly to very narrow di
ameter; distal end unknown. L.Sil., N.Am.(Ont.
Ohio).--FIG. 106,1; 107,la-d. "B. tecumsethi
(BILLINGS), Cataract Ls., Ont,(Manitoulin Is.);

Brockocystis 2c 2d

FIG. 107. Callocystitic.lae, Apiocystitinae (p. S206-S209).
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L5

lj

Joekelocystis

1;

If
IL5

FIG. 108. Callocystitidae, Apiocystitinae (p. 5209). [Plate designations as in Figure 38.]

106,Ia,b, plate diagram and oral region (Kesling,
n); 107,Ia-c, oral and 2 lat., holotype, X3 (46);
107,Id, aboral, holotype, X3 (48).--FIG. 107,
2. B. nodosaria FOERsTE, Brassfield Ls., USA
(Ohio); 2a-d, lat., 4 thecas, X2.7 (48).

Hallicystis JAEKEL, 1899, p. 286 [.Apiocystites
imago HALL, 1864, p. 10; aD]. Theca acorn
shaped, base not indented. LL and RR interca
lated, not farming complete circlets; L5 between
R4 and R5; Ll, L2, and L3 diamond-shaped,
scarcely in contact, if at all; ILL much larger than
LL. 00 relatively large. Pectinirhombs 3, B2/IL2,
Ll!R5, and L4!RJ, each half in farm of a semi
circle, with few slits. Periproct bordered by 3
plates, IL4, IL5, and L5; anal pyramid enclosed
by circle of minute plates. Ambulacra 4. [Genus
only known from steinkerns, but plates apparently
bearing radial ridges, according to FOERSTE
(1917).] M.Sil., N.Am.(Wis.-IlI.-Ohio).--FIG.
100,2; 105,2. ·H. imago (HALL); 100,2a,b, plate
diagram and oral region (Kesling, n); 105,2a, lat.,
steinkern, X I (69); 105,2b,c, 2 lat., steinkerns,
X I; 105,2d-f, 2 lat. and aboral, steinkerns, XO.9
(49).

Jaeke10cystis SCHUCHERT, 1903, p. 230 [.,. hartleyi;
aD]. Theca ovate to ellipsiform, some forms tend
ing to be subquadrate in cross section. ILL form
ing complete circlet, IL4 and IL5 large and elon
gate; R circlet interrupted by large L5, R4 very

small, mostly concealed by ambulacrum IV. Peri
proct conspicuous, somewhat protruding in some
specimens, bordered by IL4, IL5, L4, and L5;
anal pyramid without surrounding accessory plates.
Ambulacra long, 4 in normal specimens, flooring
plates deeply embedded in thecal plates; brachiole
facets discrete but numerous. Hydropore (possibly
combined with gonopore) consisting of very large
circular opening filled by sieve plate with vermic
ular, somewhat radiating slits, whole being set
within 01, which appears to be substantially fused
into single plate. Pore rhombs 3, highly special
ized; halves on B2, R3, and R5 nearly semicircular,
provided with few, distinct slits and bordered by
outer rim, but halves on IL2, LI, and L4 reduced
to small circular openings (at surface) with high
rim, more or less tubular. [Certain significant
variations can be determined from study of numer
ous exceptionally well-preserved specimens avail
able. Despite deep entrenching of the ambulacra,
their course across the thecal plates varies greatly.
One specimen exhibits a branched ambulacrum;
others have one short or completely aborted ambu
lacrum. Certain plate anomalies also occur.]
LDev., N.Am.(W.Va.).--FIG. 108,1; 102,2.•,.
hartleyi; 10B,Ia-c, oral and 2 lat., paratype, X2;
10B,Id-h, oral and 4 lat., another paratype, X2;
10B,Ii, lat., third paratype, X2; 108,Ij, lat. show
ing details of ambulacrum I, X4; 102,2a,b, plate
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1b

FIG. 109. Callocystitidae, Apiocystitinae (p. 5210-5211).

Lepadacystis

diagram and oral region, normal specimen; 102,
2e, anomalous plate development (73). [See also
Fig. 43.]

Lepadocystis CARPENTER, 1891, p. 10 [.Lepocrinites
moorei MEEK, 1871, p. 296; OD (=Lepadocrin·
ius moorei MEEK, 1871, nom. null.)] [=Meeko
eystis JAEKEL, 1899, p. 278 (obj.)]. Theca sub
ovate to ellipsoidal, gerontic forms becoming pyri
form and tapering to column. R circlet interrupted
by L5; periproct bordered by 1L4, 1L5, L4, and
L5; 1L4 and lL5 vertically elongate; R3 very dis
tinctive, nearly square, with 2 half-rhombs on

aboral sides of plate separated only by narrow
ridge; 00 rather large, 01 tripartite. Ambulacra
5, relatively short, few extending below RR, am
bulacrum III (A) short and obstructed by 2 half
rhombs on R3. Pectinirhombs 5, B2!1L2, LI!R5,
L2!R1, L3!R3, and L4!R3. Gonopore and hy
dropore bisected by suture through 01; hydro
pore shaped like broad U, slot provided with
grating or crossbars. Column with large narrow
rings near theca, distally decreasing in diameter,
its end variously modified for attachment to ob
jects. Ornamentation increasing in complexity to
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Lipsanocystis

FIG. 110. Callocystitidae, Apiocystitinae (p. S212·S213). [Plate designations as in Figure 38.]

S211

adult stage, but gerontic specimens with effaced
ridges. U.Ol'd., N.Am.(Ohio-Ind.).--FIG. 106,
2; 109,1. *L. moorei (MEEK); 106,2a,b, plate
diagram and oral region, specimen with anomalous
ILl (75); 106,2e-e, plate diagrams and an oral
region, normal specimens (Kesling, n); 109,la,
interiors of 2 weathered specimens showing con
centric growth lines, X2.5; 109,lb, theca with
parts of column and brachioles, X2.5; 109,le,
slab containing 3 thecae and associated bryozoa
and brachiopods, X 5 (compare with reconstr.,
FIG. 32).; 109,ld, lat. (post.), gerontic specimen,
X2.5 (75). [See also Fig. 32, 51,1.]

Lepocrinites CONRAD, 1840, p. 207 [*L. gebhal'dii;
OD] [=Lepadoerinites BILLINGS, 1854, p. 215
(nom. van.); Lepadocrinw HALL, 1859, p. 125
(nom. van.); Lepocrinus HALL, 1859, p. 125
(nom. van.)]. Theca ovate to subpyriform, sides
somewhat compressed. BB, ILL, and LL forming
complete circlets, but L5 projecting adorally be
tween R4 and R5. [The critical area is normally

covered by ambu1acra so that it is difficult to
determine whether the RR are interrupted or con
tinuous, as suggested by SCHUCHERT (1904) and
REGNELL (1945); because this doubt exists, Lepo
crinites appears twice in the key.] Periproct bor
dered by 3 plates, IL4, IL5, and L5, anal pyramid
surrounded by circle of small plates. Ambulacra
4, unbranched, commonly not extending below
mid-height of theca, bearing relatively few brach
iole facets. Pectinirhombs 3, long, disjunct, pro
vided with numerous closely spaced slits. Column
unique; proximal part of about 15 columnals,
tapering, and distal part of numerous columnals
fused to form long, enlarged, club-shaped body.
[Rhombs are larger, ambulacra broader, and
brachioles more numerous than in Apioeystites.]
U.SiI.-LDev., Eu.(Eng.)-N. Am.(Va.-W. Va.-Md.
N.Y.).--FIG. 104,1a-e. *L. gebhardii, L. Dev.
(Coeymans Ls.), USA(Md.-N.Y.); 1a.b, 2 lat.,
XI (l16A); Ie, reconstr., lat., XI (Kesling, n,
after 62).--FIG. 104,1d,e. L. manlius SCHUCHERT,
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ld Lovenicystis lh

FIG. Ill. Callocystitidae, Apiocystitinae. Lateral views (reconstr.) and plate diagrams; plates of A-ray
shaded (p. 5213-5214). [Plate designations as in Figure 38.)

L.Dev.(Keyser F.), USA(Md.); Id,e, 2 lat., X2
(I16A).

Lipsanocystis EHLERS & LEIGHLEY, 1922, p. 155 [*L.
tral'ersellsis; OD). Theca ovate. ILL large, form
ing complete circlet, lL4 and IL5 elongate; LL
nearly or quite completing circlet, Ll and L5
meeting at their tips; R4 small, nearly hidden
beneath ambulacra, separated from R5 by L5.
Periproct nearly enclosed by L5, its lower border
touching IL4; ring of accessory plates around anal
pyramid. Pectinirhombs well developed, long,

halves on IL2, L1, and L4 <engulated and confined
by raised margins, those on B2, R5, and R3 with
longer slits and outer rim only; slits numerous,
closely spaced; 01 large and bipartite, its suture
bisecting small circular gonopore; hydropore con
sisting of definitely separated sievelike openings,
subcircular, one on each half of 01. Ambulacra
4, broad and long, pairs branching from each end
of elongate peristome, concealing most of 00 and
R4 and considerable part of L5. M.Dev., USA
(Mich.).--FIG. 100,1; 110,1. *L. travel'sellsis;
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10

2b

20
FIG. 112. Callocystitidae, Apiocystitinae. Plate diagrams, plates of A-ray shaded (p. 5214). [Plate desig

nations as in Figure 38, Carpenter letter symbols for rays in 1b,d.]

100,1a,b, plate diagram and oral region (Kesling,
n); 1l0,la,b, oral and lat., X2, wated with am
monium chloride; 1l0,1c,d, same, submersed in
xylol; 1l0,1e-g, 3 lat., X2, coated; 1l0,1h-j, same,
submersed (Kesling, n).

lovenieystis REGNELL, 1945, p. 90 [*Apiocystites
angelini JAEKEL, 1899, p. 282; OD (=Lepado
crinus angelini HAECKEL, 1896, p. 135, nom.

nud.)]. Theca ovate to globular, nearly circular in
cross section. LL and RR forming closed circlets;
1L4 and 1L5 vertically elongate; 01 tripartite, with
oIa! 0 1b suture bisecting hydropore and gonopore,
each of which has 2 openings. Periproct bordered
by IL4, IL5, L4, and L5, filled by anal pyramid of
6 pieces and 5 or 6 aboral bDrdering plates. Am
bulacra 4, long, one or more extending nearly to
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base; brachioles numerous but not closely spaced.
Pectinirhombs 3, B2/lL2, Ll/R5, and L4/R3. U.

Staurocystls

FIG. lB. Callocystitidae, Staurocystinae (p. S217
S218). [Plate designations as in Figure 38.]

Sil., Eu.(Sweden).--FIG. 105,3; 111,1, .L.
angelini (JAEKEL), L. Ludlow, Gotl.; 105,3a,b,
lat.,2 thecae, X2.25 (99); 105,3c, lat., adult, X6;
105,3d,e, oral and lat., juvenile, X6; 105,3f, lat.,
juvenile, X6 (69); 111,1a-d, lat., reconstr.; 111,
Ie, short ambulacrum with Rooring and covering
plates; III, If, peristomial region, covering plates
removed from peristome and ambulacra; 111,1g,
plates projected radially from peristome along am
bulacra; 111,1 h, plate diagram (99). [See also Fig.
36,1; 45,1.]

Strobilocystites WHITE, 1876, p. 28 [·S. calvini;
OD] [=Strobilocystis CARPENTER, 1891, p. 5
(nom. van.)]. Theca subovate. Land R circlets
complete. Periproct bordered by 4 plates, lL4,
IL5, L4, and L5; anal pyramid small, subcircular,
acuminate, surrounded by ring of accessory plates,
of which aboral plates are exceptionally large and
elongate radially to pyramid. Ambulacra 4, long,
branched in adults of most known species, rather
broad, slightly entrenched in thecal plates. Pec
tinirhombs long, provided with numerous slits,
angulated, with halves on lL2, Ll, and L4 sur
rounded by prominent rim; rhomb Ll / R5 nearly
horizontal, L4/R3 exceptionally long, nearly ver
tical. Hydropore divided into 2 discrete parts, each
nearly circular, on opposite sides of suture through
01; gonopore a small opening bisected by this
suture. 00 very thick, to attain level of thick
ambulacral Rooring plates. Branching of ambu
lacra and elongation of L4/R3 rhomb emphasized
in large (mature and gerontic) specimens. MDev.
U.Dev., USA(Iowa).--FIG. 49,1-14. ·S. calvini,
M.Dev.; 49,1, reconstr., X2; 49,2-4, plate dia
grams of normal and 2 anomalous specimens;
49,5-9, ontogenetic series of ambulacra; 49,10-14,
variations in periproct (120). [See also Figs. 36,2,
45,2, 48,2.]

Tetracystis SCHUCHERT, 1904, p. 217 [·T. fenes
tratus; OD (=Echinoencrinites fenestratus TROOST,
1849, p. 419, nom. nud.)]. Theca elongate, sub
quadrate in cross section, its ends subovate. L5
interrupting R circlet; ILL and LL forming defi
nite circlets in some, tenuous circlets in others in
which ILl/ILl, L3/L4, and/or Ll/L5 contacts
are reduced to points. Periproct bordered by 4
plates, rather prominent, filled by acutely pointed
pyramid and numerous surrounding platelets. Pec
tinirhombs 3, long, bearing numerous slits. Am
bulacra 4, long, narrow, one along each edge of
subquadrate theca; brachioles relatively few, slen
der, widely separated. M.Sil.-L.Dev., N.Am.
(Tenn.-W.Va.)--FIG. 104,2a-d; 112,1. ·T.
fenestrata, M.Sil. (Niagaran), USA (Tenn.); 104,
2a-d, 4 lat., X I (Springer, 1926); 112,la,b, plate
diagrams, lat. and oral (A -ray shaded) (Kesling,
n).--FIG. 104,2e,f; 112,2. T. chrysalis SCHUCH
ERT, L.Dev.(Keyser F.), USA(W.Va.); 104,2e,f, 2
lat., X2 (116A); 112,2a,b, plate diagrams, Jat. and
oral (A-ray shaded) (Kesling, n).
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Pseudocrinites

S215

FIG. 114. Callocystitidae, Staurocystinae. Plate diagrams, plates of A-ray shaueu (p. 5218). [Plate
designations as in Figure 38.]

Subfamily STAUROCYSTINAE Jaekel,1899
[S,aurocYSlinac JAEKEL, 1899, p. 282J

Theca ovate or biconvex. Shape and ar
angement of plates strongly modified by

;hape of theca. Ambulacra two to four, un
divided, strongly protuberant, provided
with very numerous, closely spaced brach
ioles. U.Sil.-L.Dev.

Within the well-known Pseudocrinites,
several anomalies occur. As KESLING (73)
has pointed out, in four sets of four plates
each, the plates practically meet at a point:
B2-IL2-L2-ILl, IL3-L4-R3-L3, Ll-L2-Rl-R5,

and L4-L5-R4-R3. This reduction in su
tures seems to have induced instability in
the theca, which fulfills its normal function
by rigidity. Plate arrangements vary, at least
in minor details. A specimen called P. ab
normalis by SCHUCHERT (116) has the basal
rhomb between ILl! IL2 instead of the reg
ular location between B2 / IL2, with corre
sponding alterations in the BB and ILL to
accommodate this large structure. The cyst
oid called Trimerocystis by SCHUCHERT
(116) appears to have the same plate ar
rangement as species of Pseudocrinites with
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FIG. 115. Callocystitidae, Staurocystinae (p. 5218). [Plate designations as in Figure 38.J

Id
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Rhombifera-Glyptocystitida

Pseudocrinites

5217

FIG. 116. Callocystitidae, Staurocystinae. Plate diagrams, plates of A-ray shaded (p. 5217-5218). [Plate
designations as in Figure 38. ]

which it occurs, differing only in having a
supernumerary third ambulacrum.

In the Staurocystinae, the ambulacral
flooring plates are remarkably thick, so that
the ambulacral groove is perched well above
the level of the thecal plates. The spacing
of these flooring plates, insofar as known,
remains constant throughout ontogeny, in
dicating that the contact between these
plates and the expanding thecal plates re
quired continuous readjustment and re
positioning during growth of the cystoid.
The specialization of the ambulacra has
obscured details of the oral region, al
though the 00 were presumably also high
ly protuberant to receive the ambulacral
groove from the ambulacra.

Key to Genera of Staurocystinae
Theca subovate; ambulacra four __ 5taurocystis

Theca biconvex, lenslike; ambulacra two, form-
ing thick peripheral rim ... __ ..... Pseudocrinites

Staurocystis HAEKEL, 1896, p. 134 ['Pseudoerinites
quadrifasciatus PEARCE, 1843, p. 160; aD]. Theca
subovate, suboctagonal in cross section because of
strongly protuberant ambulacra; exposed part of
theca in middle about twice as wide as ambulacra,
gently convex. ILl, IL2, and IL3 hexagDnal, with
distinct sutures between them; IL4 and IL5 ver
tically elongate; IL3-L3-R3-L4 tending to meet at
a point, other plates with definite sutures. All
ambulacra extending to column, each with about
40 brachiole facets in adult specimens. Periproct
small, subcircular, bordered by IL4, IL5, L5, and
narrow corner of L4. Pectiniroombs large, long,
angulated, provided with numerous slits, with

© 2009 University of Kansas Paleontological Institute



S218 Echinodermata-Crinozoans-Cystoids

Caryocrinites-2
Coryloailllls-6
Hemicosmites-I
Heterocystites-8
jtlglandocrinus-3

L1

Pseudocrinites

FIG. 117. Callocystitidae, Staurocystinae (p. S217
S218). [Plate designations as in Figure 38.]

halves on IL2, Ll, and L4 enclosed by sharply
raised rim, their opposite halves with outer rim
only; rhomb B2/IU between ambulacra I and II,
L4/R3 between II and IV, and Ll / R5 between I
and V; periproct between IV and V. Column
Long, as usual in family tapering rapidly distally
from short wide columnals to long narrow col
umnals. U.Sil.(Wenlock), Eu.(Eng.).--FIG.
113,1. ·S. quadrijasciata (PEARCE); reconstr., X 5
(69).

Pseudocrinites PEARCE, 1842, p. 472 [·P. bijasciattls
PEARCE, 1843, p. 160; SD HAECKEL, 1896, p. 135
(=P. bicoptlladigiti GARNER, 1844, p. 160)]
[=Phacocystis HAECKEL, 1896, p. 135 (obj.);
PseudocrinllS HAECKEL, 1896, p. 135 (nom. van.);
Trimerocystis SCHUCHERT, 1904, p. 237 (type T.
peCllliaris)]. Theca biconvex, shaped like round
or oval inflated disc, with ambulaera forming
thick, heavy rim around periphery. Ambulacra 2,
accounted as II and V, each composed of excep
tionally thick flooring plates that raise narrow
ambulacral groove well away from thecal plates,
long, in many specimens attaining column, in
some even longer and deflected to side of column;
brachioles numerous, alternating in separate rows,
those in each row close-set in circular facets; sides
of ambulacral covering plates forming high pali
sade, obscuring details of 00; oral region ap
parently boxlike, with hydropore on top and gono
pore (closed by pyramid of tiny plates) on side;
other thecal plates distinct; 4 points tending to
serve as junction of sets of 4 plates each, B2-IL2
L2-1Ll, IL3-L4-R3-LJ, Ll-U-R1-R5, and 1A-L5
R4-RJ, thus reducing number of sutures greatly
and creating relatively unstable arrangement; R1
and R4 small, curved; R circlet interrupted by L5
between R4 and R5. Pectinirhombs large and

long, with numerous slits, rimmed like those in
Staurocystis; L4/R3 exceptionally long, about 0.6
diameter of theca; rhombs B2/IL2 and Ll / R5 on
one face of theca, rhomb L4/RJ and periproct on
other. Periproct bounded by IL4, L4, and L5, not
by IL5 as in other genera of family; anal pyramid
with wide border of accessory plates. U.Sil.-L.
Dev., Eu.(Eng.)-N.Am.(W.Va.-Md.-Pa.).--FIG.
114,1; 115,1. P. gordoni SCHUCHERT, L.Dev., USA
(Md.); 114,1 a, plate diagram expanded along
ambulacra; 114,1b,c, plates on opposite sides,
ambulacra not shown, about XI (73); 114,1d,
plate diagram of holotype (Kesling, n); 114,le,
plate diagram of abnormal specimen, the "holo
type" of P. "abnormalis" SCHUCHERT, in which
rhomb B2/IL2 is in the ILl / IL2 position (Kesling,
n, after 116); 115,1a,b, opposite lat., holotype
(large specimen), X2; 115,lc, ambulacrum, enl.;
115,1d, oral end of holotype, enl. to show rhomb
LI / R5 and gonopore (closed by tripartite pyra
mid); 115,le,j, opposite lat., smaller specimen,
X2; 115,lg, periproct of another specimen, X5
(73).--FIG. 116,lb. P. perdewi SCHUCHERT,
U.Sil.(Manlius Ls.), USA(W.Va.); plate diagram
(Kesling, n).--FIG. 116,1a. P. sp. d. P. per
dewi, U.Sil.(Manlius Ls.), USA(W.Va.); plate
diagram of type and only specimen of "Trimero
cystis peculiaris" SCHUCHERT (Kesling, n).-
FIG. 117,1. P. magnificus FORBES, U.Sil.(Wen
lock), Eng.; lat., XI (69).

I °idoVician Silurian Dev.
L M U L M U L

1 Hemicosmites B
2 Caryocrinites A

3 Juglondocrinus A to--
4 Ptychocosmites A to--
5 Oocystis A I--
6 Corylocrinus B I--

7 Tricosmites B 10-
B Heterocystites C !""-"
9 Stribolocystites A

FIG. 118. Stratigraphic distribution of genera be
longing to the superfamily Hemicosmitida. Classi
fication of the genera in families is indicated by let
ter symbols: A-Caryocrinitidae, B-Hemicosmiti
dae, C-Heterocystitidae. The following alphabet
ical list of genera furnishes cross reference to the
serially arranged numbers on the diagram (Kesling

and Moore, n).

Generic Names oj Hemicosmitida and Index
Ntlmbe'·s

00cystis-5
Ptychocosmites-4
Stribalocystites-9
Tricosmites-7
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Superfamily HEMICOSMITIDA
Jaekel, 1918

[nom. transl. REGNELL, 1945, p. 97 (ex Hemicosmitidae
JAEKEL, 1918, p. 97) J [=suborder Hemicosmites JAEKEL,

1918, p. 97)]

Theca composed of four BB, six to ten
ILL, eight or more LL, and several RR.
Rhombs with inner side of strong folds or
laminae perpendicular to sutures; distal end
of each pore terminating in tubercle covered
by epitheca (opening exposed only in
weathered specimens), some ends branch
ing into short cavities within tubercle. M.
Ord.-LDev.

The designation of plates offers a prob
lem, inasmuch as organization of the theca
is different from that of the Glyptocystitida.
JAEKEL (69) preferred to use the same ter
minology for successive circlets as he had
for Glyptocystitida: basalia [BB], infralat
eralia [ILL], mediolateralia [LL ], and
radiolateralia [RR]. CARPENTER (32) and
BATHER (10) used terminology comparable
to that for dicyclic crinoids: infrabasalia,
basalia, radialia+interradialia, and deltoidia.
BATHER subsequently (1910) denoted the
circlets by numerals I to IV "to avoid con
fusion." Whether all plates in the respec
tive circlets in Glyptocystitida and Hemi
cosmitida are homologous or not, the desig
nations of BB, ILL, LL, and RR are useful
notations and can be understood to apply
to thecal location only.

The stratigraphic distribution of genera
belonging to the Hemicosmitida is shown
in Figure 118.

Family HEMICOSMITIDAE Jaekel, 1918
[Hemicosmitidae JAEKEL, 1918, p. 97]

Theca ovate, acorn-shaped, or elongate,
composed of four BB, six ILL, eight or nine
LL, and circlet of RR. Brachioles few, clus
tered at apex of theca and connected with
mouth by short ambulacral grooves. Peri
proct lateral, never above LL. M. Ord.-L.
Silo

The separation of the Hemicosmitidae
and Caryocrinitidae is based primarily on
the presence of a "tegmen" of plates roofing
over the ambulacral grooves in the latter
and its absence in the former. The distinc
tion is obvious in the type genera, but not
so clear in certain other genera of the two
families, which to date have not been as

well understood or completely known. The
development of the structure known as the
"tegmen" has not been satisfactorily traced,
although its plates are probably homologous
to the ambulacral covering plates of other
rhombiferans, as suggested by rAEKEL (69).

Key to Genera of Hemicosmitidae
I. LL eight; periproct between two LL, not in

contact with any IL; theca spindle-shaped,
tapering at both ends .__ ... __ . m CorylocrintlS

LL nine; periproct normally bordered by
two ILL and one L plates; theca sub-
ovate h....................... 2

2. Pores in fairly regular, radiating rows; three
large brachi.oles set close to top of theca;
in many species, ILL and LL with central
nodes; in some, nodes accentuated on
three LL aligned with brachioles .__ .. __
............................... __ __ __ Hemicosmites

Pores rather irregular; three brachioles set
on three large processes on LL, near b.or-
der of theca; plates strongly tumid or
"swollen," no nodes or ridges m. Tricosmites

Hemicosmites VON BucH, 1840, p. 149 [*H. pyri
formis; aD] [=Hexalacystis HAECKEL, 1896, p.
142 (type, Hemicosmites "er1'llcostIS EICHWALD,
1856)], BB 4, of which 2 adjacent are pentagonal
and other 2 large and hexagonal; ILL 6, large, 2
above hexagonal BB being pentagonal, 1 between
hexagonal BB narrower than others and indented
at adoral left corner for periproct, and other 3
heptagonal, with adoral indentation for juncture
with 3 narrow "interradial" LL; LL 9, hexagonal
except for 3 narrow "interradial" plates and for
indentation in Labove periproct; RR 9, more
or less equal and pentagonal, attenuated toward
mouth. Periproct small, circular, bordered by 2
ILL and 1 L, hence lateral on theca. Brachiole
facets 3, large, each shared by pair of RR; I R
without facet between each pair of facet-bearing
RR, so that brachi.oles were equally spaced around
mouth to form triangle; pavement of small cover
ing plates over 3 short ambulacral grooves, con
verging to cover mouth. Rhombs numerous be
tween plates of B, fL, and L circlets; pores
covered, expressed as small tubercles (except in
weathered specimens, in which they appear as
pustules) in rows more or less radiating from
umbos of plates. Rugosity near mouth in pos
terior position may be trace of hydropore (10),
but its presence not established with certainty
(69). Shape of theca varying from ovate to cup
like, depending upon development of nodes on
LL. M.Ord.-L.Sil., Asia(China-Burma)-Eu.
(USSR-Est.-Sweden-Norway-Brit.).--FIc. 119,
la. Plates diagrammed in comparison with crin
oid (iB, infrabasal; B, basal; R, radial; iR, inter
radial; II, hydropore; ant" anterim; I, left; r,
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Corylocrinus

Hemicosmites

10

16

lb
FIG. 119. Hemicosmitidae. Plate diagrams and oral views of theca (p. 5219-5221). [Plate designations as

in Figure 38.]

right) (10).--FIG. 119,ib. Plates diagrammed
in comparison with Glyptocystitida (ILL with
black borders, RR with dotted borders) (89).-
FIG. 119,1c. Oral view of tegmen (As, periproct;
M, plate connecting with hydropore; T, tegminal
plate) (lO).--FIG. 119,1d; 120,1a,b. *H. pyri
formis, Eu.(USSR); 119,ld, oral view and anal
ysis by CARPENTER (32); 120,la,b, oral and lat.,
Xl (31).--FIG. 119,1e. H. allllS JAEKEL, M.
Ord.Oewe, D,), Est.; plate at aboral right of
periproct (71).--FIG. 120,1c-f. H. exlranellS
EICHWALD, M.OrdOewe), Est.; ic,d, oral and lat.,
XO.75 (99); ie,f, oral and lat., Xl (44).--FIG.

120,1i. H. pt/lclzerrimt/s JAEKEL, M.Ord.Oewe),
Est.; lat., X2 (69).--FIG. 120,1g,lz. H. t,er
mcoSt!s EICHWALD, U.Ord.(Lyckholm), Est.; 19,!l,
aboral and lat., Xl (44).

Corylocrinus KOENEN, 1886, p. 249 [*C. pyriformis;
OD (=CaryocrintIS ellropaellS QUENSTEDT, 1874,
p. 665, fide DREYFVSS, 1939, p. 124)] [=Cordy
locrinlls CARPENTER, 1891, p. 135 (nom. nt/ll.)].
Theca acorn-shaped to thick spindle-shaped, with
rather broad "shoulders" in young specimens
tending to become obscure in more rotund adults.
LL 8, 2 most narrow set atop largest ILL in
"interradial" positions; except for variation in

© 2009 University of Kansas Paleontological Institute



Rhombifera-Hemicosmitida 5221

Tricosmites

Hemicosmites

1f

FIG. 120. Hemicosmitidae (p. S219-S221).

sizes of LL, first 3 circlets of plates very similar to
those of Oocystis (CaryocriniIidae). Rhombs be
tween all ILL and adjoining plates. Peristome
bon.lereJ by 4 large plates, 3 bearing brachiole
facets "apparently as in Hemicosmites" (10); 6
facets noteJ by YAKOVLEV (146); in spinJle-like C.
elongattls, the facets crowJeJ together on narrow
apex. Periproct between 2 LL, not in contact with
any IL plate; circlets of BB, ILL, anJ LL showing
plane of symmetry through periproct. [By the
position of the periproct anJ Jisposition of the
brachiole facets in certain species, this genus
appears to be almost intermeJiate between the
HemicosmitiJae (with Jow periproct anJ clustereJ
brachioles) anJ the CaryocrinitiJae (with high
periproct ami brachioles displaceJ outwarJ by the
"tegmen") (146).] U.Ord., Eu.(Fr.-Alps-Port.
USSR)-N.Afr.(Alg.)-Asia(1nJia) .--FIG. 119,2.
Plate diagram (lR, interradial) (39).--FIG. 120,
2. ·C. etlropaeus (QUE'ISTEDT), CaraJoc, Fr.;
2a,b, lat., 2 thecae, X 0.9 (39).

Tricosmites JAEKEL, 1918, p. 97 [·Hemicosmites
tricornis JAEKEL, 1899, p. 311; OD]. Theca taper
ing towarJ base, somewhat urn-shapeJ, strongly
moJified near borJer by 3 LL processes which
form bases for brachiole facets, plates arranged as
in Hemicosmites. Plates strongly lUmiJ, but with
out nodes or riJges. Pores rather irregular. L.Si!.
(Borkholm F,), Eu.(Est.).--FIG. 120,3. ·T.
tricol'llis (JAEKEL); lat., X2 (69).

Family CARYOCRINITIDAE Bernard,
1895

[nom. cancel. B:\SSI.F.R, 1938. p. 10 (pro Carrocrinidcs
B"~,,"D. IM9;, p. 20;) )

Theca composed of four BB, six ILL,
eight LL, and several small RR. Rhombs
with inner side of strong folds or laminae
perpendicular to sutures, terminal pores
nearly penetrating through plates but cov
ered by thin layer of epitheca or stereom.
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Brachiole facets at lateral borders of well·
developed "tegmen" of plates roofing over
ambulacra and peristome. Periproct at up
per border of theca, above LL, near "teg.
men." M.Ord.-L.Dev.

Key to Genera of Caryocrinitidae
1. Plates Yery tumid or "swollen," without

ridges; pores mostly obscure .. 5tribalocystites

Plates not tumid, bearing ridges; pores
distinct m mm m mm m.... 2

10
Juglondocrinus

2c

Oocystis

Coryocrinites

3
Ptychocosmi tes

IR IR

&Q;llijJ ®&&®
"®"®g)@@'®

40 ":0."ti/~<~ f.~ }fo
FIG. 121. Caryocrinitidae. Plate diagrams and oral views of theca (p.5223-5225).
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2. Pores in areas between ridges, not arranged
in rows Ptychocosmites

Pores in rows along sides of ridges 3
3. LL not regularly arranged with respect to

ILL, of several shapes Juglandoerinus

LL regularly arranged with respect to ILL,
six nearly identical with their lower apices
between ILL ("radial" positions of some
authors) and two of different shape set
atop ILL ("interradial" positions) 4

4. Brachiole facets consisting of three large
ones with three smaller spaced between;

Coryocrinites

LL elongate, nearly or quite pentagonal
........................................................ ..... Oocystis

Several brachiole facets at ends of three
branching ambulacra; LL partly covered
by "tegmen," not elongate, more nearly
hexagonal than pentagonal ........ Caryoerinites

Caryocrinites SAY, 1825, p. 289 [·C. ornatus; aD]
[=Cariocrinites BRONN, 1834, p. 64 (nom. null.);
Caryocrinus AGASSIZ, 1836, p. 198 (nom. ,'an.);
Cariocrinus AUSTIN & AUSTIN, 1845, p. 53 (nom.
van.); Enneacystis HAECKEL, 1896, p. 143 (type,
E. buchiana)]. Theca ovoid to acorn-shaped, with

FIG. 122. Caryocrinitidae (p. S223-S225).
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FIG. 123. Caryocrinitidae (p.5225).

Juglondocrinus

base slightly tapered and oral surface rather gently
convex. BB 4, 2 large and hexagonal and 2 small
and pentagonal. ILL 6, large and polygonal, IL
plate above junction of 2 hexagonal BB being
hexagonal, whereas 2lLL immediately above hex
agonal BB are pentagonal; on each side, over
junction of hexagonal and pentagonal B, IL plate
is 7-sided, occupying so-called "interradial" position
and directly supporting plate of LL series; above
junction of 2 pentagonal BB, IL plate is subhex
agonal. LL 8, presumably polygonal but with
their adoral borders obscured in part by "tegmen"
comprising plate cluster that covers ambulacral
grooves and forms a vault over peristome, vari
ously indented to accommodate small irregular
plates in next circlet. Periproct relatively small,
set high on theca within tegminal region, above
LL, subcircular and containing anal pyramid.
Brachiole facets at borders of "tegmen" and set
upon adoral margins of LL, arranged in 3 general

groups as result of subtegminal branching of 3
ambulacral grooves; number of brachiole facets
related directly to ontogeny, small specimens hav
ing been observed with only 3 and very large
specimens with 14 facets, most adults provided
with 12 or 13. [As made known by FOERSTE
(47), the type species is provided with pinnulate
free arms, composed of biserial brachials and pin
nulars; in the biserial nature of its pinnules,
Caryocrinites differs from crinoids, in which pin
nules have only a single row of pinnulars. JAEKEL
(69) described internal structures of Caryocrinites
ornatlls in which traces of the alimentary canal
can be seen within the theca, preserved by fortu
nate calcification of the gut-wall. Species vary in
degree of radial ornamentation on the plates,
number and distribution of pores, and proportions
of the theca. The Middle Ordovician CaryoC1'inites
allrora (BATHER) resembles Hemicosmites in hav
ing excavated brachiole facets and in exhibiting
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only a slight development of the "tegmen,"
whereas later species have a more pronounced
"tegmen." This probably can be accepted as an
indication of the phylogenetic derivation of the
Caryocrinitidae. The close relationship of Caryo
crinites and Stribalocystites is discussed under the
latter genus.] M.Ord-M.Sil., Asia (Burma)-Eu.
(Sweden-Norway) - N. Am. (Ont.-N.Y.-Ky.-Ind.
Tenn.-Mo.-Iowa).--FIG. 12I,2a,b. Plates dia
grammed in comparison with crinoid; oral view
of theca (lO).--FIG. 121,2c. Plates diagrammed
in comparison with Glyptocystitida (ILL with
black borders, RR with dotted borders) (89).-
FIG. 122,1. *C. ornatt/s, M.Sil.(Niagaran), USA.;
la,b, lat. and aboral, adult; lc-e, lat., 3 thecae in
various stages of growth; If, plate diagram; Ig,
steinkern; 1h-j, interior views of 3 plates (60);
lk,l, oral and lat.; Im-o, lat., 3 thecae; Ip,q,
aboral, 2 specimens (31); all X I. [See also Fig.
34,3].

Juglandocrinus KOENEN, 1886, p. 249 [*J. crassus;
OD] [=lnglandocrinus CUENOT, 1953, p. 622
(nom. null.}.]. Theca rotund, ovate. Each row of
plates exhibiting considerable range in size and
variety of shapes; in particular, LL not arranged
with discernible symmetry or equal spacing to fit
above ILL sutures, as seen in Caryocrinites and
Oocystis; "tegmen" much smaller than that of
Caryocrinites, consisting of small hexagonal central
plate and 3 similar adjoining ones set at nearly
equal angles. Ambulacral grooves reaching ex
terior on 3 large plates underlying distal ends of 3
outer covering plates, former broad and pentag
onal, separated by 3 narrow intervening plates
also in RR tight circlet; one of narrow plates said
to be thick and porous, apparently serving as
hydropore. Periproct round, set high on theca
near "tegmen." Column, in proximal part at
least, composed of numerous, very short colum
nals (3 per mm.). DREYFUSS (39) showed rhombs
only between ILL and LL. U.Ord.(Caradoc), Fr.
--FIG. 121,la,b. Plate diagram and oral region
(,'11 plate connecting with hydropore; T, tegminal
plate) (lO).--FIG. 123,2. */. crasSlls; lat., XI.8
(,'11 plate connecting with hydropore; T, tegminal
plate) (39).

Oocystis DREYFUSS, 1939, p. 125 [*0. vulgaris
DREYFUSS, 1939, p. 127; SD KESLING, herein].
Theca with 3 cycles of principal plates, 4 BB, 6
ILL, and 8 LL; 2 adjacent BB (presumably B3
and B4) hexagonal, other 2 pentagonal, BB in
dented for insertion of column, as in other cyst
oids of order; ILL 4, hexagonal, 2 of them with
adoral indentations, their aboral apices directed
between BB, and remaining 2 pentagonal, their
bases atop B3 andB4; LL symmetrical with respect
to BB and ILL, each plate nearly or quite pentag
onal, elongate, tapering adorally to very short side,
2 LL lying above Bl / B4 and B2/ B3 junctions (the
so-called "interradial" positions) rather bluntly
acuminate, set into slight indentations in ILL be-

Stribolocystites

FtG. 124. Caryocrinitidae (p. S225-S226).

low, other 6 LL with their aboral apices in angles
between ILL. Rows of pores radiating from cen
ters of plates to angles, some simple and some
double; some pores covered by more or less rugose
layer, as in Caryocystites or Helioerinites, some
open at surface, presumably exposed by abrasion.
Two "interradial" ILL with 7 double rows of
pores (constituting 7 half-rhombs), 2 other hex
agonal ILL with 4 double rows and reportedly
with 2 vertical simple rows, 2 pentagonal ILL
with 5 double rows; LL with rhombs between
them and with rhombs shared with all adjacent
ILL. Oral surface somewh:.t truncated, small;
small plates present above LL, but their number
and arrangement is unknown. Mouth triangular,
with each corner directed toward large brachiole
facet and with small brachiole facet along each
side. Periproct unknown, so that position of genus
in Hemicosmitidae or Caryocrinitidae cannot be
definitely determined; affinities appear to be with
Caryoerinites in plate arrangement. U.Ord.(Cara
doc), Eu.(Fr.-Wales).--FIG. 121,4; 123,ld,e.
O. vulgaris subsphaeroidalis DREYFUSS, Fr.; 121,4a,
plate diagram; 121,4b, oral view showing 6
brachiole facets (ILL numbered clockwise); 123,
Id,e, oral and lat., XO.9 (39).--FIG. 123,la-c.
*0. vulgaris, Fr.; la,b, lat., 2 thecae, XO.9; lc,
lat., oral end, X 1.8 (39).--FIG. 123,lf. O.
rugata (FORBES), Wales; lat., XO.9 (39).

Ptychocosmites JAEKEL, 1918, p. 97 [*P. sardini
CIIS]. Theca known only from isolated plates.
Pore areas of plates in spaces between radial ridges,
not arranged in rows. [Although JAEKEL (71)
compared plates of PtycllOcosmites with those of
Hemicosmites and placed his new genus in the
Hemicosmitidae, the only illustrated plate was
nearly equilaterally pentagonal, not elongate. This
shape occurs in the ILL of Caryocrinites but not of
Hemicosmites. Furthermore, some specimens of
CaryoC1'inites ornatllS have some of the pores of
the general rhombic alignment, whereas such oc
currences have not been noted in Hemicosmites.]
U.Ord., Sardinia.--FIG. 121,3. *P. sardinicllS;
thecal plate (71).

Stribalocystites S. A. MILLER, 1891, p. 20 [*S.
tumida; OD] [=Stribalocystis BATHER, 1900, p.
67 (nom. van.); Strybalocystis ROWLEY, 1900, p.
71 (nom. van.)]. Theca with plates in similar
arrangement to those of Caryocrinites; ridges on
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FIG. 125. Heterocystitidae (p. 5226-5227).

thecal plates absent or merged into general tumid
shape. Pores may be obscure. Brachiole facets in
some species not distinctly marked, perhaps due
to small size of theca and strong development of
"tegmen." [The status of this genus is open to
question. JAEKEL (69) presented it with question
and later (71) tentatively placed it in the Hemi
cosmitidae. BATHER (12), in a survey of Caryo
crinites, divided the species into two groups, a
"normal series" having ridges radiating from
centers of thecal plates and bordered by pores (e.g.,
C. ornatus) and a "Stribalocystis series, as one may
conveniently term it," lacking distinct ridges and
"with pores often obscure." Stribalocystites was
recognized as a separate genus by BASSLER (5) but
not by BASSLER & MOODEY (7). The close resem
blance to Caryocrinites is unmistakable, but until
additional species are described it seems advisable
to maintain Stribalocystites.] M.5il.-L.Dev., N.
Am.(Ind.-Ky.-Tenn.-Mo.).--FIG. 124,1. 5. bulb-

ulus (MILLER & GURLEY), M.Sil.(Niagaran), USA
(Tenn.); la-e, oral, 3 lat., and aboral, Xl
(Springer, 1926).

Family HETEROCYSTITIDAE
Jaekel, 1918

[nom. correct. KESLINC, herein (pro Heterocystidae JAEKEL,

1918, p. 98)]

Circlet above BB containing 10 ILL;
a nine, subtriangular, their acuminate ab
oral ends inserted between ILL. M.Sil.
Heterocystites HALL, 1851, p. 229 [*H. armat/ls;
00] [=Heterocystis BATHER, 1900, p. 67 (nom.
van.)]. BB 4, different from those in other gen
era of Hemicosmitida, with 3 large 6- to 8-sided
plates and I small subquadrate plate; ILL 10,
subpentagonal, elongate, all in contact and form
ing complete circlet in their aboral thirds, their
adoral two-thirds tapering to leave triangular
spaces between adjacent plates; in one of these
spaces lie plates of periproct and in other 9 acumi
nate aboral ends of LL are inserted. Ambulacra
bifurcating, as in Caryocrinites, perhaps to a
greater extent; oral region incomplete in only
known specimen, but apparently consisting of a
complex of tegminal plates. Thecal plates nodose.
[BATHER (10) suggested the derivation of this
genus from Hemicosmites by vertical bisection of 4
ILL and aboral displacement of the LL. The
plate arrangement warrants the assignment to a
special family, despite incomplete information on

lb

Heterocyst; tes10

10

Polycosmites

2 Heterocystites

FIG. 126. Polycosmitidae (1); Heterocystitidae (2). Plates and plate diagram (p. S226-5227).
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Ordovician Silurian
L M U L M U

1 Heliocrinites A
2 Echinosphoerites B

3 Arochnocystites B ~
4 Polycosmites C ~
5 Stychocystis D -6 Orocystites A ""-
7 Ulrichocystis ?A ""-
8 Coryocystites A

FIG. 127. Stratigraphic distribution of genera be
longing to the superfamilies Polycosmitida and
Caryocystitida. Classification of the genera in fam
ilies is indicated by letter symbols: A-Caryocysti
tidae, B-Echinosphaeritidae, C-Polycosmitidae,
D-Stichocystidae. The following alphabetical list
of genera furnishes cross reference to the serially
arranged numbers on the diagram (Kesling and

Moore. n).

Generic Names of Polycosmitida and Caryocystitida
and Index Numbers

Arachnocystites-3 Orocystites-6
Caryocystites-8 Polycosmites-4
Echinosphaerites-2 Stichocystis-5
Heliocrinites-I Ulrichocystis-7

the oral field.] M.Sil., USA (N.Y.).--FIG. 125,
I; 126,2. ·H. armatus; 125,Ia, lat., holotype
(crushed), XI; 125,Ib, thecal plate, enl. (60);
126,2, plate diagram [a, ant, anterior; As, anus;
B, basal; IB, infrabasal; iI, inrerlateral; iR, inter
radial; 1, left; lat, lateral; p, posterior; R, radial; r,
right] (10).

Superfamily POLYCOSMITIDA
Jaekel, 1918

[nom. Irans!. RECNELL. 1945, p. 107 (ex Polycosmitidac:
JAEKEL, 1918, p. 98)] (=suborder Polycosmitc:s J.... EKEL.

1918, p. 98]

Theca composed of numerous, irregular
ly arranged plates. Pore rhombs on all sides
of thecal plates. Pores inclined, not con
nected by inside or outside calcified tubes.
M.Ord.

As set forth by JAEKEL (1918), the family
Polycosmitidae and suborder Polycosmites
were intended to emphasize the pore struc
ture, which is remarkably intermediate be
tween that of the Hemicosmitida and that
of the Caryocystitida. In the hemicosmitid
CaryoC1'inites the holes through the plates
and nearly attaining the exterior (covered
only by a thin calcareous layer in the distal
tubercles) are connected by inner pore
canals or tubes; but in the caryocystitid
Echinosphaerites the holes lead from the
interior of the theca to tubes within the
plates; and in the polycosmitid Polycosmites

or Stichocystis the holes in the thecal plates
lack calcified tubular connections of either
kind.

The Polycosmitida is a superfamily based
on JAEKEL'S Polycosmitidae, not on his
suborder Polycosmites, for the latter is not
a family-group taxon; this is so even though
the content of the superfamily and suborder
is the same.

The stratigraphic distribution of poly
cosmitid genera is shown in Figure 127.

Family POLYCOSMITIDAE Jaekel, 1918
[Polycosmi,idae JAEKEL, 1918, p. 98J

Thecal pores not arranged in long rows.
Plates apparently disposed as in Hemicosmi
tida, but no complete theca known. M.Ord.
Polycosmites JAEKEL, 1918, p. 98 [·P. bohemicus;
OD]. Theca including at least some polygonal
plates penetrated by simple pores distributed in
rhombic sectors but not arranged in long rows.
M.Ord., Eu.(Boh.).--FIG. 126,1. ·P. bohemi
cus; Ia,b, thecal plate ext. and into (71).

Family STICHOCYSTIDAE Jaekel, 1918
[Stichocystidae JAEKEL, 1918, p. 98J

Theca conspicuously ornamented by very
straight ridges bearing rows of pores, link
ing centers of adjacent plates in triangles,
with short, strictly parallel, additional ridges
forming concentric pattern. M.Ord.
Stichocystis JAEKEL, 1899, p. 325 [·Caryocystis
geometrica ANGELlN, 1878, pI. 12, fig. 22-24; OD].
Theca composed of 50 to 60 plates, mainly hexag
onal, sutures (in many specimens not generally
recognizable) crossed at right angles by 1 to 5
ridges, rigorously parallel, each pierced by series of
pores. Ambulacral area semilunar, apparently with
5 brachiole facets. Mouth a narrow slit. Periproct
circular, above mid-height. Hydropore not definite
ly established and gonopore unknown. Column

1 Stichocystis

FIG. 128. Stichocystidae (p. S227-S228).
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very small, to judge from cicatrix on theca. M.
Ord., Eu. (Sweden - Ger.) - Asia (China).--FIG.
128,1. ·5. geometrica (ANGELlN), Ger.(drift); ex
foliated, X3 (69).

Superfamily CARYOCYSTITIDA
Jaekel, 1918

[nom. trans/. ~t COTuct. RECNEU, 1945, p. 111 kx
Caryocystidae JAEKEL, 1918, p. 99)} [=suborder Caryocystites

JAEKEL, 1918, p. 99]

Theca composed of numerous, irregular
ly arranged plates. Pore rhombs with tubes
or pore canals within plates, with pore at

each end reaching through plate into in
terior of theca; epitheca covering exterior of
tubes, and where epitheca removed by
weathering, tubes are exposed as sharply
defined parallel grooves arranged in rhombic
patterns between plates. Brachioles rela
tively few, erect. Ambulacra very short,
unbranched, number variable in some spe
cies. L.Ord.-U.Ord.

The stratigraphic distribution of genera
belonging to the Caryocystitida is shown
in Figure 127.

Orocystites

FIG. 129. Caryocystitidae (p. 5229, 5231).
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Family CARYOCYSTITIDAE
Jaekel, 1918

[nom. correct. RF.GNhL, 1945, p. III (pro Caryocystidae
JAEKEl., 1918, p. 99) J

Theca ovate to elongate, containing 30
to 120 plates, polygonal, mostly hexagonal
and alternating. Epitheca seldom preserved.
Pore canals within plates, simple or com
pound. Brachioles few, facets bordering
mouth. L.Ord.-U.Ord.

Key to Genera of Caryocystitidae
1. Theca suhavate; peristome and periproct

protuberant from opposing sides of top of
theca, hath directed upward ........ Orocystites

Theca elongate; periproct not protuberant,
not on top of theca, and not directed
upward 2

2. Theca claviform, tapering aborally to small
stemlike base; periproct only one-fourth
height from oral pole V trichocystis

Theca not claviform, its greatest diameter
near mid-height or below; periproct about
one-third to one-half height from oral
pole 3

3. Height of theca more than twice greatest
diameter; theca tapering toward each end,
with greatest diameter median; pore ca
nals compound, several connecting each
pair of pores; sculpturing of thecal plates
not very prominent Caryocystites

Height of theca scarcely exceeding twice
greatest diameter, even in more attenu
ated specmens; theca pear-shaped, abor
ally more rotund and tapering adorally;
pore canals simple, tangential, one canal
connecting each pair of pores; sculpturing
and ornamentation of plates by folds
and ridges Hetioerinites

Caryocystites VON BucH, 1846, p. 128 [*Caryocystis
angelini HAECKEL, 1896, p. 59 (=*Caryocystites
testudinarills VON BucH, 1846, p. 19, 00, nom. in
errore pro "Sphaeronites testudinarills" HISINGER,
1837, pl. 25, fig. 8d, non fig. 9d, recte "S. citrus"
HISINGER; non S. testudinarius HISINGER, 1826, p.
115, =Heliocrinites granatum (WAHLENBERG);
non S. citrus HISINGER, 1837, p. 91, =Echino
sphaerites aurantium (GYLLENHAAL); Amorpho
cystis buchi JAEKEL, 1899, p. 339)] [=Caryoclst
ites D'ORBIGNY, 1850, p. 23 (nom. null.); Caryo
cystis ANGELIN, 1878, p. 28 [nom. van.);
Amorphocystites JAEKEL, 1896, p. 411 (type, A.
buchi JAEKEL =C. testudinarius VON BUCH);
Amorphocystis JAEKEL, 1899, p. 337 (nom. van.)].
Theca elongate, its greatest diameter near mid
height or below and less than half of height,
tapering toward each end, containing about 30 to
80 plates, most of them hexagonal and tending to
be disposed in tiers or circlets; plates not strongly

sculptured. Pore canals within plates, compound,
with several connecting each pair of pores. Peri
proct slightly above mid-height, filled by valvular
anal pyramid. Column rather feebly developed.
Mouth elongate in sagittal plane, with 2 terminal
brachiole facets, or triangular, with 3 facets at
corners. Opening covered by low pyramid between
mouth and anal pyramid, slightly offset to right,
interpreted as gonopore by REGNELL (99), who
failed to find evidence for a hydropore as figured
by ANGELIN (I). [The confusion regarding the
type species was adequately resolved by BATHER
in REED (12). Helioerinites was founded by
EICHWALD in 1840, using his 1829 species
Echinosphaerites batticus as the type. In 1846
(31) (or variously reported as 1844 or 1845) VON
BucH introduced Caryocystites for two species, of
which one, Echinosphaera granata, is congeneric
with Hetiocrinites batticus. If E. granata is re
garded as the type species, then Caryocystites
becomes a junior synonym of Hetiocrinites. The
second of VON BucH's species was called Caryo
cystites testudinarius, in connection with which he
referred to "Sphaeronites testudinarius HISINGER,
Lethaea Suecica, taf. 25, figure 9d." Owing to a
lithographer's lapse in placing the numbers, the
figure should have been "8d," which was explained
as "Sphaeronites citrus" but was actually distinct
from that species (acknowledged as a synonym of
Edlinosphaerites aurantium). HAECKEL (58) pro
posed the name Caryocystis Angelini for figures
4-9 of ANGELIN'S plate 13; "more by accident than
design" (12), these figures represent HISINGER'S
specimen erroneously called C. testudinarius.
However conceived, HAECKEL'S C. angetini is valid
and sufficient to substantiate Caryocystites. JAEKEL
(69) overlooked HAECKEL'S action and named the
type species Amorphocystis budIi; by his interpre
tation, Caryocystites was Amorphocystites and He
Iioerinites was Caryocystites.] M.Ord., ?U.Ord.,
Asia(China)-Eu.(Sweden-Est.-?Wales) - ?N. Am.
(USA).--FIG. 129,la,b. ·C. angelini (HAECK
EL), M.Ord. (Chasmops Beds), Sweden; la, lat.,
Xl (31); lb, "Amorphocystis buchi" of JAEKEL
(69), lat., Xl (69).--FIG. 129,lc,d. C. tagen
alis REGNELL, M.Ord.(Kullsberg Ls.), Sweden; lc,
d, opposite lat., XO.75 (99).

Heliocrinites EICHWALD, 1840, p. 189 ['Echino
sphae1'ites battims EICHWALD, 1829, p. 231; 00]
[=Heliocrinus EICHWALD, 1859, p. 629 (nom.
van.); Hetioerinus QUENSTEDT, 1876, p. 701 (nom.
null. pro Hetiocrinus); Hetiocystis HAECKEL, 1896,
p. 58 (type, Helioerinus radiaftls EICHWALD, 1840);
Helioerinum HAECKEL, 1896, p.58 (type, Caryo
cystites granatum VON BUCH) (mbgen. ad Helio
cystis); Hetiopirum HAECKEL, 1896, p.59 (type,
Helioerintls radiatus EICHWALD, 1840)]. Theca
ovoid to moderately elongate, its height scarcely
more than twice greatest diameter even in attenu
ated specimens, more or less pyriform with great
est diameter in aboral half and tapering adorally,

© 2009 University of Kansas Paleontological Institute



5230 Eehinodermata-Crinozoans-Cystoids

containing 50 to 120 plates, which are distinctively
ornamented by pore-bearing ridges in concentric
triangles or rhombs, more pronounced in some

species than in others where they are partly super
seded by similar pattern of axial folds. Pore canals
simple and tangential, one canal connecting each

FIG. 130. Caryocystitidae (p. 5229-523U).
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pair of pores. Peristome may be elevated. Brach
ioles few, near the mouth. Periproct in adoral part
of theca, not protuberant, not directed upward.
Hl'dropore slightly offset from line between mouth
and periproct, nearer to former. Column minute,
pentagonal. [The taxonomic confusion of this
genus and Caryocystites is discussed under the
latter, explaining why JAEKEL (69) described
Heliocrinius under the name Caryocystites.] L.
Ord.-U.O,·d., Asia(Burma) Eu.(Est.-Sweden-Ger.
Czech.)-N.Afr.(Alg.).--FIG. 130,la-d. ·H. bal
tiCl/s (EICHWALD), M.Ord., Est.;la,b, lat. and
aboral, X I; lc, lat., X I; ld, oral region, enl.
(69).--FIG. 130,ln. H. aronells (VON SCHLOT
HElM), M.Ord., Est.; lat., Xl (3).--FIG. 130,
lk-m. H. confortatus (BARRANDE), M.Ord.(Od.),
Bah.; 1k-m, oral and lat., part of weathered sur
face, X I (3).--FIG. 130,le-j. H. granatt<m
(WAHLENBERG), M.Ord. (L.Clzasmops), Sweden;
le-g, oral, lat., aboral, Xl (31); llz,i, lat. (XI.5)
and thecal plates (X2.25) (99); 1j, lat., X I (69).
--FIG. 130,lo-q. H. rot/villei (VON KOENEN),
M.Ord.(Caradoc), Fr.; lo-q, opposite lat. and
aboral, X 1.8 (39). [See also Fig. 37,2.]

Orocystites BARRANDE, 1887, p. 168 [·0. helm
hackeri; 00] [=Orocystis BATHER, 1889, p. 209
(nom. van.)]. Theca ovoid, with notably protub
erant peristome and periproct also protuberant as
subconical projection at oral end, small hexagonal
scar for attachment of column at opposite end.
Plates relatively large, about 50 in theca, polygonal
and mostly hexagonal, set in 5 or 6 irregular
circles (exclusive of peristome and periproct),
each plate with prominent ridges radiating from
raised center to each side, dividing surface into as
many kite-shaped cavities as there are sides;
ridges from 3 adjacent plates outlining triangle, so
that theca is covered by large network of ridges,
junctions of which are at centers of plates. Pores
arranged in "double" rows, whereby pores on side
of one rhomb are close and parallel to those on
adjacent side of next; thus, 2 rows of pores radiate
from near center to each corner of plate. No pores
in I or 2 circles of plates around opening pre
sumed to be peristome, summit of which bears
small pentagram or star with slightly enlarged
tips, presumably points of attachment for tiny
brachioles. Hydropore a distinct opening, oval,
nearer to periproct than to peristome and offset to
left, only slightly elevated. M.Ord., Eu(Boh.
Port.-Ger.).--FIG. 129,2. ·0. Izelmlzackeri, Od"
Boh.; 2a-c, 3 lat., X2 (3).

?Ulrichocystis BASSLER, 1950, p. 276 [·U. aimia;
00]. Theca elongate, sub-pyriform or clavate,
tapering from ovate oral region to small produced
base, composed of polygonal (mostly hexag
onal) plates, about 75 plates in only known speci
men, said to be distributed as 3 elongate plates in
basal circle,S in second, 6 circumoral, and 5 ver
tical rows of 6 plates, each between second circle

Ulrichocystis

FIG. 131. Caryocystitidae (p. 5231).

and circumorals. Mouth an elliptical opening at
oral pole, surrounded by raised rim. Periproct in
adoral part of theca, about 5 mm. below top in 34
mm.-high theca. Each thecal plate with coarse
parallel ridges filling each sector perpendicular to
sides of plate, so that ridges form concentric tri
angles around junction of 3 plates. Grooves be
tween ridges presumably simple tangential pore
canals exposed by weathering off of epitheca, ar
ranged in pore rhombs. [The author mentioned
"only a trace of a recumbent arm with facets for
the support of brachioles." Such a structure
would indeed be foreign to cystoids of this gen
eral type, and, if present, would justify BASSLER'S
erection of the monogeneric family Ulrichocyst
idae.] M.Ord., USA(Tenn.).--FIG. 131,1. ·U.
aimia; lat., X2 (6).

Family ECHINOSPHAERITIDAE
Neumayr, 1889

[Echinosph;'!criticlae: Nl::UMAYR, 1889, p. 4141

Theca spheroidal to ovoid to pear-shaped,
composed of 200 to more than 800 tiny,
irregularly polygonal plates. Most tangential
pore canals compound. Epitheca preserved
in many specimens as smooth, concentrically
marked laminae concealing pore canals. L.
Ord.-U.Ord.

Key to Genera ot Echinosphaeritidae
Theca typically subspheroidal, in few species

pear-shaped, with aboral projection
formed of one or two circlets of plates
but not stemlike; one form with plates
subequal, many hexagonal, and another
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Arachnocystl tes 10

mouth

Echinosphaerites
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FIG. 132. Echinosphaeritidae (p. 5233).
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form with polymorphous plates; two to
five ambulacra short but distinct, set
upon oral projection Echinosphaerites

Theca pear-shaped, tapering to remarkably
prolonged, thin, stemlike section of al
ternating rows of tiny hexagonal plates;
most other plates small (200 to 800) but
few larger plates interspersed, very few
plates hexagonal; two or three brachioles
springing more or less directl y from oral
projection with little or no development
of intervening ambulacra ...... Al"achnocystites

Echinosphaerites WAHLENBERG, 1818, p. 44 [*Echi
nils allrantillm GYLLENHAAL, 1772, p. 245
(=Sphaeronites citrus HISINGER, 1837, p. 91; S.
pomum HISINGER, 1828, p. 196, partim; Leucoph
thalmlls strangwaysi KOENIG, 1825, pI. I, fig. I)]
[=Echinosphaera ANGELlN, 1878, p. 28 (110m.
/Jan.) non HERTWIG, 1879; Echinosphol"a SCUDDER,
1882, p. 118 (nom. null.); Delltocys/ites BAR
RANDE, 1887, p. 145 (type, D. modesttlS); Dellto
cystis BATHER, 1889, p. 269 (nom. /Jan); Lellcoph
thalmus KOENIG, 1825, pI. 1, fig. 1 (type, L.
strangwaysi=Echinus allrantillm GYLLENHAAL);
Citrocystis HAECKEL, 1896, p. 68 (type, Sphaeron
ites citrtlS HISINGER=EchintlS auran/illm GYLLE~

HAAL); Crystallocystis HAECKEL, 1896, p. 66 (type,
EchinllS aUl"antium GYLLENHAAL); Yrinemacystis
HAECKEL, 1896, p. 65 (type, Echillosphael"a
alll"alltilim triactis=Echinosphaerites allrantillm
var. MULLER, 1854)]. Theca in type and many
other species subsphaeroidal, for which reason these
abundant cystoids have long been called "crystal
apples"; in some (e.g., E. pimm) theca aborally
produced to attain pear shape. Adults composed of
200 to several hundred polygonal plates; one form
with many plates hexagonal and nearly all sub
equal, and another form with considerable varia
tion in size, with plates having 3 to as many as 10
sides, both forms occurring within same species.
Tangential pore canals exposed on weathered
specimens as very regular, straight grooves dis
tributed in rhombic areas, each rhomb formed by
2 triangular sectors of adjacent plates and nearly
filled by several equally spaced, subparallel grooves.
Each end of tangential pore canal joined to ver
tical pore canal, commonly called pore, leading to
interior of theca, fillings or casts of vertical canals
commonly appearing as granules or short pegs on
steinkerns of thecae. Tangential canals compound
as a rule, 2 to 4 of them extending between
paired pores. Tangential pore canals covered in
well-preserved specimens by generally smooth epi
theca of several thin laminae, each somewhat dis
tinctively ornamented with concentric lines, prob
ably growth lines. Brachiole facets upon peri
stomial or oral projection, which in many forms is
emphasized by slight constriction giving oral field
appearance of small platform resting upon neck.

Ambulacra commonly arranged in triradiate or
tetraradiate pattern, although specimens have been
figured and reported with only 2 brachioles at
tached to facets at each end of narrow peristomial
ambulacral series of plates; ambulacra short,
facets distinct, rimmed concavities; number of
brachioles not constant within a species. Anal
pyramid in upper part of theca, closed by variable
number of triangular plates. Gonopore rounded
to triangular, about half diameter of anal pyramid,
closed by few valvular plates in form of flat
pyramid; gonopore offset to right from line con
necting mouth and anal pyramid; relative spacing
of mouth, anal pyramid, and gonopore fairly con
stant within a species. Remnants of feeble column
known, most thecae without any column; few circ
lets of plates adjacent to base more regularly dis
posed than other plates. [The subequal- and un
equal-plated forms within a species have been
interpreted (99) as individuals that "have attained
a certain degree of stability as to the increase of
the skeleton" and others that are expanding by
"abundant growth of new plates." The type
species, E. aUl"antium, and closely allied forms have
been recorded from many areas in Sweden, where
they are exceedingly abundant in many strata, and
from Yunnan, USSR, Estonia, Norway, Poland,
northern Germany, Great Britain, and the United
States (Pa., Va., Tenn.). L.Ord.-U.Ord., Asia
(Burma-China) - Eu. (USSR-Est.-Sweden-Norway
Pol.-Ger.-Belg.-Brit.-Boh.)-N.Am. (USA).--FIG.
132,2.•E. aurantillm (GYLLE~HAAL); 2a, reconstr.,
Xl (10); 2b, reconstr., Xl (69); 2c-e, oral re
gions, 3 specimens, showing different numbers of
brachiole facets, enl. (69); 2/,g, oral and lat., X I
(31). [See also Fig. 33,1; 37,3.]

Arachnocystites NEUMAYR, 1889, p. 403 [*Echino
sphaerites in/allStlis BARRANDE, 1887, p. 155]
[=Arachnocystis BATHER, 1889, p. 268 (nom.
/Jan.)]. Theca subpyriform, strongly inflated ad
orally and tapering to unique prolonged, thin,
stemlike section of alternating rows of tiny hexag
onal plates; most other plates small, so that theca
contains 200 to 800, but few larger plates inter
spersed; very few plates in main part of theca
hexagonal. Pore canals like those of Ec!linosphaer
ites, of which this genus was considered synonym
by JAEKEL (69) and GEKKER (53). Periproct in
upper half of theca, filled by anal pyramid. Gono
pore somewhat offset from line connecting anal
pyramid and mouth. Mouth in peristomal projec
tion, with 2 or 3 brachioles springing more or less
directly from it, with little or no development of
ambulacra. M.Ord., Eu.(Boh.).--FIG. 132,1. *A.
in/aIlS/lIS (BARRANDE); la. lat., reconstr., X I; lb.
long section of column, Xl (69); lc,d, lat., 2
specimens, X I; 1e,/, enlarged sections along and
through pore canals; 1g-k, enlarged parts of thecal
plates in various stages of exfoliation (3).
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Ordovician Silurian
L M U L M U

1 Protocrinites 0 ~~~S::rl-'-'l--=-l
2 Glyptosphaerites B L

3 Dcctylocystis A
4 Estonocystis A
5 Eumorphocystis 0
6 Fungocystites 0
7 Regnellicystis D
8 Pyrocysti tes C

9 Revolocystis A
10 Gomphocystites C

FIG. 133. Stratigraphic distribution of genera be
longing to the superfamily Glyptosphaeritida. Clas
sification of the genera in families is indicated by
letter symbols: A-Dacty]ocystidae, B-Glypto
sphaeritidae, C-Gomphocystitidae, D-Protocrini
tidae. The following alphabetical list of genera fur
nishes cross reference to the serially arranged num-

bers on the diagram (Kesling and Moore, n).

Order DIPLOPORITA Miiller,
1854

lnom. correct. BATHER, 1899, p. 920 (pro Dip!oporiten
MULLER, 1854, p. 249) I [=Dirlororitidces EICHWALD, 1860,

p. 616: Gemellipora ANOELlN, 1878, p. 301

Thecal pores developed as units mostly
confined to single plates, typically in form
of diplopores but in some present as haplo
pores. L.Ord.-LDev.

Thecal plates in the majority of these
cystoids are irregularly arranged, but the
Asteroblastida contain some genera with
regularity approaching that of the Glypto
cystitida in the Rhombifera.

The thecal pores tend to be confined to
ambulacral plates in the Glyptosphaeritida
and to special interambulacral plates in the
Asteroblastida. Pores are small and very
numerous in the Glyptosphaeritida and
Sphaeronitida but relatively large and few
in most of the Asteroblastida.

A column is never strongly developed. It
is absent in adults of nearly all Sphaeroni
tida and some Glyptosphaeritida. It is small
in the Asteroblastida.

Superfamily
GLYPTOSPHAERITIDA

Bernard, 1895
[Tlom. /fansl. et correct. KESLING, herein (t"x Glyptosphacrides
BERNARD, 1895, r. 204)1 I=order Seriolata JAEKEL, 1918,

p. 101 (nom. neg.)]

Diplopore-bearing cystoids with globular,
ovate, pear-shaped, or saclike thecae. Am
bulacra radial, extending over theca, with
alternating lateral branches (single or in
groups) leading to brachiole facets; in many
!!enera, ambulacra bordered by alternating
"adambulacrals" on which facets are lo
cated. Diplopores invariably present on
ambulacra-bearing plates, in some forms also
in the interambulacral areas. Most with
column, a few molting column as adults.
L.Ord.-M.Sil.

The stratigraphic distribution of genera
belonging to the Glyptosphaeritida is shown
in Figure 133.

Glyptosphoerites

FIG. 134. Glyptosphaeritidae (p. S235).
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periproct

Ib

FIG. 135. Glyptosphaeritidae (p. 5235).

~I
" '

Glyptosphoerites Ie

Family GLYPTOSPHAERITIDAE
Bernard, 1895

[nom. correct. BASSLER, 1938, p. 12 (pro Glyptosphaeridcs
BERNARD, 1895, p. 204)] [=Glyptosph,erid,e BATHER, 1899,

p. 920]

Theca apple-shaped, thin-walled. Short
column present. Oral region pentagonal,
with peristomial covering plates displaying
nearly perfect trimerous fivefold suture
pattern, one suture aligned with each am
bulacrum; other thecal plates irregularly
polygonal, numerous. Diplopores dis
tributed over theca except in oral region,
some more or less radially oriented. Am
bulacral grooves narrow, each branching
to few irregularly alternating small brach
iole facets. L.Ord.-U.Ord.
Glyptosphaerites MULLER, 1854, p. 186 ['5phaeron
ites leuclltenbergi VOLBORTH, 1846, p. 187]
[=Glyptosphaera ANGELlN, 1878, p. 31 (nom.
van.); Glyptosphom SCUDDER, 1882, p. 145 (nom.
null. pro Glyptosphaera)]. Theca large in some
species, attaining size as well as shape of apple, with
oral half hemispherical and aboral half indented at
junction with column. Ambulacra normally
slightly arcuate, groove very narrow and radiating
over thecal plates without reference to plate boun
daries; most ambulacra curved slightly clockwise,
with first branch on left and other branches alter
nating, but pattern of branching somewhat irregu-

lar, particularly in distal part. Brachiole facets
small, not strongly developed, only about 6 or 7 in
each ambulacrum, rarely found on aboral half of
theca. Peripwct rather large, situated in posterior
interambulacrum, provided with valvular pyramid.
Diplopores in some forms concentrated in adoral
parts of thecal plates, absent in oral region; each
diplopore in simple elliptical depression. Hydro
pore 3-cornered, spongy and not solidly skeleton
ized, located between periproct and peristome;
gonopore a small circular perforation to left and
aboral to hydropore. L.Ord.-U.Ord., Eu. (USSR
Sweden-N.Ger.-Boh.) .--FIG. 134,1; 135,1. ·G.
leuchtenbergi (VOLBORTH), L.Ord. (Platytll'tlS Ls.),
Sweden (134,1); L.Ord., USSR (135,1); 134,1a,
inclined oral, X2.5; 134,1b, lat. showing distribu
tion of diplopores, X2.5 (99); 135,1a, oral, adult,
X I; 135,1b, peristome and ambulacrum, X 3;
135,1c, oral region of juvenile, X 6 (69). [See
also Fig. 44,1.]

Family DACTYLOCYSTIDAE
Jaekel, 1899

[D;\ctylocystid;te J.H.KEL. 1899, p. 425] [==Estonocystidae
JAEKEL, 1918. p. 101]

Theca oviform to pear-shaped, thick
plated, with or without column. Ambula
cra five, long, straight, pentamerally ar
ranged, vertical; numerous brachioles, at
ends of short, very regularly alternating
branches, so that those on each side of an
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Dactylacystis

Pratacrinites

Reva lacyst is

FIG. 136. Dactylocystidae (1,4); Protocriniticiae (2,3) (p. 523715240).
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ambulacrum are aligned. Diplopores re
stricted to brachiole-bearing plates or "ad
ambulacrals," which regularly alternate in
paired vertical rows. Interambulacral plates
irregularly arranged, without diplopores.
Periproct large, circular, at mid-height. M.
Ord.-U.Ord.

This family displays much higher regu
larity and symmetry than other families
assigned to the superfamily Glyptosphaeri
tida. Its strong pentamerism might be com
pared with that in the Asteroblastida, but
the ambulacra do not terminate on plates
that can be classed as RR, the brachiole
bearing "adambulacrals" are not as highly
developed, and the diplopores occur in the
ambulacral areas rather than interambula
cra!. The restriction of diplopores to dif
ferent areas of the theca may be regarded
as evidence of extensive divergence.

Key to Genera of Dactylocystidae
1. Theca pear-shaped, gradually tapering to

broad column; ambulacra of unequal
length m___________________ Revalocystis

Theca ovate or ellipsoidal, distinctly set off
from column; ambulacra of equal length 2

2. Each ambulacral area of two long, vertical
rows of alternating large irregular-shaped
plates, each of which has one large and
several small brachiole facets with diplo
pores between ambulacral extensions;
each interambulacral area with one verti
cal row of plates of irregular shape
__...._... .__ .. __ .__ ..... __ .. ... ...... . Estonocystis

Each ambulacral area of two long, vertical
rows of alternating small, transversely
elongate plates, each of which has only
one brachiole facet and bears diplopores;
each interambulacral area filled with
irregular plates, not arranged in vertical
row and some larger than ambulacral
plates, entire area depressed .mm_Dactylocystis

Dactylocystis JAEKEL, 1899, p. 434 ["D. schmidti;
aD] [=Proteroblastus JAEKEL, 1895, p. 116
(nom. nud.)]. Theca ovate to ellipsoidal, with
strong pentameral symmetry, distinctly set off from
thin column. Ambulacra of equal length, branch
ing with precise regularity to alternating brachiole
facets, one on each "adambulacra!." Brachiole
bearing "adambulacrals" small, hexagonal, trans
versely elongate plates, elevated and distinct from
interambulacral plates, set in 2 vertical rows, one
on each side of straight ambulacrum; diplopores
restricted to these plates. Each diplopore with 2

Estonocystis ; 1-- stern

FIG. 137. Dactylocystidae (p.5237).

openings at opposite ends of narrow groove sur
rounded by thin rim, diplopores tending to be
aligned horizontally and confined to area between
brachiole facets. Interambulacral plates irregular,
polygonal, some larger than "adambulacrals," set
in elongate, lanceolate, depressed area. Brachioles
small and short, their length not exceeding one
fourth diameter of theca. M.Ord., Eu.(Est.).-
FIG. 136,4. "D. schmidti; 4a, lat., X3; 4b, part
of ambulacrum en!. to show diplopore arrangement
(69). [See also Fig. 33,6.]

Estonocystis JAEKEL, 1918, p. 101 ["E. antropoffi;
OD] [=Esthonocystis CHAUVEL, 1941, p. 122
(nom. van.)]. Theca ovate, distinct from narrow
column. "Adambulacrals" large, with irregular
borders against interambulacral plates but with
horizontal, parallel upper and lower sides, alter
nating along sides of each long, straight, meridi
onal ambulacrum. Each adambulacral containing
one large and a few small brachiole facets, so that
facets alternate by clusters, rather than individually.
Diplopores confined to area between ambulacral
extensions leading to brachiole facets. Interambu
lacral areas each with one vertical row of irregu
larly polygonal plates, many of which are hexag
onal, none exceeding "adambulacrals" near middle
of theca. M.Ord., Eu.(Est.).--FIG. 137. "E.
antropoffi, Jewe F., lat., reconstr., X 3 (71).

Revalocystis JAEKEL, 1918, p. 101 ["Dactylocystis
mickwitzi JAEKEL, 1899, p. 436]. Theca pear
shaped, gradually tapering into the column.
Adambulacra of unequal length. Ambulacra,
"adambulacrals," and diplopores like those in
Dactylocystis. U.Ord., Eu.(Est.).--FIG. 136,1.
"R. mickwitzi (JAEKEL); aboral end of theca, X2
(69).
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Family PROTOCRINITIDAE
Bather, 1899

[nom. correct. BASSLER, 1938, p. 12 (pro Protocrinidae
BATHER, 1899, p. 920) J

Theca saclike, bullet-shaped, subcylindri
cal, ovate or spherical, composed of nu
merous plates, mostly irregularly arranged.
Diplopores on ambulaeral and interambula
cral plates alike. Ambulaera extending
radially from peristome, with short branches
to brachiole facets more or less alternating.
Column in young specimens, may be lost in
adults. Thecal plates bearing ambulacra
rather regularly alternating, comprising so
called "adambulacrals." L.Ord.-M.Ord.

The Protocrinitidae can be distinguished
from related Glyptosphaeritidae by their
more numerous brachioles, which have
facets set at ends of short, more or less al
ternating branches along each ambulacrum,
rather than at ends of long, irregular
branches. They can be differentiated readily
from the Dactylocystidae by presence of
diplopores on interambulacral, as well as
ambulacral, plates. The shape of the theca
alone serves to separate the Protocrinitidae
from the pear-shaped, aborally produced
Gomphocystidae.

BRANSON & PECK (26) created the family
Eumorphocystidae for their genus Eu
morphocystis, distinguishing it from the
Protocrinitidae on the basis of shorter am
bulacra, differentiated BB, RR, and 00,
and more perfect symmetry. They stated,
"An alternate procedure would be to emend
the definition of the Protoerinitidae to in
clude this genus." Until additional cystoids
of the group are known, the alternative
seems advisable.

The specimen described by BASSLER (6)
as a new species, genus, and family, does
not afford justification for his Regnelli
cystidae. Regnellicystis is more closely re
lated to Eumorphocystis than to Proto
crinites.

Key to Genera of Protocrinitidae
I. Theca composed of several hundred tiny

plates; 4BB much larger than adjacent
plates, imperforate, conspicuous; column
present in adult hm __ m m..... 2

Theca composed of less than 200 plates; no
special BB, at least in adult specimens;
column not developed or not retained in
the adult __ 'm • __ •• ' __"' __ '''hm. 3

2. Theca elongate; ambulacra terminating on
platforms of special flooring plates set
upon large thecal plates possibly qualify-
ing as RR Eumorphocystis

Theca ovate, rotund; ambulacra not extend-
ing to raised structures, r.o thecal plates
differentiated as RR Regnellicystis

3. Theca saclike; ambulacra zigzag; theca at
tached by broad base, typically concave;
few diplopores, not more than four to a
plate and mostly one or two to a plate
. __ __ Fungocystites

Theca ovate to spherical; ambulacra nearly
straight or slightly curved, not zigzag,
with short lateral alternating branches to
brachioles; theca attached by column
when young, free when adult; numerous
diplopores, several to each plate .. Protoerinites

Protocrinites EICHWALD, 1840, p. 185 ["P. ovi
formis; OD] [=Protoerinus BRONN, 1848, p. 1047
(nom. van.)]. Theca ovate to spherical, composed
of numerous subpolygonal tumid plates. Column
present in young individuals, attached to blunt
cone of 4 BB; adults free, BB modified, no longer
differentiated from adjacent plates. Diplopores
numerous, present on all plates, those on "adam
bulacrals" tending to be oriented normal to ambu
lacrum. Ambulacra 5, well developed, radiating,
slightly curved, diverging from trimerous peri
stome as rather deeply embedded grooves from
which short grooves alternate to brachiole facets;
ambulacra extend between alternating thecal plates
called "adambulacrals," each of which bears a
brachiole facet. Periproct filled by low anal
pyramid of 6 triangular pieces, located in posterior
interambulacrum well away from mouth. [YA
KOVLEV (146) reported that in the posterior oral
region of P. fragttm are 3 plates, 2 of which are
large, situated 1 on each side, and meeting on
their adoral sides at a short meridional suture;
aboral to this suture, the 2 diverge to accommo
date the apex of the third plate, considerably
smaller; the hydropore is shared by the small
plate and the large plate on the right, whereas
the gonopore is shared by the small plate and the
large plate on the left. The side-by-side arrange
ment of hydropore and gonopore in Protoerinites
was considered by YAKOVLEV (146) strongly to
resemble that of Glyptosphaerites, in contrast to
that of the Rhombifera, in which the gonopore is
aboral to the hydropore. Ambulacra tend to curve
clockwise, as viewed orally, with 1 or 2 brachiole
facets missing in the proximal region of the con
cave side of each ambulacrum.] L.Ord.-M.Ord.,
Eu. (USSR-Est.-Scand.-Ger.)-Asia (Burma).-
FIG. 136,2f,g. ·P. ouiformis, Est.; 136,2f, lat. Xl;
136,2g, 3 adambulacrals and brachiole facets, en!.
(69). [See also Fig. 47,l-3.]--FIG. 136,2a-e.
P. fragttm (EICHWALD), L.Ord.(Vaginatum Ls.),
Est.; 136,2a-c, oral, lat., and aboral, small speci-
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Eumorphocystis

mouth

2c

Fungocystites

FIG. 138. Protocrinitidae (p. 5239-5240).

men, XI; 136,2d, oral, large specimen, XI;
136,2e, thecal plates en!. to show diplopores (69).
[See also Fig. 46.]

Eumorphocystis BRANSON & PECK, 1940, p. 89 ["E.
n1llltiporata; OD]. Theca elongate, subcylindrical,
tapering to junction with column, composed of
several hundred tiny plates. BB 4, much larger
than adjacent plates, imperforate, indented to form
facet for column; 5 large 00, imperforate, each a
triangular sector of pentagon. Ambulacra equally
spaced, nearly straight, confined to uppermost
quarter of theca; each ambulacrum passing be
tween alternating thecal plates called "adambu
lacrals" (not homologous with adambulacrals or
other echinoderms), terminating on platform of
small plates resting upon large thecal pore-bearing
plates called RR. Other thecal plates irregular
polygons, I to 3 mm. in diameter; all but small
est bearing diplopores, most with many (some
with 15); scattered over the theca, but mostly in
aboral third, are plates with few diplopores, some
with only 1. Periproct between posterior ambu-

lacra, set rather high on theca; small opening be
tween periproct and mouth, probably hydropore.
Six to 8 brachiole facets on each ambulacrum,
more or less alternating, set at ends of very short
ambulacral branches, facets starting well beyond
00. Mouth oblong, slightly curved around edge
of 01 (oral in posterior interambulacrum). M.
Ord., USA (Okla.).--FIG. 138,1. "E. nll/lti
porata; 1a-d, oral, 2 lat., and aboral; XI; Ie,
oral region, X2 (26).

Fungocystites BARRANDE, 1887, p. 157 ["F...aris
simw; OD] [=Fl/ngocystis HAECKEL, 1896, p.
104 (nom. van.)]. Theca saclike, base broad and
typically concave for attachment to some object.
Thecal plates irregularly polygonal, each bearing
few diplopores (mostly 1 or 2, never more than
4). Ambulacra zigzag, extending nearly to base,
with branches extending from each angle in line
with main groove, about 9 to 12 brachiole facets
to each ambulacrum. Periproct closed by anal
pyramid, set in adoral part of theca but well away
from peristome; small circular hydropore between
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FIG. 139. Protocrinitidae (p. S240).

periproct and mouth. M.Ord .• Eu.(Boh.).--FIG.
136,3; 138,2. OF. rarissimus; 136,3a,b, oral and lat.,
X2 (69); 138,2a,b, oral and lat., X2; 138,2e, lat.,
steinkern, X I; 138,2d,e, oral and lat., steinkern,
X2 (3); 138,2/, lat., enl. (10); 138,2g, lat.,
reconstr. with surface of plates based on steinkerns
and ambulacra superimposed (69).

Regnellicystis BASSLER, 1950, p. 276 [OR. typiealis;
00]. Theca ovate to subglobular, with 4 distinct
large BB and exceptionally small thecal plates
more or less radially disposed, each divided into
small compartments by sharp ridges, with single
large diplopore in each compartment. Anal pyra
mid filling periproct near top. Peristome bearing
5 "simple food grooves extending to the lower
level of the pyramid and lines with thin flat
brachioles." M.Ord., USA(Va.).--FIG. 139,1.
OR. typiealis, Blackriv.; la,b, lat. and aboral, X2
(6) .

Family GOMPHOCYSTITIDAE
Miller, 1889

[nom. corral. BASSLER, 1938, p. 12 (pro Gomphocystidae
S. A. MILLER, 1889, p.2IS) 1

Theca shaped like inverted pear, taper
ing aborally, no true column known. Am
bulacra five, spiraled clockwise from oral
apex and not extending below mid-height
of globular portion of theca; branches, if
present, only from left side of ambulacra.
Diplopores in open oval pits. M.Ord.-M.Sil.

Key to Genera of Gornphocystitidae
Thecal plates along ambulacra regularly ar

ranged in alternating pattern ("adam-
bulacrals") Gomphoeystites

Thecal plates along curved ambulacra irregu-
lar, without pattern uuu' Pyroeystites

Gomphocystites HALL, 1865, p. 309 [oG. glans
HALL, 1864, p. 6; 00] [=Gomphoeystis AN
CELIN, 1878, p. 31 (nom. van.)]. Theca bulb
shaped, pear-shaped, or pestle-shaped, according to
proportions and relative sizes of globose oral and
tapering aboral sections. Plates along spiral ambu
bera alternating as "adambulaerals"; other thecal
plates irregularly polygonal. Periproct and hydro-

pore very near peristome. M.Sil., Eu.(Sweden)-N.
Am. (Wis.-Ill.-Ind.-Ohio-Ky.-N.Y.-Calif.).--FIG.
140,lb. °G. glans (HALL), Racine Dol., USA
(Ill.); lat., Xl (69).--FIC. 140,le-h. G.
bownoekeri FOERSTE, Cedarville Dol., USA (Ohio) ;
Ie-h, oral and 3 lat., XO.8 (49).--FIC. 140,la.
G. gotlandietls ANGELIN, Sweden(Got!.); oral, X I
(69).--FIC. 140,li,j. G. indianensis MILLER,
Osgood F., USA(lnd.); li,j, 2 inclined Jat., Xl
(49).--FIC. 140,le,d. G. tenax HALL, Lockport
P., USA(N.Y.); le,d, oral and lat., Xl (10).

Pyrocystites BARRANDE, 1887, p. 170 top. pi/'um;
00] [=Piroeystis BATHER, 1889, p. 269 (nom.
van.); Pyroeistis CARPENTER, 1891, p. 26 (nom.
van.)]. Theca pear-shaped, all plates irregularly ar
ranged. Ambulacra spiraled around theca without
reference to thecal plate disposition, branches ex
tending to left of main groove. Diplopores limited
to middle parts of plates, narrow diplopore grooves
each rimmed by strong wall, more peripheral
diplopores approximately radially disposed. M.
Ord., Eu.(Boh.).--FIC. 140,2. 0p. pirum, Dd,;
2a, lat., steinkern, X I (3); 2b, lat., X2; 2e,
diplopores, en!. (69).

Superfamily SPHAERONITIDA
Neumayr, 1889

[nom. transl. Rl:::CNELL, 1945, p. 161 (ex Sphaeronitidae
ZITTEL, 1900, p. 182, nom. correct. pro Sphaeronitiden NEV·

MAYR. 1889. p. 412) J [non order Sphaeronjta JAEKEL, 191R,
p. 103]

Ambulacra short, either branching di
rectly from angles of mouth and not ex
tending far beyond peristomial region, or
extremely short, or absent, with two to five
brachioles set close to corners of mouth.
Most forms attached by base of theca. Pores
irregularly distributed over theca. L.Ord.
LDev.

Of all superfamilies, the Sphaeronitida
is in the least satisfactory condition. It shows
little uniformity in pore structure, shape of
theca, or minor structures. Generic bound
aries are not sharply drawn; quite prob
ably, the genera described here contain
several synonyms. Until these genera are
clearly defined and adequately known, how
ever, it seems advisable to continue all
created taxa that might possibly qualify.
Of the two indicated families, the Aristo
cystitidae contains the greater number of
problems, as discussed later; these include
interpretation of the poorly preserved mate
rials and criteria for differentiating genera.

The stratigraphic distribution of genera
belonging to the Sphaeronitida is shown
in Figure 141.
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Family SPHAERONITIDAE
Neumayr, 1889

[nom. corrut. ZITTEL, 1900, p. 182 (pro Sphaeronitiden
NEUMAYR, 1889, p. 412)]

Theca typically spherical to ovoid. Am
bulacra short, commonly preserved as
grooves in thecal plates of oral region,
branching directly (fan-wise) from corners
of mouth; several brachioles in each am
bulacral group. Anal pyramid well devel
oped. Column small or absent. L.Ol'd.-L.
Dev.

Key to Genera of Sphae1'Onitidae
[Not necessarily indicative of phylogenetic relationships]

1. Anal pyramid set adjacent to orals (plates
covering peristome) on summit of theca,
modified so that one side fits against pos
terLor oral plate; gonopore displaced to
left of periproct-peristome junction .. __ .m

__ .mu. __ .m Sphaeronites

Anal pyramid not adjacent to 00, although
it may be high up on theca; gonopore, if
present, directly between periproct and
peristome Dr only slightly offset 2

Ij Gomphocystites Pyrocyst I tes

FIG. 140. Gomphocystitidae (p. S240).
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Ordovician
L M U

Silurian
L M U

Devonian
L M U

Allocystites-19
Amphoracystis-7
Archegocystis-2
Aristocystites-6
Baculocystites-11

1 Sphoeronites B
2 Archegocystis B
3 Codiocystis B
4 Tholocystis B
5 Pseudoristocysti s A
6 Aristocystites A
7 Amphorocystis A
8 Hippocystis A
9 Pochycolix A

10 Sinocystis A

11 Bocu locysti tes ? A
12 Lepidocolix ?A
13 Calix A
14 Hoplosphoeron is B
15 Eucystis B

16 Compylostomo A

17 Holocystites A '""'''"'''''
18 Tremotocystis A
19 A Ilocystites B

20 Co rpocyst ites B
21 Proteocystites B
22 Bulbocystis B

FIG. 14 I. Stratigraphic distribution of genera belonging to the superfamily Sphaeronitida. Classification of
the genera in families is indicated by letter symbols: A-Aristocystitidae, B-Sphaeronitidae. The fol
lowing alphabetical list of genera furnishes cross reference to the serially arranged numbers on the diagram

(Kesling and Moore, n).

Generic Names of Sphaeronitida and Index Numbers
Bulbocystis-22 Haplosphaeronis-14 Pseudaristocystis-5
Calix-13 Hippocystis-8 Sinocystis-10
Campylostoma-16 Holocystites-17 Sphaeronites-1
Carpocystites-20 Lepidocalix-12 Tholocystis-4
Codiacystis-3 Pachycalix-9 Trematocystis-18
Eucystis-15 Proteocystites-21

2. All or nearly all branches of each ambu
lacrum confined to single adoral plate (at
most, one may extend beyond) ....... .. . 3

Some branches of each ambulacrum extend-
ing beyond adoral plate 9

3. Relatively few thecal plates (less than 50 .. 4

Numerous thecal plates (over 50, some
with several hundred) .-. 6

4. Theca tapering to small aboral area; plates
highly irregular; peristome apparently
raised above general level of theca Allocystites

Theca typically conical with flat base, some
dome-shaped; ring of plates forming base,
conical oral part undivided; peristome
elevated Paleosphaeronites

Theca ovate to spherical; plates rather regu-
lar; peristome not elevated , '-'''00........... 5

5. Theca with three to five circles of plates;
diplopores not very numerous, large,
mostly limited to adoral half of theca Eucystis

Theca with two circles of plates, lower one
of seven plates and upper one of five;
diplopores numerous, distributed over
theca 00 Haplosphaeronis

6. Thecal plates vermiculate, with diplopores
in troughs; spherical theca said to have
stem n....................... Carpocystites

Thecal plates not highly ornamented, hav-
ing only simple depressions for diplo-
pores; stem unknown .... 00 ..... 000000...... 7

7. Theca with shape of kettle, resting on its
broad base; numerous brachioles at or
near periphery of star formed by ambu-
lacra 0000 .. 00 Tholocystis

Theca ovoid to saclike; brachioles connected
to mouth by short ambulacral branches 8

8. Each ambulacrum primarily bifurcated
with further divisions leading to seven or
eight brachiole facets nearly in row and
equally spaced from center of mouth;
thecal plates thick ".00 ' 00'''00 Codiacystis
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Each ambulacrum at end of straight suture
between two of five peristomial covering
plates, subdivided into five to seven short
branches with clockwise curvature, brach
iole facets not aligned in row; theca
weakly calcified . Arehegoeystis

9. Ambulacra somewhat irregular, not strongly
developed; no definite number of brach-
ioles Proteoeystites

Ambulacra very regular, well developed;
definite number of brachioles, five facets
at corners of mouth and five others at
periphery of adoral part of theca .. Bulboeystis

Sphaeronites HISINGER, 1828, p. 185 ["'Eehinus
pomum GYLLENHAAL, 1772, p. 242; OD)
[=Sphaeronis ANGELIN, 1878, p. 30 (nom. van.);
?Pomonites HAECKEL, 1896, p. 96 (type, P.
pentaetea, sp. hypoth.?)). Theca more or less
round, attached by basal surface (many specimens
preserving imprint of objects to which attached),
or tapering aborally to form broad stemlike pro
longation. Thecal plates numerous (as many as
several hundreds), pierced by abundant diplo
pores within suooval to polygonal peripores with
more or less raised margins; in some thecal plates
bearing reticulation of low ridges with pair of
pores within each polygon thus outlined. Periproct
separated from mouth only by narrow bar made
by extensions of 2 plates, one from each side;
periproct and mouth so closely set that anal
pyramid is tangent to orals or peristomial covering
plates. Mouth pentagonal, with long posterior
border, roofed by 5 orals, of which 01 is largest.
Ambulacra very short, brachiole facets set practic
ally at angles of mouth, with 1 to 3 facets per
ambulacrum. Major thecal opening through pro
tuberance at left of anal pyramid and near mouth
is interpreted as gonopore by LOVEN (80) and
ANGELIN (1), as hydropore by BATHER (10, fig.
38), and as combined gonopore and hydropore by
BATHER (10, p. 72) and REGNELL (99); illustrated
by ANGELIN (1) as having tiny pyramid of 3
pieces. Specimens of this genus so numerous in
certain strata as to constitute major rock-forming
deposits. L.Ord.-U.Ord., Asia(China)-Eu.(USSR
Sweden-Norway-Eng.-Wales-Italy) .--FIG. 142,
la,b. "'S. pomum (GYLLENHAAL), M.Ord.(Asaphus
Ls.), Sweden; la, diagram of oral region, en!.
(10); lb, thecal plates, X2.5 (99).--FIG. 142,
Ie-f. S. globulus (ANGELIN), M.Ord.(L. Chasmops
Beds), Sweden; le,d, oral region in diagram (X5)
and photograph (X7) (99); Ie, lat., Xl (10);
It, lat., small specimen, X2.5 (99).

Allocystites S. A. MILLER, 1889, p. 222 ["'A.
hammelli; OD) [=Alloeystis BATHER, 1900, p. 72
(nom. van.)]. Theca ovate, slightly elongate ab
orally, there tapered to small area, probably site of
attachment to narrow column. Thecal plates
highly irregular and unequal, with no definite
arrangement, forming approximately 6 series from

base to peristome, all poriferous according to
author. Flared, phialine oral projection on which
thick circumoral plates make platform. Hydropore
a long transverse slit between periproct and
mouth. Brachiole facets and ambulacra unknown,
casting doubt on taxonomic assignment; oral pro
jection strongly resembling that in rhombiferan
Eehinosphaerites. M.Sil., USA (Ind.).--FIG. 143,
4. "'A. hammelli; 4a,b, oral and lat., Xl? (85).

Archegocystis JAEKEL, 1899, p. 395 ["'Pyroeystites?
desideratus BARRANDE, 1887, p. 172; OD). Theca
rounded adorally, composed of numerous small,
weakly calcified plates, surface appearing leathery.
From each of 5 corners of peristome, 5 to 7 short,
subequal, curved (clockwise) branches spread fan
wise with brachiole facet at end of each ("hydro
phores palmees" of BARRANDE, 3); all brachiole
facets within boundaries of circumoral circlet of
plates. Anal pyramid apart from peristome, in
adoral part of theca. Hydropore hatchet-shaped,
at short distance from mouth; gonopore a small
circular opening thereunder. Diplopores appar
ently without distinct depressions, surrounding
ridges, or other markings to show their association,
but 2 pores of each pair close-set. M.Ord., Boh.
--FIG. 142,4. "'A. desiderata (BARRANDE), Ddt;
4a, oral region, X2.5 (3); 4b,e, oral regions, 2
specimens (I-V, ambulacra corresponding to D, E,
A, B, C, of Carpenter), X2.5 (69).

?Barbieria TERMIER & TERMIER, 1950, p. 25 ["'B.
stitensis; OD). Theca known only from external
mold of oral region. Peristome apparently penta
gonal, composed of 5 sector-like plates arranged as
in Haplosphaeronis; from each corner, few slightly
curved, closely grouped ambulacral branches onto
theca for distance about equal to width of peri
stome. Thecal plates small, numerous, said to
imbricate, each provided with central tubercle.
Hydropore, gonopore, and anal pyramid unknown.
[Imbrication of thecal plates and presence of
tubercles suggest possibility that this fossil may be
primitive echinoid. The peristome is very different,
however, from the periproct region of an echinoid,
especially in presence of structures presumed to be
ambulacral branches. From the mold of one frag
ment, close relationships impossible to determine,
but probably this is a cystoid near Proteoeystites,
from which it differs in arrangement of ambula
cral branches.) M.Ord., N.Afr.(Alg.).--FIG.
144,3. "'B. stitensis; cast from external mold of
oral region, X2 (126).

Bulbocystis RUZICKA, 1939, p. 292 ["'B. mirus;
OD). Similar to Proteoeystites, but ambulacra
very regularly arranged, with 5 brachiole facets at
angles of mouth and 5 others at periphery of adoral
part of theca. L.Dev., Boh.-FIG. 144,4. ·B. mirus
RUZICKA; oral diagram, X5 (95a).

Carpocystites OEHLERT, 1887, p. 67 ["'C. soyei; OD)
[=Carpoeystis BATHER, 1889, p. 73 (nom. van.)].
Theca spherical, attached to small column, con
taining many plates. Surface of theca ornamented
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Codiocystis

hydro

4b Archegocystis

FIG. 142. Sphaeronitidae (p. S243, S245, S247).
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with vermicular ridges separated by grooves or
troughs wherein diplopores are found. Carpoeyst
ites and Proteocystites regarded by REGNELL (99)
as junior synonyms of Eueystis. L.Dev., Fr.

Codiacystis JAEKEL, 1899, p. 398 [nom. subst. pro
Craterina BARRANDE, 1887 (non BORY, 1826; nee
CURTIS, 1826, nom. van. pro Crataerina OLFERS,

1816; nee GRUBER, 1884)] ["Craterina bohemiea

10

lb

Lepidocolix

Pochycolix

40

Allocys-tites

5

FIG. 143. Aristocystitidae (1-3,5); Sphaeronitidae (4) (p. S243, S254-S256).
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Hoplosphoeronis

Poleosphoeronites

FIG. 144. Sphaeronitidae (p. 5143, S247-S248).
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Haplasphaeranis

FIG. 145. Sphaeronitidae (p. S247-S24M).

S247

BARRANDE, 1887, p. 129; aDJ. Theca ovoid or
sac-shaped, composed of numerous thick plates.
Aboral zone of steinkern invaginated in manner
of base of wine bottle; no column known. Each
ambulacrum with primary division into 2 parallel
branches, with each branch further divided into
about 3 branches (or "twigs") diverging gradually,
each leading to subquadrate brachiole facet; 7 or 8
facets in each ambulacrum arranged in nearly
straight line on one adoral plate. Diplopores with
simple oval depressions, numerous, distributed over
entire theca. Mouth, hydropore, and gonopore
equally spaced. Plates in adoral half of theca
rather loosely bound together, so that many
specimens contain aboral half intact and adoral
part disarticulated into jumble of plates; as result,
periproct not observed among numerous speci
mens found. M.Ord., Boh.--FIG. 142,3. ·C.
bollemica (BARRANDE); ambulacrum, enl. (69).
[See also Fig. 33,5.J

Eucystis ANGELIN, 1878, p. 31 [·E. raripunctata;
ODJ [=Palmacystis HAECKEL, 1896, p. 131 (type,
P. palmata)). Theca ovate to spherical, some
specimens somewhat aborally extended to become
pyriform, composed of moderate number of plates
arranged in 3 to 5 circlets; plates polygonal, rather
regular. Ambulacra 4 or 5, branching, longest
grooves in some extending line into circlet of
plates below adoral circlet but not in most; about
3 or 4 brachiole facets per ambulacrum. Periproct
apart from peristome. Hydropore a small trans
verse slit and gonopore a small round opening be
low it, both lying on suture between circumoral
plates in posterior interambulacrum. Diplopores
not numerous, mostly limited to adoral half of

theca; in thecae with only 3 circlets of plates,
concentrated in middle one; in type species,
diplopores sparse in lateroposterior region and
rather abundant in lateroanterior. Base with short
column or attached directly. [Eucystis was con
sidered by JAEKEL (69) and REGNELL (99) to be a
senior synonym of Proteocystites BARRANDE (1887)
and Carpocystites OEHLERT (1887).J M.Ord.-L.
Dev., ?Asia(Yunnan) -Eu. (Brit.-Sweden-Ger.-Boh.
Fr.)-N.Afr.(Morocco).--FIG. 142,2a; 144,2d,e.
·E. raripuncta, M.Ord.(Boda Ls.), Sweden; 142,
2a, lat., X2.5; 144,2d,e, lat. and oral, both show
ing periproct, X3 (99).--FIG.142,2b,c; 144,2a-c.
E. angelini (LOVEN), U.Ord., Sweden; 142, 2b,c,
oral and lat., photogr. in alcohol, X 2.5; 144,2a,b,
2 lat., both showing periproct, X2; 2c, plate dia
gram (99).

Haplosphaeronis JAEKEL, 1926, p. 19 [·H. kiaeri;
ODJ [=Pomocystis HAECKEL, 1895, p. 401 (type,
Sphaeronis uva ANGELIN, 1878); Pomosphaera
HAECKEL, 1896, p. 99 (type, Sphaeronis oblonga
ANGELIN, 1878) J. Theca ovoid to spherical,
composed of few thick plates, attached directly by
basal surface. Thecal plates in 2 circlets, lower
of 7 rectangular to trapezoidal plates (called LL)
and upper of 5 hexagonal to pentagonal plates
(called RR) around peristome, which forms nearly
regular pentagon, only very slightly elongate, cov
ered over by 5 plates (called 00), 01 largest and
bearing slit that may possibly be hydropore. Base
generally broad and fiat, in some attached to
other organisms. Diplopores very numerous all
over surface of plates, in part radially arranged.
Pores within elongate peripores, many of which
are dumbbell-shaped and have raised margins.
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Proteocystites

FIG. 146. Sphaeronitidae (p. S247-S249).

Ambulacral branches spread fan-wise from cor
ners of pentagonal peristome, not curved, sub·
equal; 3 or 4 branches of each ambulacrum
crossing only 1 circumoral (R) plate to brachioles
along its outer edge. Periproct subcircular, set
close to circumoral circlet (RR), filled by anal
pyramid of 6 or 7 irregular pieces. Gonopore
small, circular, set at adoral left side of anal pyra
mid. M.Ord.-U.Ord., Eu.(Norway-Sweden-USSR
Belg.)--FIG. 144,1; 146,2. H. oblonga (AN
GELIN), M.Ord(Kullsberg Ls.), Sweden; 144,la,
oral, X3; 144,lb, oral region, X9; 146,2a,b, oral
and lat., X2.5; 146.2e, oral region, X4.5 (99).
--FIG. 145,1. ·H. kiaeri, M.Ord., Norway; la,
lat., enl.; lb, oral, enl. (72).

Paleosphaeronites PROKOP, 1964, p. 9 ['Sphaeronites
erateriformis RUZICKA, 1927, p. 12 (=Sphaeronites
batheri RUZICKA, 1927, p. 12, partim); OD]. Theca
with Rat base, typically conical, some dome-shaped
to bell-shapeu. Base containing 8 trapezoiual,
radially arranged plates; large conical oral surface
not divided into plates. Peristomial cover plates
forming broad pentagon; 2 close-set oval brachiole
facets very close to each corner of peristome. Anal
pyramid hexagonal, containing 6 nearly equal
plates, situated midway between peristome anu
border of oral surface; gonopore circular, in center
of crater-like elevation, offset to left between

largest peristomial plate and anal pyramid, closer
to former. Diplopores large, scattered, each sur
rounded by large longituuinally elliptical depres
sion. Surface of plates smooth to finely granulose.
[Differs from Sphaeronites in having conical shape,
smaller anal pyramid, distinct separation of peri
stome and anal pyramid, and larger, more ellipti
cal diplopores. This genus resembles members of
the Aristocystitidae in having brachiole facets
practically at corners of the peristome, but it seems
closer to the Sphaeronitidae in all other respects.]
L.Ord., Eu.(Boh.).--FIG. 144,5. ·P. eratai
formis (RUZICKA); 5a,b, lat. and oral, X 4 (95a).

Proteocystites BARRANDE, 1887, p. 78 [·P. flavlIs;
OD] [=Proteoeystis BATHER, 1889, p. 269 (nom.
van.)]. Theca with broad attachment surface or
short, thick columnar process. Ambulacra rather
long, unequal, irregularly branched, not strongly
developed. Several brachiole facets, unevenly
spaced and distributed, in each ambulacrum.
Diplopores numerous, apparently in elliptical peri·
pores. Hyuropore and gonopore between mouth
and anal pyramid. [Genus considered by JAEKEL
(69) and REGNELL (99) to be a junior synonym of
Etleystis, but maintained by BATHER (10).] L.
Dev., Boh.--FIG. 146,1. ·P. flavlIs, F2 ; la,b, 2
oral, X2; Ie, lat., XI; ld, lat., exfoliated, Xl;
1e, surface of thecal plate at left, steinkern at

© 2009 University of Kansas Paleontological Institute



Diploporita-5phaeronitida 5249

E...
............

id

A

~B

Tholocystis

periproct

FIG. 147. Sphaeronitidae (p. S249-S250).--I. *Tholocystis kolihai CHAUVEL, M.Ord., France; Ia,b,
posterior (CD interray) view of theca (reconstr.) and hypothetical cross section through peristome, X2;
1c-e, diagrammatic analyses of ambulacral field, ambulacral branching, and sector of ambulacral field,
with ambulacral positions indicated as A-E, X5; If, plate from side of theca, showing diplopores, X9;

Ig, section through peristome and attachment of brachiole, X3 (34).

right, enl.; If, surface of thecal plate showing
diplopores and brachiole facet, enl. (3).

Tholocystis CHAUVEL, 1941, p. 88 [*T. kolihai;
OD]. Theca globose, shaped like kettle resting
on its broad base, with large adoral area, corre
sponding to lid of kettle, consisting of RR, 00,
and peristomial covering plates in very regular
arrangement; remainder of theca composed of flat
base with surrounding rim and globose walls of
numerous polygonal plates, mostly hexagonal,
bearing abundant diplopores in subpolygonal peri
pores. Periproct small, circular, filled with anal
pyramid, located in posterior interambulacrum at
junction of RR circlet and many-plated sides of
theca. Numerous brachiole facets along the adoral
margins of RR, forming star. RR 5, each an
obtuse subspherical triangle, bearing diplopores.
Five large 00 forming star within brachiole facets,
bearing diplopores, each pentagonal and meridion
ally elongate, posterior one tripartite, others appar
ently bipartite, with meridional suture dividing

each into symmetrical halves; adjacent 00 said to
be separated by narrow wedgelike plate compar
able to lancet-plate of blastoids. Ten covering
plates of peristome forming broad pentagon,
arranged in trimerous pentamerism with 2 plates
in each interambulacrum, smooth, devoid of
diplopores. Ambulacra represented by 2 main
branches radiating from each angle of peristome,
slightly diverging for half their length, then
strongly diverging so that each main branch ter
minates at tip of oral plate, there meeting end of
main branch from adjacent ambulacrum; from
each main branch, short secondary branches lead
aborally to brachiole facets; about 7 facets on each
main branch, making 70 in all; apices of star
formed by brachiole facets thus interradial and
attaining circle that marks distal limit of oral field.
Crescentic slit in posterior oral interpreted as hy
dropore. Each of wedgelike "lancet" plates ex
tending from reentrant angle of star of brachiole
facets adorally to corner of peristome, supporting
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flooring plates of adoral sections of branches of
ambulacra. Brachiole facets borne on quadrangu
lar plates, thicker than other plates and analogous
to adambulacrals in Mesocystis. [The exceptional
symmetry developed in the oral region might be
considered sufficient ground to erect a separate
family for this unusual cystoid.] M.Ord., Fr.-
FIG. 147,1. *T. kolihai; Ia,b, reconstr. of theca
and hypothetical cross section through peristome,
X 2; 1c-e, diagrams of ambulacral field, ambulac
ral branching, and sector of ambulacral field, with
ambulacral positions indicated as A-E, XS; If,
plate from side of theca, showing diplopores, X9;
Ig, section through peristome and attachment
of brachiole, X3 (34).

Family ARISTOCYSTITIDAE
Neumayr, 1889

[nom. correct. BASSLER, 1938, p. 8 (pro Aristocystiden
NEUMAYR, 1889, p. 413)]

Theca ovate to elongate, typically tapered
or constricted at aboral end, containing
numerous, irregularly arranged plates. Col
umn small and degenerate where present,
absent in most forms. Most pores confined
to one plate, canals simple, irregularly
branched, or regularly divided to form
typical diplopores. Brachioles arising from
facets adjacent to mouth; ambulacra very
short and unbranched, scarcely developed
in some. L.Ord.-M.Sil.

Of all families of cystoids, the Aristo
cystitidae contain the most diverse and
heterogeneous assemblage of forms. The
difficulty in precise definition and taxonomy
is compounded by the fragmentary nature
of specimens representing many genera.
The thecal pores are not developed as
classic diplopores in some of the genera,
and may not branch at all in a few. The
character of the thecal pores does not ap
pear to be correlated with other features
of the theca, so that certain genera rest
solely upon their kind of pores. Thus, in
a manner of speaking, Pseudaristoeystis is
an Aristoeystites in which the pores are
Poot developed as diplopores, and Paehy
calix is a Calix in which the pore canals
do not divide regularly. The general strong
resemblances of the genera concerned are
interpreted here as expressions of relation
ship rather than convergence. It may be
wor~h mentioning, perhaps, that in Hippo
e)'Jtls, remarkable for the classic form of
its diplopores, a few pores are not diplo
pores. At any rate, the concept of taxonomy

should not be dominated by the name
"Diploporita," but instead should be guided
by consideration of the significant contrast
between perforations which almost invari
ably pass from one plate to another and
those which are predominantly confined
to one plate.

For many years, the Aristocystitidae were
assigned to the order Amphoridea of
HAECKEL (58), along with genera properly
referable to the Paracrinoidea, Eocrinoidea,
a.nd Carpoi~ea. BATHER (10-13) was a long
tIme chan:PlOn of the Amphoridea, strong
ly defendmg exclusion of the Aristocystiti
dae fro~ the Diploporita, until finally (15)
?e c.apltulated and dropped Amphoridea
m hiS last summary of cystoids. As late as
194.3, ?owever, BASSLER & MOODEY (7)
mamtamed the order Amphoridea, in which
t?ey placed, in addition to the Aristocysti
tIdae, the families Eocystitidae (with seven
eocr,inoids and two paracrinoids), Anomalo
cystldae (with 18 "carpoids" and one eocrin
oid), Dendrocystitidae (with two "carpoids"
and an eocrinoid), Cothurnocystidae (with
two "carpoids"), Malocystitidae (with four
paracrinoids and one eocrinoid), and Com
arocystitidae (with two paracrinoids). Such
radically different kinds of pelmatozoans
can scarcely be maintained as an order,
whether or not they are assigned to the
cystoids.
. JAEKEL (69, 71) referred the Aristocysti

ttdae to the Diploporita, placing them close
to the Sphaeronitidae. REGNELL (99)
summed up his discussion with "From this
review it should have appeared, though
t?ere remains some doubt as to the posi
tIOn of a few genera, that the fam. Aristo
cystitidae has to be removed from the fatal
Amph?ridea .and to be placed mainly in
the Dlploponta. By this procedure there
[S nothmg to be left of the order Amphori
dea in the sense of BASSLER 1938."

Key to Genera at Aristocystitidae
[~ncluding. o~ly genera that appear to he well founded; key
highly artifiCIal and not intended to indicate phylogenetic
relationships]

1. Theca very elongate conical, commonly
more than 30 em. high and attaining
height of 40 em.; provided with aboral
terminal tubercle and composed of about
2,000 small plates, some ornamented .. Calix

Theca not in form of very elongate cone,
seldom exceeding height of eight em.
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Aristocystites

2b Tremotocystis

Flc. 148. Aristocystitidae (p. 5252-5253, 5258).
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10 Boculocystites

Ie

Amphorocysti s

FIG. 149. Aristocystitidae (p. 5253-5254).

and most forms smaller; no aboral tuber
cle, theca composed of only a few hun-
dred plates, at most __ ... m ..... __ • __ ••••••••• 2

2. Adult theca composed of plates of two
drastically different sizes, large primary
plates and small intercalated secondary or
accessory plates .. __ .m m __ .. 3

Adult theca composed of subequal plates 4

3. Primary and secondary plates polygonal
................... __ .. __ Holoeystites

Primary plates oval, secondary plates
rounded or subpolygonal Amphoraeystis

4. Mouth sinuous, bordered on one side by
single large crescentic plate .. __ Cam pylostoma

Mouth not sinuous, more than one plate
on either side m............... 5

5. Theca shaped like flared cone or bell,
aboral part of theca exceptionally thick

...................... .. Pac!lyealix

Theca more or less O\'ate, theca not ex-
ceptiona��y thick __ __ hm•••• __ 6

6. Subepithecal channels connecting pores in
shape of horseshoe __ h .. m Hippoeystis

Subepithecal channels, if present, not shaped
like horseshoe h __ h __ h __ " 7

7. Normally two brachioles set at ends of
elongate mouth, or oral slit, three known
(?anomalous) ._. ... Aristoeystites

Normally four brachioles h __ hm•• __ ."""". 8

8. Thecal perforations large, not developed
as diplopores, some continuing from one
plate to another .. .__ " Pse/ldaristoeystis

Thecal perforations small, developed as
diplopores, very few if any continuing
from one plate to another ".h __.h." 9

9. Mouth narrow and elongate, with short
ambulacral grooves diverging from each
end; brachiole facets set as at corners of
oblong rectangle .m....."m."... " .. __ ... _ 5inoeystis

Mouth large and nearly square, with ambu
!acral grooves scarcely more than exten
sions of corners of mouth; brachiole
facets set as at corners of square Trematoeystis

Aristocystites BARRANDE, 1887, p. 95 [*A. bohemi
ellS; OD (=A.? grandisCtltll1>l BARRANDE, 1887, p.
109)] [=Aristoeystis BATHER, 1889, p. 259
(nom. van.)]. Theca ovate to subpyriform or
bulb-shaped, tapering aborally, base commonly
truncate and shaped according to object to which
attached. Young specimens may have possessed a
column, but all traces of such attachment are
absent in large forms. Thin epidermal layer,
seldom preserved, smooth. Inner layer, composed
of numerous polygonal plates, rather thin in oral
region and becoming much thicker aborally, very
thick at aboral pole; thickness also related to size
(probably age) of individual. Pores numerous on
most plates, shown on steinkerns as protuberances
formed by casts (fillings) of inner portions of
canals, on thick inner layer as openings connected
by grooves or channels in groups of 2 to 6
(commonly 2). Mouth or peristomial opening
elongate, more or less pointed at each end, set at
right angles to plane through periproct and
peris tome ; 2 brachiole facets normal, one specimen
known with 3. Gonopore a small round open
ing between periproct and mouth, much closer to
former. Hydropore an elongate slit near mouth
and subparallel to it, in left posterior region.
Periproct apparently filled by anal pyramid, hex
agonal. [Some question remains of the nature of
the pores. BATHER (12) stated, "The order
Amphoridea, however much it be dismembered,
still seems to find justification in the existence of
genera, such as Aristoeystis, which have neither
diplopores (so far as I can observe) nor epithecal
extensions of the subvective grooves...." On the
other hand, SUN (123) spoke of "double pores"
in Aristoeystites specimens from China. JAEKEL
(69, 71) referred the family to the Diploporita,
and other authors have followed his example.]
;1/.0rd., Eu.-Asia (China).--FIG. l-J8,l. *..1.
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bohemicus, Dd" Boh.; la-d, lat., 4 thecae, X I;
1e,f, lat. and part of aboral end of specimen, X I;
19, aboral end, en!'; lh, oral end, XI (3); li,j,

oral and lat., specimen with 3 brachiole facets, X I
(69). [See also Fig. 39.]

Amphoracystis HAECKEL, 1896, p. 52 [*Delllocyst-

FIG. 150. Aristocystitidae (p. 5254, 5256-5257).
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ites in'egularis BARRANDE, 1887, p. 147; aD].
Theca small, ovoid, tapering slightly at base.
Oral aperture elongate, probably produced (to
judge from published figures). Periproct rhombic.
Thecal plates of 2 types: large circular or oval
(probably primary) and small more nearly polyg
onal (secondary or accessory). Pores unknown.
M.Ord.(D,), Boh.--FIG. 149,2. *A. irregularis
(BARRANDE); 2a-e, 3 lat., X2 (3).

?Baculocystites BARRANDE, 1887, p. 118 [*B. sim
plex; aD]. Known only from fragment. Plates 3
to 4 mm. thick comprising conical base, externally
smooth. Steinkern with fillings or casts of pores
irregularly distributed and partly grouped, said to
resemble features of Codiaeystis more than Aristo
eystites. M.Ord.(D,), Boh. -- FIG. 149,1. *B.
simplex; la, fragment with thecal wall mostly
dissolved, X I; 1b,e, into mold and long. sec., enl.
(3) .

Calix ROUAULT, 1851, p. 358 [*C. sedgwieki; aD]
[=Doryeystites KLOUCEK, 1917, p. 3 (type, D.
p/lrkynei) (fide CHAUVEL, 1941, p. 82]. Theca
cylindrical to conical or carrot-shaped, very elon
gate, bearing aboral terminal tubercle, very large,
attaining height of 40 em., making it largest
known cystoid; theca composed of about 2,000
small plates in adult form, many with central
tubercle or prominence. Mouth elongate, with
brachiole facet at each end. Diplopores with sim
ple oval or slightly curved pits covered over by
epitheca, which seldom is preserved. CHAUVEL
(33) differentiated 3 stages of development in
type species: (I) aboral zone composed entirely of
primary plates bearing tubercles, (2) appearance
of secondary or supplementary plates between
tuberculiferous plates (single circle of secondary
between 2 circles of tuberculiferous primaries), and
(3) appearance of secondary tubercles on primary
plates, secondary plates, and possibly on plates of
oral zone. Top of theca comprising corona of 8 to
12 plates without diplopores. Anal pyramid with
6 triangular plates. M.Ord.-U.Ord., Eu.(Boh.-Fr.
Port.-Spain).--FIG. 143,1. *C. sedgwieki, M.
Ord., Fr.; la, section through peristome and
hydropore; 1b, internal mold of peristome; Ie,
diagram of oral region (34); 1d, reconstr., about
XO.2 (128). [See also Fig. 39,2.J

Campylostoma DREYFUSS, 1939, p. 118 [*C.
gran dis; aD]. Theca apparently oviform, to
judge from only specimen well preserved, with
short height, composed of very numerous plates
without orderly arrangement; plates thick, convex.
Pores single or in groups of 2 or 3, irregularly
distributed. Mouth or peristome sinuous, bordered
on one side by large, unique, crescent-shaped
plate and on other by 4 or 5 plates not convex
and 2 or 3 times as large as other plates of theca;
4 depressions near crescentic plate, of which one
may be gonopore and others probably are brach
iole facets. U.Ord., Fr.--FIG. 143,5; 150,1. *C.

grandis; 143,5, oral region; 150,1, oral, holotype,
XO.9 (39).

Hippocystis BATHER, 1919, p. 72 [*Aristoeystites
bohemicus S1tbeylindrietlS BARRANDE, 1887, p. 114;
aD]. Theca ovoid, composed of numerous polyg
onal plates, many of which are subhexagonal.
General organization like that of Aristocystites,
genus in which it was originally included. Diplo
pores distinctly defined as pairs of pores linked by
horseshoe-shaped grooves, as exposed on weath
ered surfaces of plates. Diplopores obscured or
covered in specimens in which smooth external
layer is preserved. [This genus presents the classic
example of diplopores.] M.Ord., Boh.--FIG.
151,2. *H. subeylindriea (BARRANDE), Dd,; 2a-d,
3 lat. and aboral, X I; 2e, aboral pole, enl.; 2t,g,
2 plates, somewhat weathered, enl. (3).

Holocystites HALL, 1864, p. 7 [*Caryoeystites cylin
driCtim HALL, 1861, p. 23; aD] [=Holoeystis
CARPFNTER, 1891, p. 47 (nom. van.) (non
LONSDALE, 1849); Megaeystites HALL, 1865, p.
380 (nom. subst. in en'Q1'e pro Holoeystites HALL,
1864, not preoccupied by Holoeystis LONSDALE,
1849); Megaeystis ANGELlN, 1878, p. 29 (nom.
,'an.)]. Theca elongate subovate, aborally taper
ing; plates arranged in more or less alternating
transverse or more or less alternating vertical
rows, polygonal, in some predominantly hexag
onal; large plates considered primary and small
ones secondary or accessory, intercalation of smaller
plates probably a feature of ontogeny, not a specific
character. Mouth terminal, periproct nearby in
oral part of theca, filled with anal pyramid of 5 or
6 triangular plates. [Difficulty in interpreting this
genus arises from preservation of the type and
related species as steinkerns, which reveal only
traces of diplopores as internal casts or fillings and
furnish no information on the brachioles, subepi
thecal connections of pores, ornamentation of
plates, etc. Some, possibly most, of the cystoids
ascribed to this genus by S. A. MILLER (85)
perhaps properly were separated as Trematoeystis
by JAEKEL (69), although he mentioned only T.
S1tbgloboSlts (MILLER), the type species, in particu
lar. In cystoids which he assigned to Holoeystites,
FOERSTE (49) reported forms with 4 and with 5
grooves from the oral opening, presumably lead
ing to brachiole facets.] U.O,·d.-M.Sil., Eu.
(Sweden)-N. Am.(Wis.-I1l.-Ind.-Ohio-Tenn.)-
FIG. 152,1a-e, H. alterna/tIS (HALL), M.Sil.(Racine
Dol.), Wis. (la-d), M.Sil.(Cedarville Dol.), Ohio
(l e); la, lat., plates classed as primary indicated
by letters A, B, C, D, in successive rings aborally,
XI (Foerste, 1917); 1b-d, lat., 3 thecae, XO.8;
Ie, lat., XO.8 (49).--FIG. 152,1t-h. H. green
villensis FOERSTE, M.Sil.(Cedarville Dol.), Ohio;
1f-h, lat., 3 thecae, X I (Foerste, 1917).--FIG.
152,li. H. gyrin/ls MILLER & GURLEY, M.Sil.
(Osgood Ls.), Ind.; oral region, XI (10).

?Lepidocalix TER'llER & TERMIER, 1950, p. 26 [*L.
p/llclmlm; aD). Theca known from plates, which
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show external perforation ending as pustule and 2
corresponding internal pores. Said by the authors
to resemble Calix and Padlycalix but with spine
bearing and imbricating plates. As reconstructed
its oral region resembles that of Calix or Sino
cystis, with adjacent anal pyramid, and pore be
tween them. [TERMIER & TERMIER (128)

thought the pustule or perforated tubercle was
articular, bearing a spine; if so, this would be
drastically different from other cystoids, more
nearly resembling a primitive echinoid.] M.Ord.,
Algiers.--FIG. 143,3. 'L. ptllchrtts; reconstr.
(128).

Pachycalix CHAUVEL, 1936, p. 3 ['Calix halli

Hippocystis

FIG. 151. Aristocystitidae (p. 5254, 5257-5258).
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Holocystites 1 i

FIG. 152. Aristocystitidae (p. 5254).

hydropore

ROUAULT, 1851, p. 358; OD]. Theca with shape
of flaring cone, devoid of tubercles, composed of
very thick plates (8 to 12 mm.). Pores of large
diameter (I to 2 mm.). some ramified in form of
Y, many sinuous, many in groups of 2 but not
necessarily in typical diplopore form; by some
authors referred to as haplopores. Between mouth
and periproct is hydropore. M.Ord., Eu.-N.Afr.
--FIG. 143,2. P. pachythecllS TERMIER &
TERMIER, Caradoc, Morocco; 2a,b, long, and
transv. sees. (reconstr.) (128). [See also Fig,
33,3.]

Pseudaristocystis Su!'<. 1936. p. 480 [.Aristocystis
dagon BATHER, 1906, p. 8; OD] [=Dagoncystis
CHAUYEL, 1941, p. 52 (obi.)]. Theca ovoid,
judged from incomplete holotype of only known
species to have been pear-shaped and to have
lived in prostrate position with narrower end
bent downward for attachment to sea floor.
Mouth elongate. surrounded by 7 plates with
longer axes radiating from center, edges of plates

beveled (presumably to accommodate peristomial
covering plates); at each end of oral opening
circumoral plates indented, forming facets for 2
brachioles; 4 facets arranged at corners of long
trapezoid, with those on anterior side farther
apart than those on posterior. Obscure opening
near mouth in posterior area thought to be hydro
pore. Periproct not preserved. Thecal plates ISO
to 200, irregularly arranged but tending to be
disposed in rows, plates at aboral constriction in 2
circlets; 2 or 3 rows of plates around circumorals
conspicuously smaller and quite irregular, con
sidered by BATHER (12) to represent region of
thecal growth; plates swollen, with rather rough
irregular surface, stout. Large pore canals pierce
plates of oral and aboral regions with irregular
courses more or less at right angles to general
surface, but in plates of side walls canals tend to
be directed toward sutures between plates, and
some pass across sutures although not disposed inw
rhombs; no differentiation of canals to form
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diplopores. [BATHER (12) regarded the pore
canals as an incipient stage leading tD pore
rhombs.] M.O,.d., Burma.--FIG. 150,2. ·P.
dagon (BATHER), Naungkangyi Beds; 2a,b, lat.
and aboral, XI; 2e, oral region, X2; 2d, weath
ered plates showing directions of pores, X 2 (12).
[See also Fig. 33,2.]

Sinocystis REED, 1917, p. 3 [·5.1oezyi; SD BATHER,
1918, p. 51] [=Ovoeystis REED, 1917, p. 7 (type,
O. manSllyi)]. Theca variable in shape, roughly
ovate pyriform, tapering tD base which may be
prolonged as short unspecialized stem, composed
of 100 to 600 irregular polygonal plates bearing
conspicuous diplopores, several to a plate. Peri-

stome elongate, with 2 short ambulacra diverging
from each end and terminating in large brachiole
facets; 4 brachioles, therefore, set at corners of
small oblong. Periproct in posterior region, about

. midway between peristome and periphery as
viewed orally. Gonopore situated left of peri
proct; hydropore a curved slit between gonopore
and peristDme. Covering plates of ambulacra and
peristome irregular, biserial. [In some species, the
crowding of diplopores is made possible by eleva
tions, called "turrets" by BATHER (12), each
containing a few diplopores.] M.O,.d., China.-
FIG. 15 1,1a-d. •S. loezyi, Shih-tien, la, lat., X I;
1b,e, 2 oral regions, X2, X2.5; id, periproctal

Sinocystis

FIG. 153. Aristocystitidae (p. 5257-5258).
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region, X3 (98).--FIG. 151,le; 153,le,l. S.
yunnanensis REED, Shih-tien; 151,le, weathered
plates, X5; 153,le, lat., crushed specimen, XI;
153,11, plates, X4 (98).--FIG. 153,la-d. S.
mansuyi (REED), Shih-tien; la, lat., XI; lb, oral,
young specimen, X2; Ie, oral region, X2.5; ld,
thecal plates, X 4 (98).

Trematocystis JAEKEL, 1899, p. 414 [*Holoeystites
subglobosus S. A. MILLER, 1889, p. 255; aD].
Theca subovate to subpyriform, tapering to rather
blunt or truncated base. Mouth large, bordered by
prominent rim, with corners leading to 4 brachiole
facets, spaced at corners of square. Periproct in
upper part of theca, near mouth. Subepithecal
multiple, twisted or winding channels connecting
diplopores. Pores small. Thecal plates apparently
subequal, although this may only be a feature of
youth in which accessory plates have not devel·
oped. [FOERSTE (49) predicted that Trematoeystis
would become eventually a junior synonym of
Holoeystites. Apparently, however, the mouth is
much larger, the theca less elongate, and the
plates more nearly equal in size.] M.Sil., E.C.
N.Am.--FIG. 148,2. *T. subglobosa (MILLER);
2a, lat., reconstr., X I; 2b, weathered surface, en!.
(69).

Superfamily ASTEROBLASTIDA
Bather, 1900

[nom. transl. KESLING, herein (ex Asteroblastidae BATHER,
1900, p. 80)] [=order Asterocystida JAEKEL, 1918, p. 100]

Diplopore-bearing cystoids in which
diplopores are restricted to interambulacral
areas. Theca pentremite-, bud-, or bullet
shaped, with strong pentameral symmetry.
Ambulacra five, straight, each bearing nu
merous brachioles, distally r(:sting on RR.
Specialized oral or deltoid plates, angular
and close-fitting around small mouth open
ing, plate in posterior interradius divided.
Column present. L.Ord., ?M.Ord.

Considerable interest has been stirred by
the fossils assigned to this superfamily be
cause of their resemblance in general form
to the blastoids. As early as 1874, SCHMIDT
(114) concluded that these Estonian cystoids
were transitional forms leading to the
blastoids. The lack of conclusive evidence,
however, is exemplified in the 1953 vol
ume of the Traite de Zoologie, in which
CUENOT placed Asteroblastus in his chap
ter on cystoids and BERGOUNIOUX included
it in his chapter on blastoids. WANNER
(1951) became convinced that if the eu
blastoids were at all descended from cyst
oids, only the Asteroblastidae satisfied the
prerequisites. It is worth consideration that

the author of the family Asteroblastidae
originally placed it in the Blastoidea; and
BASSLER (5) assigned these genera to the
Protoblastoidea. Unfortunately, much of
the morphology of these interesting pelma
tozoans is known only in gross aspect, and
especially the internal structures need addi
tional study.

Family ASTEROBLASTIDAE
Bather, 1900

[Asteroblastidae BATHER, 1900, p. 801 [=Asterocystidae
JAEKEL, 1918, p. 101 J

Theca pentremite or bud-shaped; ab
orally conically globose; orally with five
broad, flat, distally tapering, linguloid to
spatulate ambulacra sloping from small,
truncate oral area to join aboral half of
theca, interambulacral spaces being filled
with various plates. Column present, rather
thin. L.Ord., ?M.Ord.

Key to Genera of Asteroblastidae
1. In each interambulacrum diplopore-bearing

area composed of one large, sub-rhombic
suboral plate (so-called "subdeltoid");
four plates in vertical row in each inter
ambulacrum except that with periproct,
here called 0, suboral, L, and IL ..
...................................................... Asteroblastus

In each interambulacrum diplopore-bearing
area composed of several small plates, not
single large suboral plate ,... 2

2. On aboral side of theca, each interambu
lacrum (except that having periproct)
composed of IL and L, with few small ac-
cessory plates Asteroeystis

On aboral side of theca, each interambu
lacrum composed of small plates in four
to six rows Metasteroeystis

Asteroblastus EICHWALD, 1862, p. 62 [*A. stellatus
EICHWALD, 1862 (=*Protocrinites loveolatus EICH
WALD, 1860, p. 623; aD]. Theca composed of
relatively few definitely arranged plates com
parable with those in Rhombifera. BB 4,
small, 2 hexagonal, one on each side of posterior
interambulacrum, other 2 pentagonal, occurring
together on opposite side. Above circlet of BB is
circlet of 6 plates, distributed 2 in posterior inter
ambulacrum and I in each other interambu
lacrum, apparently representing 5 ILL and I anal,
or X; from latter, a series of polygonal plates
leads adorally to periproct. In addition, each
interambulacrum contains vertically elongate hex
agonal plate (L), subpentagonal plate bearing
numerous diplopores (suboral or pore-plate), and
crescentic elongate plate (0) bordering small
pentagonal mouth opening; plates in these LL,
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Asteroblostus

FIG. 154. Asteroblastidae (p. 5258-5259).

S259

pore
plate

suboral, and 00 series separated from those in
adjacent interambulacra by ambulacra and RR on
which their aboral ends rest. 01 plate in pos
terior region divided in 2 equal parts, periproct a
small circular opening below pore-plate. Ambu
laera 5, broad, petaloid, composed of horizontally
elongate, alternating, elevated plates starting from
distal points of 00, bearing brachioles in special
ized facets along their outer borders. Diplopores
concentrated in suboral plates, but a few may
occur in underlying LL. Column thin. [Consid
erable question relates to the type species. Proto
crinites foveolatus was founded by EICHWALD
(44) on a pore-bearing plate of an Asteroblastus.
Later (1862) he erected the genus Asteroblastus
with A. stellatus as the type species by monotypy.
JAEKEL (69) considered the 2 species synonymous.
BASSLER & MOODEY (7) classed the 2 as synony
mous but, for some reason, chose to recognize the
junior Asteroblastus stellatus. L.Ord., ?M.Ord.,
Eu.(USSR)- ?N.Afr.(Morocco).--FIG. 154,1a-f.
"A. foveolatus, L.Ord., USSR; Ia-c, oral, lat., and
aboral, s!. en!'; Id, pore-plate;Ie, 2 pore-plates and
ambulacrum; If, 2 diplopores, en!. (69).--FIG.

154,Ig. A. volborthi SCHMIDT; lat., reconstr.,
somewhat enL' (10).--FIG. 155,2. A. regularis
JAEKEL, Vaginatum Ls., USSR(Leningrad); 2a,
plate diagram; 2b, lat. [I-Vas used here by JAEKEL
for rays correspond to E,A,B,C,D, Carpenter sym
bols] (71). [See also Fig. 33,4.]

Asterocystis HAECKEL, 1896, p. 116 ["Asteroblastus
tuberculatus SCHMIDT, 1874, p. 33; aD]. Theca
with same basic organization as that in Astero
blastus, but with numerous small plates in place of
large suborals or pore-plates and with a few
accessory small plates inserted here and there
above second circlet of thecal plates (ILL). Most
diplopores in the adoral part of theca below 00,
all interambulacraL L.Ord., Eu.(USSR-Est.).-
FIG. 155,1. A. globttla JAEKEL, Est.; la, plate
diagram; Ib, aboral, X4 [I-Vas used here by
JAEKEL for rays correspond to E,A,B,C,D Carpenter
symbols] (71).

Metasterocystis JAEKEL, 1918, p. 101 ["M. micro
pelta; aD]. Theca with general shape like that of
Asteroblastus and Asterocystis, but with different
arrangement of plates. Several small plates instead
of large pore-plate in each suboral area; thus,
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JJl
B*

N
C*

IbII A*

e-onus

laterals *

basals *

radials *
Asteroblastus

infra laterals *

suborals (pore plates) *
ambulacral plates *

orals *

E* I

20

FIG. 155. Designations of plates and rays in Asteroblastidae, given by JAEKEL and identifications of them
(marked by asterisks) judged by KESLING to be appropriate (Kesling, n).

orally theca resembles that of Asteroeystis. On
aboral side, however, each interambulacrum com
posed of small plates in 4 to 6 rows or circlets.
L.Ord., Eu.(USSR).--FIG. 156,1. +M. micro
pelta, L.Ord.(Kunda,B.), Leningrad; inc!. lat., X2
(69).

Family MESOCYSTIDAE Bather, 1899
[Mesocystidae BATHER, 1899, p. 920J

Theca bullet-shaped, inflated, rounded
subpentagonal in cross section, its base in
dented at junction with thin column.
Ambulacra long, straight, extremely thin,

grooves and miniature brachiole facets dis
tinctly inscribed in substantial elevated
flooring plates crossing theca. RR very
small, interambulacral plates very numer
ous, small, covered with diplopores. L.Ord.
Mesocystis BATHER, 1899, p. 102 [nom. subst. pro

Mesites HOFFMAN, 1866, p. 2 (non SCHOENHERR,
1838; nee GEOFFREY, 1838; nee JENYNS, 1842;
nee LUDWIG, 1893)] [+Mesites pwirefskii HOFF
MAN, 1866, p. 4; aD (=Agelacrinus pusyrewskii
SCHMIDT, 1874, p. 34; Mesoeystis pusirefski
BATHER, 1900, p. 76; Mesoeystis pusirewskii
WANNER, 1933, p. 491; Mesoeystis pusireflskyi
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Metosterocystis

FIG. 156. Asteroblastidae (p. 5259-5260).

YAKOVLEV, 1937, p. 35)J. Theca with small oral
field atop globose adoral half, in which mouth is
surrounded by 5 interambulacrally placed cres-

ambulacral , ,-
" \ covering plates -':

flooring \\ \ .:,' brachiole
plate " '- _ u _ _ .'-r---

~
\ ... -'~fOOd-grOOVe

pore

\
ld

centic 00, with thin ambulacra radiating there
from. Thecal plates very thin and numerous,
flooring plates of ambulacra more substantial and
serving as struts to give rigidity to theca. [In the
type species, JAEKEL (69) distinguished approxi
mately 1,000 ambulacrals, 2,000 interambulacrals,
1,000 brachioles (each with 50 dorsal and 100
ventral platelets bordering the groove, a total of
150,000) and 10,000 small covering plates along
the ambulacral grooves. The tiny brachiole facets
are set on lateral platforms of the flooring plates, so
that the ambulacral edges are finely scalloped.J
Periproct lateral, with valvular pyramid. Diplo
pores restricted to interambulacral plates. Struc
tures in posterior oral (01) probably represent
hydropore and gonopore. L.Ord., Eu.(USSR).
--FIG. 157,1.·M. pusirefskii (HOFFMAN); la,
aboral, basal part, XI; lb, lat. (part reconstr.),
specimen lacking aboral end (this fig. copied and
used as basis for belief that base was flat), X 0.5;
Ie, oral region, en!. (69); ld, sec. through ambu
lacrum, en!. (10).

"ambulacrum

covering plates

/ ambulacral groove

brachiole
facet

lc

hydrapore

Mesocystis

FIG. 157. Mesocystidae (p. 5260-5261).
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PARACRINOIDS
By ROBERT V. KESLING

[Museum of Paleontology, University of Michigan]

INTRODUCTION

Paracrinoids are extinct pelmatozoan
echinoderms. Insofar as the paleontological
record is known, they developed suddenly,
flourished briefly, and became extinct, all in
the span of Middle Ordovician time. Be
cause the record is fragmentary, it seems
quite reasonable to suspect that the para
crinoids made their appearance before this
epoch, and that some lingered after it; at
any rate, paleontologists should not confine
their search to Middle Ordovician rocks in
looking for Paracrinoidea.

Although they are locally abundant, the
paracrinoids never achieved world-wide dis
tribution, nor did they evolve enough diver
sity of form to require complicated taxon
omy. As compared with other groups of
echinoderms, the paracrinoids are a small,
fairly homogeneous taxon. Needless to say,
they are not considered as guide fossils.

Paracrinoids bear morphological similari
ties to other pelmatozoans (Fig. l58)~ They
have a theca like that of the cystoids, pin
nuliferous arms like those of the crinoids,
and a column like that of the blastoids. At
least some forms have a hydropore and
gonopore like those of the cystoids. The
thecal pores extend from the interior into
the plates but terminate beneath the epi
theca; thus, they have the same general
plan as that present in the superfamily
Caryocystitida of the cystoids.

Yet distinct differences set the Paracrin
oidea apart as a class. They can be dis
tinguished from cystoids and eocrinoids
by the uniserial nature of their ambulacral
structures, as well as by the presence of
pinnules. They differ from crinoids in hav
ing the body covering arranged as a con
tinuous theca, not divided into a calyx and
a tegmen. They are separated from the
blastoids by irregularity of plate arrange
ment and by form of the pore system.
Therefore, a well-preserved specimen of the
paracrinoids can be identified as such with
out difficulty.

Diagnostic features of many paracrinoids,
however, are seriously affected by fossiliza
tion. In particular, the pinnules and arms
are lost from many specimens. Details of
hydropore, gonopore, anal pyramid, column,
and surface ornamentation may not be
preserved. Some of the genera are incom
pletely known.

Paracrinoids seem to have lived in much
the same manner as many of their con
temporary cystoid relatives. The animals
were anchored to holdfasts by a flexible col
umn. There is no conclusive evidence on
whether adults were immovably fixed at
one site, or whether they could release their
hold and perhaps drift to a more desirable
location. The paracrinoids possessed what
appears to have been an effective strainer
mechanism for gathering nutrition, con
sisting of pinnuliferous arms. Presumably
the supply of microscopic food was an im
portant, even limiting, ecological factor.

As with other classes of pelmatozoan
echinoderms, the paleoecology of the Para
crinoidea needs more data, the morphology
needs better-preserved specimens, and the
classification needs discoveries to fill the
gaps which we can reasonably infer be
tween known taxa. Knowledge of these
fossils has progressed slowly and sporadical
ly. Although species have been known for
more than a century, it was not until 1945
that the class was formally distinguished
by REGNELL (99). Much of the classifica
tion is the work of BILLINGS (18, 20).
Articles by FOERSTE (47, 49, 148) added to
understanding of morphology. From time
to time, other writers described a new
form or two, grouped genera into families,
or noted additional occurrences, but their
contributions were minor.

From this log of accomplishment, it is
obvious that new advances will be made
at such time, and only at such time, as
new finds of paracrinoids come to light.
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FIG. 158. Morphological features of Paracrinoidea illustrated by Amygdalocystites, all Middle Ordovician
from Ontario; 1, ·A. florealis BILLINGS; 2, A. tenllistriatw BILLINGS; 3, A. radiallIs BILLINGS; -I, A. lauis

W. R. BILLINGS.
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The treatment here must be considered as
a summary of current concepts, not as a

substantial addition to our understanding
of the class.

MORPHOLOGY

PORE STRUCTURES
No pore structure is visible externally on

any unweathered paracrinoid that has been
investigated. The epitheca is unperforated,
so that whatever pore structures are present
lie in the stereotheca.

Only in certain species of Comarocystites,
Amygdalocystites (Fig. 158), and Canado
cystis has a concerted study of pore struc
tures been made. This is unfortunate. In
the closely related Cystoidea, the nature of
pore structures is the basis for separation
of the two orders. Possibly, it may prove to
have greater taxonomic significance in the
Paracrinoidea when more observations have
been made.

COMAROCYSTITES

The thecal plates of this genus are so
unusual that BILLINGS (18-20) mentioned
the external features in early descriptions.
Each plate has a deep central concavity and
a raised border or margin. BILLINGS (20)
said:

In certain states of preservation the sutures are
marked by minute thickly set square or oblong
rough punctuations, which do not however appear
to penetrate through to the interior. . . . The
greater portion of the area of the plate is marked
with deep fissure-like striae at right angles to the
suture, and with thin erect lamellae or partitions
between them. These are sometimes crossed by
other lamellae parallel with the edges of the plates
the effect of which is to produce a pecularly rough
surface. Sometimes none of these are visible, and
the surfaces of the plates are then uniformly
smooth and solid. These variations are the results
both of weathering and of structure.

The inner surface of thecal plates was
studied in greater detail by FOERSTE (47).
The junction where three plates meet is
marked on the interior by a deep triangular
pit, so that the plates are very thin at the
corners. The stereotheca of each plate con
tains vertical laminae distributed in tri
angular areas, one area along each side;
the laminae are perpendicular to the side
(suture) and continuous with the laminae

of the adjacent plate (Fig. 159,1i). The
laminae thus are restricted to rhombic
areas, much like the pectinirhombs of cyst
oids, but covered over by epitheca. On each
plate, the areas of laminae are separated
by grooves, which taper as they radiate
from the center toward each of the corners
of the plate. The grooves and laminae pro
duce a stellate pattern on the inner face of
the theca.

Near the interface of the two layers, here
called epitheca and stereotheca, but desig
nated as epistereom and mesostereom by
FOERSTE (47), are paired pores. On a
weathered surface from which the epitheca
has been removed, each pore is expressed
as a lunate groove, with its concave side
facing the other pore of the pair. On un
weathered surfaces, the position of pores
may be marked by short lunate ridges. Each
pore extends down into the plate as a cir
cular to oblong tube leading to an inter
lamellar space; the two pores of a pair in
variably connect with different interlamellar
spaces, being separated by one lamella.
According to FOERSTE (47),

The right hand pore of one pair, however,
usually is connected with the same inter-lamellar
space as the left hand pore of the nearest adjacent
pair, proximally or distally, i.e., either nearer the
center of the thecal plate or nearer the suture line.
In this manner, three or four pores belonging to
different pairs may be connected to the same inter
lamellar space. . .. The pores penetrating the
outer continuous sheet of the mesostereom are
directed perpendicularly toward the suture lines be
tween the plates, but incline more or less obliquely
downward. They apparently widen in a direction
parallel to the inter-lamellar spaces in passing
through the outer sheet of the mesostereom, since,
in strongly weathered specimens showing the inter
lamellar spaces, the latter frequently appear inter
rupted by transverse partitions a short distance be
low the outer continuous sheet of the mesostereom.

In comparison with the pore system of
cystoids, therefore, Comarocystites may be
said to have an inner set of laminae like
the pectinirhombs of the Glyptocystitida,
an outer epitheca concealing the pore struc
ture like that of the Caryocystitida, paired
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pores like the Diploporita, an external ex
pression of subepithecal pores like the
Hemicosmitida. Such a combination of
characters is unknown in any other echino
derm.

AMYGDALOCYSTITES

The inner structure of plates in this
genus, as well as Comarocystites, was de
scribed by FOERsTE (47). The inner sur
face of each thecal plate is marked by
radial ridges, in some specimens sufli-

.....f()().~~.9.r9Py.~
......

20

Comarocystites

ciently developed to be called short plates
(Fig. 158,1h). One ridge extends to each
corner, and some paracrinoids have addi··
tional ridges to the mid-point of each side.
Certain specimens have pores along the
sutures, with half of each pore on one of
the adjacent plates. Possibly these pores
are covered over by epitheca in unweath
ered specimens. Either one pore occurs at
the middle of each side, or two pores are
on each side close to the radial ridges lead
ing to the corners.

Ii

FIG. 159. Morphological features of Paracrinoidea illustrated by Comarocysliles, all Middle Ordo\ician ot
Missouri; I, C. silt/mardi MEEK & WORTHH:; 2, C. obconiws MEEK & \VORTHE".
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CANADOCYSTIS

Despite the close resemblance of the theca
and arms of Canadocystis to those of Amyg
dalocystites, the former has no radiate ridges
or sutural pores on its thecal plates. Further,
Canadocystis lacks internal lamellae, such
as occur in Comarocystites. It apparently
had no pore structure in the thecal plates, at
least not in the preserved stereotheca.

The absence of any kind of pore structure
in a genus that otherwise seems related to
genera in which they are well developed
raises a serious question as to the function
and significance of such structures. We
have no answer at this time.

THECA
The thecae of paracrinoids do not vary

drastically. None are strongly compressed
and most are somewhat globular. The peri
proct is not far removed from the peristome
in any species. None are known to have
pores visible on the exterior. Hence, a cer
tain degree of homogeneity is present.

Thecae do exhibit variations in number
of plates, ornamentation, and relationship to
the arms. Malocystites may have as few as
30 thecal plates, and Billingsocystis as many
as 175. Comarocystites, unquestionably a
paracrinoid, has about 150 plates.

The ornamentation of plates can be
classed in three major types: 1) plates con
cave, 2) plates radially ridged, and 3) plates
with minor features of ornamentation. Con
cave plates occur in Comarocystites and Sin
clairocystis, the former with free arms and
the latter with attached arms. Radially
ridged plates, in which ribs or ridges extend
from the center to the corners of each plate,
are found in Amygdalocystites and Billings
ocystis; the former has attached arms and
the latter, insofar as indicated in the account
of BASSLER (6), seems to have had free arms.
Plates with smooth or slightly tuberculate
surfaces occur in Canadocystis and probably
in Malocystites and Schuchertocystis.

It appears from these data that arms
(brachioles) and ornamentation have little
correlation. If both kinds of arms occur
with each of the three kinds of ornamenta
tion of plates, then classification must be
determined by only one character-in the
Treatise and in previously adopted systems,

the nature of the arms was the selected
character.

In one group of paracrinoids, the arms
rise free from the region of the mouth, be
ing attached only by their proximal ends at
facets; in the other group, the arms are at
tached along one edge, in somewhat the
same manner as long ambulacra in certain
glyptocystitidan cystoids. The attachment of
plates of the ambulacral system to the thecal
plates involves both kinds of plates. The
integument which secreted one must have
joined and fused with the integument which
secreted the other. The arms that are recum
bent on the theca are firmly attached to
thecal plates. Insofar as reported in litera
ture, the character of the arms is constant
within a species and within a genus; no
species has been discovered with some speci
mens having free arms and some with at
tached arms.

AMBULACRAL SYSTEM
No paracrinoid has more than four arms

(brachioles) and none has pentameral sym
metry of any kind. The mouth is a rela
tively small circular or slightly elliptical
hole; it lies in the bottom of a trough which
could be regarded as a peristomial groove,
roofed over by biserial plates. The basic
structure common to all arms is this narrow
extension on opposite sides of the mouth.

The free arms rise near the end of the
peristomial groove. In all forms that have
been described, the groove divides at each
end into shon, equal, diverging ambulacral
grooves leading to the arms facets. In speci
mens which do not have the arms preserved,
the facets are seen to lie as two pairs, one
pair at each end of the elongate narrow
peristome. The symmetry in this group of
paracrinoids is more or less bilateral, with a
plane of symmetry along the center of the
peristome and also with a plane across the
middle of the peristome.

Paracrinoids with attached arms also pos
sess a long narrow peristome, and assume
their characteristic shape according to the
manner in which the arms grow onto the
theca from the ends of the peristome. In
Malocystites the arms branch several times.
In Canadocystis the two arms are about
equal in size and curvature. In Sinclairo-
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cystis the two are curved in the same direc
tion but with sharp differences in length
and degree of curvature. In Wellerocystis
one arm divides and the other curves
sharply around the periproct. In Amygdalo
cystites the arms are long and unbranched,
slightly curved, with the anus (periproct)
on the convex side of the nearer arm (Fig.
158,1f).

Except in Malocystites, which has nearly
straight branches of the arms, the attached
arms of paracrinoids are curved clockwise
as viewed orally. Thus, in Canadocystis the
whole of the attached part has the form of a
large letter S. In the almond-shaped Amyg
dalocystites, the curvature is less pronounced
and follows the slightly skewed edges of the
biconvex theca. In Sinclairocystis and Wel
lerocystis, one arm is short and curved
tightly in the oral region, whereas the other
(branched in W ellerocystis) is curved more
like an arm of Amygdalocystites and extends
farther aborally.

There is a tendency among paracrinoids,
much stronger than among cystoids, for the
periproct to lie opposite to the attachment of
the column and for the peristome to be off
set onto the side of the theca. This is partic
ularly well exemplified by numerous speci
mens of Canadocystis and Malocystites. No
evidence is seen that such asymmetry result
ing from the offset peristome-columnar axis
bears any relation to differences in the two
arms.

All arms are uniserial, whether attached
or free. Insofar as known, each brachial
gives rise to a uniserial pinnule. FOERSTE
(47) reported that some pinnules did not
bear extensions of the ambulacral system;
that is, some lacked a groove covered by tiny
plates. Pinnules are rarely found, especially
in a good state of preservation, so that no

general conclusion about the ambulacral ex
tent can be drawn.

In attached arms, the pinnules issue from
the convex side of the curve; thus, they join
onto the left side of the arm, as viewed
orally. Concerning paracrinoids with free
arms FOERSTE (47) stated, "Analogy with
Amygdalocystites and Canadocystites [sic l
suggests that the pinnules of all four arms
of Comarocystites were attached to the right
side of the arms, the aboral side of each arm
facing the observer, and the distal end being
directed upward."

The length of free arms was estimated to
be about half again the greatest diameter of
the theca in Comarocystites. The greatest
length of attached arms is about equal to the
height of the theca; the arms are curved, but
do not extend to the columnar facet.

HYDROPORE AND GONOPORE
The hydropore appears as a narrow, sinu

ous ridge with a slitlike opening along its
crest. It is located near the mouth, as in
Cystoidea. Nearby minute pits have been
reported in some specimens but not found
in others; the presence of a gonopore is not
established. Nor has a hydropore been ob
served in Amygdalocystites. Additional
specimens are needed to study these struc
tures.

COLUMN
The column observed by FOERSTE (47) in

Comarocystites shumardi seems to be com
plete, extending from the theca to a struc
ture interpreted as a holdfast. Unlike the
column in cystoids, this structure is of nearly
constant diameter throughout its length.
The columnals are very thin, alternating in
thickness.

GLOSSARY OF MORPHOLOGICAL TERMS APPLIED TO PARACRINOIDEA

Relative importance of terms is indicated
by the type in which they appear: first rank
by boldface capital letters, second rank by
boldface small letters, and third rank (in
cluding obsolete terms, terms having cross
reference, and synonyms) by italic small
letters.
abaetina!. See aboral.
aboral. Located away from mouth; used in a gen-

eral way to indicate position of column, although
mouth and column are not directly opposite in
most paracrinoids.

actina!. See oral.
adoral. Located toward mouth.
ambulacral. Referring to food-gathering system.
ambulacral covering plates. Small plates arranged

biserially and covering over ambulacral grooves
in arms and pinnules.

ambulacral groove. Groove through which food
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was conveyed from pinnules through arms to
mouth, a trough covered by movable ambulacral
covering plates.

ANAL PYRAMID. Valvular structure of triangular
plates in periproct, serving to close anus.

anterior. Located on side of theca opposite hydro
pore or gonopore, or both.

anus. Exit of alimentary canal or gut.
ARM. Main branch of ambulacral system, composed

of uniserial brachials and bearing pinnules; in
some paracrinoids arms are free, attached to
theca only at their proximal ends; but in others,
arms are attached, one edge being fastened to
thecal plates.

attached arm. Arm fastened to thecal plates by one
edge, with pinnules extending from opposite
edge; such arm lies on thecal surface much as
ambulacrum of a cystoid.

basal. Part of theca near base.
base. Aboral part of theca, that to which column

is attached.
BRACHIAL. One of uniserial plates in arm.
COLUMN. Stemlike structure attached to aboral

end of theca, used for anchorage of paracrinoid;
distal end in some modified into disc-shaped
holdfast.

columnal. Unit composing column.
columnar facet. Indentation in basal plates to ac

commodate proximal end of column.
covering plate. See ambulacral covering plate and

peristomial covering plate.
epistereom. See epitheca.
EPITHECA. Thin, nonporous layer on outside of

thecal plates.
exothecal. Outside of theca; secreted by integument

not secreting thecal plates, especially applied to
arms and pinnules.

food groove. See ambulacral groove.
free arm. Arm attached to theca only by its proximal

end.
genital pore. See gonopore.
GONOPORE. Small opening or aperture in pos

terior region, close to mouth, penetrating thecal
plates; presence of a gonopore has not been es
tablished in all paracrinoids.

holdfast. Disclike structure at distal end of column
in some paracrinoids, presumably for attachment;
no evidence on permanence of such attachment
has been offered.

HYDROPORE. Opening or openings through
thecal plates in posterior part of theca near
mouth; presence of a hydropore not established
for all paracrinoids.

integument. Supposed exterior layer of tissue in
paracrinoids which secreted thecal and other

plates, similar to layer known in living echi
noderms.

lamina. Vertical plate of stereotheca, developed in
some paracrinoids.

lateral. Located on side of theca.
madrepore. See hydropore.
mesostereom. See stereotheca.
MOUTH. Aperture at oral pole through which

food entered body from ambulacral system; small
circular opening in peristomial structure, lying in
bottom of trough-shaped ambulacral groove,
roofed over by covering plates.

oral. Associated with mouth.
oral pole. End of theca containing mouth.
ornamentation. Surficial features of thecal plates.
PERIPROCT. Major thecal opening containing

anal pyramid.
PERISTOME. Major structures associated with

mouth; used by FOERSTE (1916) to include the
"transverse apical food-groove," troughlike part
of ambulacral system extending on either side of
mouth and continuous with arms; peristome is
covered by peristomial covering plates.

peristomial covering plate. Any of small plates
covering mouth and continuous with ambulacral
covering plates of arms; peristomial covering
plates may have been immovable.

pinnular. Any uniserial plate composing pinnule.
PINNULE. Terminal structure of ambulacral sys

tem, attached to arm, composed of uniserial
pinnulars and biserial covering plates.

plate. Any calcareous secretion forming structural
unit in paracrinoid.

pore. Perforation in thecal plate but not reaching
exterior; pores present in some paracrinoids, not
in others.

posterior. Part of theca contallllllg hydropore;
sector of paracrinoid in which hydropore is
located.

recumbent. See attached arm.
skeleton. All carcareous parts of paracrinoid.
stem. See column.
STEREOTHECA. Inner layer of thecal plate, in

some composed of vertical laminae; stereotheca
houses all of pore structure presen t in para
crinoids.

subvective appendage. See arm.
subvective groove. See ambulacral groove.
suture. Contact between two plates; boundary line

marking junction of two plates.
THECA. Plated structure housing body of para

crinoid.
THECAL PLATE. One of skeletal units compris

ing theca.
water pore. See hydropore.

CLASSIFICATION

Taxonomy of the Paracrinoidea is not yet
satisfactory. The treatment of the class here

merely summarizes the classification that
has been developed to date.
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The paracrinoids that were described by
BILLINGS(l8) in 1854 later were simply as
signed by him to the "Cystideae" along with
such cystoids as Glyptocystites and Pleuro
cystites. For nearly half a century, the para
crinoids were not differentiated from other
pelmatozoans. Then BATHER (9) created
the families Comarocystitidae and Malo
cystitidae, which he placed in the order
Rhombifera of the class "Cystidea." He de
fined the two families as follows:

Fam. Comarocystidae. Thecal plates numerous,
indefinite, with strong radial structure of stereom,
but no pore-rhombs. Brachioles branched: colum
nals uniserial.

Fam. Malocystidae. Thecal plates numerous,
indefinite, radiately folded, no rhombs. Food
grooves on exothecal processes pass over theca and
bear brachioles.

It will be noted that the arms are called by
BATHER the "brachioles" in the Comarocyst
itidae and the "exothecal processes" in the
Malocystitidae. According to this classifica
tion, the two families have in common num
erous thecal plates of irregular arrangement
and both lack pore rhombs; they differ in
ambulacral arrangement.

In defining the Carpoidea, JAEKEL (70)
separated out one order, named Eustelea, to
contain the paracrinoids. He distinguished
those with attached arms as the suborder
Varicata and those with free arms as the
suborder Brachiata. This system is retained
here as the best that has been proposed
to date. In addition, JAEKEL (70) distin
guished the family Amygdalocystitidae,
which he differentiated from the Malocysti
tidae by the presence of unbranched arms.

FOERSTE (47) was the first to study inten
sively the morphology of paraerinoids. He
examined Comarocystites in particular, and
compared its pore structure with that of
Amygdalocystites and Canadocystis. De
spite his contributions to morphology,
FOERSTE offered little on taxonomy except
to state that Comarocystites and its allies, be
cause of their arm structure, were not nor
mal cystoids.

In 1918, in his revision of the classifica
tion of pelmatozoan echinoderms, JAEKEL
(71) assigned Malocystites to the questioned
order Deviata of the subclass Eocrinoidea of
the class Crinoidea. As related forms, he
mentioned Amygdalocystites and Comaro
cystites. Under the latter, he expressed

doubt about position, and suggested that
the uniserial condition of the ambu1acral
system, if established, might open possibili
ties of relationship to the "higher" Crinoidea,
rather than Eocrinoidea. Evidently JAEKEL
was unaware of FOERSTE'S work published
two years previously; this would not be sur
prising, for the time was during World War
I.

BASSLER (5) and BASSLER & MOODEY (7)
reverted to certain of BATHER'S (9-12) con
cepts of pelmatozoan classification. The
class Cystoidea was maintained as a greatly
expanded taxon. In the order Amphoridea
were placed the families Malocystitidae and
Comarocystitidae. Amygdalocystites was
relegated to the Malocystitidae. Hence, no
notice was taken of either JAEKEL'S (70)
separation of these forms from the cystoids
or his creation of the family Amygdalocysti
tidae. The taxonomy was not discussed in
the two publications.

REG NELL (99) introduced the class Para
crinoidea, to which he assigned with cer
tainty only Comarocystites, Amygdalocyst
ites, and Canadocystis, defining the new
class as follows:

A class of Pelmatozoa, the plate-system of which
is not affected by polymeric symmetry and shows
no differentiation into a calycinal and a tegminal
portion; the exothecal subvective skeletal append
ages a'e developed as uniserial brachia (free or
recumbent) bearing uniserial pinnulae; a sub
epithekal pore-system is present in typical forms.

BASSLER (6) described numerous pelma
tozoans, including paracrinoids. Unfortu
nately, his diagnoses tend to be cryptic and
his illustrations leave details to be desired.
Many of the characteristics described in the
fossils are insignificant and many diagnostic
features are omitted. Restudy is needed.

Characteristics of paracrinoid genera are
listed in Table 1, in which genera are listed
in order of geologic appearance. As shown
in figures in the Systematic Descriptions,
remarkable resemblances exist between the
thecal plates of Comarocystites and BASS
LER'S Sinclairocystis. They suggest that or
namentation (or external form) of thecal
plates may have suprageneric value. In
Table 2, therefore, genera are grouped ac
cording to plate ornamentation.

The classification adopted in the Treatise
is based on JAEKEL'S (71) concept of the
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importance of the manner in which arms are
attached. In Table 3, the grouping of gen
era follows the taxonomy and offers a simple

key for practical identification. It will
doubtless be modified when paracrinoids are
better understood.

TABLE 1. Characters of Paracrinoid Genera.

Shape of *No. Branch- Pore Plate
Genera Theca Plates Arms ing System Surface Age

Malocystites globular 30 attached both smooth Chazy.
Canadocystis globular 30 attached none none smooth Chazy.
Wellerocystis ovate 40 attached one ? smooth Blackriv.
Schuchertocystis ovate 35 free lamellae? smooth Blackriv.
Sinclairocystis globular 30 attached none ? concave Blackriv.
Comarocystites ovate 150 free lamellae concave Blackriv.

in rhombs
Amygdalocystites biconvex 90 attached none rad. ridges, ridged Trenton.

margo pores
Billingsocystis globular? 175 free ? ridged Trenton.

• Typical or average number of plates.

TABLE 2. Grouping of Paracrinoids According to Plate Ornamentation.

Concave; centers
smooth, the margins
elevated as flat
rims bearing quad
rate pits or punctae

Arms attached Sinclairocystis

Arms free Comarocystites

Convex; central boss
or umbo from which
ridges radiate to
the corners

Arms attached .

Arms free

Amygdalocystites

Billingsocystis

Convex; smooth,
papillose, or
tuberculate, no
radial elements

Arms free

Arms attached

Schuchertocystis*

Both arms branched Malocystites
One arm branched Wellerocystis
Neither arm branched Canadocystis

• Some doubt persists as to the original surface of thecal platesj holotype (only specimen known) may be weathered, to
judge from BASSLER'S (6) description and figures.

TABLE 3. Grouping of Paracrinoids According to Character of Arms.

Family
Malocystitidae:
arms branched

Both branched ...
One branched ..

Malocystites

Wellerocystis

Theca compressed Amygdalocystites
Order VARICATA:

arms attached Family
Amygdalocystitidae:
arms unbranched Theca

globular

Plates convex Canadocystis

Plates concave Sinclairocystis

Thecal plates few..................... Schuchertocystis

Order BRACHIATA,
Family Comaro
cystitidae: arms free Thecal plates

numerous
Plates concave ..
Plates radiate

Comarocystites
Billingsocystis
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Class PARACRINOIDEA Regnell,
1945

[Paracrinoidea REGNELL. 1945, p. 37] [=Eustelea JAEKEL,

1900, p. 673; Deviata JAEKEL, 1918, p. 27]

Calcareous plates encasing body constitut
ing a theca, not differentiated into dorsal
calyx and ventral tegmen; thecal plates
variable in number, irregularly arranged,
those of some species provided with pore
structures in inner layer; theca invariably
anchored by column of thin uniserial disc
shaped columnals. Ambul~cral sy~te~ ma.de
up of uniserial arms beanng unIsenal pm
nules. Arms may be free or attached on
thecal surface, not more than four arms
known in any species, although one or
more arms may branch; ambulaeral grooves
covered by tiny plates, may not extend to
ends of all pinnules. Hydropore present in
some forms, not found in others; gonopore
reported in some, not definitely established.
Many forms with periproct opposite colum
nar facet and peristome offset to one side;
periproct provided with anal pyramid. M.
Ord.

REGNELL (99) first set these echinoderms
apart as a distinct class, although the taxon
was essentially constructed by JAEKEL (70)
when he placed the genera in his order
Eustelea of the class Carpoidea. It seems
preferable to use the name proposed by
REGNELL.

The late erection of the class may be at
tributed to the poor state of knowledge con
cerning these pelmatozoans. Contrasts with
other groups were not sufficiently clear to
suggest that paracrinoids would be better
fitted into the taxonomic pattern as a new
class. Even now, essential information on
many genera is not available.

The paraerinoids differ from crinoids in
having a theca of irregular plates, from
cystoids in having uniserial appendages,
from blastoids in, lacking symmetry and
hydrospires, and from "carpoids" in having
a uniserial column and less strongly com
pressed theca. The taxon is not very well
known or understood. It suffers the disad
vantage of inheriting all the problem gen
era of pelmatozoans after the cystoids, blast
oids, crinoids, "carpoids," edrioasteroids, and
eocrinoids were removed. The array of

known forms emphasizes the paucity of the
record. The ancestors of the paracrinoids
are unknown, the diversity and evolution
ary trends are incompletely founded, and
morphology has not been studied at all in
most species. The taxonomic divisions pres
ented here are subject to revision whenever
and as soon as new, reliable information is
set forth.

Key to Orders and Families of
Paracrinoidea

1. Arms attached to thecal surface (Order
VARICATA) ".. 2

Arms free (Order BRACHIATA) ...
.m m m Family Comarocystitidae

2. Arms branched, spread out over theca
......." Family Malocystitidae

Arms unbranched, two simple curved rays,
together forming a sort of S ..

....... Family Amygdalocystitidae

The key stresses the fact that taxonomic
divisions adopted here are based on the na
ture of the arms. Of greater significance,
one would expect, is nature of the pore sys
tem. Unfortunately, this has not been stud
ied in the majority of paracrinoids. When
it is established, however, there can be little
doubt that it will provide a substantially
different taxonomic grouping of the genera.
Still other divisions could be made by con
sidering first the number of thecal plates; in
Amygdalocystites, some species have few
and other species have many plates, so that
the number does not seem to have much
taxonomic value, at least in this genus.

Order VARICATA Jaekel, 1900
[Varicata JAEKEL, 1900, p. 674]

Arms recumbent, attached to theca. M.
Ord.

Family MALOCYSTITIDAE Bather, 1899
[nom. corrut. BASSLER, 1938, p. 9 (pro Malocystidae BATHER,

1899, p. 920»)

Arms branched, spread out over theca.
M.Ord.

Key to Genera of Malocystitidae
Both arms branched, branches spreading over

theca without regular curvature .. Malocystites

Only one arm branched, with all branches
curved toward right; unbranched arm
coiled about periproct "m........... W ellaocystis
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Molocystites

ambulacro

FIG. 160. Varicata (Malocystitidae) (p. S278).

Malocystites BILLINGS, 1857, p. 302 [OM. murehi
soni; aD] [=Maloeystis CARPENTER, 1891, p. 27
(nom. van.)]. Theca globular, composed of about
30 irregularly distributed polygonal plates. Peri
stome consisting of transverse trough roofed by
small plates, from each end of which 2 recumbent
arms branch quickly, several long branches of
each extending over theca without discernible pat
tern of curvature, arms uniserial, but distribution
and nature of pinnules unknown; peristome not
directly opposite columnar attachment or facet in
known specimens; instead, peristome offset and
periproct more nearly diametrically opposite col
umn; thecal plates more or less smooth. [HUDSON
(1916) stated, "Most specimens of Maloeystites
when rolled on a table come to rest with the
food-collecting field uppermost."] M.Ord., N.Am.
(Que.-N.Y.).--FIG. 160,1. OM. murehisoni,
Aylmer F., Que.; Ia-e, 3 lat., aboral, and oral, X I
(Billings, 1858); 1/, inc!. oral, X I (70).

Wellerocystis FOERSTE, 1920, p. 36 [0 W. kimms
wiekensis; aD]. Theca ovoid, not compressed in
any way, composed of about 40 polygonal plates of
various sizes and shapes. Basals 3; other plates
tending to be disposed in oblique rows parallel to
direction of distal ends of arms; surface of plates
relatively smooth, without radiate folds. Arms 2,
one which remains undivided encircling peri
proct, other bifurcating almost immediately be
yond peristome, so that the genus may be con
veniently said to have 3 arms. In comparison with
Canadoeystis, this genus has added arm on left
side of that opposite periproct and it has periproct
on concave side of nearby arm instead of its
convex side. As in Amygdaloeystites and Canado
eystis, curvature of arms is clockwise in oral view,
and facets for pinnules are invariably on convex
side of curved ambulaeral grooves. Arm encircling
periproct has about 5 facets; on opposite arm, left
branch has about 10 and right branch about 8.
Pinnules not known. Mouth elongate in direction
of peristome connecting opposite arms, about 0.25
mm. wide and I mm. long in theca 20 mm. high.
Periproct diametrically opposed to columnar facet.
Hydropore and gonopore not known. M.Ord.,
USA (Mo.) .--FIG. 161,1. °W. kimmswiekensis;
Ia,b, lat. and oral, X I; Ie, plate diagram (148).

Family AMYGDALOCYSTITIDAE
Jaekel, 1900

[nom. corr~ct. KESLING, herein (pro Amygdalocystidae
JAEKEL, 1900, p. 675) l

Recumbent arms on theca unbranched.
M.Ord.

Key to Genera of Amygdalocystitidae
1. Theca almond-shaped, compressed; numer

ous (more than 80) plates in some spe
cies; thecal plates ornamented by central
boss or umbo from which ridges radiate
to corners Amygdaloeystites

Theca globular or slightly compressed,
never almond-shaped with angular edge;
plates few (seldom exceeding 50); plates
not radially ridged 2

2. Plates convex; the surface smooth, slightly
papillose, or tuberculate Canadoeystis

Plates concave; centers smooth, margins
adjacent to sutures elevated as flat rim
bearing quadrate pits or deep punctae
(not perforating full thickness of plate)
..... Sinclairoeystis

Amygdalocystites E. BILLINGS, 1854, p. 270 [OA.
florealis; aD] [=Amygdaloeystis CARPENTER,
1891, p. 27 (nom. van.); Ottawaeystites WILSON,
1946, p. 14 (type, Amygdaloeystites florealis laevis
W. R. BILLINGS, 1883)]. Theca almond-shaped
(hence generic name), compressed, with sharp
boundary or edge where 2 sides join. About 90
180 thecal plates, each ornamented by radial ridges
extending from center to each corner; on inner
surface also, plates bear radial ridges, one to each
corner and, in some specimens, another to middle
of each side. [FOERSTE (1916) reported that "in
some specimens pores exist along the sutures be
tween the plates, either a single pore at the
middle of each side, or two pores along each
side, close to the radial ridges extending to the
angles of the plate. Half of each pore occurs on
half of each of the adjoining plates." These pores
were probably originally concealed by epitheca.
The two arms extend more or less along the sharp
edges of the theca and are slightly curved clock
wise in oral view; therefore, the theca is not
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Wellerocystis

FIG. 16 I. Varicata (Malocystitidae) (p. S278).

S279

simply biconvex but is twisted or skewed by sev
eral degrees. From each of the uniserial arms,
uniserial pinnules are attached to facets on the
convex side. The ambulacral extension lies facing
the mouth on one of the narrower sides of the
compressed pinnule. The facets supporting the
pinnules are indented on the side where the branch
from the main ambulacral groove passed on the
base of the attached pinnule.] Periproct on convex
side of nearest arm. Hydropore and gonopore not
known. M.Ord., N.Am.(Ont.-Que.-Ky.).--FtG.
I58,Ia-h. °A. florealis, Hull Ls., Ont.; Ia,b, lat.,
theca and fragment with pinnules, X I (18);
Ie-e, 3 lat., X (20); If, theca with detail of
plate (left) and arm (right), s!. en!. (10); Ig,h,
theca, X I, and detail of plates, X 4 (141) .-
FIG. 158,2. A. tenuistriatus BILLINGS, Hull Ls.,
Can.(Ont.); 2a, lat., X I (18); 2b,c, 2 views of
arm, en!'; ld, thecal plate, en!. (20).--FIG. 158,
3. A. radiatlls BILLINGS, Hull Ls., Can.(Ont.); 3a,
lat., Xl (18); 3b, lat., Xl (20); 3c, detail of
plates, X4 (l41).--FIG. 158,4. A. laevis W. R.
BILLINGS, Hull Ls., Can.(Que); lat., X4 (141).

Canadocystis JAEKEL, 1900, p. 675 [OMalocystites
barrandi BILLINGS, 1858, p. 67 (=M. ba,.,.andei,
nom. correct. KESLING, herein); 00] [=Sigma
cystis HUDSON, 191 I, p. 254 (type, Malocystites
emmonsi HUDSON, 1905)]. Theca globose or ovoid
to subpyriform, basal part somewhat produced.
Theca composed of about 30 to 40 polygonal plates
of variable sizes, shapes, and arrangement, many
thecae containing a few small diamond or tri
angular plates, most other plates irregularly penta
gonal, hexagonal, or septagonal; basal plates 3, of
which 1 is conspicuously smaller than other 2;
theca variously ornamented by few scattered umbos

on larger plates with connecting ridges and by
granulations on all plates; large umbo between
periproct and base in C. emmonsi. Finer radiating
ridges may branch and cross sutures to form very
fine reticulations. Inner surface of thecal plates
relatively smooth, lacking pores or lamellae of
any kind. Mouth not directly opposite columnar
attachment; in C. emmonsi, periproct, opposite
column and mouth strongly offset to one side;
in C. barrandei, eccentric position of mouth not
as strongly emphasized. Peristome slightly ele
vated in C. barrandei, set upon neck in C. em
monsi. The 2 arms and peristome combined
forming an S, called by HUDSON (149) the
"sigma." Oral region of theca made up of 4 main
plates or orals: 2 small plates in posterior and
anterior positions (normally slightly offset clock
wise around mouth), and 2 large semicircular
plates filling each side of peristomial region, each
bearing one arm. Arms uniserial, plates decreasing
in size distally; each plate with its outer border
convex, so that arm has scalloped edge. From
each C-shaped ambulacral groove, short extensions
on outer side of curve lead to facets for attach
ment of pinnules, which are unknown. Periproct
rather small, set high on theca, bordered by 4 or
5 plates. Hydropore probably small roughened
mound at junction of 3 plates: small posterior
oral, large arm-supporting oral to right, and plate
of circlet of 6 supporting the orals (one which
curves aborally to the periproct). Gonopore re
ported to be small perforation through posterior
oral, not said or shown to lie along a suture, as
does the gonopore of cystoids. Column very small;
column of C. emmonsi, at least, bent rather
abruptly backward next to theca. [According to
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FIG. 162. Varicata (Amygdalocystitidae) (p. 5279, 5281).
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FIG. 163. Varicata (Amygdalocystitidae) (p. S279, S281).
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HUDSON (149), "The stem appears to have been
short and used perhaps as an anchor but not for
romplete support"; he also suggested that the
ancestors of these paracrinoids "were once sup
ported by the stem alone and had their arms in
a normal position, but that descendants with weak
stems often found themselves let down to the
ocean floor and had to make shift to live under
adverse conditions. Increased growth of the
posterior plates or decreased growth of the an
terior plates would have brought the arms again
uppermost and given rise to a form like that
shown here.") In proximal section of column,
lumen is round and about half diameter of col
umnals. Species of this genus are marked by
strong individual variations in plate arrangement,
number of plates, plate shapes, ornamentation,
and other features. M.Ord., N.Am.(Que.-N.Y.).
--FIG. 162,1. *C. barrandei (BILLINGS), Aylmer
F., Que.; 1a,b, oral diagram and vert. sec. (20).
--FIG. 162,2; 163,1. C. emmonsi (HUDSON),
Chazyan, N.Y.; 162,2a-e, 3 lat. and 2 oral, X 4
(149); I62,2f,g, 2 plate diagrams (149); 163,1,
plate diagram with dotted lines connecting ad
jacent edges (149).

Sinc1airocystis BASSLER, 1950, p. 276 [*S. prae
dicta; OD]. Theca irregularly ovoid, composed

of about 30 to 60 plates according to species, 3
basals and 4 plates bordering periproct in all speci
mens described; plates concave, with edges raised
in rim or margin which contains very numerous
rectangular deep pits (S. praedicta, S. angulata)
or fewer circular pits (S. sulphurensis), which
may not penetrate into "body cavity," as sug
gested by STRIMPLE (1952), but instead may
constitute well-developed ornamentation (evi
dently true for Comarocystites); interior of thecal
plates unknown. Two arms, both attached to
theca, differently developed, one arm passing
close along left side of periproct, looping clock
wise (as seen orally), and in some species ter
minating high on theca; other arm longer, nearly
vertical, extending in opposite direction from
first, and nearly or quite reaching column in some
species; each arm composed of relatively thick
brachials, with pinnule attached to each brachial.
Peristome not as strongly protuberant as arms,
more or less expressed as saddle. Hydropore ap
parently a small pustule set very close to peristome.
Gonopore unknown. Periproct filled by anal pyra
mid, set nearly diametrically opposite column.
[In S. sulphurensis, the anterior side has fewer
and much larger thecal plates than the posterior,
with only 2 or 3 plates between the basals and
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Sincloirocystis

FIG. 164. Varicata (Amygdalocystitidae) (p.S281
5282).

circumperiproctal plates]. M.Ol'd., USA(Okla.).
--FIG. 164,1. '5. pl'aedicta, Bromide F.; la,b,
side with hydropore and opposite side; lc, side
with anus showing partly exfoliated ann at right;
I d, side showing longer arm; I e, oral view show
ing arms and small hydropore; all X2 (Kesling,
n).--FIG. 165,1. S. slIlpllftl'ellSis STR"IPLE,
Bromide F.; la-d, lat. views, X4 (l52).--FIG.
165,2. S. allglllatflS STR"'PLE, Bromide F.; 2a-d,
lat. views, X2.5; 2e, oral view, X2.5 (152).

Order BRACHIATA Jaekel, 1900
[Brachia" JAEKEL, 1900, p. ZiG]

Arms free above their proximal attach
ment to theca. M.Ol'd.

Family COMAROCYSTITIDAE
Bather, 1899

[nom. currect. BASSLER, 1938, p. 9 (pro Com:lrocysridJe
BATJII'. 1899. p. 920)]

Characters of order. M.Ord.
At present the order Brachiata is undi

vided. Until the basis for paracrinoid classi
fication is more firmly decided, it is not ad
visable to introduce more families.

Key to Genera of Comal'ocystitidae
I. Thecal plates few (about 30 to 40)

m m m m Schllchel'tocystis

Thecal plates numerous (more than 70).... 2

2. Thecal plates deeply concave, their margins
punctate (at least in worn specimens) ..
..................... . .. ....... Comal'ocystites

Thecal plates highly irregular polygons,
with radiating ridges to corners ......
m ..m.......... . Billingsocystis

Comarocystites BILLINGS, 1854, p. 268 [·C. pllnc
tatlls; OD] [=Comarocystis CARPENTER, 1891,
p. 27 (110m. vall.)]. Theca obovate, some attain
ing length of 75 mm., composed of about ISO
plates (in type species) to about 65 (in C.
sIll/mardi); as many as 15 plates in the basal
circlet, number and shape of plates variable, only
those around peristome and periproct exhibiting
considerable degree of fixity in number, posi
tion, and general outline. [According to FOERSTE
(47), in the type species "certain tendencies may
bc observed even among these other thecal pbtes.
For instance, the plate directly below the middle
of the anal pyramid, but not in contact with the
latter, is pentagonal in form, and has its upper
angle inserted between the two plates forming
the lower border of the pyramid. Directly beneath
this pentagonal plate is a series of hexagonal
plates which, instead of forming a strictly vertical
row, are arranged along a line which curves
moderately toward the front on approaching the
base of the theca. Parallel to this series of plates,
on its anterior side, are similar series of hexa
gonal plates, causing the anterior side of the
theca to present the appearance of diagonally
intersecting rows, with the angles of the thecal
plates directed toward the top of the specimen.
On the posterior side of the theca, a similar
tendency toward the arrangement of plates in
rows causes one of the sides of the hexagonal
plates, rather than one of its angles, to face the
top of the specimen."] Plates bordering peristome
(in C. pIIl/ctatlls) include 2 on anterior side,
about equal in size, their common suture Located
about midway on side of peristome ano per
pendicular to it, right anterior plate more or less
obliquely hexagonal, ano left posterior plate
pcntagonal; posterior edge of peri, tome also bor
dered by 2 plates. that at right hexagonal, occupy
ing about 0.7 of border, much larger than small,
quadrangular plate at left, right pbte containing
part of the hydropore. Periproct bordered by 5
thecal pbtes, 2 on aboral ,ide, 2 lateral, and 1
inserted bctween periproct and nodular facets
for right pair of arms; plate on right side in
"ariabll' largest. Exterior surface of plates deepll'
COI1C}\,C. inner surface J110re or less stellately (on

Yex, (fOSS :.cctions perpenJicular to 111id-puints of
sutures shuwing that inner surface presents almost
straight line from center of one plate to center
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of next, but toward angles where 3 plates meet,
inner surface curves outward so strongly that
deep triangular pits mark these junctions on in
terior; epithecal layer of plates thin and non
porous; greater part of stereo theca forming ver
tical lamellae which are not radial but perpendi
cular to sutures, lamellae in each sector of given
plate being thus parallel and filling triangular
space; they are continuous with lamellae of ad
jacent plates, forming rhombs on interior of theca;
where epitheca is weathered away, short lunate
pores are revealed in outermost part of stereotheca,

extending parallel to epitheca and jmt beneath it,
expressed on weathered stereotheca as short lunate
grooves, of which concave sides of each pair face
each other; presence of these pores may be indi
cated on exterior of epitheca by short lunate
ridges; 3 or 4 series of pores may occur between
center and sides of plate, the pairs of different
series alternating in position, each lunate pore
connected near its distal end with circular pore
or tube leading to an interlamellar space; pores
of pair invariably connecting with different spaces,
being separated by one lamella, Peristome con·

2c

Sinclairocystis

FIG. 165, Varicata (Amygdalocystitidae) (p. 5281-5282).
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stituting
(FOERSTE,

a "transverse apical food-groove"
1916), covered by biserial covering

ld

plates meeting along center line to form acute
ridge. Mouth a small circular or oval opening

~
Ie ®

F1C. 166. Brachiata (Comarocystitidae) (1'.5282-5287).
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Ib
Comorocystites

FIG. 167. Brachiata (Comarocystitidae; two plate diagrams) (p.5282-5287).

in bottom of groove at middle of peristome, am
bulacral grooves at either side bifurcating in short
branches that extend to 2 pairs of arm facets, each
pair of facets constituting a single protuberance
at one end of peristome, bilobed, with ambulacral
groove rising from point of bifurcation onto the
facet. Arms 4, uniserial, tapering gradually, esti
mated to have been 1.5 times height of theca,
arm composed of at least 12 brachials, each of
which bears single pinnule on its left side (as
viewed orally); all brachials above first slightly
compressed from front to back, length of each
brachial about 1.5 times its lateral diameter.

Facets for pinnules concave, margins distinctly
raised, set slightly above middle of brachial.
Pinnules uniserial, some attaining length nearly
equal to half of theca height; pinnulars nearly
equal in size, all except initial 2 or 3 in each
pinnule strongly flattened transversely; covering
plates on pinnules small, quadrangular. [The
right posterior arm of one specimen exhibits an
ambulacral groove only on the proximal part of
the first brachial; not enough arms are preserved
to venture an opinion on whether this is normal
or abnormal.] No trace of ambulacral grooves
observed on pinnules, and no indentation in pinnu-
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lar facet to indicate its extension onto basal pin
nular. [This is not decisive on specimens studied;
a well-developed ambulacral system may have
extended onto the pinnules without conspicuous
grooves.] Periproct filled by anal pyramid of 5
or 6 triangular plates, which have general sub
globose form with flattened apex. Hydropore ex-

pressed as faint narrow groove apparently repre
senting aperture of thin slitlike stone canal,
located on crest of narrow, sinuous ridge extending
from center of larger posterior oral plate to center
of adjacent plate on its aboral right border, some
specimens with minute but distinct pit just beyond
left end of hydropore-bearing ridge, but since most

anal

side

10

anterior side

posterior side

axis of

food-graave

FIG. 168. Brachiata (Comarocystitidae) (p. S282-S287).
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Achrodocystites

FIG. 170. Class, Order, and Family Uncertain
(p.5288).

10

attached arms of paracrinoids are either preserved
or leave distinct marks on the thecal plates, it is
presumed here that the arms of this genus are
free.] Strong ridges radiating from center of each
thecal plate to its corners, number of rays in each
star thus formed equal to number of sides of
plate on which it occurs; inner surface of thecal
plates unknown. Periproct small, situated near
peristome. Column composed of thin columnals.
M.Ord., USA(Ky.).--FIG. 169,2. ·B. invaginata;
lat., X2 (6).

Schuchertocystis BASSLER, 1950, p. 274 [·S. radiata;
00]. Original description stated: "Theca resemb
ling a small Amygdalocystites but lacking re
cumbent arms. The base consists of three plates,
two on the antanal and one on the anal side.
Plate sutures crossed at right angles by long slits
in the mesostereom that shorten at their passage
through the hypostereom into elliptically elongate
pores." [The similarity to the theca of Amygdalo
cystites is difficult to envisage. Sc!ltlchertocystis
has only slight lateral compression of the theca
with exposure of a few coarse parallel grooves
perpendicular to each suture extending from one
plate til another, the arms appearing to have been
free. In contrast, Amygdalocystites has strong
lateral compression with a sharp edge between
the 2 halves; plates marked by radial ridges; and
arms attached. Each genus has about 30 thecal
plates. Sc!ltlchertocystis resembles Canadocystis
and some other paracrinoids in location of the
periproct, rather than peristome, nearly opposite
the columnal attachment. The main problem of
interpretation is the nature of the thecal plates.
If the deep sets of grooves are indeed in the
stereotheca, then all epitheca is destroyed and the
nature of the ornamentation cannot be determined.

Ib

SchuchertocystisBillingsocystis

specimens lack this structure, interpretation of it
as a gonopore is doubtful. The column shown by
complete specimen of type species 108 mm. long
(attached theca 65 mm. high) and about 5 mm. in
diameter near middle, base expanded to form
circular attachment disc or holdfast about 17 mm.
in diameter; columnals very thin, circular, with
lumen about 0.25 of diameter and with flat
surface radially striate; exterior of column orna
mented by minute granules arranged quincuncially
in diagonally intersecting rows. M.Ord., N.Am.
(Ont.-Mo.).--FIG. 159,1. C. s/ltlmardi MEEK
& WORTHEN, Kimmswick Ls., USA(Mo.); 1a-d,
4 lat. sl. incl., X I (47); 1e,j, lat. and aboral,
X I (151); 1g,h, weathered specimen and iso
lated plate, Xl (148); ii, weathered surface show
ing internal structures, enl. (47); 1j, plate dia
gram (47).--FIG. 159,2. C. obconicus MEEK &

WORTHEN, Kimmswick Ls., USA(Mo.); 2a,b, lat.
views, XI (l51).--FIG. 166,1; 167,1; 168,1.
·C. ptlnctatus, Hull Ls., Can.(Ont.); 166,la-c,
2 lat. and oral, XI (18); 166,1d-f, 2 lat. and
oral, X I (20); 166,lg-i, 2 plates and anal pyra
mid, enl. (20); 166,1 j, nearly complete specimen,
XO.8 (47); 166,1/(, incl. lat., X3 (47); 167,la,b,
2 plate diagrams (47); 168,1a, diagram of plates
in aboral region; 168,lb, thecal plate, X8; 168,
1c,d,2 lat., X2.4 and X3; 168,le, part of theca
with attached arms, X 2 (47).

Billingsocystis BASSLER, 1950, p. 274 [.B. invag
inata; 00]. Theca ovoid to oblong, base invag
inated, sides somewhat compressed in only speci
men described, composed of about 175 small
polygonal plates disposed in 8 or 9 irregular
circlets. Ambulacral system very imperfectly
known, described by BASSLER (1950) as: "Food
groove system confined to a single short, trans
verse, relatively deep, semilunate groove. No
branches of this groove and no facets for the
attachment of arms are present." [Inasmuch as

FIG. 169. Brachiata (Comarocystitidae) (p. S287
S288) .
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Plotycystites

FIG. 171. Class, Order, and Family Uncertain
(p. S288).

The illustratiDns show nothing of the "elliptically
elongate pores" mentioned by BASSLER.] M.Ord.,
USA (Tenn.).--FIG. 169,1. *S. radiata; la,b,
lat. and oral, X2 (6).

Order and Family UNCERTAIN
Achradocystites VON VOLBORTH, 1870, p. 9 [*A.
grcwingkii; OD] [=Acllradocystis HAECKEL,
1896, p. 56 (nom. van.)]. Theca composed of very
numerous small plates of various sizes, each
strongly marked by radial ridges to its rorners
anu (if one may creuit certain figures) by a
marginal rim; euges of plates scalloped, perhaps
by pores inwaru reaching along sutures, scallopeu
edges more apparent on inner surface than ex
terior. [VON VOLBORTH (1870) reported that on
the inner surface the plates lay with "tooth
against tooth," and "canal against canal," which
is interpreted to mean that there were pores
along the sutures.] Theca (as preserved) incom
plete, but apparently pear-shaped, with smaller
enu attached to column; periproct filled by anal
pyramid, composed of 7 triangular plates; peristome

unknown. Column round, conslstmg of numer
ous thin columnals, not much flared at junction
with theca. No traces of arms discerned in pre
served portion, indicating that perhaps arms were
free (inasmuch as some traces of attached arms
could be expected). U.Ord., Eu.(Est.).--FIG.
170,1. *A. grewingkii; 1a,b, lat. and anal, Xl;
lc-e, int., side, and ext., thecal plate, X4 (137).

Platycystites MILLER, 1889, p. 272 [*P. faberi;
OD] [=Platycystis BATHER, 1900, p. 51 (nom.
van.)]. Theca, if such it be, subpyriform, taper
ing to scar of attachment as for a column; form
somewhat compressed, compared originally to
a peach seeu with "a narrow rim on the border,"
specimen reported to be worn, with no traces of
openings; 3 plates adjoining attachment scar,
others large anu irregularly polygonal, each saiu
to be fillecl with minute pores. [The age of this
fossil is doubtful, since MILLER (1885) reported
that "it was receivecl by Charles Faber among a
lot of fossils from the Kaskaskia Group in the
southern part of .West Virginia, but as no cysti
cleans have ever been found above the Lower
Devonian, ancl as the specimen is WDrn as if it
hacl been c1riftecl, the probability is that it belongs
to the Silurian rocks." BATHER (1900) tentatively
classifiecl the specimen as "a worn Anomalocystid
of incleterminable affinities," but later (1913)
suggestecl that it coulcl be columnar appendage
of Rhipidocystis (L.Orcl.-M.Ord.). BASSLER &

MOODEY (1943), without question, recorcled P.
faberi as occurring in the Heiskell Shale, of
Chazyan(M.Orcl.) age. The curious lack of thecal
apenings in a completely platecl form suggests
that BATHER'S interpretation of it as a columnar
appenclage of some pelmatowan may be correct.]
?M.Ord., USA (Va.).--FIG. 171,1. *P. faberi;
lat., Xl (12).
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FIG. 172. Morphological teatures ot eonoblastOios
-oral (1) and D-ray (2) yiews of theca of 'Astro
cyst;tes offawaells;s, X 2 (reconstr.) (1). [Explana
lion: a, part of ambulacrum with cover plates re
Inoved, showing nl~Hginal rows of pores in floor
plates; b, oral plate; c. cm'er plates; d, deltoid;
e, ?hydropore: t, anal orifice; g, infradeltoid; h,

radial; ;. basal; i. column.]

All of the main plates, and to some ex
tent the infradeltoids also, are character
ized by relatively broad and deep infolds
which tend to cross plate sutures at right
angles (Fig. 172,174). They are somewhat
irregular and a majority have short
branched extensions laterally and ter
minally. Some of the infolds coincide with
sutures, running along them in part of their
course. These inflections of thecal stereom
are not associated with slits or pores lead
ing to the interior of the theca and seem

INTRODUCTION
Primitive attached echinoderms which

different authors have variously associated
with blastoids, cystoids, and edrioasteroids
now are considered to belong in a class of
their own, named Edrioblastoidea (FAY,
1962). The fossils occur in the Middle
Ordovician of Canada, and except for the
importance of their known morphological
features might be relegated to an incertae
sedis pigeonhole on the ground of extreme
rarity. Only two specimens have been col
lected and one of them subsequently has
been lost. The type specimen, which be
longs to the Geological Survey of Canada,
is well preserved and reasonably complete,
satisfactorily showing all essential external
features at least. The theca is modest in
size, measuring 21 mm. in height and 19
mm. in width. It displays regular penta
meral symmetry and a blastoid-like form,
with evenly conical aboral side and strongly
rounded oral side.

MORPHOLOGY
The theca is composed of 20 main plates

arranged in four circlets, from the stem
attachment upward consisting of five basals,
five radials, five deltoids, and five orals
(Fig. 172). Elements of each circlet alter
nate in position with those of adjoining
ones. In addition, numerous small plates
occur. These include variously shaped and
somewhat unevenly disposed infradeltoid
plates located interradially and a host of
regular, nearly even-sized ambulacral plates
in double rows within each ambulacrum.
The infradeltoids are interposed between
the radial limbs and deltoids, supplemented
on the anal side by many small plates (up
to 30) surrounding the anal orifice (Fig.
173,2). The ambulacral cover plates are
parallel-sided elongate ossicles which ex
tend obliquely in adoral inward direction
from outer margins of the subpetaloid am
bulacral tracts, those of opposed rows meet
ing in a zigzag line along the longitudinal
axis of the ambulacrum.

E
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FIG. 173. Morphological features of edrioblastoids
*Astrocystites ottawaensis.--l. Partial plate lay
out, X2.5 (based on HUDso"l, 4).--2. Plates sur
rounding anal orifice, xS (based on HCDsoC', 4).
--3. Part of ambulacral floor showing marginal
pores with depressions on plates extending toward

perradial groove, X20 (2).

to be entirely unrelated to the pore rhombs
of cystoids or hydrospires of blastoids. The
grooves provide a distinctive pattern of
surface ornament and may have served as
skin gills, but possible functions otherwise
are unknown.

The margins of each ambulacrum are
marked by evenly distributed, closely spaced
pores, a single row occurring along anyone
margin (Fig. 173,3). They are placed next
to outer edges of the ambulacral plates and
are not associated with any sign of brachio
lar facets. Accordingly, as stated confident
ly by BATHER (1900, p. 209; 1914, p. 202),
these echinoderms differed from biastoids
and cystoids in lacking brachioles, and
BATHER was first to point out morphologi
cal resemblance to edrioasteroids.

oral ~ /\ ~/oral,'\
'!- I. /Jr. "

,'\ L.-J,'\
deltoidr;::'\ ?hYdrOPo~re ! \

!A\~ Xdelj~Oid :

fI~~ 1 ~

~radial l

Class EDRIOBLASTOIDEA Fay,
1962

[Edrioblastoidea FAY, 1962, p. 201]

Theca blastoid-like in shape and sym
metry, composed of five mutually similar
basals, five radials, five deltoids, and five
orals, supplemented by a moderately large
number of small interradially disposed
plates called infradeltoids and around the
anal orifice numerous still smaller plates;
ambulacra subpetaloid, long, in that they
reach below mid-height of the theca, their
margins converging aborally and each bear
ing single row of close-spaced pores, elon
gate cover plates extending from margins
to mid-line of ambulacra, double rows of
these plates in each ambulacrum meeting in
zigzag line; inferred hydropore between
anal orifice and summit of theca. Main
thecal plates marked by pattern of relative
ly broad and deep grooves representing in
flections of stereom, not associated with
openings to interior of theca, Stem com
posed of small polygonal plates grouped to
form circular columnals. M.Ord.

The single known species placed in this
class is Astrocystites ottawaensis WHIT

EAVES (1897), from the Cobourg Lime
stone (Trentonian) in Ottawa, Ontario,
Canada. Although it was originally inter
preted as a cystoid, virtually none of the
attributes of this class, such as possession
of brachioles, perforation of thecal plates
by paired pores (as in the Diploporita) or
pore rhombs (as in the Rhombifera), and
prevailing lack of clearly marked penta
meral symmetry, is found in Astrocystites.

A hydropore appears to have been lo
cated either within the anal deltoid or in a
separate plate aborally placed next to its
adoral extremity (Fig. 172,2).

The surface of most thecal plates bears
closely spaced minute pore or pits that
seem not to penetrate far into the plates.
The pits may constitute features of orna
ment.

A stem is represented by columnaIs, each
of which is composed of five or more
curved polygonal small plates, together
forming a circular disc. Although only the
topmost part of this attachment stalk is
known, it tapers somewhat distally.

2
3pore proximal
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E

FIG. 174. Astrocystitidae CoAstrocystites otlawacl1sis) Cp. S2':!2).
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The superficial resemblance of the theca
to that of blastoids has been noted. Indeed,
HUDSON (1927, p. 97) and BASSLER (1936,
p. 23; 1938, p. 13) assigned the genus to
the Blastoidea. Taking account of the pres
ence of the numerous small plates (infra
deltoids) irregularly intercalated between
the radials and deltoids of Astrocystites,
closer similarity of the type form of the
edrioblastoids to that of the parablastoids
represented by Blastoidocrinus than to true
blastoids is seen. Both blastoids and para
blastoids have numerous brachioles arising
from margins of the ambulacra, however.
It is mainly on account of the lack of
brachioles in Astrocystites that this genus
was transferred by BATHER (1900) and
others (SPRINGER in ZITTEL, 1913, p. 160;
BASSLER & MOODEY, 1943, p. 8; CUENOT,
1948, p. 29; PIVETEAU, 1953, p. 655) to
the Edrioasteroidea.

It is possible that the Blastoidea descended
from the Edrioblastoidea, with the Fissi
culata and Spiraculata perhaps arising in
dependently as derivatives of the class, or
the Fissiculata alone, with the Spiraculata
developed later from fissiculate progenitors.
These suggested phylogenetic relationships
are speculative, but it is reasonable to pre
sume that the ambulacral pores of the edrio
blastoids differed in function from those of
the blastoids, in the former serving as
passageways for tube feet instead of inlets
for movement of water to the hydrospires,
as in the latter. With atrophy of the pos
tulated edrioblastoid tube feet, gaps would
be left between outer extremities of the
ambulacral cover plates (corresponding to
blastoid side plates). If thecal infolds along
ambulacral margins of the radial and delt
oid plates of edrioblastoids became aligned
with these margins, they may readily have
evolved to become hydrospires. The gaps
along the ambulacral margins would be
come hydrospire pores. The secretion of
stereom around the median ambulacral
canal to protect it could explain the origin
of lancet plates, which are a unique skeletal
element of the Blastoidea. The brachioles
of blastoids probably developed by the for
mation of tiny biserially arranged rows of
plates around fleshy food-gathering out
growths produced from edges of the am
bulacra.

Order PENTACYSTIDA Jaekel,
1918

[Pentacystida JAEKEL, 1918, p. 99]

Characters of class. M.Ord.

Family ASTROCYSTITIDAE Bassler,
1938

[Astrocystitidae BASSLER, 1938, p. 13] [=Steganoblastidae
BATHER, 1900, p. 209]

Characters of order. M.Ord.

Astrocystites WHlTEAVES, 1897, p. 287 ["A. otta
waensis; OD, M] [=Steganoblasttts WHITEAVES,

1898, p. 395]. Characters of family. M.Otd., N.
Am. (Can.).--FIG. 174,1-5. "A. ottawaensis,
Cobourg Ls., Ottawa, Ont.; 1-5, oral, aboral, D
ray, BC-interray, AB·interray views of holotype,
X3.3 (3).

[Publication of the n:troe Steganoblasttts by WHITE AVES as
replacement for Astrocyslites was suggested by BATHER

(1914, p. 193), who erroneously thought that AS!efOCystis
HAECKEL, 1896, is a senior homonym of Astrocystites. It
is not. Although the family name Steganoblastidae has
long priority over Astrocystitidae and has been used by
several authors, induding CUE-NOT (1948, p. 11, as Stegano
blastines) and PIVETEAU (1953, p. 655L it must yield to
the junior name, since the Code (1961, Art. Il,c) pro
vides that "A family-group name must, when first pub
lished, be based on the name then valid for a contained
genus...." Steganoblasttts does not qualify as a family
name-giver.]
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INTRODUCTION
Parablastoids are pelmatozoan echino

derms that were attached to the sea bottom
by a cylindrical stalk composed of thin
discoid columnals resembling those of many
blastoids and crinoids. The theca has a
general blastoid-like form, with strongly
developed pentameral symmetry and stellate
appearance in oral or aboral views. Only
two genera, each represented by a single
species, have been described. They consist
of a poorly known form which has not been
illustrated, reported from the upper part
of the Lower Ordovician of the Leningrad
region, USSR, and a comparatively well
known form from the lower part (Chaz
yan) of the Middle Ordovician of New
York and Quebec. Many specimens of the
American parablastoid, known as Blastoido
ainus, have been collected and they serve
to demonstrate the morphological distinct
ness of the group. The parablastoids are
judged to be not closely related to either
edrioblastoids or true blastoids.

MORPHOLOGY
The theca is composed of rather numer

ous plates, so arranged that the oral and
aboral portions are well differentiated. The
aboral (or dorsal) region is formed by three
or more circlets of plates, the lowermost of
which consists of small basals placed deeply
within the basal concavity and largely or
entirely concealed by the proximal stem
segment. Seemingly, they are five in num
ber. Next above the basals and alternating
with them are five moderately large radials,
which are narrow below and widen upward
to slightly beyond their mid-length and
then narrow to a point (Fig. 175,2). Plates
of the radial circlet are widely in contact
with each other all around. In line with
the radials are five pairs of elongate plates
named bibrachials with long perradial su
tures between them (Fig. 175,2,4,5). A
group of approximately 13 interbrachials,

arranged in one or more transverse rows,
occurs between each two pairs of bibrach
ials.

The oral (or ventral) side of the theca
is formed by numerous plates belonging
to the five radially placed subpetaloid am
bulacra and five large interradial plates
identified as deltoids (Fig. 175,1,4,5). No
lancet plate is present in an ambulacrum
but biserially alternating sets of adambula
crals support the food groove. Relatively
large cover plates alternate with the adam
bulacrals, occurring above them with 3
wing plates above the cover plates. Each
adambulacral plate bears a long brachiole
with biserially arranged tiny ossicles at
tached to its admedial side (Fig. 175,3).
The brachioles rise parallel to one another
packed closely together along sides of wing
plates in the middle of each ambulacrum.
They extend to the upper edge of the wing
plates. The oral opening is tightly covered
by a thick pentalobate apical plate, which
has a large crescentic orifice on the inner
surface of its anal side, perhaps opening
outward laterally but not upward at the
summit. The apical plate fits closely against
the distal wing plates of the five ambulacra
(Fig. 175,1,4,5).

Five large triangular deltoids are present
between the ambulacra. They are shallow
ly concave transversely and moderately
convex longitudinally along their mid-lines,
which slope upward rather steeply in con
vergent manner to their tips. Each deltoid
has many sets of parallel infolds, termed
cataspires. They extend to pores along the
ambulacral margins and reach aborally to
pores along the aboral margin of the deltoid.
The cataspires are not interconnected lateral
ly, but those joined to pores along the am
bulacral margins are seemingly connected to
the aborally directed set of cataspires, so
that water entering the ambulacral pores
could pass along cataspires to outlets along
the aboral margin of the deltoids. Evidently,
the cataspires were not outwardly open slits,
for they are covered by stereom which pro
duces small parallel ridges on the surface
of the deltoids.
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FIG. 175. Morphological features of parablastoids.--·Blastoidocrinus carchariaedens (all Fay, n).-
1,2. Oral and aboral view of theca, X 2.4.--3. Cross section of part of deltoid and ambulacrum

showing cataspires, XS.-4. D-ray view of theca, X2.4.--5. Partial layout of plates, X2.4.

Class PARABLASTOIDEA Hudson,
1907

[Parablastoidea HUDSON, 1907, p. 97]

Stem-bearing pelmatozoan echinoderms
with blastoid-like theca formed by three or
more circlets of plates on aboral side, and
by ambulacral wing plates and biserial cover

plates covering numerous adambulacrals
along nve radii, apical plate at summit, and
nve large triangular deltoids; radial plates
surmounted by pairs of bibrachials; rows
of small interradials between bibrachial
pairs; adambulacrals bearing parallel rows
of moderately elongate biserial brachioles;
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pores along ambulacral margins connected
with cataspire infolds of deltoids, which
include aborally directed sets joined to pores

on aboral margins of each deltoid. Stem
composed of discoid columnals. L.Ord.
M.Ord.

FIG. 176. Blastocystidae (OBlastoidocrinus carchariaedens) (p. 5296).
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Family BLASTOCYSTIDAE Jaekel,
1918

[Blastecy'tidae JAEKEL, 1918, p. 107]

Characters of class. L.Ord.-M.Ord.
Blastocystis JAEKEL, 1918, p. 107 [*B. rossica; OD,
M]. Large interradials below triangular deltoids.
[Not figured or weIl understood. Type specimen
probably lost. Even so, valid name-giver for fam
ily.] Up.L.Ord. (Kunda Formation, B3), near
Leningrad, USSR.

Blastoidocrinus BILLINGS, 1859, p. 18 [*B. car
chariaedens; OD, M]. Characters of class; pentam
erous symmetry strongly defined; theca com_
posed of approximately 90 somewhat regularly
arranged plates. [Seemingly unlike Blastocystis
in having rows of smaIl interradials. The best
available description of the genus is that pub
lished by HUDSON (1907).] Low.M.Ord.(Chazy.),
N. Am. (Que.-N.Y.).--FIG. 176,1-5. *B. car
chariaedens, USA(N.Y.); 1,2,4,5, oral, aboral, B
ray, D-ray views of typical specimen, X2.2 (2);
3, DE-interray view of same specimen, X3 (2).
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INTRODUCTION

By ROBERT O. FAY

Blastoids are moderately small stemmed
echinoderms having a calyx that mostly
measures less than 25 mm. in diameter or
height. They are restricted to marine Paleo
zoic rocks ranging from Silurian to Per
mian, attaining greatest abundance and
variety in Lower Carboniferous (Mississip
pian) deposits.

The stem which attached blastoids to the
sea bottom is rarely preserved in position
joined to the theca, but a sufficient number
of specimens makes clear that it was very
slender and comparatively short, with prob
able maximum length amounting to little
more than 25 cm. It was composed of thin
discoid ossicles (Fig. 177).

The main part of the animal, at the top
of the stem, consisted of a globular to pyri
form body armored by regularly arranged
calcareous plates (calyx or theca). This
relatively thin-plated theca enclosed the
viscera, of unknown nature, and along the
borders of five linear or petaloid tracts
termed ambulacra, disposed in regular radial
positions extending downward from the
summit of the theca, very numerous thread
like armlets (brachioles) projected upward
as food-gathering appendages. The whole
structure borne by the stem was a fringed
budlike form termed anthus (Greek, blos
som) or crown (Fig. 177).

The mouth of blastoids is centrally located
at the summit of the theca and median
grooves in each ambulacrum connect with
it, for they were the main passageways on
the surface of the theca for transportation
of food particles brought to them by the
brachioles by way of lateral grooves on the
ambulacra (Fig. 178). The outlet of the
digestive system is an orifice on the pos
terior side of the theca known as the anus,
or it may be located in the summit area as
part of the vent termed anispiracle (Fig.
178,1). It is invariably interambulacral in
position and located not far below the
mouth. Other openings in the theca are
rounded or slitlike vents which functioned
as outlets (spiracles, hydrospire slits) of the
respiratory system and with these belong
numerous diminutive openings (hydrospire
pores) which served as water inlets. The

hydrospires are internal thin-walled folds
of calcareous tissue which are characteristic
of the blastoids and which are described
in some detail in the section on Morphology.
Possibly the hydrospire structures served re
productive functions, as well as respiration.

As a rule, the theca of blastoids is com
posed of 18 to 21 main plates and myriad
diminutive ones. The main plates are regu
larly arranged in definite cycles or circlets,
in upward succession from the stem con
sisting of (1) basals, (2) radials, (3) lancets

head
lanthus)

stem
<Column)

FIG. 177. Reconstruction of entire blastoid (Oropho
crznus, Miss., N.Am.), showing principal parts

(Bather).
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deltoid

2

summit

ambulacrum radial

3D

A

azygous basal (AB)

)(
(
(

FIG. 178. Calyx of typical blastoid, Pentremites symmetricus HALL, U.Miss.(Chesteran), USA(IlI.), show
ing externally visible parts of theca, X4.5 (drawings by Roger B. Williams; Beaver, n).--l. Summit
(oral) view, mouth opening at center surrounded by 4 spiracles (relativelv small rounded orifices in
interambulacral position) and large anispiracle in posterior interambulacrum (below mouth), also show.
ing petaloid ambulacra (A at top, followed in clockwise direction by B, C, D, and E ambulacra) deltoid
plates next to summit between ambulacra.--2. Lateral view of calyx from the anterior (A-ray) side,
especially showing deeply sulcate form of radial plates embracing aboral parts of ambulacra.--3. Basal
(aboral) view showing the stem impression borne by the basal circlet consisting of 2 large (zygous) plates

and 1 small (azygous) plate.
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and (4) deltoids. Plates in position of the
five ambulacra and radials are defined as
radial and plates in position alternating
with them as interradial. The basal plates
of blastoids are classed as interradial ele
ments because the sutures between them
all coincide with mid-lines of contiguous
radial plates. The blastoid basal circlet
contains only three plates, however, a small
one (termed azygous) in obvious inter
radial position, and two large ones (zygous
basals) which occur directly below two of
the radials because each represents the fused
product of two interradial elements (Fig.
178,2,3). The radial plates are more or less
elongate U- or V-shaped skeletal elements
which enclose the ambulacra between their
lateral extension, known as limbs. Inter
radially disposed plates at or near the sum
mit of the theca are rhomboid to subtri
angular (delta-shaped) elements termed
deltoids. The lancets are elongate spear
shaped plates inserted between the deltoids
and hence radial in position; actually they
extend aborally well beyond the aboral
limits of the deltoids, occupying most of
the spaces ( sinuses) between the radial
limbs and underlying very numerous small
plates of the ambulacra. These latter con
sist of so-called side plates and outer side
plates. The brachioles are attached to these
plates.

Deltoid plates on the posterior side of the
theca are collectively designated as anal
deltoids. They include special types which
are differently named, as described subse
quently.

Each plate of the blastoid theca consists
of crystalline calcite having its own optical
orientation. The plates expand laterally
and in thickness during growth from juve
nile to adult stages.

Blastoids commonly occur in limestones,
calcareous shales, and in some light-colored

clayey shales; they are rarely found in black
shales and are virtually unknown in sand
stones. Some Mississippian (especially
Chesteran) shaly limestones are locally so
crowded with specimens of Pentremites that
these strata became known to early geolo
gists as the Pentremital Beds. Blastoids are
also very abundant in parts of the Permian
in Timor (East Indies). The known strati
graphic range of the class is Silurian to
Permian, with maximum dispersion in Dev
onian, Lower Carboniferous (Mississip
pian), and locally in Permian deposits. They
have been reported from all continents ex
cept Antarctica, but largest collections have
been made in North America, Europe, and
the island of Timor.

Approximately 78 presently distinguished
genera and 350 described species of blastoids
are grouped in 12 families, of which five
are placed in the order Fissiculata and seven
in the order Spiraculata.

The origin of the class Blastoidea is un
known. In some morphological features
striking resemblance between blastoids and
various rhombiferan cystoids is discernible,
but this has not been acceptably demon
strated to have genetic significance. In my
opinion, the Middle Ordovician Edrioblast
oidea possess characters which are judged
most likely to belong to ancestors of the
blastoids, even though only a single edrio
blastoid genus now is known.

A blastoid consists primarily of two con
nected parts, a stem (column) which was
anchored to the sea bottom by branching
rootlets, and a "head" (anthus) composed of
a central budlike body and numerous at
tached armlets termed brachioles (Fig. 177).
The budlike body is covered by skeletal
plates, collectively forming the theca
(calyx), and internally there are thin-walled
folded structures, named hydrospires.

MORPHOLOGY

By HAROLD H. BEAVER
[Esso Production Research Company]

COLUMN
Although the stem attachment of a blast

oid, known as the column, was first de
scribed approximately 140 years ago (SAY,

1820), little has been added subsequently to
our knowledge of this structure. Virtually
all skeletal parts of blastoids are more com
monly preserved than the stem, at least in
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its attached position to the theca. Most un
attached segments of blastoid stems have
not yet been discriminated definitely from
columnal fragments of crinoids and cystoids.
According to ETHERIDGE & CARPENTER
(1886, p. 9), the column of a specimen of
Pentremites in the collections of W ACH
SMUTH ends below in a branching root. The
column measures 5 to 8 inches in length.
GALLOWAY & KASKA (1957, p. 8) have re
ported a length of 1 to 3 inches for length
of the column in Pentremites. All available
information indicates that the stems of blast
aids generally were quite short, much
shorter than most crinoid columns, although
seemingly similar in structure and appear
ance. At present no trustworthy criteria for
distinction of discrete segments of blastoid
and crinoid columns other than absence of
nodal and internodal columnals and absence
of cirri in blastoids have been reported.
Further, no blastoid stems with pentagonal,
elliptical, or crescentic transverse section are
known, whereas these are found in some
crinoid genera.

The stems of blastoids consist of many
small circular segments called columnaIs,
each with a tiny round central opening
(lumen) which is inferred to have func
tioned as a neurovascular canal. This axial
canal opened into the central cavity of the
theca. The margins of top and bottom sur
faces of each columnal have alternating fine
ridges (culmina) and grooves (crenellae)
which interlock with similar markings on
adjoining columnals, so that a moderately
firm articulation results. With exception of
a specimen of Pentremites conoideus in the
collection of GALLOWAY & KASKA (1957, pI.
13, fig. 8) which has small spines on the
exterior of the column, nothing is known
of columnal ornamentation. Some blastoid
genera (e.g., Astrocrinus, Eleutherocrinus,
N otoblastus) seem to have lacked a column,
at least in the adult stage (ETHERIDGE &
CARPENTER, 1886, p. 9; FAY, 1961, p. 9). A
distinct stem facet is seen in adult specimens
of Timoroblastus.

CALYX
The term calyx (Greek, bud of flower)

is an appropriate designation for the bud
shaped skeletal structure borne at top of
the stem (column) of the echinoderms

known as blastoids (Greek, blastos, bud).
It comprises the complete head (anthus)
of these echinoderms, minus the threadlike
brachiolar appendages borne by the ambula
era (Fig. 177). This portion of the hard
parts is also properly named theca (in Greek
signifying sheath or case). The principal
plates of the calyx (theca) are basals, radials.
deltoids, and those of the ambulacra (Fig.
178). The basals compose the lower por
tion of the calyx and articulate with the
stem. Overlying and alternating or in
series with the basals are radials, each of
which is partially divided by a sinus for
reception of the aboral portion of an am
bulacrum. Above the radials and alter
nating with them are interambulacral plates
designated as deltoids.

SHAPE AND SIZE

Blastoids exhibit many variations in shape
of the calyx. These differences are seen
in genera from all geologic systems in which
blastoids occur, but are most pronounced in
forms of Permian age. Representatives of
the various genera can be separated into
four broad groups (Fig. 179).

Group 1, characterized by a pyriform
outline. includes both spiraculate and fissi
culate blastoids (defined later). The typical
form (e.g., Pleuroschisma, Fig. 179,4) has
ambulacra that nearly equal half the height
of the theca. At one extreme are steeply
conical types with short ambulacra largely
confined to the summit (e.g., Ceratoblastus,
Fig. 179,8), whereas the other extreme is
marked by genera with expanded summits
and relatively long ambulacra (e.g., Oropho
crinus, Fig. 179,1).

Group 2 is distinguished by blastoids
having a globose shape. Two subgroups
are readily recognized, the first having short
ambulacra confined to the summit (Para
codaster, Agmoblastus, Fig. 179,9,10), and
the second with ambulacra nearly equal in
length to height of the theca (Poroblastus,
NymphaeoblaJtuJ, GranatocrinuJ, Aulo
blaJtuJ, Fig. 179,11-14). Studies of many
specimens of GloboblastuJ, a globose type
belonging to the second subgroup, show
that individuals commonly change shape
with age. Young specimens are generally
elongate globose, whereas old ones are de
pressed globose.
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FIG. 179. Shapes of blastoid calyces, shown in lateral views. Groupings are not inferred to delineate phylo
genetic assemblages (drawings from Fay, n).
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Group 3 includes types which in adult
growth stages are elongate globose (e.g.,
Eleutherocrinus, Nucleocrinus, Placoblastus,
Heteroblastus, Fig. 179,15-18) or are highly
irregular in shape but have height and
width of the calyx nearly equal (e.g.,
Timoroblastus, Fig. 179,19). Some genera
have pointed protruding deltoid tips (e.g.,
Heteroblastus) , whereas others may have
projecting radials and deltoids (e.g., Timor
oblastus).

Group 4 is composed of vase-shaped
blastoids (e.g., N annoblastus, Diptero
blastus, Fig. 179,20,21) and similar genera
with extended radials and accompanying
long ambulacra (e.g., Pterotoblastus, Thau
matoblastus, Fig. 179,22,23).

Variations in shape commonly are sig
nificant at specific levels and, in conjunc
tion with other morphological features such
as patterns of the hydrospires, may aid in
determining phylogenetic trends. Detailed
examinations of species belonging to Pentre
mites have established phylogenetic lineages
within this genus (Fig. 180). The oldest
known representative, P. elongatus (Fig.
180,A) of Osagian age, is elongate globose,
with an essentially flat base and ambulacra
nearly equal to height of the theca. It is
succeeded in the Meramecian by P. con
oideus (Fig. 180,B) with similar character
istics. In the later Meramecian, however,
two types diverged from P. conoideus, one
characterized by a nearly flat base (Fig. 180,
D,F,H,l,K,L) and the other by a pyriform
or inverted-pear shape (Fig. 180, C,E,C,J).
Offshoots of the flat-based group, mainly
species closely related to P. sulcatus (Fig.
180,1), developed in the middle and late

Chesteran. Thecal vanatlons include a
marked increase in size (up to twice or
more common pentremite size), the devel
opment of protruding deltoids, nodose
thecal exteriors, or serrated ambulacral rims.

Blastoid calyces differ greatly in thecal
length from one genus to another and also
may show considerable variation within a
given genus. In addition, no consistent
change in size of calyx is apparent in blast
oids as a class from their earliest occurrence
in the Silurian to their last-known appear
ance in the Permian.

Specimens of Placoblastus obovatus, some
species of Pentremites (e.g., P. sulcatus, P.
obesus, P. maccalliei) , and Tricoelocrinus
woodmani are representative of very large
blastoid species, commonly having a height
of 2 inches or more. Seemingly adult speci
mens of Diploblastus glaber, Mesoblastus
crenulatus, Monadoblastus granulosus, and
a few species of Pentremites (e.g., P. prince
tonensis, P. pulchellus) are typically small
blastoids, generally having a height of about
0.25 inch.

Silurian genera (e.g., Troosticrinus, Poly
deltoideus, Decaschisma) commonly are
represented by specimens having a height
slightly less than one inch. Devonian genera
exhibit greater range in height, some forms
being very large (e.g., Placoblastus), where
as representatives of other genera are rela
tively small (e.g., H eteroschisma). Missis
sippian blastoids vary greatly in size, some
being very small (e.g., Diploblastus, Meso
blastus), others intermediate (e.g., Clobo
blastus, Schizoblastus, Orbitremites, Codas
ter), and a few very large (e.g., Tricoelo
crinus, some species of Pentremites). Penn-

[See pages 5304-5305]
FIG. 180. Calyx shape correlated with accompanying structural modifications, including character of in
ternal features, in succession of Mississippian blastoids belonging to the genus Pe12tremites, interpreted to
show phylogenetic trends. Letters refer to photographs (X I) and drawings based on thin sections on
opposite page (position of section indicated by pairs of arrows).--A. P. elo12gatus SHUMARD, L.Miss.
(Burlington Ls.), near Springfield, USA (Mo.).--B. P. conoideus HALL, U.Miss.(Salem Ls.), Spergen
Hill, USA (Ind.).--C. P. princetonensis ULRICH, U.Miss.(Ste. Genevieve Ls.), Cedar Bluff, USA (Ky.).
--D. P. pulc!lellus ULRICH, U.Miss. (Ste. Genevieve Ls.), Cedar Bluff, USA (Ky.).--E. P.
symmetricus HALL, U.Miss.(Paint Creek F.), near Floraville, USA (Ill.).--F. P. godoni (DEFRANCE),
U.Miss.(Paint Creek F.), near Floraville, USA (Ill.).--G. P. pyriformis SAY, U.Miss.(Golconda F.),
near Vienna, USA (Ill.).--H. P. tulipaformis HAMBACH, U.Miss.(Bangor Ls.), near Rockwood, USA
(Ala.).--l. P. sulcatus (ROEMER), U.Miss.(Glen Dean Ls.), near Vienna, USA (Ill.).--l. P. girtyi
ULRICH, U.Miss.(Menard Ls.), near Chester, USA (Ill).--K. p. halli GALLOWAY & KASKA, U.Miss.(Kin
kaid Ls.), SE of Chester, USA(Ill.).--L. P. rusticus HAMBACH, L.Penn.(Bloyd Sh.), near Fort Gibson.

USA (Okla.).
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FIG. 181. Radial-deltoid relationships illustrated by
diagrammatic sections; 1, normal abutment; 2, ra
dial overlap; 3, deltoid overlap (radials stippled,
deltoids oblique ruled, exterior of calyx toward

left) .

sylvanian blastoids, represented by few spe
cies, and Permian forms, consisting of many
species and genera, show about the same
range in the size of specimens as do Mis
sissippian and older blastoids.

STRUCTURAL FEATURES

Although the blastoid calyx normally con
sists of a constant number of plates, their
range in shape and structure is great enough
to aid in generic distinctions. Features com
monly used in classification include shape,
respective size of the plates, and position of
other structures in relation to the thecal
plates (e.g., relationships of spiracles to
deltoids). One useful observation, mostly
unmentioned in the literature, is the nature
of sutural contacts between radials and del
toids.

In various genera three different condi
tions are found, even though gradation of
one to another introduces some intermediate
types which reduce sharpness of distinction.
The contacts may be illustrated by sections
cut approximately at right angles to the
radial-deltoid suture (Fig. 181). A simplest
condition (type 1) is marked by the sutural
(contact) surface disposed perpendicularly to
the outer and inner surfaces of the plates;
then abutment of radial against deltoid is
normal (e.g., Codaster). In other condi
tions the abutment may be more or less
strongly oblique. If the sutural surface is
inclined outward adorally or adlaterally
(type 2), the radial margin overlies an edge

portion of the deltoid and this is designated
as radial overlap (e.g., Globoblastus). If the
sutural surface is inclined inward, adorally
or adlaterally (type 3), the deltoid margin
overlies an edge portion of the radial and
this is designated as deltoid overlap (e.g.,
Schizoblastus) .

The calyx is pierced by numerous open
ings, some of which are illustrated here
(Fig. 178,1) and some later. A central open
ing at the summit (mouth) served as an in
let to the digestive tract of the living ani
mal. The anus is a relatively large orifice
(anal opening) located in the posterior
(CD) interray. It functioned as the excur
rent opening of the digestive tract. Small,
generally rounded apertures (spiracles)
penetrate the deltoids or occur adjacent to
them in some (spiraculate) blastoids. Typic
ally in such blastoids tiny openings parallel
the sides of ambulacra and connect in
ternally with the hydrospires. These open
ings, called hydrospire pores, are located be
tween the margin of the ambulacrum and
the adjacent radial and deltoid plates, or
they may be excavated in the radial and
deltoid plates. In other (fissiculate) blast
oids, the hydrospire pores may be replaced
by long, very narrow hydrospire clefts,
which open directly into the hydrospires.
Generally, these clefts are excavated in the
radial and deltoid plates and transect the
radial-deltoid suture. In a few blastoids the
spiracles are lengthened into long slits
(spiracular slits) along the sides of an am
bulacrum.

In well-preserved specimens, thecal open
ings in the vicinity of the summit (mouth,
anus, spiracles) are covered by tiny skeletal
plates, collectively termed summit plates.
These plates, however, are commonly high
ly specialized and differ in number, shape,
and size from one genus to another.

ORNAMENT
The exterior surface of blastoid calyces

may be quite smooth, or it may bear various
sorts of sculpture. Ornamentation of the
theca, where present, commonly consists of
growth lines and ridges or rows of nodes
distributed over the surface. Generally,
growth lines of the basals are parallel to
the plate margins, such lines being crowded
together next to the column, less closely
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FIG. 182. Terminology related to orientation of blastoid theca illustrated on side view of GloboblasfllS

norwoodi (OWEN & SHUMARD), L.Miss.(Buriington Ls.), Burlington, USA (Iowa) (Beaver, n).

spaced adjacent to the interbasal sutures,
and farthest apart near the radial-basal su
tures (FAY, 1961, p. 10). This arrangement
reflects differential expansion of the plates
during ontogeny, growth distally and lat
erally being greater than proximally. The
growth lines of the radials are parallel to
the margins of the plates, indicating that
accretion occurred along edges next to basals,
deltoids, and contiguous radials. On del
toids the growth lines usually are most wide
ly spaced parallel to the radial-deltoid su
tures, for the adoral ti ps of the deltoids were
secreted first and growth occurred around
sides of the plates, particularly in an aboral
direction.

ORIENTATION
For purposes of description and compari

son of blastoid calyces, standards of orienta-

tion and designations of corresponding parts
must be agreed on. Mostly, these matters
offer little difficulty, since the mouth, at the
summit of the calyx, furnishes reference for
defining adoral and aboral directions and
differentiation of the rays may be decided
according to a simple, practicable system.
The treatment of blastoids from these yiew
points and nomenclature for descriptive
purposes are explained in this section.

An imaginary line extending from the
mouth of a blastoid to the center of its col
umn is called the polar axis (Fig. 182). Any
section in a plane coinciding with this axis
or parallel and close to it is termed a longi
tudinal section and any section perpendicu
lar to it is a transverse section. A section
tangent to the outer surface of the theca
and relatively near it is called a tangential
section. Any direction toward the polar
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anterior
A

E
left anterior

CD
posterior

A

right posterior

C

B

right anterior

2

B

FIG. liB. Terminology related to orientation of blastoid theca illustrated by oral view (1) and transverse
section (2) of GloboblastllS nortIJoodi (scale same as in Fig. 193) (Beaver, n).
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axis and approximately perpendicular to it
is adaxial and any away from it is abaxial.
Directions toward the geometric center of
the theca are inward and those away from
it are outward. The area surrounding the
mouth is termed oral. Any direction toward
the mouth is adoral and any away from it
is aboral. A direction toward the point of
attachment of column and theca is defined
as proximal; a direction away from this
point is distal.

According to nomenclature introduced by
CARPENTER (1878) and adopted herein,
when a blastoid specimen is viewed from
the oral side with the anal opening directed
toward the viewer, the ambulacrum on the
far side of the theca is designated by the
letter A; then, in a clockwise direction the
other ambulacra are lettered B through E
(Fig. 183). Specimens viewed aborally,
oriented in the same way with the anal side
toward the viewer, also have the A ambula
crum opposite the viewer, but the other
ambulacra then are lettered B to E in a
counterclockwise manner. A direction to
ward the side of the theca which contains
the anal opening (CD interray) is classed
as posterior and that away from it (toward
the A ambulacrum) is anterior. Areas may
be designated similarly. The B,e,D, and E
ambulacra are sometimes termed right an
terior, right posterior, left posterior, and left
anterior, respectively. A line from the

mouth through the mid-line of an ambula
crum is designated as radial (or perradial );
a line from the mouth through the mid
line of a deltoid is interradial.

Directions relative to plates of the am
bulacrum may be made by utilizing the
mid-line of an ambulacrum as a reference.
A direction toward the mid-line of an am
bulacrum thus is admedial or ablateral; a
direction away from the mid-line is ab
medial or adlateral (Fig. 183,1).

BASALS
The basal circlet of blastoid calyces con

sists of three plates, two major ones of ap
proximately equal size and shape, termed
zygous basals, and a minor one that is smal
lest and quite different in shape from the
others; this last-mentioned plate is termed
azygous basal (Fig. 178,3), a name signify
ing unyoked (unfused) in contrast to the
major zygous basals, each of which evi
dently is the product of fusion together of
two pre-existing plates comparable in size
and shape to the azygous basal. Aborally,
the basals are attached to the column; ad
orally, they are overlain by the radials. Nor
mally, the azygous basal lies in the position
of the AB interray. Rarely, the basals seem
to be fused into a single plate (e.g., Acentro
tremites).

[5ee pages 5310-5311]

FIG. 184. Morphological features shown by disarticulated parts of blastoid theca, illustrated by fragments
of Pentremites godoni (DEFRANCE), U.Miss. (Chester) , near Floraville, Ill., all X7 except I (X3.5),
7 (X 8) and 8b (X 8) (Beaver, n).--I. Basal circlets; Ia-e, interior views showing median excavation
in C-ray zygous basal; If, exterior view showing thickened area around stem impression.--2. Deltoids;
2a, exterior of deltoid body with beveled aboral tips which project beneath adoral extremities of radial
limbs (illustrating radial overlap) (d. 4a,b); 2b, exterior surface of deltoid body with lateral lips covered
by attached side plates of ambulacra; 2e, side view showing hydrospire canal and admedial surface of side
plates.--3. Lancets; 3a, exterior surface with well-preserved median and lateral food grooves; 3b, interior
surface showing 2 longitudinal ridges which carry attachments of admedial ends of hydrospire folds.-
4. Radials; 4a, exterior surface showing sloping sides of radial sinus and admedial abaxial surfaces of
adjacent hydrospiralia (not underlancet plate); 4b, interior surface showing beveled adoral extremities of
limbs which overlap borders of deltoids (radial overlap) and partly preserved hydrospires in radial sinus.
--5. Basals; Sa, interior surface showing elongate depression (aligned with C ambulacrum) on C
zygous basal; 5b, exterior surface of circlet showing central moundlike elevation (consisting of secondary
calcite) which bears stem attachment.--6. Lancet plate; 6a, exterior surface showing side plates attached
along margins; 6b, interior surface showing hydrospire pores and their relation to side plates and outer
side plates.--7. Deltoid; interior surface of specimen shown in Fig. 2b, showing position of hydrospire
canals and their relation to deltoid septum.--8. Summit part of theca composed of deltoid and adjoin
ing ambulacra; 8a, oblique view of outer surface showing spiracle at tip of deltoid; 8b, interior surface

showing deltoid septum which connects deltoid body and lip, lancet plates at left and right.
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10 lb
1f

deltoid body

2b

spiracle--~II.ti~-deltoid lip

20
abaxial surfaces of adjacent

hydrospiralia

FIG. 184. [See page 5309 for explanation.]
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LYONS (1857, p. 469) described what he
presumed to be a circlet of plates in some
blastoids below the basals. Although this
interpretation was supported by BILLINGS

(1869, p. 83), subsequent evidence has
shown that these presumed extra plates con
sist merely of thickened calcite adjacent to

the stem impression (Fig. 184,lt,5b)
(ETHERIDGE & CARPENTER, 1886, p. 21).

DIMENSIONS
The basals may be relatively large, form

ing most of the proximal part of the theca,
or they may be very small and difficult to

spiracle

median groove

deltoid

8b
deltoid body

outer side plate

deltaid septum \

deltoid lip

deltoid septum

deltoid body80ambulacrum

FIG. 184. (Col11ill/led.)
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FIG. 186. Aboral views of blastoid calyces showing
different types of basal relationships, all X2.-
1. Globoblastus norwoodi (OWEN & SHUMARD),
L.Miss.(Osagian), Burlington, USA(IDwa) (Beaver,
n).--2. Tricoelocrinlls woodma12i (MEEK &
WORTHEN), Miss., loco unknown (Etheridge & Car
penter, 1886).--3. AlIloblastllS clinei BEAVER, L.
Miss.(Osagian), near Springfield, USA (Mo.)

(Beaver, n).

observe (Fig. 185). They make up much of
the basal view in most genera with moder
ate to short ambulacra (e.g., Tricoelocrinus,
Fig. 186,3). In examples with ambulacra
that nearly equal height of the theca, the
basals are generally small and occupy very
little of the basal view (e.g., Globoblastus,

2

Notoblastus (Perm.)

6
Nucleocrinus (Dev.)

4

Metablastus (Miss.)

8

Ptychoblastus (Mi ss.)

10

Placoblastus (Dev.)

5

Deltoschisma (Dev.)

Granatocrinus (Miss.)

FIG. 185. Aboral views ot blastoid calyces showing
variation in relationships of basal circlet to adjacent
plates of theca; 1-4, basal circlet relatively large;
5-10, basal circlet diminutive (not to scale) (Fay, n).

9

Auloblastus (Miss.)

1

Phaenoschisma (Miss.)

3
Angioblastus (Perm.)
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RADIALS

Sundablastus

Microblastus

6 '"
Thaumatoblastus

1
Acentrotremites

-~
:~::-::-- 3'

Astrocri nus

5
Eleutherocrinus

FIG. 187. Aboral views of blastoid calyces showing
unusual features or relationships of basal circlets

(shaded) (Fay, n).

canal of the column with the central cavity
of the theca.

Disarticulated basal plates permit study
of internal surfaces and possible structures.
An interesting feature of uncertain sig
nificance is an elongate depression on the
inner surface of the BD zygous basal of
Pentremites (Fig. 184,la-e). This shallow
trough is in the position of the C ambula
crum and aligned with it.

Radial plates of the blastoid calyx overlie
and alternate with the basals. The upper
portion of each radial is divided by a deep
sinus which is occupied by an ambulacrum
(Fig. 178,2). The lower, undivided part
of the plate is the radial body; the portions
of the radial separated by the ambulacrum
are the radial limbs. Each of the five radials
is the same except in asymmetrical blastoids
(e.g., Eleutherocrinus, Fig. 179,15).

INTERNAL FEATURES

Little attention has been devoted to the
internal nature of blastoid basals. CARPEN
TER (1884, p. 413) speculated that the me
dian canals of the lancets connected with
the axial canal of the column by way of
passageways within the basals and radials.
Sections of the lancets near their aboral ex
tremities indicate that the median canals
of the lancet progressively decrease in size
and seem to disappear. Careful examina
tion of sections through the basals has failed
to establish the presence of canals in the
basals. A passageway connects the axial

Fig. 186,1). Some blastoids exhibit unusual
basals because of asymmetrical thecas or
poorly known basal relationships (Fig.
187). For example, Astrocrinus has a small
quadrangular plate in the position of the
azygous basal (AB interray), suggesting
that the two other basals were resorbed
(Fig. 187,3) (FAY, 1961, p. 10). In many
genera with extended ambulacra the basals
may be partially hidden in a shallow-basal
depression (e.g., Auloblastus, Fig. 186,3), or
in a deep cavity (e.g., Globoblastus, Fig.
186,1).

EXTERNAL FEATURES

Swellings and ridges are developed on
the basals of some genera. Many specimens
of Pentremites exhibit a swollen area on
each basal, the largest one located on the
azygous basal in an interradial position.
The swellings on the large zygous basals
are developed beneath ambulacra C and E,
appearing as enlargements of ridges that
extend from the aboral tip of each ambula
crum to the point of column attachment.

Prominent ridges are developed on the
basals of Tricoelocrinus (Fig. 186,2). The
azygous basal is trisected by two ridges
which extend from the point of column
attachment to the lower tip of ambulacra
A and B. Each of the zygous basals is
transected by a strong ridge projecting from
the point of attachment to the lower tip of
ambulacra C and E, respectively. More
weakly developed ridges follow a curved
path from the point of column attachment
to the ambulacra located at right and left
of the ambulacrum to which the strong
ridge leads.
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FIG. 188. Variation in ornament of radial plates of
Globoblasl/lS norwoodi (OWEN & SHUMARD), L.
Miss.(Osagian), all X2; la,c,d, 2, specimens
from Burlington Ls., at Burlington, Iowa; 1b, speci
men from Burlington Ls., near Springfield, Mo.

(Beaver, n).

SIZE AND SHAPE

The size and shape of radials vary greatly.
Generally they equal half to two-thirds of
the height of the theca (e.g., Troosticrinus,
Fig. 179,7). In some elongate-globose forms
the radials are very small and make up
little of the theca (e.g., Nucleocrinus, Fig.
179,16). The shape of the radials may be
governed largely by length of the ambula
cra in blastoids where the ambulacra are
confined to the summit. The radials may
be only slightly notched if the ambulacra
are short (e.g., Agmoblastus, Fig. 179,10)
or wing-shaped if the ambulacra are long
(e.g., Thaumatoblastus, Fig. 179,23).

PORES OR SLITS

The radials are perforated by pores or
slits only where these lead adaxially to the

hydrospires. In some genera a row of tiny
pores (hyJrospire pores) connect the hydro
spires with the exterior. In such genera the
pores occur in a row parallel to an ambula
crum (Fig. 184,6b). The portion of each
radial between the row of hydrospire pores
and this ambulacrum is sometimes called
the hydrospire plate. In other blastoids the
radials (and deltoids) may be pierced by
extended slits (hydrospire clefts or spiracu
lar slits) that parallel the ambulacra and
lead to the hydrospires. Generally two or
more such clefts occur on either side of an
ambulacrum.

ORNAMENT

Surface sculpture of radials commonly
ranges widely between genera. Many genera
have radials which are nearly smooth except
for the slight ridges indicating growth
stages. Others, however, are strongly orna
mented with nodes arranged in a random
pattern or with rows of nodes in a sym
metrical arrangement. Variations of orna
ment exist, not only between genera but
between individuals of the same genus and
species. For example, individuals of Clobo
blastus norwoodi show considerable differ
ence in arrangement of nodes on the radials
(Fig. 188).

DELTOIDS
The deltoids are a circlet of interradially

placed subtriangular plates which abut ad
oral edges of the radials (Fig. 178,1,2).
Their sides normally are bounded by the
ambulacra. The adoral portion of each
deltoid bordering the mouth is called the
deltoid lip (Fig. 184,2b,7,8b). Aborally, the
deltoid lip is connected with the main por
tion of the deltoid, termed deltoid body
(Fig. 184,2a,b, 8b), by a narrow internal
connecting septum, termed deltoid septum
(Fig. 184,7,8b). In some genera, an ex
ternal ridge called the deltoid crest longi
tudinally divides the deltoid (e.g., Cod
aster) .

VARIATIONS

The length of the deltoids is variable in
different genera and, to a limited degree,
within a given genus. The deltoids may be
very large, exceptionally nearly equal to
the total height of the theca (e.g., Nucleo-
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crinus, Fig. 179,16), or oppositely, they may
be so small as to be barely visible (e.g.,
Troosticrinus, Fig. 179,7). In Pentremites,
slight differences of deltoid length are ob
served, but no definite trend during some
portion of geologic time is recognized (Fig.
180). In the past, species having widely
different deltoid lengths but apparently
similar morphology otherwise have been
grouped together in a single genus. Addi
tional research on such species has shown
that commonly they are characterized by
important structural differences in addition
to dissimilarity of the deltoids.

ANAL DELTOmS
[Section on <InD.} deltoids by H. H. BEAVER, R. O. FAY, and

R. C. ~loOREJ

Posterior interradial elements (in CD in
terray) of the blastoid theca are collectively
termed anal deltoids, because they are asso
ciated in various ways with the anal open
ing. This orifice mayor may not be con
fluent with spiracles of the posterior inter
ray. Clearly, the anal deltoids are important
morphological features.

NOMENCLATURE

During the past 50 years various names
have been introduced for different anal
deltoids. The more important of these are
hypodeltoid and epideltoid (WANNER,
1924), subdeltoid and superdeltoid (CLINE
& HEUER, 1950), cryptodeltoids (BEAVER,
1961), and paradeltoids (REIMANN & FAY,
1961). Usage of these and other terms has
varied a good deal when applied to genera
of differing age and morphology. It seems
evident that precision in morphological de
scriptions and systematic diagnoses will be
enhanced by agreement on terminology, ac
companied by consistent use of appropriate
names for the different kinds of anal
deltoids.

Generally, plates classed as anal deltoids
are clearly visible on the exterior surface of
the blastoid calyx, or at least a major part
of each such plate can be seen. Marginal
features, however, are likely to be concealed
and some anal-deltoid elements are largely
or entirely hidden beneath the surface. Re
moval of skeletal material to expose the
concealed plate or plates may be effected by
weathering, by etching with an acid, and
by grinding. Correct understanding of

morphological relationships and nomen
clature of features dependent on this call
for thorough investigation of concealed
characters, along with observation of sur
face features.

Anideltoid.-The name anideltoid is em
ployed for an externally visible anal del
toid which is proved or not known to be
accompanied by any others and which lies
almost wholly on the aboral side of the
anal opening (Acentrotremites) or anispir
acle (Pentremites, Ambolostoma) (Fig. 189,
1a,b). In genera with an anispiracle, this
orifice seems to be located beyond the ad
oral extremity of the anideltoid, separating
this plate from the mouth. Actually, a very
small part of this undivided anal deltoid
is visible externally between the anispiracle
and the mouth. It is connected internally
with the main part of the anideltoid by a
slender, extremely fragile bar (deltoid sep
tum) which extends beneath the anal open
ing and in nearly all specimens is concealed
by matrix (Fig. 189,1a). Anideltoids and
other deltoids of this type are termed dis
junct.

Hypodeltoid.-Many blastoids have a
single unpaired anal deltoid bordering the
anal orifice on its aboral side. This plate is
named hypodeltoid (Greek, hypo-, below,
beneath) (Fig. 189,2a-c, 3-5). Hypodeltoids
range in size from diminutive to very large,
in some genera (e.g., Granatocrinus, Fig.
189,4c) comprising most of the posterior in
terray. Typically, the hypodeltoid overlaps
adjacent anal deltoid plates and may form
a hood over the anal opening. Oppositely,
it may be concealed by bordering parts of
the C and D radial limbs and in various
genera judged to have possessed a small
hypodeltoid, specimens fail to reveal its
presence, owing to concealment and lack
of detection by grinding, or possibly by
separation and loss of the plate, or perhaps
because of atrophy during ontogeny.

Epideltoid. An unpaired anal deltoid
bordering the anal orifice on its adoral side
is named epideltoid (Greek, epi-, above,
upon) (Fig. 189,lc, 2a-c). An epideltoid
may extend along the left and right sides
of the anal opening but not the aboral side.
Normally, epideltoids are associated with
hypodeltoids, but in at least six genera
(Agmoblastus, Codasta, Microblastus, Para-
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Group 1 -- Only one anal deltoid known. Group 3 -- Only three anal deltoids known.

subdeltoid
hydrospire slit

hypodeltoid

hypodeltoid

Group 5 -- POLYDEL TOIDEUS TYPE.
With six anal deltoids, comprising
superdeltoid, two crypto-
deltoids, two para
deltoids, hypodeltoid.

Group 4 -- Only four anal deltoids known,
comprising superdeltoid, two cryptodeltoids,
hypodeltoid.

4c -- CRYPTOBLASTUS TYPE.
Superdeltoid and hypo
deltoid exposed, crypto
deltoids deeply hidden.

4b -- NUCLEOCRINUS TYPE.
Cryptodeltoids and hypo
deltoid exposed, super
deltoid concealed.

cryptodeltoid

30 -- DECASCHISMA TYPE
Superdeltoid, subdeltoid, hypo
deltoid present, subdeltoid
with hydrospires.

3b -- PENTREMITIDEA TYPE.
Superdeltoid, subdeltoid, hypo
deltoid present, subdeltoid
lacking hydrospires. superdeltoid

anal opening
subdeltoid portly covered by side plotes

hypodeltoid

lb -- ACENTROTREMITES TYPE.
Anideltoid present, anal open
ing separate from posterior
spiracles. onolopening

onideltoid
spiracle

2d -- HETEROSCHISMA TYPE.
Superdeltoid and subdeltoid
present (possible hypodeltoid
unknown, atrophied or lost).

superdehoid
subdeltoid

anal opening

lc -- CODASTER TYPE. • .;.:. m

Epideltoid. present (possible .{!i[!!!!!i!!!!\.
hypodeltold unknown, ';':':';';';';';';';';'.
atrophied or lost}. )[?))))\

epideltoid :;:;::):::.;,:.:::(;;;;:

10 -- PENTREMITES TYPE.
Anideltoid present, ana I
opening combined with
posterior spiracle as
anispiracle. onidehoid ---''*">'-7''"7''

2c -- ANGIOBLASTUS TYPE.

20 -- PHAENOSCHISMA TYPE.
Epideltoid and hypodeltoid
present, epideltoid with
hydrospi res.

4a -- ELAEACRINUS TYPE.1---------------------1 All anal deltoids exposed.
Group 2 -- Only two anal deltoids known.

cryptode Itoid
hypedeltoid

FIG. 189. T\pes of anal-deltoid relationships in blastoids (see Table 1 for distribution among genera)
(Beaver, Fay, & Moore, n).
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codaster, Pterotoblastus, Sagiuoblastus) a
hypodeltoid is missing or its presence is
unproved (Fig. 189, Ic). The unpaired well
exposed anal deltoid in these genera is
identified as an epideltoid (rather than ani
deltoid) because it lies above the anal open
ing in manner exactly corresponding to un
doubted epideltoids. Normally, epideltoid
plates border the mouth, as well as the
anal opening. Internally, the lateral por
tions of epideltoids may be infolded into
hydrospires or conversely, epideltoid plates
are not known to bear hydrospires. Table 1
records 32 genera having epideltoids with
hydrospires and 12 genera having epidel
toids without associated hydrospires.

Subdeltoid. A subdeltoid is defined as a
small to moderately large, inverted V
shaped plate of the posterior interray in a
few blastoids, located on the adoral and
lateral margins of the anal orifice and
abutting the aboral edge of a plate called
superdeltoid (Fig. 189,2d,3). As previously
noted, subdeltoid and superdeltoid are terms
introduced by CLINE & HEUER (1950) and,
although considered to be undesirable on
etymological grounds, they are adopted be
cause of their morphological significance.
Subdeltoids now are recognized in five
genera (Decaschisma, Brachyschisma, Pen
tremoblastus, Heteroschisma, Pentremiti
dea) among which this plate in the first
three listed contains hydrospires, whereas
no hydrospires have been observed in anal
deltoids of the others. In MOORE'S opinion,
comparison of subdeltoids with the paired
plates called cryptodeltoids in several genera
(e.g., Polydeltoideus, Fig. 189,5) strongly
suggest homology because fusion of the
adoral extremities of the cryptodeltoids
would produce a plate exactly like the nar
row-limbed inverted V-shaped subdeltoid
seen in Decaschisma, for example. Converse
ly, a separation of the subdeltoid limbs
would yield a pair of cryptodeltoids.

Superdeltoid.-A fourth kind of unpaired
anal deltoid (counting anideltoid, hypo
deltoid, and epideltoid as others) has been
termed superdeltoid. Such a plate invariably
is located at the summit of the posterior
interray, adjoining the mouth, and is dis
tinguished from epideltoid, which also may
border the mouth, by lack of any contact
with the anal opening in genera which

possess a subdeltoid (Fig. 189, 2d,3) and in
other genera by association with crypto
deltoids (Fig. 189,4-5). If the crypto
deltoids do not meet each other on the ad
oral side of the anus the superdeltoid may
border both oral and anal orifices (as shown
in numerous diagrams illustrating adoral
parts of subdeltoid- and cryptodeltoid-bear
ing blastoids which accompany systematic
descriptions in the Treatise). As a "rule of
thumb" we may say that all blastoids with
a subdeltoid or pair of cryptodeltoids have
a superdeltoid and no epideltoid. All blast
oids lacking a subdeltoid or cryptodeltoids
have an epideltoid, or the single anal deltoid
is an anideltoid.

Cryptodeltoids.-Anal deltoids located on
opposite lateral margins of the anal open
ing and invariably paired are termed crypto
deltoids (Greek, crypto-, hidden) because
generally they are only partly visible ex
ternally and in some genera they are en
tirely concealed by other plates of the theca.
They may be short and small (e.g., Troosti
crinus) or relatively long and large (e.g.,
Elaeacrinus, Nucleocrinus, Fig. 189,4a,b);
they may be entirely separated from one
another (e.g., Elaeacrinus, Fig. 189,4a,c,5)
or may meet adorally (e.g., Nucleocrinus,
Fig. 189,4b) in manner cutting off contact
of a superdeltoid from the anal opening.
Substance of the cryptodeltoids may be in
folded in the form of hydrospires. In at
least a dozen genera, all with two externally
visible anal deltoids, the presence of crypto
deltoids can be demonstrated by grinding
or by cutting properly oriented thin sec
tions (Table 1). Such preparations show
that the cryptodeltoids mostly are slender
elongate plates which are overlapped on
their aboral parts by the hypodeltoid, in
variably present in blastoids provided with
cryptodeltoids. The cryptodeltoids may
form internal walls between spiracular and
anal passageways of an anispiracle and
adorally they may be confluent with super
deltoid extensions (septa). Exceptionally,
cryptodeltoids are very large, almost com
pletely exposed plates which are prominent
components of the theca (e.g., Nucleocrinus,
Elaeacrinus, Placoblastus, Fig. 189,4a,b).

Paradeltoids.-Small paired plates termed
paradeltoids (Greek, para-, associated) are
distinguished in a single genus (Polydeltoid.
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TABLE I.--Distribution of Anol-deltoid Types among Blastoid Genera

[Explanation.--Numbered anal-deltoid types correspond to those described in accompanying text. Each
kind of anal-deltoid plate is indicated by letter designation, as follows: A = anideltoid, C = cryptodelt-
oids, E = epideltoid, H = hypodeltoid, S = subdeltoid, SS = superdeltoid. Symbols for hydrospire slits

or infolds: + indicates present, 0 indicates absent.J

Anal-deltoid Types Suprageneric and Anal-deltoid Plates Age
Generic Taxa

2 3 4 5 A C H E S SS

FI SSICULA TA

PHAENOSCHI SMATI DAE
?ld - Microblastus ?H E + Perm.

2a Phaenoschisma Ho E + Miss.
2a Hadroblastus Ho E + Miss.
2a Phaenoblastus Ho E + L.Carb.
2a Dipteroblastus Ho E + Perm.
2a - Neoschisma Ho E + Perm.
2a Notoblastus Ho E + Perm.
2a - Sphaeroschisma Ho E + Perm.
2a Sundablastus Ho E + Perm.
2a Thaumatoblastus Ho E + Perm.
2a Timoroblastus Ho E + Perm.
2b - Nymphaeoblastus H+ Eo Miss.

3a - Decaschisma Ho S + ss Sil.
4a - Deltoschisma C+ Ho SS Dey.
4a Pleuroschisma C+ Ho SS Dey.
4c Hyperoblastus C+ Ho SS Dey.

5 Polydeltoideus C+ Ho SS Sil.

BRACHYSCHISMATIDAE
3a Brachyschisma Ho S + SS Dey.

CODASTERIDAE
Ic - Codaster ?H Eo Miss.
Ic - Agmoblastus ?H Eo Penn.
lc - Paracodaster ?H Eo Perm.
Ic - Pterotoblastus ?H Eo Perm.
lc - Sagittoblastus ?H Eo Perm.

2c - Angioblastus Ho Eo Perm.
2c - Indob lastus Ho Eo Perm.
2c Nannoblastus Ho Eo Perm.
2d - Heteroschisma ?H So SS Dey.

OROPHOCRINIDAE
2a Orophocrinus Ho E + Miss.
2a Pentablastus Ho E + Penn.
2a Anthoblastus Ho E + Perm.

ASTROCRI NI DAE
?la - ? Pentephyllum ?A L.Carb.

2c - Cryptoschisma Ho Eo Dey.

2c - Astrocri nus Ho Eo L.Carb.
2c - Ceratoblastus Ho Eo Perm.

?3b Pentremitidea Ho So SS Dey.
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TABLE 1 (continued)

Anal-deltoid Types
5uprageneric and

Anal-deltoid PlatesGeneric Taxa Age

2 3 4 5 A C H 5 55

5PIRACULATA

TROO5TICRINIDAE
4a - Troosticrinus C+ Ho 55 5i1.
4a - 5chizotremites C+ Ho 55 Dey.
4a - Metablastus C+ Ho 55 Miss.
4a - Tricoelocrinus C+ Ho 55 Miss.

DIPLOBLA5TIDAE
2a - Nodoblastus Ho E + Miss.

4c - Diploblastus C+ Ho 55 Miss.

GRANATOCRI NI DAE
2a - Granatocrinus Ho E + Miss.
2a - Carpenteroblostus Ho E + Miss.
2a - Cribroblastus Ho E + Miss.
2a - Denti blastus Ho E + Miss.
2a - Heteroblastus Ho E + Miss.
2a - Monadoblastus Ho E + Miss.
2a - Monosch izoblastus Ho E + Miss.
2a - Poroblastus Ho E + Miss.
20 - Ptychoblostus Ho E + Miss.

4a - Pyramiblastus C+ Ho 55 Miss.
4c - Cryptoblastus C+ Ho 55 Miss.
4c - Mesoblastus C+ Ho 55 Miss.
4c - Tanaoblastus C+ Ho 55 Miss.

5CHIZOBLA5TI DAE
lb - Acentrotremites ?A+ L.Carb.

2a - 5trongyloblastus Ho E + Dey.
2a - Deltoblastus Ho E + Miss.
2a - Lophoblastus Ho E + Miss.
2a - Orbiblastus Ho E + Miss.
2a - 5chizoblastus Ho E + Miss.

4c - Auloblastus C+ Ho 55 Miss.

NUCLEOCRI NI DAE
4a - Elaeacrinus C+ Ho 55 Dey.

4a - Placoblastus C+ Ho 55 Dey.

4b - Nucleocrinus C+ Ho 55 Dey.

PENTREMI TI DAE
1a - Pentremites A+ - - Miss.-Penn.

1a - Ambolostoma A+ - Miss.

- na - Belocrinus Ho ?E + Dey.

20 - Peta loblastus Ho E + Miss.

2a - Ca Iycoblastus Ho E + Perm.

3a - Pentremoblastus Ho 5 + 55 Miss.

4a - Eleutherocrinus C+ Ho 55 Dey.

4a - Rhopa lob lastus C+ Ho 55 Perm.

4c - Cordyloblastus C+ Ho 55 Dey.

4c - Deyonoblastus C+ Ho 55 Dey.

ORBITREMITIDAE
4c - Orb; tremites C+ Ho 55 Miss.

- ?4c - Doryblastus ?C + Ho 55 Miss.
4c - Ell ipticoblastus C+ Ho 55 Miss.
4c - Globoblastus C+ Ho 55 Miss.
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eus, Fig. 189,5), which has externally vis
ible cryptodeltoids, a hypodeltoid, and a
superdeltoid. The paradeltoids adjoin aboral
parts of the cryptodeltoids and rest on the
adoral margin of the hypodeltoid.

RELATION OF HYDROSPIRES TO ANAL
DELTOIDS

Information is yet far from sufficient for
full appraisal of the infolding of anal deltoid
plate substance into hydrospires or of septal
extensions of such plates adjoining hydro
spires. Also, the extent to which hydrospire
relationships may bear on discrimination of
different kinds of anal deltoids is now in
completely determined. An objective in pre
paring Table 1, given on later pages, has
been to record what may be considered as
reasonably known, bearing in mind that
present lack of observations on hydrospire
characters by no means established their
nonexistence.

TYPES OF BLASTOIDS BASED ON
ANAL-DELTOID CHARACTERS

Blastoids are classifiable in groups defined
by the kinds, numbers, and arrangements
of anal deltoids. These are described briefly
in following paragraphs with designations
of included types and the distribution of
genera among the types as indicated in
Table 1. Inasmuch as assemblages differ
entiated on the basis of anal-deltoid charac
ters may include representatives of two or
more families belonging either to the Fissi
culata, or Spiraculata, or both, it is evident
that the placement of blastoid genera in one
anal-deltoid type or another is unrelated to
systematic classification.

Group 1
Genera in which only one anal deltoid is

known are placed in Group 1, and these are
divisible into three types, as follows.

Type la-Pentremites Type.-In this type
the single anal deltoid recognized consists
of an anideltoid, in which the anal opening
is combined with the posterior spiracle to
form an anispiracle located near the adoral
extremity of the plate (Fig. 189,1a). The
anideltoid is disjunct. Only the compara
tively uncommon Ambolostoma is joined
with myriads of Pentremites individuals as
signed to numerous species in Type la.

Type lb-Acentrotremites Type.-An ani-

deltoid is present in Type 1b, as in la, but
distinguished by separateness of the anal
opening from a pair of posterior spiracles
and by the location of all of these near the
aboral margin of the anideltoid, which is
described as conjunct (Fig. 189,lb). Acen
trotremites is the sole known representative
of the type. The possible occurrence of an
additional anal deltoid or deltoids, as re
ported by ]OYSEY & BRUMER (1963, p. 483),
is very uncertain.

Type lc-Codaster Type.-In this type
the single observed anal deltoid is identified
as an epideltoid, with the anal opening
medially placed on its aboral margin (Fig.
189,1c). A hypodeltoid, which is unknown,
may be atrophied or lost in all specimens
studied. Type Ie includes Agmoblastus,
Codaster, Microblastus, Paracodaster, Ptero
toblastus, and Sagittoblastus, all of which
belong to Fissiculata.

Group 2
Group 2 is characterized by the presence

of only two known anal deltoids. It is by
far the largest of the differentiated anal
deltoid groups, for its 39 contained genera
are approximately one-half of all known
blastoid forms. Among four types that are
discriminated, two are represented only by
their single name-giving genus, whereas the
others contain 31 and six genera, respec
tively.

Type 2a-Phaenoschisma Type.-The two
anal-deltoid plates of Type 2a are an epidel
toid and hypodeltoid, the epideltoid bearing
hydrospires (Fig. 189,2a). Counting one
questionably assigned spiraculate genus, the
Spiraculata outnumber the Fissiculata in
the ratio of 19 to 12. The spiraculates are
distributed among four families and the
fissiculates among three families (Table 1).
Listed alphabetically (with spiraculates dis
tinguished by an asterisk), the genera of
Type 2a are as follows: Anthoblastus,
?*Beloerinus, *Calycoblastus, *Carpentero
blastus, *Cribroblastus, *Deltoblastus, *Den
tiblastus, Dipteroblastus, *Granatocrinus,
H adroblasttJJ, *H eteroblastus, *Lopho
blastus, *M onadoblastus, *Monoschizoblas
tus, Neoschisma, *Nodoblastus, Notoblastus,
*Orbiblastus, Orophoerinus, *Pentablastus,
*Petaloblastus, Phaenoblastus, Phaenoschis
ma, *Poroblastus, *Ptychoblastus, *Schizo
blaj·tuj-, Sphaeroschisma, *Strongyloblastus,
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Sundablastus, Thaumatoblastus, Timoro
blastus.

Type 2b-Nymphaeoblastus Type.-As
in Type 2a, the two anal deltoids are epi
deltoid and hypodeltoid, distinction of Type
2b resting on the occurrence of hydrospires
in the hypodeltoid of Nymphaeoblastus
(Fig.189,2b).

Type 2c-Angioblastus Type.-The two
anal deltoids are an epideltoid and a hypo
deltoid, neither of which bears hydrospires,
on this basis being assigned to a separate
type (Fig. 189,2c). Six fissiculate genera
are included in Type 2c, three belonging to
the Codasteridae and three to the Astro
crinidae (Table I). They are as follows:
Angioblastus, Astrocrinus, Ceratoblastus,
Cryptoschisma, Indoblastus, and Nanno
blastus.

Type 2d-Heteroschisma Type.-This
type differs from the others of Group 2 in
that the two anal deltoids are distinguished
as a superdeltoid and a subdeltoid. A postu
lated possible hypodeltoid is unknown, per
haps atrophied or lost (Fig. 189,2d). Only
Heteroschisma, among blastoids now
known, belongs to Type 2d.

Group 3
Blastoids having three, but only three,

known anal deltoids comprise Group 3,
within which two types are distinguished.

Type 3a-Decaschisma Type.-The three
anal deltoids consist of a superdeltoid, a
subdeltoid, and a hypodeltoid, the subdel
toid bearing hydrospires (Fig. I89,3a ). The
type includes two fissiculate genera (Brachy
schisma, Decaschisma) and a single spiracu
late genus (Pentremoblastus).

Type 3b-Pentremitidea Type.-This
type corresponds to Type 3a in having
superdeltoid, subdeltoid, and hypodeltoid
plates but is distinguished by lack of hydro
spires in the subdeltoid (Fig. 189,3b). Only
Pentremitidea appears to belong here.

Group 4
Blastoids characterized by the possession

of four anal deltoids, but no more than
four, are placed together in Group 4. The
four ,anal-deltoid plates comprise a super
d~ltold, two cryptodeltoids, and a hypodel
t~I? all of which may be at least partly
vlSlble externally or some concealed,

Type 4a-Elaeacrinus Type.-In blastoids

of Type 4a all anal deltoids are entirely or
at least partially exposed (Fig, 189,4a), The
type includes two fissiculate genera-Pleuro
J'chinna, Deltoschisma-and nine spiraculate
genera-Elaeacrinus, Eleutherocrinus, Meta
blastus, Placoblastus, Pyramiblastus, Rho
paloblastus, Schizotremites, Tricoelocrinus,
and Troosticrinus (Table I).

Type 4b-Nucleocrinus Type.-In the
N~cleocrinus Type, which includes only
th,ls genus, the cryptodeltoids and hypodel
tOld are large, fully exposed anal deltoids
but the superdeltoid is a small concealed
plate (Fig. 189,4b).

Type 4c - Cryptoblastus Type. - Anal
d~l,to,i? Type 4c is characterized by external
vlSlblltty of the superdeltoid and hypodel
toid, combined with complete concealment
of the cryptodeltoids, which in some genera
~re deeply hidden (Fig. 189,4c). The type
mcludes one fissiculate genus, Hypero
blastus, and 11 spiraculates: Auloblastus,
Cordyloblastus, Cryptoblastus, Devonoblas
tus, Diploblastus, ?Doryblastus, Elliptico
blastus, Globoblastus, Mesoblastus, Orbi
tremites, Tanaoblastus.

Group 5
No blastoid has only five anal-deltoids

but one form with six such plates is known.
It is assigned to Group 5 and Type 5.

Type 5-Polydeltoideus Type.-The anal
deltoids of Polydeltoideus, which is the only
pres:ntly known representative of Type 5,
consist of a superdeltoid, two cryptodeltoids,
two paradeltoids, and a hypodeltoid, all
more or less exposed (Fig. 189,5).

Not definitely placed in any anal-deltoid
type is the problematical genus Pentephyl
lum, described from a fossil that evidently
is a steinkern (internal mold) and pres
ently available for study only from artificial
replicas. Efforts by MACURDA (personal
communication) and others to locate the
type specimen have been fruitless. On this
account and because of anomalous features
shown by the replicas, in the view of
MACURDA, BEAVER, and MOORE, this nominal
genus should be disposed of as "Unrecog
nizable'" or at least "Classification Uncer
tain." FAY, however, considers it assignable
to the Astrocrinidae, and thinks that its
anal deltoid, without known anal orifice,
is a doubtful sort of anideltoid. To place
Pentephyllum as questionable representative
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of anal-deltoid Type 1b, associated with
Acentrotremites, as proposed by FAY, or
alternatively, to introduce a separate type
for it (say Type Id) are equally undesirable.

AMBULACRA AND
AMBULACRAL PLATES

The ambulacra normally consist of five
petaloid to narrowly linear areas which
radiate from the vicinity of the mouth (Fig.
178,1). The length of the ambulacra may
be short, as in Codaster, or very long, with
ambulacra equal to length of the theca, as
in Globoblastus (Fig. 188). In profile, the
exposed abaxial surfaces of the ambulacra
may be convex, flat, or concave. For ex
ample, in Orbitremites and Cryptoblastus,
genera with side plates lying on the lancet,
the ambulacra are convex, but in Pentre
mites with side plates abutting against the
lancet, the ambulacra may be convex, flat,
or concave (Fig. 180). The principal struc
tures of the ambulacra concerned with food
gathering are the median groove, lateral
grooves, brachiole sockets, and ambulaeral
cover plates; the hydrospire pores, common
ly considered structures of the ambulacra,
are part of the water-vascular system (Fig.
190).

MEDIAN AND LATERAL GROOVES

The median groove is a shallow V-shaped
groove that notches the mid-line of an
ambulacrum longitudinally (Fig. 191). The
groove passes under the summit into the
mouth adorally; termination of the groove
occurs at the aboral end of the lancet. The
sides of the groove are marked by tiny in
dentations (crenulations); the covering
plates of the ambulacrum are seated in these
indentations.

Lateral grooves, located at intervals equal

to the width of the side plates, lead from
the brachiole sockets to the median groove
(Fig. 191,1). Small indentations similar in
design and function to those of the median
groove occur on either side of each lateral
groove. Transverse ridges lie parallel to
and alternate with the lateral grooves, sides
of the ridges sloping into the grooves.

The median groove is entirely located on
the side plates in many pre-Mississippian
genera. Among Mississippian blastoids (e.g.,
Cryptoblastus, Orbitremites, Globoblastus) ,
in which the side plates rest on the lancet,
the adoral portion of the median groove is
located on the lancet, whereas the aboral
part of the groove rests on the side plates.
In Pentremites, the median groove and the
admedial part of the lateral grooves are ex
cavated in the lancet.

LANCET

A relatively narrow linear thecal element
in the longitudinal middle part of each
ambulacrum is known as the lancet plate
(Fig. 184,3a,b, 6a,b,). In many genera (e.g.,
Orbitremites) the lancet nearly fills the
radial sinus, and the side and outer side
plates rest upon it. In Pen tremites, how
ever, the side plates abut against the lancet,
rather than lie on it, and the lancet fills only
about half the width of an ambulacral area
(Fig. 184,2b,c, 6a,b).

The internal (adaxial) surface of the
lancet is smooth except for two longitudinal
adaxial ridges which nearly equal the length
of the lancet (Fig. 184,3b). A shallow me
dial depression occurs between these ridges.

TRANSVERSE SHAPE

The transverse shape of the lancet may
be nearly flat, concave, or convex. Within
the limits of a species, however, and at a
given transverse level, the shape and struc-

[See facing page]

FIG. 190. Morphological features of blastoid ambulacra illustrated by Pentremites symmetrictlS HALL, U.
Miss. (Chester), USA(IlI.).--l. Part of ambulacrum lacking brachioles, X 9.--2. Part of ambulacrum
with proximal portions of numerous brachioles in position of attachment, biserial arrangement of brachiolars
clearly shown on their dorsal (external) side and broken terminations demonstrating presence of deep
V-shaped ventral food groove; biserially arranged small cover plates over lateral grooves of ambulacrum
shown in upper part of figure, but along median groove they fail to show any systematic arrangement,
X 4.2.--3. Brachioles resting on ambulacrum in position of their articulation, exposing dorsal or side

portions, with biserial arrangement of brachiolars clearly evident, X 4.2 (Beaver, n).
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lure of this plate are fairly constant. For
example thin sections of typical specimens
of Globoblastus cut at the radial-deltoid

suture show the adaxial surface of the
lancet to be nearly flat (Fig. 191,6); in sec
tions made distally from the mid-length of

9

hydrospire conal2

median groove side plate

~J.J

3

FIG. 191. Lancet and hydrospire structures of Globoblastus, L.Miss.(Osag.), USA (Mo.) ; drawings of
thin sections of G. norwoodi cut perpendicular to an ambulacrum showing development of hydrospires;
(lancet and side plates unshaded, deltoids shaded, radials black), X 8 (Beaver, 1961) .--1. Section at
adoral end of ambulacrum showing one of divided hydrospire canals on each side of lancet.--2. Section
slightly below 1, division of hydrospire canals produced by infolding of deltoidal material; longitudinal
canal of lancet divided here into two canals which separate farther and farther and leave lancet on their
respective sides to form oral ring canal.--3. Section just below radio-deltoid suture, radials resting on
deltoids. The division of the hydrospire canals within the deltoids has been completed.--4. Section be
low 3, showing hydrospire folds beginning to form.--5. Section below 4, hydrospire development still
in deltoid material.--6. Section short distance below radio-deltoid suture showing fully developed hydro
spires composed entirely of radial material.--7. Section about 0.3 length of ambulacrum below summit
of calyx.--8. Section just below half length of ambulacrum showing hydrospires noticeably shortened
and longitudinal canal of lancet adaxially migrated.--9. Section near lower end of ambulacrum showing

adaxial parts of radials about to envelop tiny hydrospires.
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the ambulacrum, the lancet protrudes ad
axially toward the interior of the calyx
(Fig. 191,8,9). Specimens that deviate wide
ly from the lancet structure observable in
typical specimens of a species should be ex
amined for other morphological differ
ences, indicating that they may belong to
other species or genera.

CANALS

Three longitudinal passageways (median
canal and two lateral canals) are excavated
partially or entirely in the lancet. The medi
an canal is a small longitudinal internal
canal that extends from the distal end of the
lancet to the vicinity of the summit, where
it divides to form part of the oral ring
canal. For example, in Globoblastus (Fig.
191), from the vicinity of the summit ab
orally, this canal decreases in size and
changes position from the center of the
lancet to its median adaxial margin. The
lateral canals are two small passageways
lying on either side and obliquely adaxial
to the median groove; they are excavated
in lancet and side plate material along the
suture between the lancet and side plates.
The lateral canals parallel the median
groove from its aboral extremity to beyond
the radial-deltoid suture. The course of the
lateral canals in the vicinity of the summit
is unknown. They have been recognized
in Auloblastus and WANNER indicated their
presence in Thaumatoblastus.

"UNDERLANCET"

The so-called "underlancet" or "sub
lancet" plate was first illustrated (WACH
SMUTH & SPRINGER, 1879, p. 387, pI. 17) in
a cross-sectional drawing of Pentremites
which showed a triangular-shaped plate
lying beneath the lancet. The "underlancet"
was shown to be perforated by a longi
tudinal canal, whereas the lancet was in
dicated to be imperforate. An examination
of several hundred thin sections of Pentre
mites under binocular and petrographic
microscopes has failed to show this "under
lancet." The observed structure apparently
is either a deposit of secondary calcite be
neath the lancet, a thickening of the inner
walls of the hydrospires, or a filling of fine
clay in the area bounded by the inner sur
face of the lancet and upper walls of the

hydrospires. Similar "underlancet" struc
tures have been reported in Orophocrinus,
Pentablastus, and Calycoblastus, in which
this element is recognized to consist of two
adjacent hydrospire plates joined beneath
the lancet, or formed by thickening of the
inner walls of hydrospires beneath the
lancet (FAY, 1961, p. 15). JOYSEY & BREIMER
(1963, p. 479-481) have recently described
in considerable detail the so-called "under
lancet" plate of Pentablastus. Their de
scription agrees essentially with that of
FAY, for they state that the "two halves of
the underlancet are continuous with a pair
of hydrospire plates" (Fig. 192). The name
"fused hydrospire plate" is undoubtedly a
more suitable term than "underlancet," but
even the name hydrospire plate is not de
sirable, because it refers only to the portion
of the radial and deltoid occurring between
the hydrospire pores or slits, and the am
bulacral margin (lancet and side plates). In
reality, therefore, when the terms "fused
hydrospire plate" or "underlancet" are used,
they refer to the juncture of radial or
deltoid material beneath a lancet.

SIDE PLATES AND OUTER
SIDE PLATES

The side plates of ambulacra consist of
numerous small skeletal elements which
either rest on the lancet (Fig. 193,2), or lie
between the walls of the radial sinus and
the lancet (Fig. 190,1). The abmedial, ad
oral portion of each side plate is excavated
for the reception of an outer side plate. The
wider, admedial portion of the side plate
is called the side-plate body; the narrower,
abmedial area is the side-plate limb.

SIDE PLATES RESTING ON LANCET

Globoblastus is representative of blastoids
in which the side plates rest on the lancet.
Approximately 50 to 60 side plates are
arranged along either side of each ambula
crum. At the aboral end and along the
mid-line of an ambulacrum, the admedial
ends of the side plates are in contact with
each other and the median groove is devel
oped on these side plates. The abmedial
ends of the side plates rest with a slanted
surface against the portion of the radials
which is sometimes called the hydrospire
plate.
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FIG. 192. Serial sections of Pentablastus supracarbonicus SIEVERTS-DoRECK, U.Carb., Spain, showing hydro
spire plates (stippled) coming together admedially beneath lancet to develop so-called "underlancet" in
aboral to spiracular slits; section 1 is at level of spiracular slits, whereas section 5 is at aboral extremity of

ambulacrum, X5. [Deltoid (D), lancet (L), radial (R), side plates (S).] (Joysey & Breimer, 1963.)

SIDE PLATES ABUTIlNG LANCET

In Pentremites the side plates are located
between the walls of the radial sinus and

the lancet. The surface of contact between
the lancet and the side plates commonly is
curved, the abmedial convex surface of the

[See facing page]
FIG. 193. Ambu1acral structures especially in relation to hydrospires (lancet and side plates shaded,
deltoids oblique-ruled, radials black) (Beaver, n) .--1. Orbitremites derbiensis (SOWERBY), L.Carb.
(Middle Ls.), Eng.(Yorks.); X 10.--2. Globoblastus norwoodi (OWEN & SHUMARD), L.Miss.(Burlington
Ls.), near Springfield, Mo.; X4.5.--3. Placoblastus obovatus (BARRIS), M.Dev.(Thunder Bay Ls.), near
Alpena, Mich.; X4.4 (from Fay, 1961, fig. 194).-4. Mesoblastus crenulatus (ROEMER), L.Carb.
(Tournais.), Belg.; X5.8 (from Fay, 1961, fig. 153).--5. Troostierinus reinwardti (TROOST), Sil.
(Niagara Gr.), Decatur Co., Tenn.; X9.l (from Fay, 1961, fig. 220).--6. Auloblastus clinei BEAVER,
L.Miss.(Burlington Ls.), near Springfield, Mo.; X5.8.--7. Pentremites godoni (DEFRANCE), U.Miss.
(Paint Creek F.), near Floraville, Ill.; X 7.--8. Orophocrinus stelliformis (OWEN & SHUMARD), L.Miss.
(Burlington Ls.), near Hannibal, Mo.; X 9.5.--9. Eleutherocrinus cassedayi SHUMARD & YANDELL, M.
Dev.(Hungry Hollow F.), Thedford, Ont.; X7.5 (from Fay, 1961, fig. 134).--10. Pentremites rusticus
HAM BACH, L. Penn.(Bloyd Sh.), near Fort Gibson, Okla.; XS.2.--11. Hyperoblastus filosus (WHITEAVES),

M.Dev.(Hungry Hollow F.), near Thedf.ord and Arkona, Ont.; X 15.4 (from Fay, 1961, fig. 31).
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lancet fitting snugly into the abmedial con
cave surface of the side plates (Fig. 184,
2b,c; 193,7). The adoral and aboral sutures
between side plates of Pentremites do not
coincide with the lateral grooves as in some
genera, but alternate with them. The lat
eral groove of the lancet extends onto the
side-plate body and leads to the brachiolar
socket (place of attachment of a brachiole),
located on the admedial portion of the side
plate limb. A deep pore groove or pore fur
row located on the suture between the side
and outer plate leads to the hydrospire pore.

OUTER SIDE PLATES

The outer side plates, for example in
Pentremites, are located adorally from the
side-plate limb and aborally from a hydro
spire pore groove. The aboral portion of
the outer side plate forms half of the
brachiolar socket and includes one of the
brachiolar facets or articulation depres
sions (Fig. 190,1; 194,1).

In Globoblastus the outer side plates are
relatively large, their length being approxi
mately two-thirds the length of the side
plates. The width of the outer side plate
increases abmedially from the admedial
contact of each outer plate with the side
plate to the margin of the radial sinus, the
width of the outer side plate equaling that
of the side plate. One outer side plate ad
joins each side plate.

BRACHIOLAR SOCKETS

A brachiolar socket is a pit centrally
placed on a prominent round mound or

knob located at the adlateral end of a lat
eral groove, generally near the margin of
an ambulacrum (Fig. 190,1). In genera
with side plates lying on the lancet (e.g.,
Globoblastus) , the socket is located on the
admedial, adoral portion of each side plate;
each socket has tiny ridges and grooves
extending down and away from the summit
of its mound or knob. The ridges and
grooves aid in articulation of the brachioles
and ambulacral covering plates. In Pentre
mites, each brachiolar socket is located on
the admedial portion of a side-plate limb,
similar to its position in Globoblastus. Be
tween the brachiolar socket and margin of
the radial sinus, two gently depressed sur
faces, the brachiolar facets, occur. The ab
oral facet is located on the side-plate limb;
the adoral facet is developed on the outer
side plate. The presence of a suture be
tween the facets may have provided flexi
bility to the biserially arranged brachiole.

AMBULACRAL COVER PLATES

The ambulacral cover plates are tiny
polygonal plates which roof over the lateral
and median grooves to provide a series of
passageways from the brachiolar sockets
to the vicinity of the mouth (Fig. 194,1).
The plates covering the lateral grooves are
seated in tiny depressions, termed cover
plate sockets, which alternate on either side
of the lateral grooves (Fig. 190,1). In gen
eral, the tips of the plates are arranged in
a biserial pattern; this system is not always
perfect, however, and commonly the upper
ends of the plates merely abut. The plates

[See facing page]

FIG. 194. Ambulacral and summit structures of calyx illustrated by Pentremites godoni (DEFRANCE), U.Miss.
(Chester.), U.S.A.(II!.), X12 (drawings by Roger B. Williams; Beaver, n).--l. Ambulacrum showing
well-preserved cover plates in position over lateral and median grooves, part of single small brachiole
preserved on right side of ambulacrum; cover plates biserially arranged over lateral grooves but lacking
orderly pattern over median groove. The cover plates are inferred to have roofed over the grooves in
manner forming conduits for passage of fluids from brachioles to the mouth.--2. Oral pyramid viewed
from anal (CD) interray, mouth concealed by solid triangular slightly curved elongate plates which appear
to be seated in regularly spaced sockets around mouth, anal opening covered by smaller spinose plates
arranged in alternating rows, and spiracles also concealed by relatively broad plates disposed in imbricating
manner. Movements of the plates which would facilitate flow of fluids through these orifices are inferred
to have been possible.--3. Specimen shown in Fig. 2 rotated slightly toward right, providing nearly
direct view of plates covering DE spiracle, X 12. Although relationships of the median groove (with its
cover plates) to the oral pyramid is not clear, owillg to imperfect preservation, the passageway along
the median groove is interpreted to enter the mouth beneath the oral pyramid, but no evidence of an

external opening appears at the point of entry.
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which roof over the median groove are ar
ranged in a much less symmetrical man
ner than those of the lateral grooves and
the "roof" is higher.

In well-preserved specImens of Pentre
mites godoni, 11 or 12 cover plates occur
along each side of a lateral groove. Allow
ing about 22 plates for each lateral groove

lateral groove cover plates.

oral summit plates

2 spiracle cover plates 3

FIG. 194. [Explanation on facing page.]
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FIG. 195. Composite diagrammatic drawing of side
plates in Hyperoblastus nuciformis (REIMANN), M.
Dev.(Hungry Hollow F., Widder beds), near Thed
ford, Ontario; showing probable position of am-

bulacral spines, X75 (Fay & Reimann, 1962).

and approximately 100 grooves for each
of the five ambulacra, an adult individual
of P. godoni must have had some 10,000
or more cover plates for the lateral grooves,
not including the hundreds that covered
the median grooves of the five ambulacra.
In the area of the summit the covered
median groove seems to pass between the
plates of the anal pyramid so as to lead to
the mouth (Fig. 194,2,3).

AMBULACRAL SPINES

Small needle-like curved plates (ambula
cral spines) attached to the side plates and
arranged in rows along sides of the ambula
cral median groove have recently been de
scribed by FAY & REIMANN (1962). Each of
the spines is about 1 mm. long and 0.1 mm.
wide and has spiral striations. The spines
have been recognized in Placoblastus, Dev
onoblastus, and Hyperoblastus. In Placo
blastus they are attached to the side plates
and seem to be restricted to the area ad-

jacent to the median groove. Concerning
Devonoblastus FAY & REIMANN (p. 35, 36)
stated, "The region adjacent to the thecal
main food groove, between the food grooves
proper and the admedial walls of the
brachioles (medial referring to the line of
the main food groove), is covered with
small striated ambulacral spines, apparent
ly arranged in rows and clusters upon the
admedial portions of the side plates, on the
cover-plate lobes . . . and many evidently
extended over the oral area, adjacent to the
mouth." The spines of Hyperoblastus are
described in a similar manner (Fig. 195).
The spines (FAY & REIMANN, p. 48) "ap
pear to be basally attached to the region
around the cover-plate lobes" and "small
pits on the lobes are probably the places
of attachment for the spines."

The description of these rare and seldom
preserved structures suggests that they are
different from the ambulacral cover plates
so well preserved in Pentremites. They dif
fer in being more spinelike and in their
location away from the median and lateral
grooves proper. The occurrence of ambula
cral spines in the summit area indicates that
some Devonian genera (e.g., Hypero
blastus) probably had an oral pyramid simi
lar to that of Pentremites.

BRACHIOLES
Brachioles are armlet appendages which

articulate with the brachiolar facets of the
side plates and outer side plates, and rise
from the margin of each ambulacrum, ad
oral ones extending well above the summit
of the theca. They have been described
from a number of genera, including Dev
onoblastus, Diploblastus, Eleutherocrinus,
Globoblastus, Hyperoblastus, Pentremites,
Pleuroschisma, Pyramiblastus, Troosti
crinus, Orophocrinus, and Placoblastus.
Examination of many almost complete
specimens of Pentremites from Chesteran
rocks of southwestern Illinois, as well as
excellently preserved individuals belonging
to other genera of different ages, show that
each brachiole consists of a double row of
alternating brachiole ossicles, termed
brachiolars (Fig. 190,2,3).

In Pentremites each brachiolar is slightly
longer than wide and is longitudinally
grooved by approximately 12 striations.
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inner cover plate
outer cover plate

brachiole groove
brachiolar

FIG. 196. Diagram of brachiolar fragment Hypero
blastus nueiformis (REIMANN), M.Dev., Ontario,
showing inner and outer series of brachiole cover

plates, X35 (Fay & Reimann, 1962).

The upper surface of each joint is heavily
crenulated and serves as an articulating
surface in the same manner that columnals
of the stem articulate with each other. The
brachiolars are smallest where they articu
late with the brachiolar facets; they become
progressively longer for a short distance,
and then attain a uniform length. The aver
age length of each brachiolar is approxi
mately 0.5 mm. The ventral or admedial
side of each brachiole bears a V-shaped
groove (brachiolar groove), formed by two
rows of adjacent and alternating joints
(Fig. 190,2); the groove extends over the
brachiolar socket (Fig. 194,1). Although
cover plates have not been observed to en
close ventral grooves of brachioles, such
plates probably existed. The length of the
brachioles ranges from 1 to 2 times the
height of the theca. Seldom, even in ex
cellently preserved specimens, are all
brachioles preserved and consequently, the
very large number of brachioles borne by
a complete individual is not commonly
realized. A count of the brachiolar sockets
shows that average-sized specimens of
Pentremites godoni had approximately 500
brachioles; larger specimens possessed near
ly 600, but young individuals only about
200.

FAY & REIMANN (1962, p. 48) have de
scribed the brachiole cover plates of Hyper
oblastus nuciformis. The brachiole groove
is covered by an inner and outer series of
alternating cover plates (Fig. 196). The

outer series (called outer cover plates) oc
curs along either side of the ventral brachi
ole surface as alternating plates; each
brachiolar carries about four outer cover
plates. The brachiole groove is bounded by
the outer cover plates and is roofed over by
the biserially arranged small triangular
shaped inner cover plates, which corre
spond in number to the outer cover plates.

SUMMIT PLATES
For a century or more, controversy has

existed over the presence or absence of sum
mit plates in blastoids. If their presence was
admitted, details of their appearance, ar
rangement, and function have been dis
puted (OWEN & SHUMARD, 1850, p. 65;
SHUMARD, 1858, p. 244; WHITE, 1863, p.
482; HAMBACH, 1884, p. 541; ETHERIDGE &

CARPENTER, 1886, p. 70; WACHSMUTH &
SPRINGER, 1887; FAY & REIMANN, 1962).
The principal reason for disagreements and
differing descriptions is that various blastoid
genera apparently have different types of
summit structures and that in the over
whelming number of blastoids collected,
summit plates are lacking, or poorly pre
served.

At least three different types of summit
structures are known to occur. A first type
characterized by many small polygonal
plates which cover the general vicinity of
the mouth is designated as the Globoblastus
type. A second type distinguished by the
presence of approximately six relatively
large many-sided oral plates is designated
as the Placoblastus type. A third type hav
ing a pyramid-like structure of numerous
plates over the mouth is defined as the
Pentremites type.

GLOBOBLASTUS TYPE

The summit of Globoblastus norUJoodi
is covered by numerous very tiny plates
which completely cover the peristome (Fig.
197,3b) and seem to extend down each
ambulacrum where they become the am
bulacral cover plates (WHITE, 1863, p. 483).
Nothing is known of plates that may cover
the spiracles and anus, but by analogy with
other genera, it is assumed they also were
present.
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anal
cover plates

spirac lar
cover plates

1b

!
ambulacral cover plates10

FIG. 197. Types of blastoid summit plates (Beaver, n).--l. Pentremites godoni (DEFRANCE), U.Miss.

(Chester.), USA(IlI.); la, summit view showing pyramid-like structure over mouth area and ambulacral
cover plates, X6; lb, oral pyramid and plates covering spiracle and anal opening, XIS; le, anal cover
plates, X 15.--2. Placoblastus obo/lattls (BARRIS), M.Dev., USA (Mich.) ; oral cover plates, X3.-
3. Globoblastus norwoodi (OWEN & SHUMARD), L.Miss.(Osag.), USA(Iowa); 3a, summit view showing

tiny oral plates, X 2; 3b, oral cover plates, X 7.

PLACOBLASTUS TYPE
Placoblastus is representative of blastoids

having approximately six oral plates which
completely roof over the summit area be
tween the deltoid tips (Fig. 197,2). The

plates are irregular in outline, with five
or six ill-defined sides. Several of them seem
to be located at adoral tips of the deltoids,
but two of the plates are adoral of ambula
era D and E.
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PENTREMITES TYPE
Pentremites represents a blastoid group

distinguished by having a pyramid-like
structure, termed oral pyramid, developed
over the mouth area (Fig. 194,2,3; 197,1).
The pyramid is composed of numerous
solid, slightly curved, toothlike plates which
arch over the summit so that the mouth,
spiracles, and anal openings are completely
covered by them.

The lower ends of the plates covering the
mouth articulate with the theca along ad
oral extremities of the deltoids. The deltoid
lips, adjacent to the mouth, have alternat
ing ridges and grooves, the toothlike plates
being seated in the latter.

The plates covering the spiracles, which
are broader and shorter than those above
the mouth and seemingly immovable, pass
adorally between and beneath the plates
over the mouth (Fig. 194,3; 197,lb).

Plates covering the anus are short tooth
like spines which become gradually larger
near the plates covering the mouth. They
are arranged biserially along both sides of
the opening (Fig. 194,2; 197,lc).

The lower ends of the plates covering the
spiracles and anus are attached to the theca
along inner margins of the spiracles and
anal opening. The toothlike plates above
the anus and plates concealing the mouth
appear to be more flexible than those cover
ing the spiracles and probably were able to
open and close.

HYDROSPIRES
Distinctive internal structures of blastoids

are known as hydrospires. Each such struc
ture is a calcareous thin-walled linear in
fold extending adaxially beneath either side
of an ambulacrum. Hydrospires may occur
singly (e.g., Orbitremites, Fig. 193,1), or as
a group of associated hydrospires (hydm.
spiralium, Fig. 193,7). The hydrospiralium
(or alternatively, a single hydrospire) con
nects abaxially with hydrospire pores or
slits which penetrate various thecal plates
(radials, deltoids, and anal deltoids), or
occur beneath them and an ambulacrum.
It leads adorally to a simple hydrospire
canal which opens into a spiracle or has its
external outlet in a single spiracular slit or
in a number of subparallel hydrospire slits.

The thin calcareous wall surrounding a
hydrospire is termed a hydrospire fold (Fig.
193,3), and the space enclosed by the fold
is a hydrospire cleft (Fig. 193,1). Common
ly, the adaxial portion of a hydrospire is
expanded to develop a hydrospire tube
(Fig. 193,1). Space within a hydrospiralium
exclusive of the hydrospire clefts is the
hydrospiralium cleft (Fig. 193,3). The area
between adjacent hydrospires of the same
hydrospiralium is an interhydrospire space
(Fig. 193,11). Space between adjacent hy
drospiralia is termed an interhydrospiralium.
It. may refer to an area adaxial to the lancet,
and thus be ambulacral (Fig. 193,8), or may
concern a space adaxial to the deltoids or
adjacent radial limbs, and be interambula
cral (Fig. 193,10).

DEVELOPMENT OF HYDROSPIRES
Hydrospires develop through infolding

of deltoid and radial material adaxially ad
jacent to the lancet. The most admedial
hydrospire of blastoids develops first and
then other folds are formed successively in
an abmedial direction. From maximum
size near the radial-deltoid suture, the
hydrospires diminish in size and finally
disappear at the aboral end of an ambula
crum.

Hydrospire development in Globoblastus
is representative of that observed in many
other blastoid genera. Development, as
shown by serial sections cut normal to an
ambulacrum, begins when the single ex
ternal spiracle opening divides initially into
two hydrospire canals. Each of the canals
leads into a hydrospiralium developed be
neath the nearest sides of adjacent am
bulacra. Formation of two canals, one on
either side of a lancet, into the hydrospires
within adjacent deltoids is illustrated in
Figure 191,1-5. Each of the canals sub
divides into two hydrospires by infolding
of the deltoid material (Fig. 191,2-5). At
this position, with the hydrospires com
pletely formed, transition from deltoid to
radial material occurs.

The hydrospires attain greatest size just
below the deltoids, and from this area they
progressively decrease in size aborally (Fig.
191,6-9). Hydrospire size and greatest
thecal diameter do not correspond longi
tudinally; maximum hydrospire size occurs

© 2009 University of Kansas Paleontological Institute



S334 Eehinodermata-Crinozoans-Blastoids

substantially adoral to the greatest thecal
diameter.

STRUCTURE OF HYDROSPIRES

Some workers (e.g., WACHSMUTH &

SPRINGER, 1879) have supposed that the
hydrospire folds of blastoids expanded and
contracted during life. Serial sections of
numerous specimens representing several
genera, however, indicate a remarkable
constancy of hydrospire shape at various
levels of the theca and in different hydro
spiralia. Minor differences may occur in
parts of any given hydrospiralium (Fig.
191,4-9), but these are introduced grad
ually between its adoral and aboral ex
tremities. Also the hydrospiralia of any
given specimen or species may display
minor differences when one is compared
to another. In a few species (e.g., Pentre
mites rusticus, Fig. 180,L; 194,10) the
hydrospire folds of the anal hydrospiralia
differ markedly in configuration from
others. All of these features suggest that
the hydrospire folds were relatively in
flexible.

Petrographic examination shows that the
walls of hydrospires are composed of very
small calcite crystals. Whether the folds
were permeable in life is not determinable,
but it seems reasonable to suppose that they
were.

NUMBER OF HYDROSPIRE FOLDS

The number of hydrospire folds in blast
aids of any given species and constancy of
this number in different individuals of the
species differ from species to species and
from genus to genus. For example, Orbitre
mites (Fig. 193,1) and Monoschizoblastus
have a single hydrospire fold on each side
of an ambulacrum, whereas Schizoblastus
and Globoblastus (Fig. 193,2) have two
folds in each hydrospiralium, and various
species of Pentremites (Fig. 180) have three
to seven or more folds in each hydro
spiralium. Orophocrinus may have as many
as 11 folds in each hydrospiralium. Con
stancy in the number of hydrospire folds
belonging to individual hydrospiralia in
Silurian and Devonian genera is poorly
known but examination of many thin sec
tions of Mississippian blastoids (e.g., Orbi-

tremites, Cryptoblastus, Globoblastus, Schiz
oblastus) show that the number of folds in
each of the hydrospire groups is very con
stant.

Species of Pentremites, particularly geo
logically younger ones, show less consist
ency in the number of hydrospire folds
belonging to a hydrospiralium. For ex
ample, P. princetonensis (Fig. 180,e) and
P. pulchellus (Fig. 180,D), both from the
Ste. Genevieve Limestone of Meramecian
age, typically have three folds in each of
the ten hydrospiralia, although one speci
men of the latter species has been found
to possess a fourth fold in one hydro
spiralium. P. godoni (Fig. 180,F) and P.
symmetricus (Fig. 180,E), from the Paint
Creek Formation of early Chesteran age,
normally have four or five folds in each
hydrospiralium, but a specimen of P. sym
metricus has been observed which shows
four folds in some hydrospiralia and five
folds in others. P. halli (Fig. 180,K), from
the Kinkaid Limestone of late Chesteran
age, has three or four folds in each hydro
spiralium, some showing three folds in
each hydrospiralium, others four folds in
each, and a few four folds in certain hydro
spiralia and three folds in remaining ones.

Early Pennsylvanian Pentremites, from
the Morrowan of Oklahoma, exhibit greater
variability in the number and shape of the
hydrospires, particularly in the hydro
spiralia adjacent to the anal interradius,
than any older species of the genus among
those studied. P. rusticus (Fig. 180,L),
which belongs to this group, commonly
has five to seven folds in hydrospiralia not
adjacent to the anal (CD) interradius,
whereas hydrospiralia next to the anal in
terradius contain only three or four folds
and these are markedly different from the
others in shape (the entire fold being ex
panded, rather than just the adaxial por
tion). Although the number of folds is
constant in each of the two types of hydro
spiralia, serial sections near the summit
show differences in shape of the hydrospire
folds, both in the hydrospiralia adjacent to
the anal interradius and in the remaining
eight hydrospiralia adjoining other inter
radii. Hydrospire folds in P. rusticus are
generally much thicker than those of pre
Pennsylvanian Pentremites.
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THECAL OPENINGS
Openings in the blastoid theca are re

lated primarily to the digestive system
(mouth, anus) and respiratory system
(spiracles, spiracular slits, hydrospire pores,
hydrospire slits). The mouth is centrally
placed at the summit of the theca and the
anus is generally located between posterior
deltoid elements (anal deltoids) or exca
vated in deltoid material slightly below
and behind the mouth. The spiracles and
spiracular slits, inferred to have served as
excurrent openings of the respiratory sys
tem, generally are observed in the vicinity
of the summit. The hydrospire pores and
slits, which open into the hydrospires, occur
along margins of the ambulacra.

MOUTH

The mouth is the inlet to the digestive
tract of the living animal. In blastoids the
oral orifice is a small opening, commonly
pentagonal in outline, at the apex of the
summit (Fig. 178,1). The shape and size
of the mouth opening in the theca are de
termined by the gap between the adoral
tips of the five deltoids. In general, the
mouth is smaller than the anus but ap
proximately equal in size to one of the
spiracles. Weathering of the summit may
make the mouth aperture appear to be ab
normally large. The connection of the
mouth and digestive tract and the path of
this tract aborally have not been recog
nized positively, although questionable
traces of the digestive tract immediately
below the mouth have been observed. As
already described, the mouth in well-pre
served fossils is covered by a complex ar
rangement of summit plates.

ANUS

The anus, which is the exit of the diges
tive system, may be excavated in a single
posterior deltoid plate (e.g., Pentremites),
surrounded by various posterior deltoid
plates (e.g., Globoblastus), or located along
the sutures between posterior deltoids and
adjacent limbs of the radials (e.g., Hetera
schisma). The anus may be confluent with
the posterior spiracles, so as to form a single
opening termed anispiracle (e.g., Pentre
mites, Cryptoblastus), or it may be separate

from them (e.g., Schizoblastus). In size,
the anus is invariably larger than the
spiracles and generally bigger than the
mouth. The rim of the plates surround
ing the anus generally conforms to the
surface of the surrounding thecal plates,
but in some genera (e.g., Lophoblastus) ,
the opening is partially sheltered aborally
by a hoodlike projection of the hypodeltoid.
The passageway connecting the anus with
the digestive tract is not well known, but
traces of it have been seen in Globoblastus
and its influence in modifying adjacent
structures is apparent in Early Pennsyl
vanian specimens of Pentremites, for ex
ample in pushing the posterior hydro
spiralia apart and in affecting the shape
and number of posterior hydrospire folds.
Analogous effects of the anus on the
respiratory system are the absence (e.g.,
Heteroschisma) or reduction in number
(e.g., T haumatoblastus) of hydrospire slits
on the posterior side. The plates that cover
the anus are poorly known in many blastoid
genera, but are observed to differ from
those over the spiracles and mouth in some
genera (e.g., Pentremites).

SPIRACLES

Five to ten generally rounded openings
adjacent to the mouth are called spiracles
(Fig. 178,1). Blastoids with spiracles and
hydrospire pores are said to be spiraculate.
Spiraculate genera can be divided into three
main types based on the number of spiracu
lar openings and their relationship with
the anus. They are named from selected
representative genera as (1) Elaeacrinus
type, (2) T anaoblastus type, and (3)
Pentremites type.

ELAEACRINUS TYPE

Blastoids of Elaeacrinus type are char
acterized by having ten spiracles located
round the mouth (Fig. 198). The anus is
separate from spiracles in the posterior inter
ray. Generally each spiracle lies in an ex
cavation along either side of a deltoid; a
lancet and side plates bound the opening
laterally. In most genera, the spiracles oc
cur near the adoral tips of the deltoids, but
in some (e.g., Acentrotremites, Fig. 198,4)
they are located near the aboral margin of
the deltoids.
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6

Deltoblastus (Perm.)

i
Schizoblastus

(Miss.)

FIG. 198. Variations in spiracles of Elaeacrinus type,
characterized by 10 spiracles surrounding mouth
and separate anus, genetic lineages not implied

(drawings from Fay).

TANAOBLASTUS TYPE

The T anaoblastus type is distinguished
from the Elaeacrinus type in that the pos
terior spiracles are confluent with the anus

forming an anispiracle. Thus, eight spir
acles and an anispiracle are present (Fig.
199). The spiracles are very small and are
located along the adoral margins of the
deltoids.

PENTREMlTES TYPE

Blastoids like Pentremites with four sin
gle external spiracles and an anispiracle and
genera such as Doryblastus and N odo-

Monadoblastus (Miss.)

Tanaoblastus
(Miss.)

FIG. 199. Variations in spiracles of Tanaoblastus
type, distinguished by 8 spiracles around mouth
and posterior spiracles confluent with anus form
ing anispiracle, genetic lineages not implied (draw-

ings from Fay).
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Nodoblostus (Perm.)

Rhopaloblastus
(Perm.)

Doryblastus (Miss.)

6

4

Metablastus (Miss.)

Troosticrinus (Sil.)

FIG. 200. Variations in spiracles of Pentremites
type, having four spiracles or four paired spiracle!
and anispiracle surrounding mouth area, genetic

lineages not implied (drawings from Fay).

blastus in which an anispiracle is accom
panied by four external spiracles nearly
divided by a strongly developed deltoid
septum (called paired spiracles) are desig
nated as spiraculate forms of Pentremites
type (Fig. 200). The size of the spiracle
openings in forms with four external
spiracles is generally greater than in genera
having eight or ten spiracles.

SPIRACULAR SLITS

In many genera an elongated spiracle,
termed spiracular slit, may be seen on each
side of an ambulacrum (Fig. 201,1). Typic
ally, the spiracular slits are excavated in
marginal parts of deltoids and radials and
they run parallel to the ambulacra. The
thin body of skeletal substance between slit
and ambulacrum commonly is referred to
as the hydrospire plate (Fig. 193,8). Blast
oids with exposed spiracular slits and hydro
spire slits are termed fissiculate. Those with
spiracular slits may be grouped on the basis
of relationship of the slits to the anus.

OROPHOCRlNUS TYPE

In the Orophocrinus type, distinguished
by the presence of two distinct slits in each
interray, ten in all, the slits may be very
short or relatively long and generally they
transect the deltoid-radial suture (Fig. 201,
1-3). Also, the slits may be located adjacent
to the mouth area or at a considerable dis
tance from it.

SAGIITOBLASTUS TYPE

In the Sagittoblastus type only eight dis
tinct slits occur, for those belonging in the
posterior (CD) interray are coalesced with
the anus to form an anispiracle (Fig. 201,
4-7).

HYDROSPIRE SLITS

Longitudinal openings excavated in plate
substance of the deltoids and radials and
disposed parallel to adjacent ambulacral
margins are defined as hydrospire slits.
They lead inward to hydrospire clefts (Fig.
193,11; 202).

As many as 18 of these slits may be
found on either side of an ambulacrum.
Three groups of blastoids bearing hydro
spire slits, respectively designated by the
names of representative genera, can be dis
criminated on the basis of relationship of
the slits in the posterior interray to the
anus.

POLYDELTOIDEUS TYPE

The Polydeltoideus type, illustrated by
Polydeltoideus, Pleuroschisma, Hadroblas
tus, and Neoschisma, is characterized by
the presence of slits in all interrays, those
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Sagittoblastus
(Perm.)

Astrocrinus
(L.Carb.)

Pentremitidea (DeY.)

Orophocrinus
(Miss.)

FIG. 201. Variations in spiracular slits. The 01'opho
crinus type is characterized by having 10 slits
around mouth and separate anus. The Sagitto
blastus type differs in that posterior slits are con
fluent with the anus, resulting in 8 slits and an
anispiracle, genetic lineages not implied (drawings

from Fay).

of the posterior interray being entirely sep
arate from the anus (Fig. 202,1-4). The
fully or partly exposed slits of the calyx
are arranged in ten fields. Commonly,
however, the number of slits in the pos
terior interray is markedly reduced (e.g.,
five slits in each posterior field of N eo
schisma, in contrast to 18 slits in normal
fields as observed in this genus).

deltoid ridge

Heteroschismo (Dey.)

t

BraChYSCh~ 5
(DeY')1I no hydrospi re

/ field

Polydeltoideus (Sil.)

FIG. 202. Variations in hydrospire slits. 1-4, genera
of Polydeltoideus type, with slits exposed or partial
ly exposed in 10 fields and separate anus. 5.
Bl'achyschisma, sole representative of Bl'achy
schisma type, with nine exposed hydrospire fields
and separate anus, slits lacking on left side of
anus. 6-8. Genera of Codastel' type, differing from
others in entire lack of slits in p.osterior interray

(drawings from Fay).
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inner pentagonal

-"-'<---trace of median canal

ring

FIG. 203. Drawings based on thin sections of oral ring canal.--l. Globoblastus norwoodi (OWEN &

SHUMARD), L.Miss.(Buriington Ls.), near Springfield, Missouri; inner and outer pentagonal ring canals,
each branch of outer ring connecting aborally with median canal of lancet.--2. Pentremites godoni
(DEFRANCE), U.Miss.(Paint Creek F.), near Floraville, Ill.; oral ring canal with short canals that lead
from interradial mid-point of outer pentagonal ring toward each hydrospire canal, connection of small
canals with outer ring canal clearly shown but opposite connection of short canals with hydrospire canals

indistinct.
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BRACHYSCHISMA TYPE

The Brachyschisma type differs from the
first in having a single hydrospire field in
the posterior interray, located on the right
side of the anal opening. Thus, the calyx
has a total of nine fields. Brachyschisma
(Fig. 202,5) is the sole known repre
sentative.

CODASTER TYPE

In the Codaster type no hydrospire slits
are found in the posterior interray, and
accordingly the calyx shows eight fields
distributed around the summit, two in each
interray other than the posterior. Repre
sentative genera are Heteroschisma, Codas
ter, and Agmoblastus (Fig. 202,6-8).

HYDROSPIRE PORES

Hydrospire pores are minute openings ar
ranged in a row next to each ambulacral
margin. They lead to the hydrospires and
occur mainly in spiraculate blastoids. Two
groups are readily differentiated, desig
nated as Globoblastus and Pentremites
types, respectively.

GLOBOBLASTUS TYPE

The Globoblastus type includes genera
in which the pores are larger and less
closely spaced near the summit than in
aboral parts of the ambulacra where many
more pores in a unit distance are observed
(Fig. 194,1,2). The number and distribu
tion of pores in each row are independent
of such ambulacral elements as side plates
and outer side plates, which are constant
in width throughout the ambulacra. In one
subtype the pores are restricted to borders
of the radials (e.g., Globoblastus) and in
another some of the pores pierce both radial
and deltoid plate margins (e.g., Orbitre
mites).

PENTREMITES TYPE

The Pentremites type is characterized by
hydrospire pores distributed along the en
tire length of ambulacra on each of their
sides, each pore being bounded by a side
plate and outer side plate (Fig. 193,6,7).
Thus, the number of pores is directly pro
portional to that of the side plates and outer
side plates. Representative examples are
Pentremites, Auloblastus, and Schizoblas
tus.

THECAL CANALS

The existence in blastoids of ring canals
surrounding the mouth and uniting with
the longitudinal canals of the lancet plates
has been known for nearly 80 years. The
ring canals are termed circumesophageal
rings. ETHERIDGE & CARPENTER (1882, p.
217-219) observed their presence in Pentre
mites, Globoblastus, Schizoblastus, Phaeno
schisma, Orophocrinus, and Codaster. The
structure probably is best known in G.
norwoodi.

The longitudinal canal of each lancet
plate in Globoblastus divides near the sum
mit of the theca, giving rise to branches
which pass through the deltoid under the
paired spiracles and adoral to them. The
branches then join with others given off
from the longitudinal canals of adjacent
lancets so as to form a pentagonal ring
(Fig. 203,1). A smaller pentagonal ring
inclosed by this one joins with it at length
wise mid-points of inner parts of the delt
oids in positions just adoral to the divided
spiracles. On the anal side, the circum
esophageal rings pass through the super
deltoid. Angles of the outer pentagonal
ring are interradial, whereas those of the
inner ring are radial in position.

The circumesophageal rings of Pentre
mites are similar to those of Globoblastus
except that traces of a canal can be seen
leading from the interradial mid-points of
the outer ring toward each hydrospire canal
(Fig. 203,2). Canals of this type have been
observed to penetrate each of the deltoids
other than the anideltoid. The open con
nections of the small canals with circum
esophageal rings are quite distinct but exact
relationships of opposite extremities of the
diverging canals to the hydrospires are ob
scure. They appear to open into the
spiracles.

PHYSIOLOGICAL FEATURES

FOOD-CARRYING SYSTEM

The food-carrying system of blastoids
is complex, being supported externally by
the brachioles and structures of the am
bulacra and internally by unknown struc
tures of the alimentary tract which doubt
less existed. The number of plates directly
related to the extrathecal food-carrying sys-
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FIG. 204. Lateral canals in Auloblastus clinei
BEAVER, Miss.(Osag.), near Springfield, Mo.; A,
X4; B,C, XlO (A, Beaver, n; B,C, Beaver, 1961).

tem is tremendously greater than the num
ber involved in the water-vascular or other
systems. The total number of plates in a
representative genus (e.g., Pentremites), in
cluding brachiole and ambulacra cover
plates, certainly amounts to tens of thou
sands and possibly to hundreds of thou
sands.

By analogy with modern crinoids and
other echinoderms, food is inferred to have
entered the food-carrying system along the
brachiole median grooves and to have
moved along these grooves to the brachiole
sockets, located on the ambulacral margins.
From these points of brachiole attachment
the food moved ad medially along the lat
eral grooves to the ambulacral median
groove and then was transported adorally
to the mouth at the summit of the calyx. It
seems reasonable to suppose that the
brachiole cover plates were movable and
that cover plates of the lateral grooves also
may have been able to move. The general
lack of symmetry in the arrangement of
cover plates of the ambulacral median

radial-deltaid suture

Ie side plates lb

groove suggests that these plates may not
have been movable. The small elongate
plates covering the anus (e.g., Pentremites)
were probably capable of movement, and
thus could have disposed of waste products.

Virtually nothing is known of the diges
tive tract within the central cavity of the
animal.

WATER-VASCULAR SYSTEM

The water-vascular system of blastoids
includes the hydrospires and associated
thecal openings and canals. In spiraculate
blastoids sea water is inferred to have en
:ered the hydrospires through the hydro
spire pores and to have moved adorally
through the hydrospire canals to the spira
cles. Fluids from the spiracles are inter
preted to have entered the area beneath the
summit plates of the mouth, and to have
emerged from the theca through them, or
possibly between the plates covering the
spiracles, if these were movable. In fissi
culate genera without hydrospire pores, but
with spiracles, sea water apparently entered
the hydrospires through hydrospire slits and
emerged from the theca through the sum
mit plates or possibly through the spiracles.
Where neither pores nor spiracles are pres
ent, hydrospire slits must have served both
as an entrance and exit to water entering
the hydrospires.

The large surface area represented by the
hydrospire folds, inferred to have been
semipermeable, permitted sea water within
the hydrospires to aerate the fluids of the
body cavity. Little is known about trends
involving an increase or decrease in hydro
spire surface area through geologic time
in selected blastoid lineages. Factors affect
ing hydrospire surface area include length
of ambulacra, number and shape of hydro
spire folds in each hydrospiralium, and ad
axial extension of the hydrospire folds.
Variation in hydrospire wall thickness is
an undetermined feature in evaluating the
effectiveness of the water-vascular system.

NERVOUS SYSTEM

The circumesophageal rings and their
lateral branches in the lancets (median
canals) are inferred to represent the nervous
system in blastoids. This system of canals
encircles the mouth area and seemingly
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ends at the aboral extremities of the lancets.
An apparent connection between the cir
cumesophageal rings and the spiracles has
been recognized in Pentremites (Fig. 203,
2). The median canals are entirely em
bedded in the lancets and do not open
into other systems (i.e., hydrospiralia). The
lateral canals which lie on either side and
obliquely adaxial to the median canal in
Auloblastus possibly may be a part of the
nervous system (Fig. 204). Lack of knowl
edge of their adoral and aboral extent and
relationships to other structures limits an
interpretation of their function.

ABNORMALITIES
Blastoids with malformed structural ele

ments are fairly common in various species
represented by abundant specimens.

WANNER (1932) distinguished 133 ab
normal specimens of Deltoblastus from the
Permian of Timor in a large collection of
more than 24,000 specimens, or a propor
tion of one abnormal specimen to every
182 examples. While a thorough examina
tion has not been conducted on the propor
tion of malformed Pentremites from the
Upper Mississippian of the Ohio River area,
the above ratio probably is not far out of
line. Deformed specimens of numerous
other genera have been reported in the
literature, but generally the number of ab-

normal individuals is small and prevents
generalization.

Abnormalities may occur in any of the
blastoid structural elements, including the
column and brachioles. Doubtless owing
to the rarity of preserved intact columns
and brachioles, however, known examples
are confined to structures of the theca.
WANNER (1932) recognized three principal
groups of malformed specimens of Delta
blastus. One group, composing 3.6 percent
of total abnormal specimens, is character
ized by thecae with 2 to 4 normal radial
areas, combined with one or more stunted
radial areas, or surplus plates, or both (Fig.
205,1,2,4). Another group, representing
about 13 percent of all malformed Delto
biastus individuals, includes normal thecae
except for the presence of extra plates (Fig.
205,3), or with enlarged plates (Fig. 205,5).
A third group, making up 83 percent of all
deformed specimens, is distinguished by
some combination of too few structural ele
ments. These include near-obliteration of
interradial elements which gives rise to
seemingly double ambulacra (Fig. 205,6),
lack of ambulacra (Fig. 205,7,9,11), and
abnormally shortened ambulacra (Fig. 205,
8,10). Defects observed in Pentremites
(Fig. 206,8) are similar in many respects
to those of Deltoblastus. The deformities
described by WANNER and some of those
recognized in Pentremites and Globoblastus

[See opposite page1

FIG. 205. Abnormal specimens of Deltoblasttls from the Permian of Timor, all D. permictls (WANNER),
except 7, which is D. batlteri (WANNER).--l. Lateral and basal views of theca with three normal radials
and ambulacra; la, radial (A) shortened, with no evidence of sinus; lb, one ambulacrum (E) with surplus
plates; X 2.5.--2. Basal and lateral views of calyx with 3 normal radials and ambulacra; one abnormal
radial and deltoid indented with trace of a radial sinus (A); double ambulacra in position of E ambula
crum; X 2.5.--3. Normal specimen except for protruding lower half of a deltoid (CD interray); X2.
--4. Calyx with 4 normal radials and ambulacra, sinus for abnormal ambulacrum (B) reduced to
notch; 2 extra plates present, X 2.--5. Normal theca except for extra plate between 2 radials and
slightly shortened and modified overlying deltoid (AB interray); X2.--6. Calyx with radial limbs and
deltoid lying between 2 ambulacra nearly obliterated so as to give appearance of double ambulacra (AB
interray); X3.--7. Theca with 3 normal radials and ambulacra, positions of missing ambulacra (C,D)

indicated by poorly developed radial sinuses and abnormal rays slightly shorter than normal rays, X2.5.
--8. Calyx with one ambulacrum greatly shortened and apparently without facets for covering plates
and brachioles, associated radial much smaller than normal; basals in contact with only 4 radials, laterally
adjacent ambulacra somewhat shortened, X 2.5.--9. Calyx with 3 normal radials and ambulacra, 2 rays
entirely missing, 3-sided in basal view, X2.5.--l0. Normal theca except for shortened ambulacrum
(A) and adjacent deltoid (AB interray) which is stunted at its upper end, X2.5.--ll. Theca with one
abnormal ray (E), ambulacrum entirely missing but radial sinus partially preserved, abnormal radial

greatly shortened and malformed, X2.5 (Wanner, 1932).
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1 Globoblastus

6

Pentremites

normal
length of

ambulacrum

apparently are genetic defects, whereas
others (Fig. 206,5,6,8) seemingly are due
to damage of thecal elements during life.

ETHERIDGE & CARPENTER (1886, p. 41)
have suggested that variations in the num
ber of hydrospire folds in hydrospiralia
represent irregularities and inequalities of
growth. Although this may be true, it seems
more likely that such variations are normal
in some species. Hydrospires commonly
may be broken or lacking, but generally
one can ascc;:rtain that they have been dam
aged after death of the individual.

FIG. 206. Abnormal specimens of Globoblastus (1)
and Pentremites (2 -8) from Mississippian rocks of
Iowa, Illinois, and Alabama.--l. G. norwoodi
(OWEN & SHUMARD), Iowa; adoral view of speci
men with abnormal radials, ambulacrum lacking in
Dray, X 1.3.--2-7. P. godoni (DEFRANCE) from
Alabama (2-4) and Illinois (5-7); 2, specimen
with radial sinus reduced to narrow slit without
ambulacrum, X 1.3; 3, specimen showing ridge
instead of median groove in ambulacrum, X2.2;
4a,b, lateral and adoral views of specimen having
only 4 radials, A and B rays with abnormal com
bined ambulacrum, XI.3; 5, specimen with dam
aged radial body and aboral part of ambulacrum,
X 4.5; 6, specimen with deformed A ambulacrum,
X4.5; 7, specimen with extra radial in AE inter
ray, its sinus reduced to narrow slit (sutures and
;inus marked by dotted lines), X 4.5.--8. P.
rymmetricus HALL; 8a,b, lateral views of speci
men with one considerably shortened ambulacrum,
normal outline indicated by dotted line in 8b.
Xl, X4.5 (1-4, Etheridge & Carpenter, 1886;

5-8, Beaver, n).
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GLOSSARY OF MORPHOLOGICAL TERMS

By HAROLD H. BEAVER, ROBERT O. FAY, and RAYMOND C. MOORE

S345

A ray, radial and ambulacrum. Distinguished by
location opposite interradially placed anal opening
or anispiracle; also termed an terior.

abanal. Direction away from anus (in plane of
theca near anus).

abaxial. Direction perpendicularly away from polar
axis.

ablateral. Direction away from margin of ambula
crum toward its mid-line.

abmedial. Direction away from mid-line of ambu
lacrum toward either margin.

aboral. Direction away from mouth (in plane of
theca or along polar axis).

accessory oral plate. One of many small plates of
peristome surrounding 5 main oral plates, adoral
to side plates and meeting cover plates.

adanal. Direction toward anus (in plane of theca
near it).

adaxial. Direction perpendicularly toward polar
aXIs.

adlateral. Direction toward one or other margin of
ambulacrum.

admedial. Direction toward mid-line (main food
groove) of ambulacrum.

adoral. Direction toward mouth (in plane of theca
or along polar axis).

ambulacral cover plate. Tiny polygonal ossicle form
ing part of roof over lateral and median food
grooves of ambulacrum.

ambulacral field. Entire ambulacrum exclusive of
brachioles, including side plates and associated
structures, in addition to exposed portion of lancet
plate.

ambulacral flange. Clifflike enclosure of ambula
crum produced by abruptly elevated edges of
deltoids and radial sinus above general level of
ambulacrum.

ambulacral groove. See main food-groove.
ambulacral half-field. One-half of ambulacral field,

on either side of main food-groove.
ambulacral ratio. Maximum length of ambulacrum

divided by its maximum width.
ambulacral rim. Entire margin of ambulacrum

from deltoid tips to bottom of radial sinus; may
be flush with surface of theca or accented by
ambulacral flange.

ambulacral spine. Small needle-like curved spine
attached to the side plate body, arranged in rows
along sides of main food-groove; each is approxi
mately I mm. long by 0.1 mm. wide, with spirally
arranged striations.

ambulacrum. Radially disposed area extending
aborally from mouth, with narrow depression
(main food-groove) running longitudinally along
its center, with side food-grooves joined to this
groove, and with side plates and associated struc-

tures, including brachioles; exposed portion of
lancet plate may be included as part of ambula
crum. Viewing specimen from oral side, with
anal opening toward observer, ambulacrum oppo
site anal opening is lettered A and con
sidered to be anterior. Proceeding clockwise,
other ambulacra are designated B (right an
terior), C (right posterior), D (left posterior),
and E (left anterior).

anal area. Region near anal opening.
anal cover plate. One of many small polygonal

plates which may extend over and conceal anal
opening in theca, bordered marginally by anal
deltoid or del toids.

anal deltoid. Undivided interradial plate on pos
terior (CD) part of theca below circlet of orals
or mouth opening; collectively, anal deltoids in
clude all differently named kinds of such plates
of the posterior interray (anideltoid, cryptodel
toid, epideltoid, hypodeltoid, paradeltoid, sub
deltoid, superdeltoid).

anal opening. Large orifice in theca marking posi
tion of anus in living animal, located in CD
(posterior) interradius.

anal plate. One of many small polygonal plates
covering immediate anal opening, bordered mar
ginally by anal deltoid, epideltoid, hypodeltoid,
superdeltoid, subdeltoid, cryptodeltoids, or para
deltoids.

anal pore. See anispiracle.
anal pyramid. Cone-shaped anal structure composed

of elongate, imbricate anal plates, above smaller
polygonal plates, arranged in several rows; may
include anal oral plates also.

anal sac. See anal pyramid.
anephebic. Mature but smaller than normal.
anideltoid. Externally visible anal deltoid which is

proved or not known to be accompanied by any
others and which lies almost wholly on aboral
side of anal opening (Acentrotremites) or of
anispiracle (Pentremites, Ambolostoma).

anispiracle. Enlarged opening in summit portion of
posterior interray, formed by union of anal open
ing and posterior spiracle (or spiracles), also
termed anal pore (see paired anispiracle).

anterior ambulacrum. See A ambulacrum.
anthus. Complete blastoid calyx and brachioles

borne by it; entire skeleton of blastoid exclusive
of stem (Greek, anthus, flower or blossom).

anus. Excurrent opening of digestive tract in living
animal, located in summit part of CD interray,
generally indenting anal deltoids and possibly
may border posterior radial or oral plates.

anus separate. Condition whereby anal opening is
separate from adjacent spiracles.

apex. Highest distal point on theca.
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axis. See polar axis.
azygous basal plate. Smallest of 3 plates of basalia

(name signifying unyoked or unfused), normally
located in anteroright (AB) interray but may be
posteroleft (DE).

B ray, radial and B ambulacrum. See ambulacrum.
basal angle. See pelvic angle.
basal circlet. See basalia.
basal periphery. Outline of calyx seen from base.
basal plate. Component of proximal circlet of theca

adjoining stem, or rarely adjoining subbasal
plates, almost invariably consisting of 2 subequal
large zygous plates (BD, right posterior and DA,
left anterior) and a small azygous basal plate
(AB, anteroright); in a few forms the small
(azygous) basal plate may be in DE (posteroleft)
in position. The basals may be reduced to a sin
gle plate by atrophy, resorption, or coalescence,
and in some forms the basals may be irregular
in position.

basalia. Basal circlet of plates in blastoid theca, nor
mally consisting of 2 large (zygous) and I small
(azygous) plates but may include 1 large basal
plate formed from coalesced basals or 1 small
basal where others have atrophied or have been
resorbed.

base. See pelvis.
brachiolar facet. Large elliptical scarlike area on

side plate limb and outer side plate, ad lateral to
brachiolar pit or side food-groove, being bifas
cicular, with aboral portion on side plate limb
and adoral portion on outer side plate; also
termed brachiolar socket or brachiole facet.

brachiolar groove. Depression running along ven
tral surface of brachiole, vaulted over by series
of cover plates, serving for transport of food parti
cles to lateral and median grooves of ambula
crum.

brachiolar pit. Small round depression at adlateral
termination of side fodd-groove.

brachiolar plate. One of biserially arranged plates of
brachiole, semielliptical in cross section and sub
quadrangular in side view, with basal pair at
tached at brachiolar facet.

brachiolar socket. Centrally placed pit on rounded
knob located at adlateral extremity of lateral
groove on ambulacrum, providing for articulation
of brachiole; also termed brachiole socket.

brachiole. Slender food-gathering appendage at
tached to border of ambulacrum, composed of
numerous, short, biserially arranged ossicles
(brachiolars), with subvective system and cover
ing plates on ventral surface; brachioles on one
side of ambulacrum alternate in position with
those on opposite side, and where reclined, they
form an imbricate pattern (also termed pinnule).

C ray, radial and ambulacrum. Elements next clock
wise from B ray in oral view of theca, also,
termed right posterior (see ambulacrum).

calyx. Skeletal cover (theca) of blastoid including

internal structures (hydrospires, etc.) but exclud
ing appendages (brachioles) and stem (calyx
literally signifies cup; see anthus).

central cana\. See median cana\.
circumesophageal ring. Double pentagonal ring of

canals around esophagus, with corners of outer
ring meeting meeting median canals of lancet
plates, and corners of inner ring joining sides of
outer ring beneath spiracles at adoral ends of
deltoids. Although previously thought to be part
of water-vascular system, recent opinions indi
cate that this structure is part of the nervous
system.

column. See stem.
columna\. Individual segment of blastoid stem.
conjunct deltoid process. Ventrally raised portion of

adoral tips of deltoids and adjacent radial limbs.
cover plate. One of tiny polygonal plates arranged

in double alternating series over side and main
grooves; quadruple alternating series placed on
brachioles, inner double set termed inner cover
plates and outer set termed outer cover plates;
also, see anal cover plate.

cover plate lobe or ridge. Small rounded elongate
raised area along edges of side and main food
grooves extending to lancet stipes and deltoid
lips; presumably sutures between adjacent cover
plates are along median lines of each lobe.

cover plate socket. Depression between adjacent
cover plate lobes, presumably place of attachment
for cover plate.

crenella (pI., crenellae). Small radially disposed
groove on stem impression at base of theca and
on distal and proximal surfaces of columnals,
commonly extending less than one-third of dis
tance from perimeter toward center; see culmen.

cross section. Section normal to polar axis, also
termed transverse section.

crown. See anthus.
cryptodeltoid plate. One of 2 plates on either side of

anal opening, generally overlapped aborally by
hypodeltoid and adjacent radial limbs, abutting
against superdeltoid plate adorally, bordering
lancet plate laterally, and infolded into hydrospire
folds on inner side. By adoral extension and
fusion together above anal opening, cryptodel
toids may form horseshoe-shaped subdeltoid de
veloped in some genera, such plate being adjoined
on adoral side by superdeltoid.

culmen (pI., culmina). Ridge between crenellae on
articular surface of columna\.

D ray, radial and ambulacrum. Elements next clock
wise from C ray in oral view of theca, also
termed left posterior ambulacrum (see ambula
crum).

deltoid body. Main portion of del toid pia te, seen
externally, comprising median and aboral regions,
term applicable also to anideltoid but not to other
anal deltoids.

deltoid crest. Raised ridge, seen externally, connect-
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ing deltoid body with deltoid lip, with depres
sions on either side (termed oral crest by some
authors); same as raised deltoid septum.

deltoid head. Adoral part of externally visible del
toid plate (including anideltoid) set off from
deltoid body by lateral indentations produced by
paired spiracles or entirely separated surficially by
interruption due to spiracle (or anispiracle).

deltoid lip. Adoral margin of deltoid contiguous to
mouth opening.

deltoid plate. Interradial subtriangular plate near
summit of theca but aboral to oral plates, between
adjacent ambulacra and above radial plates, in
ternally infolded into hydrospire folds, with
spiracles excavated at adoral end; on anal side I
to 6 deltoid plates may be present, each specially
named, but only single deltoid is present in each
of other 4 interradial positions.

deltoid septum. Thin internal portion of deltoid
plate between adjacent hydrospire canals, connect
ing deltoid lip to deltoid body; on anal side are
2 septa formed by variously named plates.

deltolancet suture. Common line or division be
tween deltoid and lancet plates.

disjunct deltoid. Deltoid with lip externally sep
arated from body by spiracle or anispiracle.

distal. Direction away from point of stem attach
ment with theca (compare ventral). [BATHER,
CLINE, and WANNER ill-advisedly used this term
in describing hydrospires and ambulacra to mean
away from the mouth, but otherwise they fol
lowed definition here given. ]

dorsal. Direction toward point of attachment of
stem with theca (compare proximal).

dorsal pole. Center of dorsal surface of theca.
dorsal region. See pelvis.
double spiracle. See paired spiracle.
E ray, radial and ambulacrum. Elements next clock

wise from D ray in oral view of theca, also
termed left anterior ambulacrum; (see ambula
crum).

ephebic stage. Mature or adult growth stage.
epideltoid. Anal deltoid bordering adoral side of

anal opening and adjoining mouth opening, with
or without hydrospires; differs from superdeltoid
in lacking association with cryptodeltoids.

equator. Circumference about theca at one-half
height of theca.

esophogeal ring. See circumesophageal ring.
fissiculate. Having exposed or partly exposed hydro

spire slits or spiracular slits.
food-groove. See main food-groove.
fused basal plate. Large single basal plate seen in

some blastoids, formed by fusion of entire basal
circlet.

fused hydrospire plate. Elongate thickened projec
tion of radial and deltoid plates beneath lancet
plate, generally accompanied by lateral displace
ment of pores and slits away from ambulacral
margins (formerly termed sublancet or under-

lancet plate). If projection is thin, each side is
termed a hydrospire plate.

gerontic stage. Old-age growth stage.
granulostriations. Ornamentation of some brachio

lars with microstriations parallel to brachiolar
food-groove and small ridges at right angles to
groove.

hydrospiralium. Group of two or more ( to 18)
conjoined hydrospires located along border of
ambulacrum.

hydrospiralium cleft. Space within hydrospiralium
exclusive of hydrospire clefts.

hydrospire. Infolded thin-walled calcareous linear
structure on either side of ambulacrum, excavated
in radial and deltoid plates, approximately paral
lel to ambulacral margin; on anal side, this may
be excavated in cryptodeltoids, epideltoid, subdel
toid, and (in Nymphaeoblastus) in hypodeltoid.

hydrospire canal. Adorally directed tubular passage
way in adambulacral part of deltoid leading from
hydrospire, hydrospiralium, or confluent hydro
spiralia to spiracle (or anispiracle).

hydrospire cleft. Space inclosed by hydrospire fold.
hydrospire field. Area of theca underlain by single

group of hydrospires (hydrospiralium).
hydrospire fold. Thin calcareous wall surrounding

hydrospire.
hydrospire pore. Minute rounded opening between

side plates or ou ter side plates near margin of
ambulacrum, leading into hydrospire.

hydrospire slit. Longitudinal opening of hydrospire
fold excavated in substance of deltoids and radials
parallel to ambulacral margins on either side.

hydrospire tube. Expanded adaxial portion of hy
drospire fold.

hypodeltoid. Interradial plate on anal side adjacent
to posterior radial limbs, forming aboral part of
anal opening; internal portions may rest upon
cryptodeltoids, subdeltoid, and septal projections
of epideltoid, in addition to parts of hydrospire
plate and fused hydrospire plate.

inner cover plate. One of series of biserial kite
shaped small plates over brachiolar food-groove,
alternating with set of pentagonal outer cover
plates on margins.

inner side plate. Small triangular plate between side
plates at admedial corners near main food-groove,
present in some genera (see side plate, outer side
plate).

interambulacral. See interradial.
interdeltoid suture. Common line or suture between

adjacent deltoid plates.
interhydrospiralium. Space between adjacent hydro

spiralia.
internal. Toward inside of theca, same as inward.
interradial. Position of line extending from mouth

halfway between adjoining radii or ambulacra,
through mid-line of any deltoid plate. Orals,
deltoids, and azygous basal are interradial in
position. If 5 deltoids are present, they are
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termed AB (anteroright), and BC (posteroright),
CD (posterior), DE (posteroleft), AE (antero
left); same as interambulacral.

interradial suture. Common line or division be
tween adjacent radial plates.

inward. Direction toward geometric center of calyx
or polar axis of theca or stem, or toward inside of
brachiole; same as internal.

lancet plate. Elongate spear-shaped plate extending
from aboral tip of ambulacrum to oral opening,
located along mid-line of ambulacrum, with
elongate central canal (median canal) that con
nects with circumesophageal ring adorally. Adoral
end, termed lancet stipe, adjoins adjacent spiracles
laterally and internally rests on adjacent deltoid
plates. In primitive blastoids, lancet is covered by
side plates, but in advanced forms it supports
main and side food-grooves also. In some forms,
lateral canals are excavated in its outer surface
beneath side plates, parallel to main food-groove.

lancet-side plate suture. Common line or division
between lancet plate and side plate.

lancet stipe. Restricted adoral extension of lancet
plate, resting internally on truncated ventral sur
face of adjacent deltoid lips, but adjoining oral
orifice externally and generally bordering adja
cent spiracles laterally; small cover plate lobes
and sockets may be present.

lateral. Direction toward margin of ambulacrum
or brachiole.

lateral canal. One of 2 small longitudinal canals on
outer surface of lancet plate, beneath side plates,
parallel to and on either side of main food-groove.

lateral food-groove. See side food-groove.
left anterior ambulacrum (E). See ambulacrum.
left posterior ambulacrum (D). See ambulacrum.
length. Vertical distance between apex and base of

theca.
length-width ratio. Length of theca divided by

width of theca.
limb. Adoral portion of radial plate along side of

ambulacrum; see radial limb.
longitudinal section. Section parallel to polar axis.
lumen. Small round opening in center of stem

columnals, which mayor may not be continuous
with body cavity above basal plates of theca;
also termed stem cavity.

main food-groove. Longitudinal depression extend
ing length of middle line of ambulacrum, ex
cavated in side plates or lancet plate, bordered by
cover plate lobes and sockets; also termed median
groove, food-groove, and ambulacral groove.

medial. Line or direction of main food-groove.
median canal. Internal central opening of lancet

plate, extending longitudinally to circumesopha
geal ring; also termed radial canal and central
canal.

median groove. See main food-groove.
median pit. External depression in middle of side

plate body.

median ridge. Small, regularly curved ridge around
median pit on side plate body, curving adlaterally
around brachiolar pit, joining ridge on adjacent
side plate, parallel to adoral, admedial, and aboral
edges of side plate body.

metaphebic. Mature and normal in size.
mouth. Central opening at summit of theca leading

to digestive tract.
neanic stage. Youthful or immature growth stage.
nepionic stage. Growth stage between embryonic

and neanic stages.
oral. Region about mouth; of or pertaining to

mouth; see peristome and summit.
oral crest. See deltoid crest.
oral groove. Medial groove of lancet stipe and adja

cent deltoid lips, adjacent to oral opening.
oral hood. See oral pyramid.
oral opening. Pentagonal opening at summit of

theca, marking position of mouth in living
animal.

oral plate. One of 5 main interambulacrally located
polygonal plates covering mouth, but may include
other summit plates where 5 main plates are
lacking; see accessory oral plate, posterior oral
plate, peristome, oral pyramid, oral spine, cover
plate, and summit plate.

oral pyramid. Conical structure about oral opening,
which comprises specialized elongate oral and
accessory oral plates (termed oral spines) or oral
cover plates, basally adjacent to many small poly
gonal accessory orals that cover spiracles (spiracu
lar plates); also termed oral hood.

oral ring canal. See circumesophageal ring.
oral spine. Elongate conical oral or accessory oral

or specialized anal plate around oral opening,
forming part of anal and oral pyramids.

outer cover plate. One of polygonal cover plates
along ventral margins of brachiole, single set on
one side alternating in position with that on
opposite side, brachiolar food-groove between
these plates, roofed over by biserial set of inner
cover plates that fit tightly against outer cover
plates in zigzag pattern and alternate with them.

outer side plate. Small semielliptical to subtriangu
lar plate that generally rests upon adlateral mar
gin of side plate, bearing part of brachiole; in
some specimens position may be more admedial;
same as secondary side plate (see side plate, inner
side plate).

outward. Direction away from geometric center of
theca or polar axis of stem, or away from inside
of brachiole.

paired spiracle. Spiracle with deltoid septum almost
at surface externally so that V-shaped spiracle is
formed, giving appearance of 2 connected spiracles
with actually single opening; also termed double
spiracle.

paradeltoid plate. One of 2 small subtriangular
plates resting upon beveled adoral margin of
hypodeltoid, on aboral side of anal opening, rest-
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ing upon cryptodeltoids and not infolded into
hydrospire folds.

parephebic. Mature but larger than normal in size.
pelvic angle. In side view, angle measured from

dorsal pole (as center) to aboral tips of ambulacra
farthest apart, with one radial position toward
observer; same as basal angle.

pelvis. Portion of theca from aboral tips of ambu
lacra to dorsal pole; also termed base and dorsal
region.

periphery. Circumference of theca at its widest
part.

peristome. Area of oral and accessory oral plates
around oral opening, located at summit of theca.

pinnules. See brachioles (not same as crinoid pin
nules).

polar axis. Line extending from oral center to cen
ter of stem.

pore. See hydrospire pore.
pore furrow. Elongate depression on side plate

handle extending abmedially from side plate body
to hydrospire pore, between adjacent brachioles.

posterior oral plate. One of 5 main oral plates, larger
than others and located in anal (CD) inter
radius.

primary side plate. See side plate.
primary side plate suture. See side plate suture.
profile. Outline of theca in side view.
proximal. Direction toward point of attachment of

stem and calyx (compare dorsal). [According to
BATHER, CLINE, and WANNER with respect to
ambulacra, direction toward center of the mouth
is proximal, but they used the definition first
given for thecal orientation.]

pyriform. Pear-shaped.
radalia. Radial plates of theca.
radial. Position of line extending from centrally

placed mouth to aboral end of any ambulacrum;
lancets, radials, and ambulacra are radial in posi
tion.

radial body. Portion of radial plate below or ab
orally away from aboral tip of ambulacrum; same
as trunk.

radial canal. See median canal.
radial circlet. See radalia.
radial limb. Adoral portion of radial plate along

side of ambulacrum; sometimes termed limb.
radial lip. Thickened portion of radial plate at

aboral tip of radial sinus.
radial plate. One of 5 cleft plates above basalia,

radial in position, that receives aboral extremity
of ambulacrum.

radial sinus. V-shaped indentation in adoral part
of radial plate which receives ambulacrum.

radiodeltoid suture. Line or division between del-
toid plate and adjacent radial limbs.

right anterior ambulacrum (B). See ambulacrum.
right posterior ambulacrum (C). See ambulacrum.
root. Presumably expanded, branching, treelike ex-

tension at distal end of stem.

secondary side plate. See outer side plate.
side food-groove. One of many short transverse

depressions on ambulacrum, subparallel to each
other, adorally directed at oblique angle to and
emptying into main food-groove from base of
brachiole, alternating in position on either side of
main food-groove, and commonly bordered by
cover plate lobes and sockets.

side plate. One of many small subquadrangular
plates of ambulacrum, partly superposed on lancet
plate or on its adlateral margin, arranged alter
nately on either side of main food-groove and
between side food-grooves, bearing outer s:de
plate and brachiole; also termed primary side
plate (see inner side plate, outer side plate).

side plate body. Admedial portion of side plate,
admedial to outer side plate.

side plate limb. Abmedial portion of side plate,
normally aboral to outer side plate; sometimes
termed side plate handle.

side plate suture. Line or division between adjacent
side plates along line of lateral food-groove.

sinus. V-shaped indentation of ambulacrum along
deltoid and radial margins.

sinus edge. Margins of radial and deltoids bound
ing ambulacrum; also termed ambulacral rim.

sinus flange. Clilflike enclosure of ambulacrum
produced by abruptly elevated margins of radial
and deltoids above general level of ambulacrum;
same as ambulacral flange.

spiracle. Opening, generally rounded, near adoral
tip of deltoid and excavated within it, bounded
adorally by deltoid lip and aboraily by deltoid
body, and generally adjoined laterally by lancet
stipe and side plates; see paired spiracle. Where
deltoid septum is exposed externally, 2 spiracles
are formed in deltoid.

spiracular cover plate. One of series of small poly
gonal plates that cover spiracles, extending adoral
Iy into oral spines; these may be part of series of
accessory oral plates that are highly specialized;
see oral pyramid.

spiracular slit. Elongate spiracle at side of ambu
lacrum, excavated in adjoining radial and deltoid
plates, with fused hydrospire plate forming ad
medial wall and one or more hydrospire folds
opening into hydrospire canal.

spiraculate. Having spiracles, in some genera in
cluding anispiracle.

stem. Cylindrical column beneath theca that may
have served as means of support, composed of
numerous discoid, button-shaped columnals, with
central lumen, supposedly attached to root dis
tally. The axial canal represented by the lumens
of columnals connects with the body cavity. The
stem also is termed column. Some forms prob
ably lacked a stem.

stem cavity. See lumen.
stereome. Calcareous tissue in the mesodermal endo

skeleton of the living echinoderm. This, to-
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gether with the stroma, where both are replaced
by calcium carbonate, forms the material of
blastoid plates.

stroma. Organic tissue in mesodermal endoskeleton
of living echinoderm.

subbasal plate. Small plate, or one of 3 plates,
secreted between basal plates and top of the
stem; also termed supplementary basal plate.

subdeltoid. Small to moderately large anal deltoid,
typically inverted V-shaped, located on adoral
and lateral margins of anal opening and on
aboral border of superdeltoid; see epideltoid.

sublancet plate. See fused hydrospire plate (=un-
derlancet) .

subradial plate. See fused hydrospire plate.
summit. Distal extremity of theca.
summit plates. Oral and accessory oral plates.
superdeltoid. Anal deltoid on border of mou th

opening, associated either with subdeltoid or pair
of cryptodeltoids abutting its aboral margin and
in some genera bordering anal opening.

supplementary basal plate. See subbasal plate.
suture. Plane of junction between adjacent plates.

tangential section. Section tangent to outer surface
of theca.

theca. Main skeleton enclosing body of blastoid, in
cluding ambulacra but excluding stem and brach
ioles (equivalent to "calyx").

transverse section. Section perpendicular to longi-
tudinal section.

trunk. See radial body.
underIancet. See sublancet plate.
vault. Portion of theca above pelvis; also termed

ventral region.
vault-pelvis ratio. Height of vault divided by height

of pelvis, measured parallel to polar axis.
ventral. Side of theca containing mouth or direction

toward it (compare distal).
ventral pole. Geometric center of oral opening.
ventral region. See vault.
width. Maximum width of theca, measured at right

angles to polar axis.
zygous basal. Large plate of basal circlet in BD

(right pDsterior) or DA (left anterior) position,
formed by fusion (zygos, yoked) of pair of ante
cedent small basals comparable to azygous basal
in AB (anteroright) interray.

TECHNIQUES

By HAROLD H. BEAVER

Many techniques have been used over
the years in studying blastoids. Those par
ticularly well suited to solving problems of
blastoid morphology are discussed briefly
here.

WEATHERED,REPLACED,AND
DISARTICULATED SPECIMENS

Morphological features probably can be
studied best on deeply weathered speci
mens and those consisting of disarticulated
remains. Surfaces of internal structural ele
ments, many complexly sculptured, may
be well preserved and easily photographed
in this condition. Exquisitely preserved
specimens may be collected in large num
bers along weathered joint surfaces (e.g.,
Burlington Ls., Mississippian). Disarticu
lated plates may be abundant in washed
samples from shales rich in blastoids (e.g.,
Paint Creek F., Chesteran). Silicified
thecas commonly are excellent for external
study but provide little information on in
ternal structures because obliteration of
sutures prevents examination of plate re
lationships. Replacement of thecal elements

by iron oxides, however, may be advan
tageous for morphological study. Hydro
spires, for example, may be especially ac
centuated.

GROUND SURFACES

Ground surfaces may be prepared readily
to show internal relationships of blastoid
skeletal parts. The various plates reflect
light differently so that plate boundaries
may be seen easily. JOYSEY & BREIMER (1963,
p. 472) accentuated the effect by increasing
contrast during photography. A camera
lucida is commonly used to produce draw
ings.

ACETATE PEELS
Acetate peels can be made rapidly, cheap

ly, and they can be enlarged photographic
ally. If serial sections are desired, the fossil
surface may be ground to any number of
desired levels and peels prepared. Peel
quality is dependent on the nature of the
calcite of the theca and the enclosed matrix
material. Peels are well suited for many
purposes, but are generally less desirable
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FIG. 207. Optical properties of Cryptoschisma schultzii (D'ARCHIAC & DE VERNEUIL).--l. Drawing of
transverse section in summit area (Lucas, 1953).--2. Drawing of slightly inclined longiludinal section
through an interray. [HR, part of hydrospires interpreted to have formed from the radials; HD, part of
hydrospires interpreted to have formed from the deltoids. Circles indicate position of crystallographic axes
of calcite for each thecal plate; in inner circles the interference figure in convergent polarized light is
shown where the calcite optic axis is nearly vertical; in outer circles the positions of the crystallographic
axes are shown as they would appear plotted in stereographic projection. The ruled lines are parallel to
the vibration directions of the ordinary and extraordinary ways in the calcite crystals, rectangles (square, if
the section were perpendicular to the crystallographic axis) being more elongate as the crystallographic

axis is increasingly inclined with respect to the polar axis of the blastoid.]

than thin sections for detailed morphologi
cal investigations.

THIN SECTIONS

Thin sections are advantageous for study
ing internal structural elements of blastoids
such as hydrospires, concealed anal deltoids,
and canals such as the oral ring canal and
its aboral extensions. Very thin sections
are best for studies involving polarized
light, whereas thicker sections are superior
for distinguishing plate relationships and
sutures. Furthermore, relatively thick sec
tions provide better photographs than ex
cessively thin sections.

Serial thin sections are particularly use
ful for determining progressive changes in

structural elements (e.g., development of
hydrospires). The main problems in pre
paring serial thin sections are the impossi
bility of obtaining closely spaced sections
and the tendency of specimens to shatter
during sawing. Recently, ]OYSEY & BREIMER

(1963, p. 473) have described a new saw
which apparently is capable of ameliorating
these problems.

STAINS

Stains may be useful in emphasizing
certain plates and thus in making plate
relationships more apparent. The stains
commonly are used on ground surfaces
and for working with acetate peels and
thin sections.
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OPTICAL CHARACTERISTICS OF
PLATES

For many years optical properties have
been utilized to determine plate relation
ships in echinoderm skeletons. As re
viewed by RAUP (1959, p. 661), each of the
structural elements of echinoderms behaves
as a single calcite crystal. Thus, the various
plates of a blastoid theca become extin
guished in different positions when viewed
in thin section with a polarizing micro
scope. The technique is most often used
to observe the boundaries and relationships
of thecal plates and to differentiate between
plate sutures and adventitious cracks in the
theca. LUCAS (1953, p. 635-637) used this
method in attempting to determine which
thecal plates of Cryptoschisma schultzii
contributed to the development of the
hydrospires. He concluded that the lancets,
radials, and deltoids all shared in their

formation (Fig. 207). More recently JOY
SEY & BRElMER (1963, p. 472-473), in study
ing Pentablastus, used the technique in dis
tinguishing plate relationships but found
that "both optical continuities and dis
continuities can be the product of secondary
recrystallization."

Examination of thin sections of Pentre
mites and Globoblastus under polarized
light aids in distinguishing plate relation
ships, sutures, and cracks in the theca, but
is not useful in determining the identity
of thecal plates which contribute to the
hydrospires. The hydrospire folds are com
posed of very small calcite crystals, so tiny
that at magnifications up to X450 it is not
possible to recognize when the crystals are
extinguished. Mostly, the thecal interior
is filled with large calcite crystals which
generally are in optical continuity with the
nearest thecal plates.

LARVAL AND JUVENILE
STAGES

Almost nothing is known about the earli
est growth stages of blastoids. CRONEIS &
GElS (1940) described some extremely tiny

ONTOGENY

By HAROLD H. BEAVER

Numerous publications, particularly in forms (length or diameter as small as 0.1
recent years, have been concerned with mm.) which they identified as Mesoblastus
blastoid ontogeny. Principal in importance [Diploblastus] glaber and Pentremites
are papers by ETHERIDGE & CARPENTER princetonensis. Very much doubt remains,
(1886), HAMBACH (1903), SMITH (1906), however, as to whether the specimens stud
ULRICH (1918), WELLER (1920), BATHER ied by them actually are blastoids. They
(1922), CRONEIS & GElS (1940), MOORE have not been reported on further or made
(1940), BURMA (1948), WANNER (1951), available for examination by other workers.
JOYSEY (1953, 1959), GALLOWAY & KASKA Also, efforts to duplicate collections used
(1957), and REGNELL (1960). Growth by CRONElS & GElS have been unsuccessful.
series have been described for a number The smallest specimens of Pentremites
of genera, including Codaster, ?Diplo- yet found in the Salem and Harrodsburg
blastus, Globoblastus, Orbitremites, Oropho- Limestones (Meramecian) of Indiana are
crinus, and Pentremites. Published growth reported by SMITH (1906) to be approxi
series of various species of Pentremites are mately 0.8 mm. in length. These speci
particularly numerous because of the rela- mens had three basals and five radials, but
tive abundance of collected specimens. the plates in the oral region were not pre
Nearly complete series have been illus- served.
trated for P. conoideus (SMITH, 1906, pI. In general, young blastoid individuals
46), P. girtyi, and P. okawensis (GALLO- tend to be elongate. This appears to be
WAY & KASKA, 1957, pI. 11). true not only in genera with species which

may be flat-based or pyriform as adults
(e.g., Pentremites) , but also in typically
globular types. As previously mentioned,
the young of Globoblastus are typically
elongate globular, whereas adult specimens
are nearly globular. It is presumed that the
same is true of many other blastoids.
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ADULT AND GERONTIC
STAGES

Large collections of blastoids, such as
are obtainable at many places, especially in
outcrop areas of fossiliferous Upper Mis
sissippian (Chesteran) strata, consist pre
dominantly of specimens having approxi
mately the same size and all relatively
large. They obviously represent a mature
growth stage and may be classed as adults,
though no sharp boundary separates them
from slightly undersized and distinctly
smaller-than-average specimens. The small
individuals, comprising a minority, grade
downward to the smallest, interpreted as
juveniles.

Old-age blastoids generally have a ten
dency to become obese. Globular types in
old age are commonly depressed globular
(e.g., Globoblastus). Flat-based Pentremites
tend to increase width of the theca relative
to thecal length, with a resultant increase
in the ambulacral length.

GROWTH SERIES OF PENTREMITES

Examination of fine fractions of shale,
rich in Pentremites from the Paint Creek
(Chesteran) Formation, near Floraville,
Illinois, shows that the smallest specimens
are about 2 mm. in height. They are clearly
recognizable as belonging to Pentremites.
Because blastoids change shape and be
cause some structures are modified during
growth, it is commonly difficult to dis
tinguish youthful individuals on the specific
level if two or more specimens occur to
gether. For example, abundant specimens
generally identified as P. godoni, P. gemmi
form is, P. pyramidatus, and P. symmetricus,
may be collected from this same formation
and locality. Many thousands-in all proba
bility many tens of thousands-of Pentre
mites have been taken from two adjacent
exposures at the Floraville locality. In adult
or near-adult stages, P. symmetricus may
be identified by shape of the calyx and
length of the ambulacra. Progressively smal
ler specimens of this and other species are
increasingly difficult to distinguish because
all representatives of Pentremites are steep
ly conical when young, with ambulacral
aras largely confined to the summit of the
theca. Close examination of ambulacral fea-

tures indicates that minor differences in
characters of the side plates, transverse
ridges, and hydrospire pore grooves may
aid in recognizing species of different types.
Two major types are distinguished, the first
(Type I) consisting of calyces with a nearly
flat base in the adult stage (P. godoni)
(Fig. 208), and the second (Type 2) char
acterized by calyces with a pyriform out
line in the adult stage (Fig. 209). This type
includes P. gemmiformis, P. pyramidatus,
and P. symmetricus.

The relatively flat-based Type I, repre
sented solely by Pentremites godoni, in
cludes specimens ranging from about 2 mm.
to more than 20 mm. in height. The very
small specimens (Fig. 208,1-3) are steeply
conical, the ambulacra are short and the
basals make up a considerable part of the
theca. The ambulacra are extremely short
and nearly confined to the summit in the
tiniest specimens (Fig. 208,1). Only seven
or eight side plates occur along either mar
gin of an ambulacrum. Much of the summit
is occupied by the spiracles, anal opening,
and mouth. With increase in size, the am
bulacra lengthen progressively. In larger
specimens, three trends in shape are dis
tinguishable, the first (Subtype la) includ
ing individuals with nearly equidimen
sional calyces, with height of theca approxi
mately the same as width (Fig. 208,4-9),
another (Subtype Ib) represented by speci
mens having calyces which become increas
ingly slender, with height greater than
width (Fig. 208,10-14), and a third (Sub
type Ic) characterized by calyces which
are wider than high (Fig. 208,15-19). All
three subtypes may be presumed to de
velop from juveniles which in most diminu
tive examples show steep-sided conical form
(Fig. 208,1-3).

Species of Pentremites with pyriform
adult calyces, grouped in Type 2, include
P. symmetricus, P. pyramidatus, and P.
gemmiformis. Very small individuals pre
sumed to represent the same species are
essentially similar in shape and size to
representatives of Type 1. The pyriform
thecal shape of the diminutive calyces per
sists, however, in larger specimens, among
which three different trends are discernible.
In one group (Subtype 2a) the theca be
comes more slender and the ambulacra ex-
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FIG. 208. Growth senes of relatively flat-based Pentremites calyces (Type 1) represented by P. godoni
(DEFRANCE), Paint Creek F. (Chester.) , near Floraville, l1Iinois; Subtype la, equidimensional, 1-9; Sub

type lb, slender, 10-1-1; Subtype Ie, broad, 15-19; all figures X 1 except as indicated (Beaver, n).
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FIG. 209. Growth senes of pyriform Pentremites calyces (Type 2), all from Paint Creek F. (Chester),
near Floraville, Illinois; Subtype 2a, P. symmetric/IS HALL, 6-9; Subtype 2b, P. gemmiformis HAM BACH,

10-12; Subtype 2c, P. pyramidatus ULRICH, ?13,14-16; all figures X 1 except as indicated (Beaver, n).
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tend to more than half of the thecal height
(Fig. 209,6-9). These forms are customarily
identified as P. symmetricus. A second
group (Subtype 2b) is characterized by
somewhat greater thecal width and pro
portionally shorter ambulacra. Individuals
are generally identified as P. pyramidatus
(Fig. 209,?13, 14-16). The third group
(Subtype 2c) is similar to the first except
for thickening of the aboral extremity of
the theca, seemingly by accretion of sec
ondary calcite (Fig. 209,10-12). Specimens
with these characteristics are assigned to P.
gem miformis. The possibility that adult
pyriform calyces of Type 2, generally inter
preted to represent these different species,
actually belong to a single species having
variable shape and ambulacral length or
thickened aboral extremity needs further
investigation.

CHANGES IN THECAL
ELEMENTS WITH GROWTH
It is well known that with growth some

thecal and brachiole elements increase in
number, whereas other elements simply
become larger. Major plates, such as the
basals, radials, and deltoids, increase in size
with age, as indicated by growth lines. The
ambulacra, however, increase in size by

adding side and outer side plates at the
aboral tips of the ambulacra. These plates
are accompanied, of course, by additional
brachioles and auxiliary elements such as
ambulacral and brachiole cover plates. Ad
ditions to the ambulacral system during
growth result in the extremely large num
ber of plates previously mentioned. The
number of hydrospires, contrary to some
interpretations, does not seem to increase
with age. On the basis of numerous thin
sections and peels prepared specifically to
examine this problem in a number of gen
era (particularly in Pentremites), the num
ber of folds in each hydrospiralium does
not increase in progressively older individ
uals, at least in specimens ranging upward
in size from a few millimeters. Contrary
evidence has been presented by JOYSEY &
BREIMER (1963, p. 481) in Pentablastus,
where a specimen with six folds in each
hydrospiralium is interpreted to be older
than another individual with five folds in
each hydrospiralium. This difference may
be due to unlike age, as inferred, or alter
natively, it may merely represent variation
in the number of hydrospires in Penta
blastus. The examination of a large num
ber of individuals of all ages is required
to answer this question.

DEVELOPMENT AND HYDRODYNAMICS OF BLASTOIDS

By DONALD B. MACURDA, JR.
[Museum of Paleontology, University of Michigan]

DEVELOPMENT
The skeleton of living echinoderms is an

endoskeleton, secreted by mesodermal tis
sue. The microstructure of this skeleton
was likened to the open girderwork of a
modern skyscraper by NICHOLS (1962, p.
93). By analogy with Recent echinoderms,
the calcite of the blastoid skeleton was also
formed by the mesoderm. Growth lines
are commonly preserved on outer surfaces
of the principal calyx plates (Fig. 210).
Growth was accretionary and episodic, oc
curring in a lateral direction, although oc
casional secondary deposits are found cov
ering the origins of the plates.

The tissue which secreted the calcite lay
between opposing plate edges. The width

of the calcite laid down during a growth
increment on the plate edge was usually
small, with a multiple number of growth
lines per mm. (Fig. 210). The amount of
calcite deposited on opposing plate edges
within the same series of plates (as along
the interradial suture) was equal, but dif
ferential rates of growth were the general
rule along radiodeltoid sutures. Commonly,
several times as much calcite would be laid
down on one plate edge (commonly the
radial) as on the other during a growth
increment (Fig. 210).

The microstructure of the calcite in blast
oid plates is usually destroyed by recrystalli
zation, but plates belonging to Rhopalo
blastus from the Permian of Western
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Australia have a reticulate pattern (Fig.
210) suggestive of the calcite latticework
of modern echinoderms. The calcite of
the external surface has a fenestrate ap
pearance, with the long axes or ribs very
closely spaced and arrayed perpendicular
to edges of the plates along which growth
occurred. A very sharp divergence of the
long axes is observed at the intersection of
adjacent growth fronts. The cross bars
connecting long axes are as wide as the
axes; the fenestrules or openings are ap
proximately rectangular and are not as
wide as the ribs of the crossbars. They are
evenly spaced. Internal and lateral edges
have a very fenestrate appearance. Second
ary calcite has filled in the open spaces in
the lattice and appears as clear blebs of
calcite.

Growth lines are preserved only on the
external surface. NISSEN (1963) has pre
sented data suggesting that the calcite of
an echinoid plate is a composite of tiny
crystal units, with the c-axes oriented in
the same direction. Each individual plate
of a blastoid behaves optically as one crystal
lographic unit. The maximum size for one
plate may be several tens of millimeters, a
large size for an individual crystal. The
latticework of the blastoid skeleton may
have consisted of many individual fibers
similar to those found in echinoids, which
were added onto the lattice during each
growth increment, and then subsequently
recrystallized to form an individual crystal.
It is unclear why growth lines are only re
flected externally.

The growth lines preserved on the ex
ternal surfaces of the plates record the
complete postmetamorphic development of
the blastoid. The principal plate of the
calyx is the radial, which usually has six
edges. The growth lines converge toward
the origin of the radial which is at the
aboral end of the ambulacrum. The radial
has grown outward in three primary direc
tions perpendicular to the sutures along
which calcite was added (growth fronts)
(Fig. 211). Each axis and front has a
complement on the opposite side of the
radial. The direction of growth toward
the radiodeltoid suture is designated the
RD axis, that toward the interradial suture
the RR axis, and that toward the radial
basal suture, the RB axis (Fig. 211).

Growth fronts are designated as the RD
front, etc. Quantitative analysis of the
rates and amounts of growth along these
axes has shown that development of the
radial is orderly, indicating a close genetic
control. Growth curves can be constructed
by plotting growth axes against one an
other to show the ontogenetic development
of the plate (Fig. 212,2). Most growth curves
are isometric, there being little change in
rates relative to one another. When the
amount of growth along an axis is plotted
against the width of the growth front for
an ontogenetic series, a well-ordered pattern
is found (Fig. 212,1). An ontogenetic study
of Orophocrinus (MAcuRDA, 1965, 107;
1966, 109) showed that quantitative mea
surements of growth axes and fronts were
useful and discriminatory taxonomic char
acters and permitted greater insight into
blastoid development, morphology, and
physiology.

Quantitative analysis of the development
of the radial in genera other than Oropho
crinus has shown that the development is
almost always isometric as well. The
amount of calcite added along a growth
front during one increment is almost con
stant throughout the entire ontogenetic his
tory of the individual from a neanic to a
gerontic stage. The development was thus
under close genetic control. The length
of a growth axis provides a time character
by which the relative level of development
of different individuals can be compared.
The RR axis was used in the study of
Orophocrinus previously cited (MACURDA,
1965,107; 1966, 109); study of other genera
suggests that the sum of the RD, RR, and
RB axes for an individual is a better time
character.

Analysis to date has treated the growth
axes as two-dimensional parameters, i.e.,
as though they were all arrayed in one
plane. The radial plates of blastoids have
many different shapes as a result of growth
along the sutures (Fig. 213,1-3,7). It will be
necessary to array the axes in a three
dimensional matrix to realize the full po
tential of ontogenetic analysis and specific
differentiation. The lengths of the axes
of two plates may be very similar, but the
directions of growth of these in a third
dimension may result in a globular form
such as Orbitremites or Globoblastus, or

© 2009 University of Kansas Paleontological Institute



5358 Echinodermata-Crinozoans-Blastoids

FIG. 210. [Explanation on jacillg page.]
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produce a very angular form, as Hadro
blastus or Codaster.

The origin of the radial is commonly ob
scured by secondary deposits of calcite (Fig.
213,5-6). These secondary deposits may re
sult from the more intensive physiological
activity which took place at the aboral end
of the ambulacrum where new side plates
were formed. Some blastoids utilized the
ability to secrete this extra calcite to form
a prong on the radial (Fig. 213,4), by which
the length of the ambulacrum could be
extended and the food-gathering capacity
multiplied without effecting a change in the
shape of the calyx. This evolutionary ex
periment occurred several times, as in the
Mississippian genus Dentiblastus and the
Permian T haumatoblastus.

The basals of a blastoid are usually small
in relation to the radials. Most show two
primary directions of growth, toward the
radial-basal (BR axis) and interbasal su
tures (BB axis) (Fig. 214,11). The rate of
growth along the BR axis is usually several
times that of the BB axis; the origin of the
basal is located near the distal end .of the
plate.

The rate of growth of the BR axis of the
basal is usually about equal to the RB axis
of the radial, one half of the pelvis being
formed by the basals, one half by the
radials (Fig. 214,1). In a few genera with
a narrow, conical pelvis, the area available
for basal growth is unconfined, not being
restricted by the radials in globose genera
such as Mesoblastus or Cryptoblastus, and
the rate of growth on BR may be several
times that of RB as in Belocrinus (Fig. 214,
11).

The stem was attached to the distal ends
of the three basals. The mass and volume
of the calyx increased throughout the onto
genetic development of the organism. If
the original growth pattern of the basals
was maintained without any modification,
the attachment of the calyx to the stem
would be highly unstable. It would consist
of three points resting on a cylinder (Fig.
212,3). Therefore, the configuration of the
plate had to be modified. In most genera
this was accomplished by the secretion of
a secondary deposit over the origin of the
basal, thus modifying the three points to
a cylinder (Fig. 212,4; 214,3-4,7,9). The
secondary deposits increased during devel
opment. An alternative mechanism was
adopted by some genera, as Phaenoschisma
and Rhopaloblastus, with long, narrow
basals. There is a third growth axis (the
BA axis), directed toward the stem attach
ment area, which maintained the flat cir
cular attachment area at the base of the
calyx (Fig. 214,10).

The entire calyx and thus the weight of
the blastoid were supported by a cylindri
cal, jointed stem in its aqueous environ
ment. As the surface area of the plates
increased, the weight of the organism would
multiply at an increasingly accelerating
rate, since it is a function of the volume
(V3 ). The cross-sectional area of the stem
attachment in ephebic individuals was ap
parently insufficient for support of neanic
or gerontic individuals, for the diameter
of the crenellar ring (Fig. 214,7) and thus
the effective cross-sectional area of the stem
calyx joint increased throughout onto
genetic development of the individual. In

[See facing page]

FIG. 210. Plate growth in blastoids.

1. Growth lines of radials and deltoid in inter
ambulacral area of Pentremites godoni DE
FRANCE, V.Miss., VSA(IlI.), X7.5 (Macurda,
n).

2. Growth lines in interradial and radial-basal sec
tors of radial of Rhopaloblastus belfordi
(CROCKFORD & BROWN), Perm., Australia,
X7.5 (Macurda, n).

3. Growth lines of deltoid, paralleling radial-deltoid
and interdeltoid sutures in lndoblastus granu
latus WANNER, Perm., Timor, X6 (Macurda,
n).

4. Growth lines in interambulacral area of Hypero
blastus filosus (WHITEAVES), reRecting ac
celerated growth along radial-deltoid axis,

Dev., Can.(Ont.), X7.5 (Macurda, n).
5. Opposing growth lines of radial and deltoid re

Recting faster growth on radial, in Hypero
blastus filosus (WHITEAVES), Dev., Can.(Ont.),
X7.5 (Macurda, n).

6. Growth lines of basals in Timoroblastw corona
tllS WANNER, Perm., Timor, X2 (Macurda, n).

7. Fenestrate structure of calcite in interradial sec
tor (7) and radial-basal sector (9) of radial
of R/lOpaloblastw beljordi (CROCKFORD &
BROWN), plate edge toward bottom of figure,
Perm., Australia, X38 (Macurda, n).

8. Opposing growth lines of radials and basals in
Orop/lOcrillw cOllicus (WACHSMUTH & SPRING
ER), L.Miss., USA (Iowa) , X6 (107).
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FIG. 211. Growth axes and fronts or radial plate in Be!oeril1trS col/aldi (MUNIER.CHAL"AS), Dev., Fr.,
X8 (Macurda, n).
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Orophocrinus, new stem plates apparently
were added at the junction of the calyx and
stem, starting to form initially in a small
depression of the basals, then being moved
into position and completed. Once formed,
the size of the plate was apparently fixed,
for the height of stem plates is constant
throughout the stem and if the diameter
was to be increased, it would involve re
sorption of the crenellar ring which is part
of an interlocking projection and depres
sion between plates in Orophocrinus (Fig.
214,5-6). The diameter of stem plates de
creases gradually down the column. By in
creasing the cross-sectional area of the stem
attachment area, greater stability would be
provided against fluctuations in wave or cur
rent energy in the environment. A simi
lar pattern can be found in other stemmed
echinoderms, as the crinoid Neoplatycrinus
and the cystoid Strobilocystites, as the area
to which the stem was attached increased
during ontogeny. Some genera (e.g.,
Cloboblastus, Orbiblastus, Deltoblastus) de
veloped a concave base (Fig. 214,8), which
would shield the stem-attachment area and
buffer it against energy fluctuations. Other
genera (e.g., Eleutherocrinus, Dipteroblas
tus) completely lost their stem and adopted
a free-living life mode (Fig. 214,2). The
growth pattern of the basals and radials has
been altered by adoption of a bilateral
symmetry characteristic of organisms with
a nonattached mode of life.

The deltoids which surrounded the
mouth had complex growth patterns be
cause of the bordering peristome, entrances
to hydrospires, presence of food grooves,
and the hydrospires themselves (Fig. 215,
2-3). The adoralmost edge of the deltoid
borders the peristome. The adoral lateral
edges bear the adoral ends of the main food
grooves. The aboral lateral edges are usual
ly bordered by ambulacra; an entrance to
the hydrospires is usually present on the
median lateral edge of most spiraculate
genera. The aboral edge of the plate abuts
against the adoral edges of two adjacent
radial limbs. When first formed, the ad
oral portion of the plate is quite large in
relation to the aboral part (Fig. 212,5). After
metamorphosis, the space around the peri
stome had to be filled by five plates. This
meant rapid development of the adoral
portion of the plate. After an individual

has reached 3 to 4 mm. in length and
width, most development is directed in an
aboral direction (the DR axis). Calcite is
secreted along the radiodeltoid suture; the
rate of growth of the DR axis is usually
several times less than that of the opposing
RD axis. Each deltoid normally bears the
adoral ends of two groups of hydrospires,
which hang as pendant-like folds into the
visceral cavity. The two groups of hydro
spires are normally separated at their adoral
ends (Fig. 215,1). This separation may re
flect the initial size of the plate or reflect
the formation of hydrospires when the
deltoid reached a particular size. When
calcite was added to the radials and deltoids
along the radiodeltoid suture, it was also
added to the hydrospires; their length in
creased throughout the ontogenetic develop
ment of the individual. Their greatest
height is at the radiodeltoid suture (Fig.
215,5); this increases with age. The radio
deltoid suture can be traced across the
hydrospires. Once formed, the number of
hydrospires per group was usually constant
throughout the ontogenetic development
of the individual. However, in some fissi
culate genera, the hydrospires occupy the
entire width of the RD and DR growth
fronts, each hydrospire exiting individually
to the exterior (Fig. 215). As the blastoid
grew, the number of hydrospires in these
genera (e.g., Codaster, H adroblastus, N oto
blastus) increased, to a maximum number
of 60 on one edge of a radial of Hadro
blastus.

In spiraculate genera there are pores
along the margins of the ambulacra. In
some genera (e.g., Cryptoblastus, Clobo
blastus, Mesoblastus) the pores pierce the
solid calcite of the radials (Fig. 216,3-4).
New pores were formed when new calcite
was added along the radiodeltoid suture. In
other genera (e.g., Cordyloblastus, Lopho
blastus, Pentremites, Rhopaloblastus, Schizo
blastus), the pores are formed as a gap
between the edges of the side plates and
adjacent radials and deltoids (Fig. 217,4-5).
These pores were formed at the same time
that new ambulacral plates were added at
the aboral end of the ambulacrum. In
Cordyloblastus and Rhopaloblastus, new
calcite was eventually added which filled
in the adoral or earliest-formed pores; they
are thus absent along part or all of the
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FIG. 212. Growth of radials, basals, and deltoids.

1. Growth of radial growth axes (RD=radial
deltoid, RR=interradial, RB=radial basal)
against width of growth fronts in P!,aenoblasltls
caryophyllaltlS (DE KONINCK & LEHON), L.
Carb., Tournais., Belg. (Macurda, n).

2. Growth of RD and RB axes against RR axis
in Phaenoblaslus caryophyllalus (DE KONINCK

& LEHON), L.earb., Tournais., Belg. (Maeurda,
n).
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deltoid. In large specimens of Schizoblastus,
the pores in the middle of the ambulacra
were eventually sealed off.

New calcite was also added along the
adoral edges of the deltoid in some genera
(DD axis) (Fig. 212,6). As a consequence,

2

FIG. 213. Growth patterns of radials and secondary calcite deposits.

1. Oroplzocrillus sielli/ormis (OWEN & SHUMARD),
L.Miss., USA (Iowa), X3 (108).

2. Helerosclzisma calladellse (BILLINGS), Dev., Can.
(Ont.), X7.5 (Macurda, n).

3. PyramiblaslllS /usi/ormis (WACHSMUTH &
SPRINGER), L.Miss., USA (Iowa), X 3 (104).

4. DellliblaslllS sirius (WHITE), L.Miss., USA(Mo.),
X6 (102).

5-6. OroplzocrillllS slelli/ormis (OWEN & SHUMARD),
L.Miss., USA(Mo.), 5, X2 (109), 6, X7.5
(Macurda, n).

7. MOlladoblaslus crelllllaills (ROEMER), L.Carb.,
Tournais., Belg., X 7.5 (Macurda, n).

FIG. 212. (Colllilllled.)

3-4. Growth of basals of OroplzocrillllS slelli/ormis
(OWEN & SHUMARD) and secondary over
growth (x marks origin) (109).

5-7. Growth of deltoids of Orop/zocrilllls slelli
/ormis (OWEN & SHU~IARD) showing growth
of small plate to maturity and growth axes of
plate (109) (5a, 7a, youthful phases).
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crenular r'ing

FIG. 214. Growth of basal and stem plates. (Continued on facing page.)
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2

4

FIG. 215. Deltoids and hydrospires.

1. Internal view of hydrospires of Orophocrinus
stelliformis (OWEN & SHUMARD), L.Miss., USA
(Iowa), X2 (109).

2. Deltoids of Cryptoblastus melo (OWEN & SHUM
ARD), L.Miss., USA(Ill.), X7.5 (Macurda, n).

3. Deltoid of Orophoerinus stelliformis (OWEN &

the food groove was constantly being re
formed. If no calcite was added on the
free edge bordering the peristome, then the
latter's area increased with age.

The adoral openings to the hydrospires,
either as spiracles, or spiracle slits, may
undergo little ontogenetic modification or

SHUMARD), L.Miss., USA(Iowa), X4 (109).
4. Hydrospire slits of Codasta acutus M'Coy, L.

Carb., Eng., X 6.5 (Macurda, n).

5. Hydrospires of Orophoerinus stelliformis (OWEN
& SHUMARD), L.Miss., USA(!owa), x7.5
(109) .

may migrate, as in Orophocrinus (Fig.
212,6; 217,6). Spiracles of Globoblastus are
single openings which pierce the calcite
of the deltoid (see Fig. 219). They in
creased in diameter with age, which im
plies resorption.

The development of the anal deltoids

[Continued from facing page]

1. Dentiblastus sirius (WHITE), L.Miss., USA(Mo.),
X6 (102).

2. Eleutheroerinus cassedayi SHUMARD & YANDELL,
Dev., Can.(Ont.), X3 (Macurda, n).

3. Orophocrinus stelliformis (OWEN & SHUMARD),
L.Miss., USA(Mo.), X7.5 (Macurda, n).

4. Pentremites sp., U.Miss., USA(Tenn.), X7.5
(Macurda, n).

5-6. Stem plates of Orophocrinus stelliformis
(OWEN & SHUMARD), L.Miss., USA(Ill.),

X7.5 (109).
7-9. Pentremites godoni DEFRANCE, U.Miss., USA

(Ill.) , x7.5 (Macurda, n).

8. Orbiblastus hoskYnae MACURDA, L.Miss., USA
(Ark.), X2 (106).

10. Rhopaloblastlls belfordi (CROCKFORD & BROWN),
Perm., Australia, X7.5( Macurda, n). [For BR
read BB, and for BB read BA.]

11. BelocrinllS cottaldi (MUNIER-CHALMAS), Dev.,
Fr., X4 (Macurda, n).
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FIG. 216. Cover plates, hydrospire pores, and ontogenetic change in calyx shape.

1. Anal pyramid of OroplzocrinllS slelli/ormis
(OWEN & SHUMARD), L.Miss., USA(Mo.),
X7.5 (109).

2. Oral and anal cover plates of O. slelli/ormis
(OWEN & SHUMARD), L.Miss., USA (Iowa),
X6 (109).

3. Hydrospire pores of CryploblasllIS melo (OWEN
& SHUMARD), L.Miss., USA(IlI.), X7.5
(Macurda, n).

parallels that of the regular deltoids. The
presence of multiple anal deltoids allowed
the size of the anal opening to increase with
growth. The development of the adoral
part of an epideltoid is identical to a regu
lar deltoid; if hydrospires were present,
their length increased by the addition of
calcite along the epiradial suture. The anus

4. Hydrospire pores of GloboblasllIS norwoodi
(OWEN & SHUMARD), L.Miss., USA(Mo.),
x7.5 (Macurda, n).

5. Oral, ambulacral, and anal cover plates of 01'0

phocrinl/s conicl/s WACHSMUTH & SPRINGER,

L.Miss., USA(Iowa), X6 (107).
6-7. Ontogenetic change in calyx shape of Oroplzo

cril1l1S slelli/ormis (OWEN & SHUMARD), L.
Miss., USA(Mo.), X3 (Macurda, n).

embays the aboral edge of the epideltoid
in Orophocril1us; it migrated aborally as
the epideltoid increased in size (Fig. 212,7).
The hypodeltoid also migrated aborally
from the mouth, increasing in size by the
addition of calcite along the edges, the
rate being faster along the hyporadial su
ture. Secondary calcite was deposited on
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the hypodeltoid of Orophocrinus to form
a ramp to guide the anus when it was ex
tended (Fig. 217,10). Little is known about
the ontogenetic development of other types
of anal deltoids. Cryptodeltoids apparently
increased in length by the addition of cal
cite along the cryptoradial suture.

The ambulacra are composed of a central
lancet plate which extends the full length
of the ambulacrum, side and outer side
plates which rest upon the lancet and in
many genera completely conceal it, brach
ioles which were attached to the side and
outer side plates, and cover plates which
roofed the food grooves (Fig. 216,2,5; 217,
8). Commonly an ambulacrum is partially
or completely surrounded by a radial and
two deltoids. The only way it could in
crease in length was by growth along the
margins of the principal calyx plates; this
created free space into which the ambula
crum could then grow. New additions of
side plates and outer side plates occurred at
the aboral end of the ambulacrum. Shortly
after its formation, the size of a side plate
and the outer side plate were stabilized. The
brachiolar facet thus had a constant dimen
sion. No new calcite was added between
side plates insofar as is known, but calcite
may have been added on the admedial edges
of side plates, as in Orophocrinus (Fig. 217,
3). Side plates shifted adorally with respect
to topographic points on the radial during
development.

The growth of the lancet is not fully un
derstood, apparently varying somewhat be
tween genera. New calcite was added at
the aboral end in all genera, increasing the
length. In some genera (e.g., Oropho
crinus), the main food groove is initially
borne by the admedial edges of the side
plates but as development proceeded, the
main food groove migrated to the lancet
(Fig. 217,9). The lancet thus also grew
upward and side plates were shifted lat
erally. The main food groove on the side
plates was apparently filled in but the ad
medial edge of these plates did not expand.
In Orophocrinus the lancet also increased
in width. The cross section is rhombic and
new calcite was apparently added to the
rhombic faces. In other genera (e.g., Pentre
mites) the main food groove is borne by
the lancet from the offset. The plate is

more rectangular in cross-section. No new
calcite was added to the upper surface but
lateral growth did occur, resulting in the
side plates being laterally displaced; the
side food grooves thus increased in length
(Fig. 217,5). In still other genera where the
lancet is completely concealed by the side
plates, as in Pentremitidea, the lancet must
increase in length but further detail is un·
known. Further investigation of the pat
terns of development of this plate are
needed.

The side and main food grooves are
roofed by a series of ambulacral cover plates
(Fig. 216,5; 217,2). These are seldom
preserved. In Orophocrinus, polygonal
plates covering the peristome are the largest
cover plates (Fig. 217,7). When a peristome
increased in size, the cover plates would
also have to increase. The length of the
main food groove borne by the deltoids
increased in length during the ontogenetic
development of Orophocrinus. In small
specimens, there are usually four cover
plates which roof over the width of the
food groove. As the groove increased in
length, the plates were reorganized; this
proceeded aborally. They increased in size
and only a pair ultimately covered the food
groove. Thus, by increasing the cover
plates in size and shifting them aborally,
the increasing length of the groove was
accommodated without forming new plates.
New cover plates on the ambulacrum
proper were formed at the same time as
new side plates and brachioles were added
at the aboral end of the ambulacrum. There
was no shifting of these relative to the side
plates in Orophocrinus. Since the length of
the side food grooves increased in Pentre
mites, the cover plates of these grooves
would either have to undergo reorganiza
tion or growth (or both) or new ones would
have been added.

The growth of brachioles is poorly un
derstood. The largest plates are located at
or near the bottom and they decrease in
size upward, as in Pyramiblastus (Fig. 217,
8). The size of the lower plates was stabil
ized very shortly after the addition of the
brachiole to the ambulacra. This may imply
very rapid initial growth with a constant
length thereafter. Since the brachioles are
biserial and the centers are offset, one edge
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FIG. 217. Ambulacral, anal, and hydrospire structures. (Continued on facing page.)
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of the brachiolar facet was set lower than
the other to permit their attachment to the
side and outer side plates (Fig. 217,1).

The curves of most growth axes are
linear. Only a few instances of nonlinear
development are known, as in Orophocrinus
stelliformis (Fig. 218). In this species, the
RB axis slowed down with growth and
the RD accelerated. As a result, the space
available for ambulacral development in
creased (and thus the food-gathering capac
ity) at an increasingly faster rate. This
change is reflected in the change of shape
of the calyx with development (Fig. 216,
6-7).

HYDRODYNAMICS
The visceral mass of a blastoid was com

pletely isolated and protected from the
outside environment by the calcareous endo
skeleton. Blastoids were passive feeders
and some kind of propulsive mechanism
was necessary to convey food particles cap
tured by the brachioles through the tunnels
of the ambulacral system to the peristome.
In Recent echinoderms this is accomplished
by ciliary action. The hydrospires of blast
oids are apparently rigid structures, as their
shape is constant from specimen to speci
men in the same species. Their only means
of communication with the exterior is
through a series of pores, slits, or spiracles.
The function of hydrospires is not clear,
but a respiratory or reproductive function,
or both, are those commonly suggested. If
they served a respiratory or reproductive
function, it would be necessary to move a
water mass through the hydrospires. Ciliary
action might provide a mechanism for do
ing so. Since both the hydrospires and

food-gathering-ambulacral-alimentary canal
anal system involve water transport through
enclosed passages, the laws of hydro
dynamics are involved. Functionally, a
blastoid would probably be better adapted
to its environment if various structures
evolved to an optimum hydrodynamic con
figuration.

In spiraculate blastoids, the circulation
system in the hydrospires was a two-way
affair. Spiracles provided one entrance or
exit, ambulacral pores the other. The flow
pattern was apparently in through the pores
and out through the spiracles (Fig. 219,7).
Evidence for this is twofold: pore furrows
and spiracle and anispiracle cover plates.
In most spiraculate blastoids, a pore fur
row (Fig. 219,2) leads to the entrance
of each pore. The function of this struc
ture is not clear but its troughlike na
ture, even though usually vertical in a
living animal, is suggestive of a guide for
currents. In some spiraculate blastoids the
anal spiracles are combined with the anus
to form an anispiracle. If water currents
entered the hydrospires through an ani
spiracle, there would have been a danger
of fecal material fouling the hydrospires.
With water entering the hydrospires
through the pores and exiting from the ani
spiracle, fecal matter would be carried away
from the calyx. In Pentremites, the spiracles
were closed by a series of toothlike plates
(Fig. 219,3). This is the only genus known
with spiracle cover plates. They may have
been present in other genera but not pre
served. In some specimens of Globoblastus,
the adoral edge of the spiracle was formed
by oral cover plates, whereas usually it is
formed completely by deltoid material

[Explanation of Fig. 217, continued]

1. Brachiolar facets and food grooves, Rhopalo
blastus belfordi (CROCKFORD & BROWN), Perm.,
Australia, X5 (Macurda, n).

2. Oral cover plates of Schizoblastus sayi (SHUM
ARD), L.Miss., USA(IlI.), X7.5 (Macurda, n).

3. Growth lines, admedial edge of side plates and
deltoid in Orophocrinus stelliformis (OWEN &
SHUMARD), L.Miss., USA(Mo.), X7.5 (109).

4. Pore furrows and hydrospire pores in Lopho
blastus neglectus (MEEK & WORTHEN), L.Miss.,
USA(Mo.), X7.5 (Macurda, n).

5. Lancet and hydrospire pores of Pentremites sp.,
U.Miss., USA(IlI.), X7.5 (Macurda, n).

6. Growth lines bordering spiracle slits in Oropho
crinus stelliformis (OWEN & SHUMARD), L.
Miss., USA(l1l.), X7.5 (Macurda, n).

7. Oral GOver plates in O. stelliformis (OWEN &
SHUMARD), L.Miss., USA(Mo.), x7.5 (109).

8. Brachioles in Pyramiblastus fusiformis (WACH
SMUTH & SPRINGER), L.Miss., USA(Iowa),
X3 (105).

9. Lancet and side plates in Orophocrinus catactus
(ROWLEY), L.Miss., USA (N.Mex.), X7.5
(Macurda, n).

10. Secondary secretion and trough for extension
of anus, Orophocrinus stelliformis (OWEN &
SHUMARD), L.Miss., USA (Iowa), X7.5 (109).
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16

18

20 would be carried downward to the ambula
~rum. The entrance to the side food groove
IS very small, thus limiting the maxi
mum size of food particles. These particles
would then be conducted laterally to the
main food groove. The side food grooves
are offset from one another and inclined
at approximately 45 degrees to the main
food groove (Fig. 219,1). With this offset,
there is a gradual buildup in the volume of
water entering the main food groove tun
nel, rather than a sudden jump. By having
the side food grooves inclined to the main
food groove, rather than at right angles,
the passage of water from the side to the
main food groove was facilitated. If it was
at a right angle, there would have been a
sharp drop in water velocity where it had
to enter the main food groove. Less energy
was expended in an inclined configuration.
Similar orientations are found in some cyst
oids, as Lipsanocystis and Strobilocystites.
Once the food entered the main food
groove, convection was against the force
of gravity in most genera, the ambulacra
lying topographically below the peristome
which is at the top of the calyx (Fig. 219,7).
In Pterotoblastus, however, the ambulacra
are elevated above the mouth (Fig. 219,5).
In Orophocrinus, there are apparently
points of attachment for the alimentary
canal located on the underside of the del
toids (Fig. 219,8). The flow of water through
the alimentary canal could have been facili
tated by muscular expansions and contrac
tions of the canal. The exit for water in
the canal was the anus, which was closed
by a series of small polygonal plates and
roofed by a small dome (Fig. 216,1-2), of
rodlike plates (Fig. 219,10), or elongated in
the form of an anal tube as in Schizoblastus
(Fig. 219,4). Indentations of plates appar-
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FIG. 218. Growth of RD (radial-deltoid) and RB
(radial-basal) axes of Orophoerinus stelliformis
(OWEN & SHUMARD) plotted against growth of RR
(interradial) axis, L.Miss., USA (Iowa-Mo.) (109).

........
12

14

(Fig. 219,6-7). Cover plates of the ani
spiracle are different from spiracle cover
plates in Pentremites, consisting of rod
shaped elements (Fig. 219,10). This prob
ably provided greater ease for anal open
ing and closing to get rid of fecal wastes.

The circulation in the ambulacral system
was fairly complex. Some genera preserve
brachiolar cover plates. If these plates were
movable, then the brachiolar food groove
could be exposed to capture food particles.
If they were immobile, an additional
brachiolar protoplasmic extension would be
required. Once entrapped, food particles

[Explanation of Fig. 219, facing page]

1. Ambulacrum of Timoroblastus granulatus
WANNER, Perm., Timor, X7.5 (Macurda, n).

2. Brachiolar facets, Pentremites sp., U.Miss., USA
(IlL), X7.5 (Macurda, n).

3. Spiracle cover plates of Pentremites sp., U.Miss.,
USA(Tenn.), X7.5 (Macurda, n).

4. Anal tube of Schizoblastus sayi (SHUMARD),
Miss., USA(Mo.), x7.5 (Macurda, n).

5. PterotoblasttlS gracilis WANNER, Perm., Timor,
X3 (Macurda, n).

6. Oral cover plates and spiracles of Globoblastus
norwoodi (OWEN & SHUMARD), Miss., USA

(Iowa), XS.9 (l08).

7. Spiracles, G. norwoodi (OWEN & SHUMARD),
Miss., USA (Iowa), X6.2.

8. Depressions on undersurface of deltoids around
peristome (attachment for alimentary canal?),
Orophocrinus stelliformis (OWEN & SHUMARD),
L.Miss., USA(Iowa), X6 (107).

9. Facets of anal tube of Deltoblastus sp., Perm.,
Timor, X7.5 (Macurda, n).

10. Anal and spiracle cover plates of Pentremites
sp., U.Miss., USA(Tenn.), X7.5 (Macurda,
n).
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4

FIG. 219. Ambulacral, oral cover plates, anal, and alimentary canal structures.
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endy forming an anal tube are preserved
in Deltoblastus (Fig 219,9). The presence
of an anal tube would further reduce foul-

ing of the brachioles and indicates that
the anus was a muscular organ capable of
extension and retraction. The cover plates
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1. Ambulacral length plotted against number of
side plates on side of ambulacrum.

2. Area of peristome plotted against cross-sectional
input area of side food grooves on all ambula
era.

3. Total internal volume of all hydrospires plotted

against volume of viscera.
4. Area of one spiracle plotted against input area

of pores associated with two sets of hydro
spires with which former connects.

5. Area of peristome plotted against cross-sectional
area of anus.
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1800

FIG. 221. Hydrodynamics of Globoblasttls norwoodi
(OWEN & SHUMARD), L.Miss., USA (Iowa), through
out ontogenetic series (108).

1. Total outer surface area of all hydrospires plotted
against volume of viscera.

2. Input area of pores along one side of ambula
crum and output area for one set of hydro
spires (one-half spiracle area) plotted against
internal volume of one group of hydrospires.

0
0
'::----::'----'--1..------'---'------''--

~ g ~ g ~ g
N N M

Volume Viscero (mm. 3)

800

1600

1400

1200

100U

N
E

-s
~

~
'Q..

IS
-0
>-

J:

:;{
0.,
~.,
0.g
:>

V>

0;
"S
0

N
E

-s
Z

The hydrodynamics of circulation in
fissiculate blastoids has not been deter
mined. In forms with exposed hydrospire
slits, each hydrospire would have been an
individual circulation cell, with water en
tering one part and exiting from the other.
This may have been less efficient than the
two-way system of spiraculate genera. In
the same ecological situation, the number
of hydrospires in a fissiculate genus and
thus the surface area available for respira
tion may be much greater than in a spiracu
late, as in the occurrence of Codaster (fissi
culate-number of hydrospires increases
during ontogeny) and Orbitremites (spira-

in Orophocrinus would apparently be car
ried outward when the anus was extended.

Various quantitative parameters reflect
the conditions of flow in the hydrospire and
ambulacral sytems, and indirectly the physi
ology of the animal. These characters are
best studied throughout an ontogenetic
series, as their configuration at anyone time
is determined by ontogenetic development
and probably reflects the needs of the ani
mal. The number of pores, volume of the
hydrospires, area of the peristome, number
of arms (and thus food-gathering capacity),
etc., all changed during development. The
only genus on which a complete hydro
dynamic analysis has been made is Globo
blastus (MACURDA, 1965, 108).

The input area of the hydrospire system
in Globoblastus is reflected by the cross
sectional area of the pores, while the output
area is that of the spiracle openings through
out an ontogenetic series (Fig. 220,4).
Since input area is six times output area,
the outgoing current could have had a
maximum velocity of six times the input
current. In Rhopaloblastus belfordi, how
ever, the ratio is 1:1. The volume of the
hydrospires in Globoblastus increased
sharply (Fig. 221); the increase in entrance
and exit dimensions apparently facilitated
change of the water mass in the hydro
spires. Assuming an arbitrary input velocity
of 0.1 mm./sec., the entire water mass in
the hydrospires could be changed in 40
seconds in a small specimen and 100 sec
onds in a large specimen. The internal
volume of the hydrospires compared to the
volume of the viscera is rather large (Fig.
220,3), varying from 1:20 in small speci
mens to 1:45 in large ones. The surface
area of the hydrospires is also large in
relation to the visceral volume (Fig. 221).
These data reinforce the interpretation of
the hydrospires having a respiratory func
tion, since the capacity for water replace
ment and the surface area for COz/Oz ex
change are large in relation to the volume
of tissue in the viscera. The gases would
have had to diffuse through the hydrospire
wall. The microstructure of this wall is
poorly known but the calcite is thinner
than that of the calyx wall and may have
a filamentous appearance.
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100

1.50

Carboniferous of England near Grassing
ton, Yorkshire. If circulation of an in
dividual exposed hydrospire slit was less
efficient, a greater number would be needed
to provide a respiratory capacity equal to
that of the spiraculate form. This may ex
plain the presence of almost 600 hydrospires
in a large specimen of Hadroblastus
(11ACURDA, 1965, 106) .

As a blastoid grew, the number of arms
and thus the food-gathering capacity, con
stantly increased (Fig. 220,1). In Globo
blasIus, most of the growth of the radials
was along the RD axis which facilitated a
rapid increase in ambulacral length. An
increasing food-gathering capacity was
necessary to support the increasing volume
of tissue in the viscera (Fig. 222). In some
Permian genera (e.g., Timoroblastus) the
ambulacral area and thus number of arms
were extremely small in relation to vol
ume of viscera (see Fig. 226). The vol
ume of water entering the main food groove
from the more numerous side food grooves
in Globoblastus increased during develop
ment; the area of the peristome increased
to accommodate the increased water flow
(Fig. 220,2). Area of the anus increased
at the same rate as the peristome to provide
easier egress for greater volumes of water
(Fig. 220,5). Areas of the peristome and
anus increased linearly in relation to the
expanding volume of the viscera (Fig. 222).

The use of hydrodynamic studies in blast
oids provides a dynamic interpretation of
the organism and should find increasing
utilization in taxonomy, and interpretations
of functional morphology, physiology, and
ecology.
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FIG. 222. Hydrodynamics of Globoblastus norwoodi
(OWEN & SHUMARD), L.Miss., USA(lowa), through

.out ontogenetic series (108).
1. Number of brachioles plotted against volume

of viscera.
2. Area of peristome and anus plotted against vol

u me of viscera.

culate, number constant throughout growth,
one hydrospire per group) in the Lower

[Explanation of Figure 223)

1-2. Polydeltoideus enodatus REIMANN & FAY, Sil.,
USA(Okla.), X2 (Macurda, n).

3. Cryptoschisma schultzii (D'ARCHIAC & DE VERNE
UIL), Dev., Spain, X3 (Macurda, n).

4. Hyperoblastus filosus (WHITEAVES), Dev., Can.
(Ont.), X2.5 (Macurda, n).

5. Brachyschisma Stlbcrassum REIMANN, Dev., USA
(N.Y.), X3 (Macurda, n).

6-7. Heteroschisma canadense (BILLINGS), Dev.,
Can.(Ont.), X3 (Macurda, n).

8. Belocrinus cottaldi (MUNIER-CHALMAS), Dev.,
France, X2 (1I0).

9. Devonoblastus leda (HALL), Dev., USA(N.Y.),
X3 (Macurda, n).

10. Platoblastus ehlersi FAY & REIMANN, Dev.,
USA(Mich.), X2 (Macurda, n).

11. Phaenoschisma laeviculum (ROWLEY), Miss.,
USA(Mo.), X4.5 (104).

12. Cryptoblastus melo (OWEN & SHUMARD), Miss.,
USA(IlI.), X3 (Macurda, n).

13. Radial of Pentablastus supracarbonicus SIE
VERTS-DoRECK, L.Carb., Spain, X3 (Macurda,
n).

14. Pentremites elongatus SHUMARD, L.Miss., USA
(Iowa), X2 (Macurda, n).

15. Codaster aClitus M'Coy, L.Carb., Eng., X3
(Macurda, n).
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FIG. 223. Growth patterns of Silurian, Devonian, and Mississippian blastoids.
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FIG. 224. Growth patterns of Mississippian blastoids. (Continued on facing page.)
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TEMPORAL DISTRIBUTION OF
GROWTH PATTERNS IN

BLASTOIDS
The first blastoids, as the class is now un

derstood, appeared in the Middle Silurian.
The number of principal plates and their
basic mode of growth (lateral accretionary
addition) was stable until blastoids became
extinct in the Permian. Growth patterns
are important in any discussion of the
derivation of evolutionary record of blast
oids. If calyx shape changed from pyra
midal to globose through time, then visceral
shape, points of origin of the plates rela
tive to the viscera, and rates of growth
along plate-growth axes must be modified
to produce this change.

The three or four known Silurian fissi
culate and spiraculate blastoid genera have
an obconical calyx, with a long pelvis and
a short vault (e.g., Polydeltoideus, Fig.
223). Thus the basals had a high rate of
growth, as did the RB axis of the radials.
Growth rates of the RR and RD axes and
the deltoid were small and the aboral
growth of the deltoid was confined to the
ambulacral sinus, since no radiodeltoid
growth occurs outside the sinus (Fig. 223,2).
Reflexed growth lines are lacking by the
ambulacral sinus, and the aboral portion of
the deltoid is a sharp crest. The ambulacra
are short and confined to the uppermost
part of the calyx. This basic growth pat
tern may have been present in the ancestor
of Silurian blastoids.

The growth pattern of Silurian forms
carries on into the Devonian, particularly
in the fissiculate genera. It is found in
Deltoschisma, Heteroschisma (Fig. 223),
Pentremitidea, and Pleuroschisma. Crypto
schisma is similar but has expanded the
ambulacral field; it is one of the few early
blastoids in which the lancet is exposed
(Fig. 223,3). Hyperoblastus has modified

growth rates of the radial so that the
RD axis is dominant and the ambulacra are
much longer but still narrow, producing
a club-shaped theca. The base is conical.
The deltoid still does not grow outside the
radial sinus (Fig. 223,4). The only Devonian
fissiculate blastoid in which an external
growth sector is found on the deltoid is
Brachyschisma. The growth of the RB
and BR axes is still about equal, produc
ing a conical pelvis, but the rates and direc
tions of RD and RR have been modified
to produce a parachute-shaped calyx (Fig.
223,5).

Much more experimentation is found in
the Devonian spiraculates. Most species of
Cordyloblastus are suggestive of the basic
Silurian growth pattern. Belocrinus is
somewhat similar (Fig. 223). However,
Schizotremites and Devonoblastus (Fig.
223) (particularly the latter) modified the
growth of the radials and deltoids so that
the RD axis became the dominant radial
growth axis, permitting an increase in am
bulacral length; the deltoid also grew out
side the ambulacral sinus. The calyx shape
became biconvex to subovoid; the pelvis
of each, however, is still conical. Strongylo
blastus is similar to these genera but has
more petaloid ambulacra, exposing the
lancet. The most radical change in growth
patterns is found in the closely related gen
era Elaeacrinus-Nucleocrinus-Placoblas
tus and Eleutherocrinus. In the former
group (Fig. 223,10), rate of growth of the
basals has become quite reduced and they
are confined to a basal concavity. The
growth rates of the radials are also quite
modified, being reduced; they are confined
to the base of the calyx. The rate of growth
of the deltoids has become extremely high,
DR being several times RD, and the delt
oids extend almost to the base of the
globose calyx. The ambulacra are still
narrow, however. Eleutherocrinus (Fig.

[Explanation of Figure 224, continued]

1. Lophoblaslus negleclus (MEEK & WORTHEN),
L.Miss., USA(Mo.), X3 (Macurda, n).

2. Schizoblastlls sayi (SHUMARD), L.Miss., USA
(Iowa), X3 (Macurda, n).

3. Orophocrinus praelongus BAILEY, L.Carb., Ire.,
X2 (Macurda, n).

4,7. Nymphaeoblastus bancroflensis McKELLAR, L.
Carb., Australia, X3 (Macurda, n).

5. Hadroblastus conicus FAY, L.Miss., USA(N.
Mex.), X3 (Macurda, n).

6. Metablasilis lineatus (SHUMARD), Miss., USA
(Iowa), X2 (Macurda, n).

8. Astrocrinus benniei (ETHERIDGE), L.Carb., Scot.,
XS.3 (Macurda, n).

9. Nodoblastus librovitchi (YAKOVLEV), L.Carb.,
USSR, X3 (Macurda, n).
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FIG. 225. Growth patterns of Pennsylvanian and Permian blastoids (See facing page.)
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214) represents the most radical departure.
The RD axis has become dominant, allow
ing the ambulacra to expand almost to the
base of the calyx. The deltoids also grew
outside the radial sinus. The most extreme
feature is the adoption of an eleutherozoic
habit. One ambulacrum (D) became quite
shortened so as to allow the animal to lie
free on the ocean floor. The basals lying
in this radius grew halfway up the calyx.

The Lower and Middle Mississippian
saw a great proliferation of globose genera
in which the deltoids are relatively short,
their growth being confined to the top
portion of the calyx. The RD axis of the
radial was dominant and the arcuate am
bulacra extend almost to or to the base of
the calyx, and the basals are small, being
confined to the very base of the calyx (Fig.
223,12) (genera Auloblastus, Carp'entero
blastus, Cribroblastus, Cryptoblastus, Diplo
blastus, Doryblastus, Globoblastus, Meso
blastus, Monadoblastus, and T anaoblastus).
In a few of these globose blastoids (Ambo
lostoma, Ellipticoblastus, Granatocrinus,
Lophoblastus, Orbiblastus, Poroblastus, and
Ptychoblastus), the deltoid grew at a faster
rate, extending one-third the length of the
calyx (Fig. 224,1) and in a few (Hetero
blastus, Monoschizoblastus, Orbitremites,
and Schizoblastus), it grew much faster,
reaching almost to the base (Fig. 224,2).
However, the basic form and extent of the
ambulacra are the same. A few of these
globose genera developed slight or deep
basal concavities (Fig. 214,8) to which the
basals were confined (Cribroblastus, Dory
blastus, Globoblastus, Granatocrinus, Mono
schizoblastus, Orbiblastus, Poroblastus, and
Ptychoblastus). A few of the Mississippian
spiraculate genera (Metablastus, Pyrami
blastus, and T ricoelocrinus) have an ob
conical or biconical calyx with relatively
short ambulacra (Fig. 224,6), reminiscent of
growth patterns in Troosticrinus and
Schizotremites. Other genera (Pentremites,

Pen tremoblastus, and Petaloblastus) devel
oped an obconical or club-shaped theca with
a large exposed lancet and relatively large
ambulacral areas (Fig. 223,14). Pentremites
underwent a great deal of evolutionary ex
perimentation, persisting into the Lower
Pennsylvanian. Acentrotremites and Nodo
blastus (Fig. 224) developed dome-shaped
calyces, pentagonal in outline with flat
bases and relatively long ambulacra. One
new evolutionary experiment was attempted
in Dentiblastus, in which the ambulacra
extended out beyond the discoidal theca on
prongs (Fig. 213,4).

The growth patterns in some Mississip
pian fissiculate genera are little changed
from those of the Devonian. Phaenoblastus
and Phaenoschisma (Fig. 223) have club
shaped or obconical theeas with conical
pelvises; growth of the deltoid was con
fined to the ambulacral sinus. In Codaster
(Fig. 223), Hadroblastus (Fig. 224), and
Pentephyllum(?) the theca is still conical,
or biconical, but the deltoid grew outside
of the ambulacral sinus and there was a
proliferation of the number of hydrospire
slits. Orophocrinus (Fig. 224) retained a
conical pelvis but underwent a great deal
of experimentation in growth rates in the
radials, producing thecas ranging from
narrow, conical to flaring, parachute
shaped (Fig. 216,7). Nymphaeoblastus (Fig.
224) is highly unusual, as it is a globose
form with exposed hydrospire slits; the
rate of growth of the deltoid was high.
Pentablastus is unique among the blastoids.
The shape of the calyx (ovoid) with rela
tively long ambulacra and a rather flat base
is conventional, but the radial is split into
a number of separate plates (Fig. 223).
Astrocrinus is another peculiar eleuthero
zoic form, the basic growth patterns having
been modified to produce a tetragonal out
line with one shortened ambulacrum (Fig.
224). As in Eleutherocrinus, the D am
bulacrum was the modified one.

[Explanation of Figure 225, continued]

1-2. Ambulacral prong and radial of Thaumato
blastus longiramus WANNER, Perm., Timor,
X3 (Macurda, n).

3. Agmoblastus dotti (MOORE & STRIMPLE), Penn.,
Okla., X3 (Macurda, n).

4,7. lndoblastus granulatus WANNER, Perm., Timor,
X2.S (Macurda, n).

5-6. Sagittoblastus wanneri (YAKOVLEV), Perm.,
USSR, X3 (Macurda, n).

8. Undescribed blastoid, U.Carb., Australia, X2
(Macurda, n).

9. Notoblastus brevispinus BROWN, Perm., Australia,
X2.5 (Macurda, n).
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6

FIG. 226. Growth patterns of Permian blastoids.

7

1. Pterotoblasttls gracilis WANNER, Perm., Timor,
X3 (Macurda, n).

2-3. Nannoblasttls pyramidattls WANNER, Perm.,
Timor, X3 (Macurda, n).

4. RhopaloblastllS timoricus WANNER, Perm.,
Timor, X3 (Macurda, n).

5. Orbitremites malaianllS \VANNER, Perm, Timor,

The known record of Pennsylvanian
blastoids is very sketchy. Pentremites ex
tended into the lowermost Pennsylvanian.
The growth pattern of a new Pennsylvanian
spiraculate genus (Fig. 225,8) from Queens
land does not depart extensively from
those found in the Mississippian. The calyx
is elongate ovoid, with large deltoids; the
RD axis is dominant on the radial and
probably slightly greater in rate of growth
than DR, and the pelvis is conical. The only
known Pennsylvanian fissiculate genus,
Agmoblastus (Fig. 225), appears to be
transitional in its form between Codaster
and some of the Permian forms. The calyx
is subcylindrical, the basals being relatively
large in their development, producing a
broad base. RB is the dominant growth
axis of the radial. The ambulacra are short

X 3 (Macurda, n).
6-7. Angioblasttls variabilis WANNER, Perm.,

Timor, X3 (Macurda, n).
8. Deltoblastus sp., Perm., Timor, X2 (Macurda,

n).
9-10. Timoroblasttls coronatllS WANNER, Perm.,

Timor, X 3 (Macurda, n).

and confined to the summit. The deltoids
and RD fronts have exposed hydrospire
slits; the deltoids begin to develop elevated
processes.

The pattern of development of some
Permian fissiculate genera (Angioblastus,
Fig. 226; Microblastus, Paracodaster, Sagit
tobiastus, Fig. 225; and Sundablastus) is
similar to that of Agmoblastus; the calyx is
subcylindrical to flattened discoidal. The
ambulacra are quite small in relation to
the calyx and lanceolate. The basals are
relatively large, the deltoids small. One
can expand the basals of Timoroblastus
(Fig. 226) or draw out the peculiar winged
radials of Pterotoblastus (Fig. 226) from
this basic plan, but these two genera are
peculiar in their development. The develop
ment of a few Permian genera (Neo-
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schisma, Notoblastus, Fig. 225) resembles
that of the discoidal, open fissiculate H adro
blastus. lndoblastus (Fig. 225) has the
same general calyx shape as Codaster but
lacks any exposed hydrospire slits. The
ovoid, flattened form of Dipteroblastus with
its two elongate and three shortened am
bulacra represents another eleutherozoic
experiment. Thaumatoblastus (Fig. 225),
with its elongate, needle-like radial spines
which bore the ambulacra attempted to
extend the food-gathering area, in contrast
to some of the other genera. The ovoid
form of Sphaeroschisma is unusual among
the usually conical fissiculates. Some forms
(Anthoblastus, Ceratoblastus, and Nanno
blastus, Fig. 226) are highly peculiar and
specialized.

Developmental patterns among the few
Permian spiraculate genera are much more
conventional by comparison. The only glo
bose form, Deltoblastus (Fig. 226), has
long ambulacra with high rates of growth
on the DR and RD axes. The basals are
indented in the deepest basal concavity of
any genus. The biconvex, ovoid form of
Calycoblastus with its long ambulacra and
greater rate of growth of RD resembles a
Mississippian developmental plan. Rhopalo
blastus (Fig. 226), a conical form with
much more restricted ambulacra, resembles
some of the early spiraculates in its gen-

eral form. The species of orbitremites
(Fig. 226) are apparently congeneric with
Orbitremites from the Mississippian.

The earliest and presumably primitive
developmental pattern in blastoids resulted
in an obconical calyx with a long pelvis.
The RB axis of the radials had the greatest
rate of growth in the radials, the deltoids
grew only in the ambulacral sinus, the
ambulacra were narrow, and the lancet was
concealed. This pattern carried over into
most of the Devonian fissiculate genera,
was partially modified by some spiraculate
forms, and extensively modified by others.
The basic developmental pattern of Missis
sippian spiraculate genera produced globu
lar calices with long ambulacra; the deltoid
was usually short but in some forms ex
tended well down on the calyx. A few
genera had an obconical or biconical calyx.
Some Mississippian fissiculate genera had
developmental patterns similar to those
of Silurian and Devonian blastoids; others
modified this and faintly suggest things to
come. Knowledge of Pennsylvanian de
velopmental patterns is limited. Spiraculate
forms in the Permian are not very far re
moved from their precursors but fissiculates
have many new and different plans of de
velopment, with the addition of extensive
basal, radial, or deltoid processes, restricted
ambulacra, and new calyx shapes.
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PALEOECOLOGY

By HAROLD H. BEAVER

Available published information on the
paleoecology of blastoids is largely limited
to three recent articles (ALLEN & LESTER,
1953; JOYSEY, 1955; CLINE & BEAVER, 1957).

ALLEN & LESTER compared the occurrence
of large species of Pentremites in argillace
ous limestones of Mississippian (Chesteran)
age in Georgia with Pentremites of smaller
size in underlying and overlying relatively
pure crystalline or oolitic limestones. They
interpreted the difference in size as related
to availability of food and inferred that
Pentremites living under silty conditions
of deposition found it necessary to sieve
larger amounts of water for food than those
living in clear water. Conceivably, forms
living in turbid water needed enlargement
of the food-gathering system and a resultant
relatively large theca. GALLOWAY & KASKA
(1957, p. 70) doubted that the large size
of the species was due to a change from
clear water to a silty depositional environ
ment. Collections of Pentremites from
rocks of the same age in other areas (e.g.,
southern Illinois) show that large calyces
similar in size and shape to the robust
specimens found in Georgia occur in both
pure and impure limestones in Illinois.

JOYSEY (1955, p. 209-220) described the
distribution of Lower Carboniferous blast
oids in the vicinity of Grassington, York
shire, England. In this area three deposi
tional environments, classed as shelf, shelf
margin, and basin, have been described.
Shelf-limestone deposition occurred on a
relatively stable platform located north of
an area of fault movements in the Craven
fault belt; south of this belt, sandstone and
shale accumulated in a rapidly subsiding
basin. In the latter part of Early Carbonif
erous time the shelf-basin boundary shifted
northward, and transitional beds of the
shelf margin (Middle Limestone) are found
to be intermediate between the underlying
shelf facies and the overlying basin facies.

Blastoids occur in two facies of the shelf
margin designated as shell banks (called
reef knolls by BOND, 1950) and crinoid
banks. The "shell banks" are discrete un
bedded limestone mounds which developed
to heights of several feet above the sea

floor; bryozoans and crinoid remains are an
important part of the fauna contained in
this unbedded limestone. The mounds were
subsequently buried by the crinoidal debris
of the "crinoid banks," which were located
shoreward of the shell banks. The blastoid
Orbitremites is associated with the crinoid
remains, occurring sparsely in the upper
part of the shell banks, but it is more
abundant in the overlying crinoidal debris.
In some parts of the area the blastoids of
the crinoid banks (Orbitremites, Codaster)
are confined to thin rock layers a few to
several inches in thickness; in other places,
they are distributed in random manner
through strata ranging from 10 to 30 feet
in thickness. Where the blastoids occur in
thin layers, the boundary between barren
and blastoid-bearing layers is sharp. The
blastoid calyces are buried in unsorted crin
oidal debris. Bryozoan remains may be
common, but invariably are subordinate to
the crinoidal detritus. Basinward the lime
stone beds containing blastoids grade into
deposits characterized by an abundant
fauna of small brachiopods and the coral
Lonsdaleia.

After an attempt to compile an annotated
bibliography of the paleoecology of blast
oids, which was unsuccessful owing to the
absence of significant published investiga
tions, CLINE & BEAVER (1957) summarized
their own observations and inferences perti
nent to the subject. Since blastoids are as
sociated typically with rugose corals, brachi
opods, fenestellid bryozoans, and crinoids,
they concluded that blastoids lived in a
normal marine environment which was
characterized by at least some agitated wa
ter. The nature of their food-gathering
system requires some current action and pos
sibly a sea bottom with a substratum of
skeletal debris that was most satisfactory for
attachment. Evidence supporting these in
ferences is found at outcrops of the Paint
Creek Formation (Chesteran), northeast of
Waterloo, Illinois, where strata above red
clay at the base of the formation comprise
a sequence of beds in which specimens of
Pentremites are alternately abundant and
entirely absent. The succession of deposits
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FIG. 227. Symbiotic association of blastoids, Diploblastus kirkwoodensis (SHUMARD), with coprophagous
gastropods, Platyceras (Platyceras) sp., Miss. (Meramec., St. Louis Ls.), near St. Louis, Mo.; 1, A-ray
lateral view of specimen D; 2, D-ray view of specimen C; 3, E-ray view of specimen B; 4a,b, B-ray and

adoral views of specimen A; all X9.5 (Levin & Fay, 1964).
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is cyclic, a typical cycle consisting of a 0.5
to I-inch layer of uncemented echinoderm
remains overlain by nearly unfossiliferous,
thinly bedded clay layers, 1 or 2 inches
thick. Pentremites, brachiopods, and crinoid
remains are common to abundant in the
lower layer and are found in various states
of preservation. Specimens of Pentremites
with part of the column, brachioles, am
bulacral covering plates, and summit plates
are commonly preserved in the lower layer
of echinoderm debris. Some specimens are
abraded, however, and indicate agitated
debris. The overlying clay layer has vir
tually no fossil remains, except for bryo
zoan fronds found locally. Apparently fine
mud spread over the sea floor and smothered
individual organisms living at the time.
Cycles of this sort are repeated again and
again.

The preservation of the upper Burling
ton (Osagian) blastoid fauna in the Ash
grove quarries several miles south of Spring
field, Missouri, indicates that these speci
menS' accumulated in shallow agitated wa
ter, probably near the zone of surf action.
The blastoid calyces and the associated
crinoid and brachiopod remains are broken,
much abraded, and worn; preservation of
internal features is poor. The interior of
the calyces of Pentremites elongatus are
filled with clear calcite crystals and prac
tically none of the hydrospire folds are pre
served.

The type of food on which blastoids
lived can only be guessed at. Because food
was taken from the water by ciliated fur
rows lining the brachioles and was trans
ported along food grooves to the mouth, it
is reasonable to assume that blastoids fed
on planktonic organisms (CLINE & BEAVER,
1957, p. 959). Living comatulid crinoids,
some of the nearest living relatives of the
blastoids, live primarily on unicellular green
algae (CLARK, 1915, p. 144).

The gregarious nature of many echino
derms frequently has been recorded. In rock
strata their fossil remains may occur in a
particular bed for long distances, or they
may be abundant locally but laterally ab
sent. As noted previously, sparse occur
rences of blastoids have been recorded from
the upper portion of some English "shell
banks" termed reef knolls by some workers.
Specimens are most common in the beds of
crinoidal debris overlying the shell banks.
Examination of a large blastoid collection
made by LAUDON and BOWSHER from the
Lake Valley Formation (Mississippian) of
New Mexico showed that all the specimens
had been collected from a nomeef facies
(CLINE & BEAVER, 1957).

A previously unknown symbiotic rela
tionship of blastoids and coprophagous
gastropods has been discovered recently by
LEVIN & FAY (1964), who report nearly a
dozen individuals of Diploblastus kirk
woodensis (SHUMARD) with specimens of
Platyceras (Platyceras) attached to the
calyx (Fig. 227). The gastropods, which
are small, with smooth apertural lip and
constant angle of expansion, are found
perched in various positions over the anal
opening of the blastoids. Apparently they
are mature individuals that fed on fecal
pellets of their host and benefited by the
association. The blastoids seem to have
been neither harmed nor benefited by their
molluscan "fellow travelers." Coprophagous
gastropods attached to crinoid calyces are
better known, several examples of them
having been described by BOWSHER (1955).
The Platyceras-bearing specimens of Diplo
blastus occur in shaly layers of the St. Louis
Limestone (Meramecian) near St. Louis,
Missouri; they are associated with many
more blastoids which lack adherent gastro
pods, suggesting that the association is un
common.
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1 Australian "blastoids" now are judged to he inadunate
crinoids (J. SPRINKLE, personal communication).

By DONALD B. MACURDA, JR.

The earliest known blastoids are found Missouri). There are also records from
in the Silurian. From the United States, 3 or the Devonian of Oklahoma and New Mex
4 genera are represented by species found in ico. In Europe, five or six genera have
Illinois, Ohio, Indiana, Kentucky, Ten- been reported from Spain, France, Great
nessee, and Oklahoma (Fig. 228). One Britain, Belgium, and Germany. They also
occurrence has been reported from the have been reported from Manchuria in
Silurian of Bohemia. It is identified as China, Victoria in Australia!, northwestern
being congeneric with the Oklahoma genus, Africa, and fragments are known from
but the anal structure is unknown and the South Africa and Bolivia in South America.
generic identification must be considered These last-mentioned occurrences are poor-
provisional. ly known taxonomically and may repre-

The blastoids had become world-wide in sent new genera. Individual Devonian
their distribution by the Devonian (Fig. genera do not appear to have a intercon
228). Most forms are known from the tinental distribution. There may be one
Middle Devonian of the United States and that occurs in both the United States and
Lower and Middle Devonian of western Spain, and Devonoblastus, a New York
Europe. Some II genera have been de- genus, has been reported from China. Some
scribed from the United States and range genera have a fairly wide geographic range,
geographically from the Appalachians west- as Cordyloblastus is found in France, Spain,
ward to Iowa (West Virginia, New York, and Germany; and Nucleocrinus ranges
Ontario, Ohio, Michigan, Indiana, Illinois,
Wisconsin, Iowa, Kentucky, Tennessee,

FIG. 228. Geographic distribution of Silurian and Devonian blastoids (Macurda, n).
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FIG. 22':1. Geographic distribution of Mississippian blastoids (Macurda, n).

from New York to Iowa and Missouri. A
few of the known occurrences are Lower
Devonian; most are Middle Devonian. Al
most no Upper Devonian blastoids have
been discovered.

The Mississippian represents the maxi
mum known development of the blastoids
(Fig. 229). About 45 genera (some un
described) have been found in rocks of
this period. About 25 of these have been
collected from Mississippian deposits in
states bordering the Mississippi River, all
but a few from the Kinderhookian and
Lower Valmeyeran. The Burlington Lime
stone has a greater diversity than any other
formation. In the eastern and central
United States, blastoids have been found
in Alabama, Georgia, Mississippi, Ken
tucky, Tennessee, Virginia, West Virginia,
Ohio, Indiana, Illinois, Iowa, Missouri,
Arkansas, and Oklahoma. Most of the
easternmost occurrences are Upper Missis
sippian; blastoids range throughout the
Mississippian in the other states. Knowl
edge of blastoid distribution in the western

United States is poorer because less atten
tion has been given to search for them but
they are known from New Mexico, Ari
zona, Nevada, Utah, Idaho, Wyoming, and
Montana. Preliminary field work suggests
that a large and varied blastoid fauna is
present. Blastoids are also known from the
Canadian Rockies and Brooks Range in
Alaska; their description is in progress.
The greatest diversity of blastoids occurs in
the Lower Mississippian; the number of
genera becomes sharply restricted after the
Lower Valmeyeran.

Blastoids are also common in the Lower
Carboniferous (Mississippian equivalents)
of western Europe, some 14 genera being
described from Eire, North Ireland, Eng
land, Scotland, Germany, Belgium, and
Spain. Most of these occurrences are Tour
naisian and Visean. They are also known
from the Lower Carboniferous of the
USSR, China, Japan, Australia, northwest
ern Africa, and South America (Colom
bia). Some Mississippian forms are cos
mopolitan in distribution, Pentremites
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ranging from Alaska to Colombia, Oropho
crinus from Arizona to Belgium, Phaeno
schisma from New Mexico to England,
Cryptoblastus from Missouri to Arizona,
Alaska, and possibly to the central USSR,
and Nymphaeoblastus from the USSR to
Japan and Australia. All occurrences other
than those in the eastern United States and
western Europe are known only on a re
connaissance basis.

The record of the blastoids in the Penn
sylvanian is very sparse (Fig. 230), only
three or four genera being known from a
period approximately in length to the Mis
sissippian. Whether the paucity of Penn
sylvanian blastoids represents an evolu
tionary crisis or nonpreservation in the
geologic record is speculative. Pentremites
lingered into the Pennsylvanian in Ar
kansas, Oklahoma, Utah, and Nevada.
Other than this genus the only other known
occurrences are in the mid-Pennsylvanian
of Oklahoma, the Westphalian of Queens
land, Australia, and the Upper Carbonif
erous of Spitzbergen.

During the Permian, most blastoids ap
parently were found in the eastern hemi
sphere (Fig. 230). The island of Timor in
Indonesia is the most prolific locality, for
16 genera have been found there. Three or
four genera are known from Australia
(Western Australia, New South Wales,
Tasmania). Some of these are congeneric
with the Indonesian forms. Two or three
genera are known from the USSR, one of
which is congeneric with an Indonesian
genus. A fragmentary blastoid has been
reported from Sicily. Recently, the first
Permian blastoid in the Western Hemi
sphere has been found on Melville Island
in the Canadian Arctic.

Existing knowledge of the stratigraphic
distribution and paleogeography of blast
oids is incomplete. The occurrences de
scribed above show an obvious relation
ship to centers of research; with further
exploration, it may change considerably.
At least ten new genera from fairly well
known areas currently await description.
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CLASSIFICATION

Classification of Blastoidea by Bather
(1899)

Grade Protoblastoidea
Family Asteroblastidae [now classed with diplo

pore cystoids]
Family Blastoidocrinidae [now classed as para

blastoids]
Grade Eublastoidea [same as Blastoidea]

Series A. Codonoblastida
Family Codasteridae (hydrospire slits exposed)
Family Pentremitidae (hydrospire slits covered)

Series B. Troostoblastida

bulacra) and Irregulares (four normal am
bulacra and one short ambulacrum). The
Regulares included five families termed
Pentremitidae (pyriform, five spiracles);
T roostoblastidae (conical, ten spiracles);
Nucleoblastidae (globular, ten spiracles);
Granatoblastidae (globular, five spiracles);
and Codasteridae (without hydrospi;e
pores). The Irregulares comprised one fam
ily, Astrocrinidae, with three genera (Astro
crinus, Pentephyllum, Eleutherocrinus).
The classification given by ETHERIDGE &

CARPENTER is unnatural but nevertheless
important, because emphasis was placed
upon profiles and spiracles, in addition to
the presence or absence of pores as funda
mental taxonomic features. The illustra
tions are works of art which illustrate ex
cellently the shapes, sizes, and general plate
relationships of numerous blastoids, even
though they are somewhat inaccurate in
showing details of the anal deltoids and
relative exposure of the lancet plates. Many
internal features were not reported, and
no mention was made of the relative over
lap of deltoids on radials or of radials on
deltoids. As a result, it will be necessary
to restudy almost all of the blastoid speci
mens in the British Museum and those in
other collections before attempting to make
a trustworthy classification of the blastoids.

In 1896, CHARLES WACHSMUTH, who
wrote the blastoid chapter in the first Eng
lish edition of ZITTEL'S Textbook of Pa
laeontology, followed ETHERIDGE & CARPEN
TER in almost every detail. In 1899, F. A.
BATHER in a short paper gave a new classi
fication which is as follows.

ByR.O.FAY

PREVIOUS INVESTIGATIONS
The first descriptions and illustrations of

a blastoid known to me were published by
S. L. MITCHILL (1808) and J. PARKINSON
(1808), who referred to an "Asterite'" or
"asterial fossil" from Kentucky and illus
trated specimens of the species subsequently
named Pentremites godoni. The specimens
obtained by Dr. SAMUEL BROWN in 1805
(FAY, 1961, 55) evidently were collected
from beds now known as the Paint Creek
Formation (V.Miss,. Chester.) of the Mam
moth Cave or Bowling Green region of
central Kentucky. In 1819, J. L. M. DE
FRANCE named this fossil encrina Godonii,
thus applying the first binomial zoological
designation for a blastoid species. In 1825,
THOMAS SAY proposed the "family" Blast
oidea as a separate group of the Echino
dermata, the name referring to the pre
dominant budlike form of the theca.

In 1851, the first morphologic study of
blastoids was published by C. F. ROEMER,
who reported the discovery of ambulacral
pores and internal folds that terminate near
the mouth. These folds were termed hydro
spires by ELKANAH BILLINGS in 1869. ROE
MER divided the blastoids into four groups,
named Floreales (conical theca, petaloid
ambulacra), Elliptici (globular theca),
Truncati (flat summit), and Clavati (coni
cal theca, linear ambulacra). Although
these groupings were arbitrary, it is true
that globular and conical blastoids may be
separated into natural lineages.

In 1886, ROBERT ETHERIDGE & P. H. CAR
PENTER published a comprehensive study
of the blastoids, based on seven years of
intensive study by them on specimens in
the British Museum (Natural History) and
others obtained by loan. This work has
served as basic reference material for all
subsequent textbooks and treatises con
cerned with blastoids. Most pre-Permian
genera were illustrated, and the first record
was made of the double circumesophageal
ring, hydrospire plates, and the occurrence
of the abnormal specimens. ETHERIDGE &
CARPENTER divided the Blastoidea into two
orders called Regulares (five normal am-
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Family Troostocrinidae (conical forms, with
hydrospire pores)

Family Eleutherocrinidae (one ambulacrum
shorter than others)

Series C. Granatoblastida
Family Nucleocrinidae (lacking hydrospire plate)
Family Orbitremitidae (hydrospire plate present)
Family Pentephyllidae (stemless, large subpenta-

gonal theca)
Family Zygocrinidae (stemless, small depressed

theca)

BATHER expressed the belief that blastoids
were derived from diplopore cystoids
through a form like Asteroblastus, but in
termediate forms are lacking to prove this
concept. His classification is a mixture of
unnatural units and the "Series" designated
by him were never defined. The most im
portant item suggested by BATHER'S classi
fication is that the Codasteridae and Pentre
mitidae may be more closely interrelated
than the Orbitremitidae and Pentremitidae.
Evidently BATHER did not believe that the
presence or absence of hydrospire pores was
fundamental.

In 1908, BATHER reported the occurrence
of Permian blastoids on Timor Island in
the Dutch East Indies, and subsequently
similar Permian fossils were found in Rus
sia, Sicily, and Australia (New South
Wales). Only two or three genera were
named up to 1918 and these finds did not
affect previous classifications.

In 1918, OTTO JAEKEL defined the Blast
oidea as a subclass of the Cystoidea, linking
the two by means of Cystoblastus, and he
thus derived the blastoids from pore-rhomb
cystoids. BILLINGS (1869) and MOORE
(1954) have expressed similar views, but
all attempts to find intermediate forms to
-trace lineages connecting cystoids with
blastoids have failed. JAEKEL'S classification
is as follows.

Classification of Blastoidea by Jaekel (1918)
Class Cystoidea
Subclass Blastoidea

Order Parablastida (large number of thecal plates)
(Blastocystidae)

Order Radiolata [now termed Blastoidea proper]
Suborder Spiraculata (hydrospire slits hidden,

pores present)
Families Troostoblastidae, Pentremitidae, Nu

cleoblastidae, Granatoblastidae (as defined by
Etheridge & Carpenter, 1886)

Suborder Fissiculata (hydrospire slits exposed)

Family Orophocrinidae (spiracular slits present)
Family Codasteridae (hydrospire slits exposed)

Order Coronata [now transferred to the Crinoidea]
(plates like those of blastoids, but lacking hydro
spires, pores, slits, side plates, and brachioles)

The important contribution of JAEKEL is
partition of the blastoids into groups desig
nated as Fissiculata and Spiraculata, and the
separation of fissiculate blastoids into those
having spiracular slits from those with ex
posed hydrospire fields. The Parablastida
are here set apart as the Class Parablast
oidea, probably not related to the Blastoidea.
The order Coronata is classed under the
Crinoidea because the fossils in this group
have crinoid-type arms, lack hydrospires
and pores, and lack brachioles (FAY, 44,
57, 66). BATHER'S and JAEKEL'S stud
ies indicate that the Blastoidea and Cyst
oidea are not closely related.

In 1924, J. WANNER described many new
genera and species of Permian blastoids
from Timor. Subsequently, H. MATSUMOTO
(1929) modified BATHER'S classification by
dividing the class Blastoidea into three ord
ers: Protoblastida, Mesoblastida (Fissiculata
plus Astrocrinus) , and Eublastida (Spira
culata minus Astrocrinus), thus arriving at
a classification almost identical with that of
JAEKEL. The Eublastida were divided into
three "series," termed Troostoblastida, Pen
tremitida, and Granatoblastida.

In the 1930's, L. M. CLINE published on
some Devonian and Mississippian blastoids
of North America, and since 1935, I. G.
REIMANN has described various Devonian
blastoids. New morphological features, such
as ambulacral spines and anal-deltoid plates,
were investigated by these authors and
questions began to be raised about generic
relationships of known blastoid genera.

In 1940, WANNER described new Permian
genera and species from Timor, in addition
to those of his previous publications (1931,
1932). In all, he described 48 new species
belonging to 16 new genera and provided
morphological information which called for
a revised classification of the blastoids. The
most important part of WANNER'S taxo
nomic changes was removal of the parablast
oids, protoblastoids, and coronates from the
Blastoidea, which thus were left with only
two orders (Fissiculata, Spiraculata), and
he concluded that the Fissiculata were in
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need of extensive subdivision. WANNER'S
classification is indicated in the following
outline.

Classification of Blastoidea by Wanner
(1940)

Class Blastoidea SAY, 1825
Order Fissiculata JAEKEL, 1918

Family Codasteridae ETHERIDGE & CARPENTER,
1886 (eight hydrospire groups, anal deltoid
present)

Family Dipteroblastidae WANNER, n. fam. (ten
hydrospire groups, epideltoid and hypodeltoid
present, plates irregular)

Family Zygocrinidae BATHER, 1899 (eight hydro
spire groups, plates irregular)

Family Angioblastidae WANNER, n. fam. (eight
hydrospire groups, one to three slits in each,
epideltoid and hypodeltoid present)

Family Phaenoschismidae ETHERIDGE & CARPEN
TER, 1886 (recte Phaenoschismatidae) (ten
hydrospire groups, many slits, plates irregular,
base pyriform)

Family Nymphaeoblastidae WANNER, n. fam. (ten
hydrospire groups, many slits, plates regular,
base flat to concave)

Family Anthoblastidae WANNER, n. fam. (ten
hydrospire groups, one slit in each, plates regu
lar)

Family Neoschismidae WANNER, n. fam. (recte
Neoschismatidae) (ten hydrospire groups, in
terradial areas prolonged)

Incertae sedis, T haumatoblastus WANNER, 1924
Order Spiraculata JAEKEL, 1918
Suborder Troostoblastida BATHER, 1899

Family Troostocrinidae BATHER, 1899 (recte
T roosticrinidae)

Family Eleutherocrinidae BATHER, 1899
Suborder Granatoblastida BATHER, 1899

Family Nucleocrinidae BATHER, 1899
Family Orbitremitidae BATHER, 1899
Family Pentephyllidae BATHER, 1899

Suborder Pentremitida MATSUMOTO, 1929
Family Pentremitidae D'ORBIGNY, 1851

Several difficulties are inherent in the
above classification. The Eleutherocrinidae
should belong with the Pentremitidae, the
Pentephyllidae probably belong under the
Fissiculata, and the Orbitremitidae may in
clude diverse groups of globular blastoids,
of unrelated origin. Several genera (e.g.,
Brachyschisma, T haumatoblastus) had no
place in the classification, and questions on
morphology of old genera arose, especially
in connection with anal structures. WAN
NER's works were a great step forward be
cause he began to realize the importance
of anal, oral, and internal structures, and

their bearing on classification. By 1951 it
was apparent that we would have to re
study all previous blastoid species.

In 1943, R. S. BASSLER & M. W. MOODEY
prepared a bibliographic index to genera
and species, recognizing approximately 50
genera and 350 species. They recognized
the Protoblastoidea and Eublastoidea as
orders, the latter being the Blastoidea of
most authors. The protoblastoids included
the Asteroblastidae (now removed to the
diplopore cystoids) and the Blastoidocrini
dae (relegated to the Parablastoidea). The
eublastoids were divided according to W AN
NER'S classification, rather than as was done
by BASSLER in the Fossilium Catalogus
(1938). There is present need for a com
prehensive bibliography, objective index,
and stratigraphic and geographic cross
index to the Blastoidea. One important
contribution of BASSLER & MOODEY was
transfer of the Coronata to the crinoids.

In 1945, GERHARD REGNELL transferred
the blastoids to the cystoids on the ground
that pores pierce the theca and biserial
brachioles are common to both groups. His
classification is as follows.

Classification of Blastoidea by Regnetl
(1945)

Class Cystoidea VON BUCH, 1846
Subclass Hydrophoridea VON ZITTEL, 1903
Subclass Blastoidea SAY, 1825 [now a separate class]
Order Coronata JAEKEL, 1918 [now transferred

to CrinoideaJ
Order Parablastoidea HUDSON, 1907 [now segre

gated as separate class]
Order Eublastoidea BATHER, 1899 [now same as

Class Blastoidea J

The Parablastoidea have a type of hydro
spires unknown in blastoids and contain
many more thecal plates. It would be diffi
cult to place this group with any known
class of echinoderms and therefore it is best
to raise them to the rank of a class. One
important contribution of REGNELL'S is that
he removed the diplopore cystoids (e.g.,
Asteroblastus) from the Protoblastoidea,
thus wiping out a separate group known
as protoblastoids.

In 1953, F. M. BERGOUNIOUX followed the
classification of BASSLER & MOODEY (1943)
for the French Traite de Paleontologie. In
this work, the genus Asteroblastus was
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FISSICULATA I Sil. Dev. Miss. Penn. Perm. SPIRACULATA I Sil. Dev. Miss. Penn. Perm.

1 Polydeltoideus (P) n

2 Decaschisma (P) •• --
3 Deltoschisma (P)· --
4 Pentremitidea (A) ----
5 Cryptoschisma (A) n __

6 Pleuroschisma (P) --
7 Hyperoblastus (P) n

8 Brachyschisma (B) --
9 Heteroschisma (C) --

10 ?Pentephyllum (A) • n __

11 Phaenoschisma (P) ---
12 Phaenoblastus (P) _n
13 Hadroblastus (P) • n

14 Nymphaeoblastus (P) • n

15 Orophocrinus (O) --
16 Codaster (C) --
17 Astrocrinus (A) --
18 Agmoblastus (C)
19 Pentablastus (O) •
20 Dipteroblastus (P)
21 Neoschisma (P)
22 Notoblastus (P)
23 Thaumatoblastus (P)
24 Ceratoblastus (A)
25 Nannoblastus (C)
26 Angioblastus (C) •
27 Paracodaster (C) •
28 Pterotoblastus (C)
29 Sagittoblastus (C)
30 Anthoblastus (O)
31 Indoblastus (C)
32 Microblastus (P) •
33 Sphaeroschisma (P) .
34 Sundablastus (P)
35 Timoroblastus (P).

FAMILIES

A Astrocrinidae
B Brachyschismatidae
C Codasteridae
o Orophocrinidae
P Phaenoschismatidae

36 Troosticrinus (T)
37 Belocrinus (P')
38 Schizotremites (T) •
39 Elaeacrinus (N) •
40 Nucleocrinus (N)
41 Placoblastus (N)·
42 Cordyloblastus (P')·
43 Devonoblastus (P')·
44 Eleutherocrinus (P')
45 Strongyloblastus (S)
46 Pentremoblastus (P')
47 Pyramiblastus (G)
48 Petaloblastus (P')
49 Tanaoblastus (G)
50 Carpenteroblastus (G)
51 Cribroblastus (G)
52 Cryptoblastus (G)
53 Dentiblastus (G)'
54 Granatocrinus (G)'
55 Heteroblastus (G)
56 Lophoblastus (S)·
57 Mesoblastus (G)'
58 Monadoblastus (G)'
59 Monoschizoblastus (G) •
60 Orbiblastus (S)
61 Poroblastus (G)
62 Ptychoblastus (G)
63 Acentrotremites (S)
64 Auloblastus (S)
65 Schizoblastus (S)
66 Doryblastus (O')· •
67 Ellipticoblastus (O') •
68 Globoblastus (0 ') •
69 Orbitremites (O') •
70 Ambolostoma (P')
71 Metablastus (T) •
72 Tricoelocrinus (T)
73 Diploblastus (D)'
74 Pentremites (P') •
75 Nodoblastus (D)'
76 Calycoblastus (P') •
77 Deltoblastus (S) •
78 Rhopoloblastus (P')·

FAMILIES

D Diploblastidae . j' .... n__ j
G Granatocrinidae . ----

~' ~:~i:;:~:t]~:aee. :~ :.__.;_;_._==_. __~_~_-~_-:- ==_h m_
S Schizoblastidae'
T Troosticrinidae

FIG. 231. Stratigraphic distribution of blastoid genera. The letter symbols after the generic names refer
to the families in which they are classified, with familial names listed at bottom of chart (Moore & Fay, n).

treated as a protoblastoid and in another
section as a diplopore cystoid.

In 1961, FAY published a comprehensive
study on pre-Permian blastoids, with revi
sion of many genera and species. The work
was incomplete and approximately 30 short
papers were written from 1960 to 1962 as
supplements to it. A new classification of
the Blastoidea was presented, and sections

were written on morphology, taxonomy,
phylogeny, and bibliography, with the con
clusion that a great amount of work is
needed before we may begin to understand
the features of blastoids that now exist in
various museums. After these specimens
are studied, we may have a better system of
classification. The classification followed
in the Treatise is essentially that of FAY
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(1961, 60), and should be considered as
tentative.

Currently several persons working on
blastoids include J. A. ARENDT (Moscow,
USSR), H. H. BEAVER (Houston, Texas),
ALBERT BREIMER (Amsterdam, Nether
lands), R. O. FAY (Norman, Oklahoma),
ALAN HOROWITZ (Bloomington, Indiana),
K. A. JOYSEY (Cambridge, England), R. G.
McKELLAR (Brisbane, Australia); D. B.
MACURDA, JR. (Ann Arbor, Michigan), I. G.
REIMANN (Ann Arbor, Michigan), and J. S.
SPRINKLE (Cambridge, Massachusetts).
Much of their work has been on statistics,
morphology, and taxonomy, with little em
phasis on bibliographic compilations.

TREATISE CLASSIFICATION
In our present state of knowledge of the

Blastoidea it is premature to present a
definitive arrangement of these fossils. The
primary basis for classification of Blastoidea,
as now understood, is a combination of
characters, especially of deltoid plates on
the anal side. These features include (1)
presence, absence, or reduction of hydro
spires on the anal side, (2) number, type,
and arrangement of the anal deltoids, (3)
relative exposure of the deltoids, (4) rela
tive closure of the radial sinuses, (5) num
ber, type, and arrangement of the spiracles,
(6) number, type, and arrangement of the
hydrospires, (7) number, type, and arrange
ment of the hydrospire pores, (8) relative
overlap of radials and deltoids along the
radiodeltoid sutures, (9) number, type, and
arrangement of the oral plates, (10) shape
of the theca, and (11) relative exposure of
the lancet plates to the exterior and posi
tion of the lancet stipe.

Separation of the orders Fissiculata and
Spiraculata is based essentially on relative

exposure of the hydrospire slits and the de
velopment of hydrospire pores and spiracles.

Families of the Fissiculata are separated
by features that include formation of spira
cular slits or reduction of hydrospire fields
(hydrospiralia) on the anal side or both
of these, combined with retention of ex
posed hydrospire slits, associated with atro
phy of them on the anal side. The fam
ilies of the Spiraculata are distinguished by
type and arrangement of the spiracles and
the conical to globular shape of the theca.

Genera of the Blastoidea are differen
tiated by the above-cited features in a varie
ty of combinations. Ornamentation, shape,
and statistical measurements are used to
define species.

DISTRIBUTION
~afolY geographic and stratigraphic gaps

eXIst III our knowledge of the class. For
instance, a few nominal genera of blastoids
have been recorded from Africa, South
America, China, Japan, and the North
Polar regions, whereas only three genera
are recorded from Pennsylvanian rocks of
the world. Only three Silurian genera are
recorded, all from the United States and
one of them also in Czechoslovakia. Of 78
described genera, it is possible to group a
few in natural families or related categories,
but almost impossible to trace direct line
ages. It is quite possible that the families
here outlined are polyphyletic and that in
the future these may be raised to suborders
or otherwise changed. There must be two
to three times as many undescribed genera
as now known and until these are de
scribed, it seems best to retain a simple
classification of the Blastoidea. The strati
graphic distribution of blastoid genera is
given in Figure 231.

PHYLOGENY AND EVOLUTION

By ROBERTO. FAY

The origin of the Blastoidea is unknown.
It has been postulated by JAEKEL (1918)
and MOORE (1954) that this group of
echinoderms may have been derived from
pore-rhomb cystoids by development of
hydrospires through atrophy of the pore-

rhombs although this type of atrophy has
never been demonstrated. REGNELL (1945)
classed the Blastoidea as a subdivision of
the Cystoidea, because both groups possess
biserial brachioles and pores that pierce
the theca. CLINE (1944) made no attempt
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to compare pore-rhombs with hydrospires
and was of the opinion that the hydrospires
represent successive infolds along ambula
cral margins. WANNER (1940) declined to
accept homology of pore-rhombs and hydro
spires. At present I would agree with
WANNER and CLINE, and further, would
relate the Blastoidea to the class Edrio
blastoidea (FAY, 1961) and suggest that the
blastoids were derived from this class.
BATHER (1900) presented the concept that
the Blastoidea were derived from diplopore
cystoids and that each hydrospire fold
represents a pore-pair that has become
elongated along the ambulacral margins
and that hydrospire pores are specialized
pore pairs. At the same time, however,
BATHER thought that poreless blastoids
(Fissiculata) gave rise to pore-bearing
blastoids (Spiraculata), thus opposing his
own postulate.

The class Edrioblastoidea seems to be the
logical group from which the Blastoidea
could have developed. The separate orders
(in part) of the Blastoidea could have been
derived independently from this class, or
the order Fissiculata may have descended
directly and the order Spiraculata indirectly
by development from the Fissiculata. These
suggestions are based upon judgment of
inferred phylogenetic trends within the
Blastoidea, as now understood. A most
primitive blastoid is presumed to be simi
lar to Polydeltoideus, in which the form
of the calyx is conical, with six anal deltoids,
ten exposed hydrospire fields (hydro
spiralia), and a moderately long lancet
plate covered by side plates. An advanced
form is one similar to Pentremites, in which
the calyx is rounded-conical, with a single
anideltoid, the sinuses closed to form pores
and spiracles, and the lancet plate dis
placed outward, pushing aside the side
plates. If Pentremites came from a form
ultimately like Polydeltoideus, and if one
projects this trend backward, he may postu
late the type of echinoderm best suited to
represent the ancestral stock of the Blast
oidea. This echinoderm should have at least
six anal deltoids and otherwise possess regu
lar plate symmetry, with random infolds in
the thecal plates, a deep lancet (or better,
no lancet, since the lancet is interpreted to

be a plate secreted around the median
canal, having little useful function of pro
tection where deep-hence probably not
secreted in a primitive form), five regular,
straight ambulacra covered by an alter
nating biserial set of ambulacral plates, a
primitive stem, and possibly primitive
brachioles.

The class Edrioblastoidea has these fea
tures, except for primitive brachioles, but
it is reasonable to postulate that brachioles
could have arisen independently when
tube-feet became atrophied, and further,
that the brachioles of cystoids probably were
derived in a similar manner from another
class of Echinodermata. One may logically
argue that the Edrioblastoidea have a hydro
pore and that the Blastoidea do not, but it is
here interpreted that the hydropore has
migrated internally on the anal side in the
Blastoidea, and it is quite possible that it
was atrophied. FAY (1960) has shown that
the radial canal system of blastoids, ending
adorally in the circumesophageal ring, is
adjacent to the hydrospire canals, and thus
it is possible that water entered the radial
canal system by diffusion from the hydro
spire canals. If this is true, there would
have been little need for a hydropore. The
canal system is now interpreted to be the
main nervous system (because it is a double
ring as in Recent echinoderms); so there
may not have been a radial canal or water
vascular system in blastoids.

Therefore, the Blastoidea are considered
to be a separate class of Echinodermata,
closely related to the Edrioblastoidea, and
independent of the Parablastoidea. The
coronatids have been shown by FAY (1960,
44; 1961, 57; 1962, 66) to belong to the
Crinoidea. Blastoid-like forms with pore
rhombs (e.g., Cystoblastus) or with diplo
pores (e.g., Asteroblastus) are judged to
belong with the Cystoidea, and therefore
the groups formerly classed as Protoblast
oidea and Asteroblastidae by BATHER
(1900), followed by BASSLER & MOODEY
(1943), are not recognized as valid cate
gories of the Blastoidea.

The Phaenoschismatidae are considered
as the most primitive group of blastoids,
from which most others could have been
derived (Fig. 232). The ten exposed hydro-
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Silurian I Devonian I Mississippian I Pennsylvanian I Permian

BRACHYSCHISMATI DAE I I
, I I I
: 18 - Brachyschisma I I :

! I CODASTERIDAE : ----+ 22 - Angioblastu!
: I I ~23 - Indoblastus

I 19 - Heteroschisma~20 - Codaster~21-=-Agmoblastus 224
5

- Nannoblastus

:LL
I 1~ - Paracodaster

I : : ~ 26 - Pterotoblastus
: I I , 27 - Sagittoblastus

1----;.-,
ASTRO~CR(NIDAEI 28 - Cryptoschisma..J-..30 - Astrocrinus ~ : 32 - Ceratoblastus
~~~29- Pentremitidea i 31 ?Pentephyllum I I

~.. : i I ' 10 - Timoroblastus
2 - Decaschisma PHAENOSCHISMATIDAE~:'11 - Dipteroblastus

~
" ,
I 3 _ Deltoschisma, I : I 12 - Neoschisma
~ ?-l.. ' 13 - Notoblastus
l~oideus I I 6 - Phaenoschisma~14 - Sundablastus

----..!..4 PI h' ,..?r '\'7 - PhaenOblast~~15 -Sphaeroschisma
I - eurosc Isma , I·r ~~
I \ ~I 8 - Hadrob astus 'I ' 16 - Thaumatoblastus
I I 9 - Nymphaeoblastus ' 17 - Microblastus
: 5 - Hyperoblastus' , ~ :

1--------+,------- , I '
OROPHOCRINIDAE i 33 - Orophocrinus -134 - Pentablastusl 35 - Anthoblastus

Agmoblastus (21)
Angioblastus (22)
Anthoblastus (35)
Astrocri nus (30)
Brachyschisma (18)
Ceratoblastus (32)
Codaster (20)
Cryptoschisma (28)
Decaschisma (2)

Deltoschisma (3)
Dipteroblastus (11)
Hadroblastus (8)
Heteroschisma (19)
Hyperoblastus (5)
Indoblastus (23)
Microblastus (17)
Nannoblastus (24)
Neoschisma (12)

INDEX
Notoblastus (13)
Nymphaeoblastus (9)
Orophocri nus (33)
Paracodaster (25)
Pentablastus (34)
?Pentephyllum (31)
Pentremitidea (29)
Phaenoblastus (7)
Phaenoschisma (6)

Pleurosch isma (4)
Polydeltoideus (1)
Pterotoblastus (26)
Sagittoblastus (27)
Sphaeroschisma (15)
Sundablastus (14)
Thaumatoblastus (16)
Timoroblastus (10)

FIG. 232. Phylogenetic diagram showing possible or inferred relationships of blastoid genera and families
of the order Fissiculata (Fay, n).

spire fields could readily have been reduced
to nine, thus forming blastoids classed as
genera of the Brachyschismatidae, or to
eight hydrospire fields, as observed in the
Codasteridae. Another trend is toward
closure of the sinuses to form ten spiracular
slits (as in the Orophocrinidae), or atro
phy of the hydrospire fields on the anal
side, with formation of eight spiracular slits
(e.g., Astrocrinidae).

The Pentremitidae may be descendants
of the Phaenoschismatidae produced by
complete closure of the sinuses and forma
tion of gaps (hydrospire pores) between
side plates (Fig. 233). This mode of de
veloping hydrospire pores is thought to be
probable, and accordingly it seems logical
to derive Devonoblastus from Hyperoblas
tus and Pentremites from Devonoblastus.
If this is correct, the Troosticrinidae are

possible derivatives of the Phaenoschismati
dae, though intermediate forms are lacking
to prove this; alternatively, the Troosticrini
dae may have developed independently
from the same stock that gave rise to the
Phaenoschismatidae. The Granatocrinidae
could have been derived from the Troosti
crinidae by outward migration of the delt
oid septa, except on the anal side, where
the deltoid septa migrated inward. The
Schizoblastidae also may have descended
from the Troosticrinidae, with outward
migration of the deltoid septa, including
those of the anal side. The Nucleocrinidae,
likewise, are possible derivatives of the
Troosticrinidae by outward migration of
the deltoid septa and outward-downward
migration of the large cryptodeltoids. The
Pentremitidae may have come from the
Troosticrinidae by internal migration of
deltoid septa.
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Silurion Devonian Mississippion Penn. Permion

16 - Colycoblostus
I 17 - Rhopoloblostus

1
TROOSTICRINIDAE

I

1
DIPLOBLASTIDAE

I

I
I
t
I
I

I
5 - NucleocrinbsI .6' - Plocob.lostus: NUCLEOCRINIDAE

I 7 - Eloeocnnus I

ii,20- Orbitremites
I I ,19 - Ellipticoblostus

°IRBITREMITIDAE '18 - Globoblostus

I----f'----:-:_~l-i2-1---D-o..:.ry-b-'o-s-tu-s---------......:i---+-------;
1 8 - Devonoblostus .___14 - Ambolostomo I0 9 - Belocrinus ~ --C 13 Pentremites

PENTREMITIDAE! 10 - Cordyloblostbs 12 - Pentremoblostus I
~ 11 - Eleutherocri~us"15 - Petoloblostus 1

I~ 2 -i.~~~ 3 - M"oblo,ru,- 4 - rd'o"o""",

i 'E'i!'22 - Diploblostus- 23 - NOdoblosLs1 1 11--\-----,-- .. " ... - I I
I I 24 - Mesoblostus I

1 125 - Pyromiblostus i
I j26 - Tonooblostus _ 27 - Cryptoblostus
: ,28 - Gronotocrinus :

GRANATOCRINIDAE~29~Dentilllilstus- 31 - Monoschizoblostys
: ~130 - Corpenteroblostus I
1 132 - Poroblostus.:::::::. 33 - Ptychoblostus 1
I 135~ribroblostus 34 - Monodoblostus I
I I ---36 - Heteroblostus I

1-----'\-+1--- - I
, \38 - Auloblostus 39 - Lophoblostus I

SCHIZO- 137 - Strongylo- !42 - Schizoblostus 40 - Orbiblostus .......' -----: 41 - Deltoblostus
BLASTIDAE : blostus 143 - Acentrotremites

Acentrotremites (43)
Ambolostomo (14)
Auloblostus (38)
Belocrinus (9)
Colycoblostus (16)
Corpenteroblostus (30)
Cordy loblostus (10)
Cribroblostus (35)
Cryptoblastus (27)
Deltoblostus (41)
Dentiblastus (29)

INDEX
Devonoblastus (8)
Diploblastus (22)
Doryblastus (21)
Elaeacrinus (7)
Eleutherocrinus (11)
Ellipticoblastus (19)
Globoblastus (18)
Granatocrinus (28)
Heteroblastus (36)
Lophoblastus (39)
Mesoblastus (24)

Metablastus (3)
Monodoblastus (34)
Monoschizoblastus (31)
Nodoblastus (23)
Nucleocrinus (5)
Orbiblastus (40)
Orbitremites (20)
Pentremites (13)
Pentremoblastus (12)
Petaloblastus (15)
Placoblastus (6)

Porob lastus (32)
Ptychoblastus (33)
Pyramiblastus (25)
Rhopaloblastus (17)
Schizoblastus (42)
Schizotremites (2)
Strongyloblastus (37)
Tanaoblastus (26)
Tricoelocrinus (4)
Troosticrinus (1)

FIG. 233. Phylogenetic diagram showing possible or inferred relationships ot blastoid genera and families
of the order Spiraculata (Fay, n).

Within each family it is possible to trace
certain lineages involving specific morpho
logical parts. These trends appear to be
similar in diverse families and therefore are
here grouped. For instance, the lancet plate
is covered by side plates in primitive forms
and the side plates support the main food
groove. In advanced forms, the lancet is
exposed to the outside and supports the
main food groove, or in extremely advanced
forms, supports the side food grooves in
addition. Thus, linear ambulacra are iden-

tified as primitive and petaloid ambulacra
as advanced characters. The lancet stipe is
adjacent to the mouth in a primitive blast
oid and has migrated away from the mouth
in an advanced form. There are four or
six anal deltoids in a primitive form, and
one may trace lineages whereby fusion must
have taken place between the two crypto
deltoids to form a subdeltoid and between
a subdeltoid and superdeltoid to form a
single epideltoid, with consequent atrophy
or suppression of the hypodeltoid.
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The hydrospire fields (hydrospiralia) be
come atrophied or the number of hydro
spire slits are reduced on the anal side. In
the Spiraculata, which possess hydrospires
in all ambulacra, certain trends are appar
ent; the number of hydrospires on each
side of an ambulacrum apparently becomes
reduced in number by atrophy, from five,
to four, to three, to two, and to one in
different genera, and the hydrospires on the
anal side may differ in number from those
of the other ambulacral areas within a single
genus. With exception of Pentremites, the
number of hydrospire folds on each side
of an ambulacrum, if less than four, is
apparently a stable criterion for differ
entiation of genera.

Another stable feature is the overlap of
radials and deltoids along the radiodeltoid
suture, which is constant for each genus
and species. A primitive blastoid has short
deltoids, overlapped by the radials; an ad
vanced form is one having long deltoids,
overlapping the radials. The pelvis is coni
cal in a primitive blastoid, whereas it is
rounded or with a concave base in an ad
vanced form.

A blastoid with paired spiracles is con
sidered to be primitive, and owing to migra
tion outward or inward of certain deltoid
septa it is possible to have forms with five,
nine, or 11 openings around the mouth.
Thus, the family Pentremitidae may be
polyphyletic, possibly derived from the
Phaenoschismatidae and T roosticrinidae.

The blastoid stem could have been de-

rived from fused plates of the base of some
Edrioblastoidea, and through time, the
stem could have atrophied though disuse in
a form like Eleutherocrinus, with conse
quent formation of bilateral symmetry and
possible adaptation to swimming habits.

The pores, if formed as simple gaps be
tween side plates, are primitive where one
pore occurs between adjacent side plates
along the deltoid and radial margins. In
advanced forms, the pores evidently mi
grated laterally into margins of the deltoid
and radial plates, and these plates folded
along each pore to form multiple pores
corresponding to each side plate. In some
forms, the pores became atrophied along
the deltoid margins and were lost, or the
simple pores remained along the deltoid
margins, but multiple pores formed along
the radial margins (e.g., Poroblastus).

The cited features tend to show that al
though Permian blastoids of Timor and
adjacent areas are fissiculate forms, they
are highly specialized, advanced forms.
Thus, they are not considered to be prod
ucts of retrogressive evolution. The evolu
tionary theme in blastoids apparently is
one of atrophy through disuse.

The problem of extinction of the Blast
oidea is apparently one apart from morpho
logical considerations because blastoids of
the Permian possess features that war
ranted their survival into the Triassic and
beyond. Thus, some major external physi
cal change of a radical nature was the prob
able cause for extinction of the class.

SYSTEMATIC DESCRIPTIONS

By ROBERT O. FAY! and JOHANNES WANNER
2

[10klahoma Geological SurveYi 2deceased, formerly University of Bonn]

The present classification is that adopted
by FAY, but many ideas expressed on rela
tionships and descriptions of Permian blast
oids and most of the Permian tone illustra
tions are taken from materials submitted
by WANNER. Various families, as here de
fined, would be raised to suborders by
WANNER on the basis of greater emphasis
given by him to anal and spiracular struc
tures. Many specimens in museums prob-

ably belong to new genera, but circum
stances have prevented new study of them.
Dntil these specimens are correctly illus
trated and described, it is best to retain a
rather simple classification of the Blastoidea.
The relationships among different genera
of many recently recognized structures
(e.g., inner side plates, paradeltoid plates,
ambulacral spines, double brachiolar cover
plates, accessory oral plates, lateral canals,
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anal cover plates) are not well understood. It
is hoped that paleontologists will re-examine
specimens in their collections, prepare

polished thin sections of them, and publish
detailed descriptions, supplemented by
photographs and line drawings at ade-

2d
Deltoschisma

hd

FIG. 234. Phaenoschismatidae (p. 5400). [Explanation: a, anal opening, c, cryptodeltoid plate; d, deltoid
plate; dl, deltoid lip; ds, deltoid septum; hd, hypodeltoid; 0, oral opening; par, posterior ambulacrum

(right); rl, radial limb; sb, subdeltoid plate; sp, superdeltoid plate.]
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Phoenoschisma

Class BLASTOIDEA Say, 1825
[Blastoidea SAY. 1825. p. 313 (type. Pmtremites SAY. 1820,
designated by FAY, herein)] [==Eublastoidea BATHER, 1899,
p. 920 (type, P~ntremius SAY, 1820, designated by FAY,

herein) J

Hydrospire-bearing, stemmed echino
derms; theca composed of 18 to 21 major
plates, which comprise three basals, sur
mounted by five radials, above which and
alternating with them are five deltoids, in
addition to five lancet plates in radial posi
tion located within radial sinuses; anal side
may contain one, two, three, four, or six
anal deltoids; hydrospires external or in
ternal; pores and spiracles present mainly
in forms with internal hydrospires. Am
bulacra bear numerous biserially con
structed brachioles. Sil.-Perm.

ld

FIG. 236. Phaenoschismatidae (p. 5400). [Explana
tion: a, anal opening; e, epideltoid plate; hd, hypo
deltoid; lIS, hydrospire slit; la, lancet plate; rl, radial

limb.]

Deltoschisma

3b

FIG. 235. Phaenoschismatidae (p. 5400).

quately large scale. In this manner we may
be able to fill in morphologic, stratigraphic,
and geographic gaps in knowledge. A some
what detailed account of previous classifi
cations given in the introduction is not re
peated here.
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Order FISSICULATA Jaekel, 1918
[Fissiculata J'AEKEL, 1918, p. 108 (type, Phaenoschisma
ETHERIDGE & CARPENTER, 1882, designated by FAY, herein)]
[==Mesoblastida MATSUMOTO, 1929, p. 28 (type, Phaeno~

schisma ETHERIDGE & CARPENTER, 1882, designated by FAY,
herein)]

Theca with exposed hydrospire slits or
spiracular slits. Sil.-Perm.

Family PHAENOSCHISMATIDAE
Etheridge & Carpenter, 1886

[nom. correct. FAY, 1961 (60), p. 19 (pro Phaenoschismidae
ETHERIDGE & CARPENTER, 1886, p. 258)] [=Dipteroblastidae
WANNER, 1940, p. 234; Neoschismidae (rute Neoschismati~

dac) WANNER, 1940, p. 238; Nymphaeoblastidae WANNER,
1940, p. 237]

Theca with ten exposed or partially ex
posed hydrospire fields. Sil.-Perm.

,,,,

Ib

Hyperoblostus

Hodroblostus

J},".,. '

3d

FIG. 237. Phaenoschismatidae (p. 5400-5401). [Explanation: a, anal opening; e, cryptodeltoid plate;
dl, deltoid lip; he, hydrospire canal; hd, hypodeltoid; la, lancet plate; 0, oral opening; r, radial plate; rl,

radial limb; sd, side plate; sp, superdeltoid plate.]© 2009 University of Kansas Paleontological Institute
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Phaenoschisma ETHERIDGE & CARPENTER, 1882, p.
226 [eme1ld. MACURDA, 1964 (104), p. 719]
['Pe1ltatrematites act/ta SOWERBY, 1834, p. 456;
SD ETHERIDGE & CARPENTER, 1886, p. 270]
[=Co1losc!,isma FAY, 1961 (60), p. 23 (type,
Codaster laevillseulus ROWLEY, 1900, p. 65)].
Theca biconical with hydrospire fields mostly
hidden, but exposed along aboral ends or along
outer ambulacral margins; number of hydrospire
slits reduced on anal side; anus between epideltoid
and hypodeltoid; lancet exposed along median

FIG. 238. Phaenoschismatidae (p. 5400-5401).

0.5 of its width; side plates touching deltoid crests,
forming 5 teardrop-shaped spiracle-like openings
at adoral end. L.Carb.(Miss.) , Eu.-N.Am.--FIG.
234,1; 235,1. ·P. aeutum (SOWERBY), Eng.; 234,
1a,b, oral and D-ray views, X4.5 (41); 234,lc,d,
aboral view and plate layout, X4.5 (162); 235,
la,b, oral and C-ray views, X4, X4.7 (104).-
FIG. 236,1. P. laevillsct/illm ROWLEY, L.Miss.
(Burlington Ls.), USA (Mo.); type species of
C01losehisma, 1a,b, oral and D-ray views, X4.4
(60); 1e, oral view, X5.3 (60); 1d, plates ad
jacent to anal opening, X 9 (60).

Decaschisma FAY, 1961 (60), p. 27 ['Codaster
pe1ltaloblls HALL, 1879, p. 13; OD]. Theca ob
conical, with well-exposed hydrospire fields;
superdeltoid, subdeltoid, and hypodeltoid present;
lancet covered by side plates. 511., USA(lnd.).-
FIG. 234,3a-e; 235,2. ·D. pe1ltalobus (HALL),
Niagaran; 234,3a, oral view, X2.6; 234,3b, CD
interray, XIO.I; 234,3e, D-ray view, X2.6; 234,
3d,e, aboral view and plate layout, X2.7 (all 60);
235,2a,b, oral and D-ray views, X2.5 (60).-
FIG. 234,31. D. plilehellum (MILLER & DYER),
Niagaran; plates around anal opening, X 10 (60).

Deltoschisma FAY, 1961 (60), p. 29 ['Phaeno
sehisma arehiaei ETHERIDGE & CARPENTER, 1882,
p. 229; OD]. Theca conical, with exposed hydro
spire fields; strongly pentalobate in top view;
with superdeltoid, 2 cryptodeltoids, and hypo
deltoid, cryptodeltoids partly visible externally,
partly hidden by hypodeltoid; number of slits re
duced on anal side; lancet covered by large side
plates. Dev., Spain.--FIG. 234,2; 235,3. ·D.
arehiaci (ETHERIDGE & CARPENTER); 234,2a-d,
oral, D-ray, aboral views, and plate layout, X4.4;
234,2e, anal area, X 9.9; 235,3a,b, oral and D-ray
views, X 4.7 (all 60).

Dipteroblastus WANNER, 1940, p. 249 [emend.
BREIMER & MACURDA, 1965, p. 212] [·D. permi
ellS; OD]. Theca cup-shaped, with well-exposed
hydrospire fields, with 8 to 13 hydrospire slits on
AB, BC, and DE deltoids, but 3 to 6 on epideltoid,
and 5 on EA deltoid; anus separate, between large
epideltoid and large hypodeltoid; with 3 short
A, C, and E ambulacra and 2 elongate Band D
ambulacra confined to summit; lancet exposed
along food groove. Perm., E.Indies(Timor).-
FIG. 237,1; 238,3. ·D. permict/s; 237,la-d, oral,
D-ray, aboral views, and plate layout, XI.7
(178); 238,3a,b, oral and C-ray views, X2.7,
X I.7 (178).

Hadroblastus FAY, 1962 (72), p. 189 [·H. eon
VexllS; OD]. Theca discoidal with rounded sum
mit and base; hydrospire fields each with II
slits except on anal side where 4 slits occur in
each field; anal opening between large epideltoid
and equally large hypodeltoid; lancet exposed
along middle 0.3 of its width, raised well above
broad flat sinus areas and hydrospire fields; am
bulacra moderately long, linear, with lancet stipes
moderately separated from oral opening; vault
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2b

Neoschisma

2d
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Microblastus

Id

FIG. 239. Phaenoschismatidae (p. S401-S402).

almost equal to pelvic height; basalia large, com
posed of 3 basals. L.Miss., USA(N.Mex.-Ark.
Okla.).--FIG. 237,2; 238,1. ·H. convexus,
Osag., N.Mex.; 237,2a-d, oral, D-ray, aboral
views, and plate layout, X 2 (72); 238,1a-c, oral,
D-ray, and B-ray views, X2.7 (72).

Hyperoblastus FAY, 1961 (60), p. 30 ['Pentremiti
dea preciosa REIMANN, 1945, p. 39; OD]. Theca
club-shaped, with aboral ends of outermost hydro
spire slits exposed; with pores formed as gaps
between side plates; spiracles 5, developed between
deltoid lip, deltoid septum, lancet, and side plates
on each interambulacrum (including anispiracle on
anal side); with superdeltoid, 2 cryptodeltoids,
and hypodeltoid; lancet covered by side plates.
Dev., N.Am.--FIG. 237,3a-e; 238,2. ·H. pre
ciosus (REIMANN), Can. (Ont.); 237,3a-d, oral,
D-ray, aboral views, and plate layout, X3.5; 237,
3e, anal area, X 10; 238,2a,b, oral and D-ray
views, X2.9 (all 60).--FIG. 237,3f,g. H. filosus

(WHITEAVES), Can. (Ont.) ; 3f, cross sec. of
ambulacrum, X8.8; 3g, anal area, XI0.2 (all
60).

Microblastus EYKEREN, 1942, p. 283 [·M. pociUo
formis; OD]. Theca small, cup-shaped, with small
restricted hydrospire slits confined to summit; anal
opening separate from slits, between large, wide
epideltoid and radial limbs, possibly with small
?hypodel toid on aboral border; ambulacra short,
wide, small, well away from mouth, with total
of 2 or 3 side plates on each side. PeI·m., E.Indies
(Timor).--FIG. 239,1; 240,1. ·M. pociUo
formis; 239,1a-d, oral, D-ray, aboral views, and
plate layout, X8.8 (42); 240,1a,b, oral and CD
interray views, X6 (42).

Neoschisma WANNER, 1924 (173), p. 6 [·N. verru
cosum; OD]. Theca cup-shaped, with widely
exposed hydrospire fields, each with 5 to 18 slits
except on anal side where 1 to 5 slits occur on
each side of anal opening; anal opening between
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Neoschisma

FIG. 240. Phaenoschismatidae (p. 5401-5402).

large epideltoid and moderately large hypodeltoid;
ambulacra short, wide, small, well away from
mouth, confined to summit. Perm., E.lndies
(Timor).--FtG. 239,2. ·N. verrucosum; 2a-d,
oral, D-ray, aboral views, and plate layout, X2.4
(I 73).--FtG. 240,2. N. timorense WANNER,
Perm., Timor; B-ray view, x3.3 (178).

Notoblastus BROWN, 1941, p. 98 [·N. brevispinus;
OD]. Theca discoidal, with widely exposed hydro
spire fields, each with 12 to 14 hydrospire slits
except on anal side, where slits are few; small
anus separate, between large epideltoid and
smaller hypodeltoid; ambulacra moderately short,
longer than wide, with lancet stipe well away
from mouth; radials prolonged into small, short,
winglike processes; stem seemingly absent. Perm.,
E.Australia.--FtG. 241,4; 242,3. ·N. brevi
spinus; 241,4a,b, oral and C-ray views, X1.3;
242,3a-d, oral, D-ray, aboral views, and plate
layout, X 1.3 (20, 179).

Nymphaeoblastus VON PEETZ, 1907, p. 15 [·N.
miljukovi; OD]. Theca ellipsoidal, with widely
exposed hydrospire fields, each containing 10 to
15 slits which extend well down sides of theca;
anal opening between small epideltoid and elon
gate hypodeltoid; lancet apparently covered by
side plates; ambulacra long, linear, recurved be
low; base concave; deltoids almost as long as
radials. L.Carb., Eu.(USSR)-Asia(Japan).--FIG.
241,1. N. anossofi YAKOVLEV, Tournais., Japan;
1a,b, oral and E-ray views, X 1.3 (52).--FIG.

242,1. ·N. miljukovi, USSR; la-d, oral, D-ray,
aboral views, and plate layout, XO.8 (131, 190).

Phaenoblastus FAY, 1961 (60), p. 40 [emend.
MACURDA, 1964 (104), p. 723] [.Pentremites

3b

Notoblostus

40

FIG. 241. Phaenoschismatidae (p. 5402-5405).
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caryophyllatus DEKoNINCK Ilt LEHoN, 1854, p.
197; OD]. Theca club-shaped with ventral coronal
processes; hydrospire fields wide, deeply indented,
mostly hidden, each with 7 or 8 slits except on
anal side where 4 occur; anal opening between
large V-shaped epideltoid and small hypodeltoid;
lancet widely exposed throughout its full width,
deeply excavated in sinus; side plates large, cover-

10
Nymphoeoblostus

ing most of slits, adorally forming 4 paired
spiracle-like openings and false anispiracle with
deltoid crests; ambulaera moderately long, petaloid;
vault almost equal to pelvic height; basalia mod
erately large, composed of 3 basals; radials over
lapping deltoids. L.Carb., Eu.--FIG. 241,2;
242,2. *P. caryophyllatus (DEKoNINCK Ilt LEHoN),

Tournais., Belg.; 241,2a,b, oral, D-ray views,

Notoblostus

FIG. 242. Phaenoschismatidae (p. 5402-5404). [Explanation: a, anal opening; dl, deltoid lip; e, epideltoid
plate; hd, hypodeltoid; hs, hydrospire slit; la, lancet plate; 0, oral opening; rl, radial limb; sd, side plate.]
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X 4; 242,2a-d, oral, D-ray, aboral views, plate
layout, X4; 242,2e, anal view, Xl0 (60).

Pleuroschisma REIMANN, 1945, p. 24 ['OPentremites
lycorias HALL, 1862, p. 151; OD]. Theca club
shaped, with exposed hydrospire fields; super
deltoid, 2 exposed cryptodeltoids, and hypodeltoid

present; ambulacra extending downward along
theca; lancet completely covered by side plates.
Dev., USA(N.Y.)-Can.(Ont.).--FIG. 241,3;
243,le. P. ontario REIMANN, M.Dev., Can.(Ont.);
241,3a,b, oral, D-ray views, X6.2; 243,le, anal
area, X 10.2 (60).--FIG. 243,la-d. 'OP. lycorias

Pleuroschismo

20
FIG. 243. Phaenoschismatidae
deltoid lip; lId, hypodeltoid;

(p. S404-S405). [Explanation: a, anal opening; c, cryptodeltoid plate; dl,
0, oral opening or oral plate; par, posterior ambulacrum (right); rl, radial

limb; sp, superdeltoid plate.]
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Sundablastus Sphaeraschisma

5

Thaumatablastus Timoroblastus

Polydeltoideus

FIG. 244. Phaenoschismatidae (p. S405-S407).

(HALL), M.Dev., USA(N.Y.); la-d, oral, D-ray,
aboral views, and plate layout, X4.4 (83, 139).

Polydeltoideus REIMANN & FAY, 1961, p. 86 [*Paly
deltaide/lS elladat/lS; OD]. Conical theca with ex
posed hydrospire fields; superdeltoid, 2 crypto
deltoids, 2 paradeltoids, and hypodeltoid present;
ambulacra short, projected laterally, with broad
sinuses; lancet covered by side plates; anal open
ing between superdeltoid, 2 cryptodeltoids, and
2 paradeltoids. Sil., USA(Okla.)-?Czech.--FIG.
243,3; 244,3. *P. elladattls, Sil., Okla.; 243,3a-d,
oral, D·ray, aboral views, and plate layout, X 3
(143); 244,3a,b, oral, D·ray views, X3 (143).

Sphaeroschisma WANNER, 1924 (174), p. 195
[emelld. BREIMER & MACURDA, 1965, p. 212] [*S.
samahalellse; OD]. Theca subglobular, fissiculate
with 10 partially exposed hydrospire fields, with
1 to 3 folds per field, partially formed into
spiracular slits; one fold is on both sides of C
ambulacrum and on posterior side of D ambula-

crum; 2 folds are on left side of A ambulacrum
and anterior side of B ambulacrum, each opening
into a spiracular slit; all other hydrospire fields
have 3 folds, opening into single spiracular slit
on radial limb and into 2 slits on deltoid; anal
opening between epideltoid and ?hypodeltoid;
deltoids overlap radials; deltoids and slits visible
in side view; lancet exposed; ambulacra long, re
curved below. Perm., E.Indies(Timor).--FIG.
243,2; 244,2. *S. samahalellSe; 243,2a·d, oral,
D-ray, aboral views, and plate layout, X3.6;
243,2e, cross sec. of E ambulacrum, X 13; 244,
2a,b, oral, A-ray views, X2.7 (174).

'Sundablastus WANNER, 1924 (173), p. 32 [*S.
weber;; OD]. Theca subglobular, with small re
stricted hydrospire fields confined to summit;
anal opening between large epideltoid and large
hypodeltoid; ambulacra short, confined to summit,
adjacent to mouth; lancet longer than wide,
short, apparently covered by side plates; basals
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FIG. 245. Phaenoschismatidae (p. 5405-5407).

almost equal in size to radials. Perm., E.Indies
(Timor).--FIG. 244,1; 245,3. *5. weberi; 244,1,
oblique C-ray view, Xl.3; 245,3a-d, oral, D-ray,
aboral views, and plate layout, X 1.18 (173).

Thaumatoblastus WANNER, 1924 (174), p. 201
[*T. longiramus; OD]. Theca cup-shaped, with
widely exposed hydrospire fields; anal opening be
tween large epideltoid and large hypodeltoid; slits
reduced in number on anal side, but 7 or 8 slits
occur in each field of other interambulacra; lancet

plates long, extending into winglike extensions of
radials; lancets almost completely covered by side
plates; base round, summit flat. Perm., E.Indies
(Timor).--FIG. 244,5; 245,2. *T. longiramus;
244,5, oral view, XO.4; 245,2a-c, oral, D-ray,
aboral views, X0.44 (174).

Timoroblastus WANNER, 1924 (173), p. 14 [*T.
coronatus typus; OD]. Theca star-shaped, with
small constricted hydrospire fields confined to
summit, each with 1 to 3 hydrospire slits open-
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exposed hydrospire
or absent on left side

ing into it; one hydrospire slit on each side of
anal opening; anus between wide epideltoid and
long hypodeltoid; ambulacra short, wide, rounded
aborally, well away from mouth; lancet covered
by side plates; deltoids and radial limbs flaring
outwardly into bluntly rounded winglike processes,
with ambulacra in depressed areas between;
deltoids projected ventrally into coronal processes;
radials projected dorsally into alate processes; base
concave. Perm., E.Indies(Timor).--FIG. 244,
4a,c; 245,1. ·T. coronatus typus; 244,4a,c, oral,
A-ray views, X 1.7; 245,la-d, oral, D-ray, aboral
views, plate layout, XI.7 (l73).--FIG. 244,
4b. T. coronatus tesselatus WANNER, Perm.,
Timor; oral view, X2 (173).

Family BRACHYSCHISMATIDAE
Fay, 1961

[Brachyschismatidae FAY, 1961 (60), p. 19]

Theca with nine
fields; slits atrophied
of anal opening. Dev.

Brachyschisma REIMANN, 1945, p. 22 [·Codaster
corrugatus REIMANN, 1935, p. 25; OD]. Theca
conical, with hydrospire fields well exposed; super
deltoid, subdeltoid, and hypodeltoid present; lancet
covered by side plates. MDev., USA(N.Y.).-
FIG. 246,1. ·B. corrugatum (REIMANN); la-c,
plate layout, aboral, D-ray views, X 2.3; 1d, oral
view, X2.2; Ie, C-ray view, X2.5; If, oral view,
X2.3; Ig, anal view, X8.7 (60, 137, 139).

Family CODASTERIDAE
Etheridge & Carpenter, 1886

[Codasteridae ETHERIDGE & CARPENTER, 1886, p. 257]
[=Angioblastidae WANNER, 1940, p. 235]

Theca with eight exposed or constricted
hydrospire fields; hydrospire slits lacking
on anal side. Dev.-Perm.
Codaster M'Coy, 1849, p. 250 [.c. acutl/s; OD].
Theca conical, with flat summit and rounded base;
hydrospire fields well exposed; epideltoid and
?hypodeltoid present; lancet stipe away from
mouth; lancet covered by side plates; radials
overlapping deltoids. L.Carb., Eu.(Eng.).--FIG.
247,3; 248,1. ·C. acutus; 247,3a-d, oral, D-ray,
aboral views, plate layout, X2.2; 248,la,b, oral,
D-ray views, X2.! (l0, 41,60,100).

Agmoblastus FAY, 1961 (59), p. 278 [·Paracodaster
dolti MOORE & STRIMPLE, 1942, p. 90; OD].
Form subcylindrical; hydrospire fields moderate
ly exposed, each with 4 to 8 slits excavated in
radials and deltoids, slits absent on anal side; anal
opening between large U-shaped epideltoid and
adjacent radial limbs, or possibly with small hypo
deltoid on aboral side (atrophied or ?washed
away); deltoids high, wide, arrow-shaped; am-

bulacra short, well. away from oral opening; basals
3, large; lancet covered by side plates. Penn.,
N.Am.--FIG. 247,1; 248,2. ·A. dolti (MOORE
& STRIMPLE), USA(Okla.); 247,la-d, oral, C-ray,
aboral views, plate layout, X3.7; 248,2a,b, oral,
C-ray views, X4.2 (59).

Angioblastus WANNER, 1931, p. 53 [.A. variabilis;
OD]. Theca subglobular, with small restricted
hydrospire fields confined to summit, with I to 4
hydrospire slits in each field; anal opening separate
from slits, located between long epideltoid and
short hypodeltoid; lancet covered by side plates,
with lancet stipe close to mouth; ambulacra short,

FIG. 246. Brachyschismatidae (p. 5407). [Explana
tion: a, anal opening; d, deltoid plate; hd, hypo
deltoid; hs, hydrospire slit; 0, oral opening; par,
posterior ambulacrum (right); 1'1, radial limb; sb,

subdeltoid plate; sp, superdeltoid plate.]© 2009 University of Kansas Paleontological Institute
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Agmoblostus

Angioblostus

3b

2d

FIG. 247. Codasteridae (p. 5407-5408).

Codoster

wide, confined to summit; deltoids elongate, nar
row. Perm., E.Indies(Tirnor).--FIG. 247,2; 249,
6. *A. variabilis; 247,2a-d, oral, D-ray, aboral
views, plate layout, X3.6; 249,6a,b, oral, CD-inter
ray views, X 4 (175).

Heteroschisma WACHSMUTH, 1883, p. 352 [*H.
gracile; OD] [=Trionoblastus FAY, 1961 (60),
p. 45 (type, Pentremites subtruncatus HALL, 1858,
p. 485)]. Theca obconical with hydrospire fields
well exposed; superdeltoid, subdeltoid, and pre
sumably small ?hypodeltoid on anal side; hydro
spire slits absent on anal side; lancet covered by
side plates. Dev., N.Am.--FIG. 248,3a,b; 250,
lh. *H. gracile, M.Dev., USA (Mich.) ; 248,3a,b,
D-ray view, oral view, X3.5; 250,lh, anal area,
X9.7 (60).--FIG. 250,la-e. H. subtruncatus

(HALL), USA(lowa); la-d, oral, D-ray, aboral
views, plate layout, X 4.4; Ie, anal view, X 9.7
(60).--FIG. 250,11. H. pyramidatus (SHUMARD),
M.Dev., USA(Ohio); anal area, x7.3 (60).-
FIG. 250,lg. H. canadense (BILLINGS); M.Dev.,
Can.(Ont.); anal area, X9.7 (60).

Indoblastus WANNER, 1924 (174), p. 28 [emend.
BREIMER & MACURDA, 1965, p. 212] [*1. granula
tllS; OD]. Theca pear- to cup-shaped, with small
restricted hydrospire fields confined to summit;
anal opening between large epideltoid and equally
large raised hypodeltoid; ambulacra moderately
long, mostly confined to summit; lancet covered by
side plates, with lancet stipe well away from mouth.
Perm., E.Indies(Timor).--FIG. 249,2; 250,2.
*1. gralwlatllS; 249,2a,b, oral, D-ray views, X2,
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Heteroschisma

FIG. 248. Codasteridae (p. S407-S408).

X I; 250,2a-d, oral, D-ray, aboral views, plate
layout, X 1.18 (173, 178).

Nannoblastus WANNER, 1924 (173), p. 24 [*N.
pyramidatus; 00]. Theca widely conical to cup
shaped, with small, short, restricted hydrospire
fields confined to flat summit, appearing as 8
small slits; anus separate from slits, located be
tween large epideltoid and small hypodeltoid;
lancet covered by 2 or 3 side plates, short, wide,
well away from mouth, confined to summit; with
small, rounded radial wings. Perm., E.Indies
(Timor) .--FIG. 249,1; 250,3. *N. pyramidatus;
249,la-c, oral view, X6, oral, CD-interray views,
X 3.1; 250,3a-d, oral, D-ray, aboral views, plate
layout, X5.9 (174, 175).

Paracodaster YAKOVLEV, 1940, p. 887 [*P. mi1orado
vitschi; 00]. Theca subglobular, with moderately
exposed hydrospire fields confined to deltoids
proper; hydrospire slits absent in anal area; anal
opening between large epideltoid and radial limbs,
with possible small ?hypodeltoid present; slits
and ambulacra short, confined to summit; lancet
stipes well away from mouth. L.Perm., Eu.
(USSR).--FIG. 249,4; 251,3. *P. milorado-

vitscM; 249,4, oral view, X2; 251,3a-d, oral, D
ray, aboral views, plate layout, X 1.75 (186,
190).

Pterotoblastus WANNER, 1924 (173), p. 9 [*P.
gracilis; 00]. Theca cup-shaped, with moderate
ly exposed to restricted hydrospire fields, each with
2 or 3 wide hydrospire slits; large epideltoid with
small anal opening between it and radial limbs,
possibly with small ?hypodeltoid; ambulacra mod
erately short, extended on long winglike projec
tions of radials; lancet well away from oral open
ing, covered by few large side plates; with 3 basal
plates. PeI·m., E.Indies(Timor).--FIG. 249,3;
251,2. *P. gracilis; 249,3a, oral view, X8.2; 249,
3b, CD-interray, X2.5; 251,2a-d, oral, D-ray,
aboral views, plate layout, Xl.I (173, 175).

Sagittoblastus YAKOVLEV, 1937, p. 10 [*Timoro
blastus wannel·i YAKOVLEV, 1926, p. 54; 00].
Theca globular, with small, deep, restricted hydro
spire fields on summit, each with 2 or 3 hydro
spire slits; deltoids arrow-shaped, wide; large
epideltoid, with small anal opening between it
and radial limbs, possibly with small ?hypo
deltoid (missing) on aboral side of anal open
ing; with extremely short lancet covered by side
plates; lancet well away from mouth. Perm., Eu.
(USSR).--FIC. 249,5; 251,1. *S. wannel·i
(YAKOVLEV); 249,5, oral view, X3.5; 251,la-d,
oral, D-ray, aboral views, plate layout, X3.5
(184, 185,190); 251,le, anal view, XIO (60).

Family OROPHOCRINIDAE Jaekel,
1918

[Orophocrinidae JAEKEL, 1918, p. 109J [=Anthoblastidae
WANNER, 1940, p. 237] [=P~ntablastidae SIEVERTS·DoRECK,

1951, p. 1131

Theca with ten elongate spiracu[ar slits
bordering ambulacra. Miss.-Perm.
Orophocrinus VON SEEBACH, 1864, p. 110 [emend.

MACURDA, 1965 (106), p. 1053] [*Pentremites
stelliformis OWEN & SHUMARD, 1850, p. 67; 00]
[=Codonites MEEK & WORTHEN, 1869, p. 84
(nec AUDOUIN, 1826) (type, Pentremites stelli
formis OWEN & SHUMARD); Mitra CUMBERLAND,
1826, partim, p. 31 (non MARTYN, 1784; nec
BOLTEN, 1798; LAMARCK, 1798; LESSON, 1837;
ALBERS, 1850) (type, Mitra vera CUMBERLAND,
1826)]. Theca conical to club-shaped, with 4 to
II hydrospire slits opening into each spiracular
slit; anal opening separate from slits, between
epideltoid and hypodeltoid; lancet exposed along
main food groove, with lenticular outer side plates
between primary side plates, rarely touching ab
medial ambulacral margins; thickened radials and
deltoids beneath lancet on admedial side of
spiracular slits, being termed sublancet or fused
hydrospire plate (actually not a separate plate);
radials overlap deltoids. L.Carb.(Miss.) , Eu.-N.
Am.--Flc. 252,2; 253,2. *0. stelliformis
(OWEN & SHUMARD), L.Miss., Iowa; 252,2a,b, oral,
D-ray views, X 1.68 (60); 253,2a-d, oral, D-ray,
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Nonnoblostus

Sogittoblostus

Indoblostus

Pterotoblostus

30

FIG. 249. Codasteridae (p. 5407-5409).

Po rocod oster

aboral, plate layout, X 1.3; 253,2e, cross sec. of
ambulacrum, X8.8 (41, 60, 128, 153); 253,21,
anal view, X27 (60).

Anthob1astus WANNER, 1924 (174), p. 205 [*A.
brollweri; OD]. Theca conical to club-shaped,

with spiracular slits confined to summit; anal
opening separate from slits, between small epi
deltoid and elongate hypodeltoid; deltoids with
coronal processes; lancet exposed widely, forming
petaloid ambulacra, which extend downward
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along theca. Perm., E.Indies(Timor).--FIG. 252,
1; 253,1. "A. brouweri; 252,la,b, oral, CD-inter
ray views, X 1.68; 253,la-d, oral, D-ray, aboral
views, plate layout, X2.4 (174).

Pentablastus SIEVERTS-DoRECK, 1951, p. 113 ["P.
supracarbonicus; OD]. Theca subglobular, with
short spiracular slits confined to summit; anal
opening separate from slits, which appear to

Nannoblastus

le
Heteroschisma

Indoblastus

~ 0~

~LJ
FIG. 250. Codasteridae (p. S408-5409). [Explanation: a, anal opening; dl, deltoid lip; hd, hypodeltoid; hs,
hydrospire slit; 0, oral opening; pal, posterior ambulacrum (left); par, posterior ambulacrum (right); rl,

radial limb; sb, subdeltoid plate; sp, superdeltoid plate.]
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terminate in hypodeltoid; anal opening between
short epideltoid and long hypodeltoid; hydrospire
folds 5 or 6 on each side of an ambulacrum; lancet
covered by side plates, linear, slightly recurved

Sogittoblostus

o..:
, "'~. '

ld

2d
3d

below; lancet stipe near mouth; deltoids short,
confined to summit; base concave. V.Carb., Spain.
--FIG. 252,3; 253,3. "'P. supracarbonicus; 252,
3a,b, oral, C-ray views, X1.14; 253,3a-d, oral,

Porocodoster

FIG. 251. Codasteridae (p. S409). [Explanation: a, anal opening; d, deltoid plate; e, epideltoid plate; hd,
hypodeltoid; 0, oral opening.]
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D-ray, aboral views, and plate layout, X 1.3;
253,3e, cross sec. of ambulacrum, X4.4 (159).

Family ASTROCRINIDAE
Austin & Austin, 1843

[nom. correct. ETHERIDGE & CARPENTER, 1886, p. 297 (pro
Astracrinidae AUSTIN & AUSTIN, 1843, p. 205)J [=Pen

rephyllidae, Zygocrinidae BATHER, 1899, p. 920J

Theca with eight spiracular slits along
margins of ambulacra; anal side lacking
slits. Dev.-Perm,
Astrocrinus MORRIS, 1843, p. 49 ["'A. tetragonus

MORRIS, 1843, p. 42 (=Astrocrinites tetragonus
AUSTIN & AUSTIN, 1843, p. 206, nom. nud.); OD]
[=Astracrinites AUSTIN & AUSTIN, 1842, p. 110
(nom. nud.); Astracrinites AUSTIN & AUSTIN,
1843, p. 205 (invalid original spelling); Astro
crinites AUSTIN & AUSTIN, 1843, p. 206 (non
CONRAD, 1841, nee MATHER, 1843, nee DE
KONINCK, 1854); Zygocrinus BRONN, 1848, p.
1381 (type, Astraerinites tetragonus)]. Theca
flattened star-shaped, small; epideltoid present,
with possible hypodeltoid; ambulacrum D short,
wide; lancet covered by side plates; single basal
plate; theca spinose. L.Carb., Eu.(Eng.-Scot.).-
FIG. 254,3. "'A. tetragonus, Eng.; 3a-d, oral, D
ray, aboral views, and plate layout, X5.3 (41).
--FIG. 255,1. A. benniei (ETHERIDGE), L.Carb.,
Scot.; la, oral view, X13.8; 1b, D-ray view,
XI4.3; Ie, aboral view, X14.5 (177).

CeratoblasIus WANNER, 1940, p. 245 [emend.
BREIMER & MACURDA, 1965, p. 214] ["'C. nanus;
OD]. Theca steeply conical, with apparently small
spiracular slits confined to summit along ambula·
cral margins; anal opening separate, between a
large epideltoid and small ?hypodeltoid; ambula
era short, wide; lancet covered by side pia tes,
with lancet stipe close to mouth. Perm., E.Indies
(Timor).--FIG. 254,1; 255,2. "'C. nanus; 254,
1a-d, oral, D-ray, aboral views, plate layout,
X13.I; 255,2a, oral view, X7.2; 255, 2b, DE
interambulacral view, X2.25 (178).

Cryptoschisma ETHERIDGE & CARPENTER, 1886, p.
280 ["'Pentremites sehultzii DE VERNEUIL &
D'ARCHIAC, 1845, p. 479; OD]. Theca conical
with elongate spiracular slits along ambulacral
margins, with 9 hydrospire folds opening into
each slit; epideltoid and hypodeltoid present;
lancet completely exposed, forming petaloid am
bulacra. Dev., Spain.--FIG. 254,2; 256,1. "'C.
sehultzii (DE VERNEUIL & D'ARCHIAC); 254,2a-d,
oral, D-ray, aboral views, and plate layout, X3.6
(15,41,60); 254, 2e,f, anal views, XIO (60);
256,la, oral view, X4.8; 256,lb, D-ray view,
X3.5 (60).

?Pentephyllum HAUGHTON, 1859, p. 512 ["'Po
adarense; OD]. Theca large, cup-shaped or penta
lobate, doubtfully fissiculate, perhaps with 8 elon
gate spiracular slits along ambulacral margins
with short ambulacrum (D?), and 4 long, linear
ambulacra; thecal plates somewhat irregular, bu't

Anthoblostus

Orophocrinus

Pentoblostus

FIG. 252. Orophocrinidae (p. 5409-5412).

with 3 large, normally disposed basals, 5 large
radials, and 5 short deltoids; anal structures un
known [position uncertain; characters based on
interpretations of single cast]. L.Carb., Eire.-
FIG. 256,3; 257,2. "'P. adarense; 256,3a,b, oral,
AB? interambulacral views, XO.87; 257,2a-d, oral,
D-ray, aboral views, plate layout, XO.87 (41,87).

Pentremitidea D'ORBIGNY, 1850, p. 102 ["'Pentre
mites pailletti DE VERNEUIL, 1844, p. 213]
[=Pentetrematites STEININGER, 1849, p. 19 (nom.
van.); Pentremitidia QUENSTEDT, 1876, p. 718
(nom. van.)]. Theca conical, with elongate spiracu
lar slits, each having approximately 8 hydrospire
folds; superdeltoids, subdeltoid, and hypodeltoid
present; sinuses deep; lancet covered by side plates,
with possible inner side plate present. Dev., Spain
?N.Afr.--FIG. 256,2; 257,1. "'P. pailletti (DE
VERNEUIL); 256,2a, oral view, X3.2; 256,2b,
D-ray view, X3.5 (60); 257,la-d, oral, D-ray,
aboral views, plate layout, X3.6 (60, 167, 168);
257,le,f, cross sec. of ambulacrum, anal area,
X 10 (60).
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Orophocrinus

6

Echinodermata-Crinozoans-Blastoids

Pentablastus

FIG. 253. Orophocrinidae (p. 5409-5412). [Explanation: a, anal opening; e, epideltoid plate; j, fused
hydrospire plate; hd, hypode1toid; la, lancet plate; r, radial plate; rl, radial limb; sd, side plate; ss,

spiracular slit.]
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Astrocrinus

FIG. 254. Astrocrinidae (p. S413). [Explanation: a, anal opening; e, epideltoid plate; dl, deltoid lip; hd,
hypodeltoid; la, lancet plate; 0, oral opening; rl, radial limb; sd, side plate.]
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FIG. 255. Astrocrinidae (p. S413).

Order SPIRACULATA Jaekel, 1918
[Spiraculata JAEKEL, 1918, p. 107] [=Eublastida MATSU
MOTO, 1929, p. 28 (type, Troosticrinus SHUMARD, 1866, p.

385, deSIgnated by FAY, herein) 1

Theca with hidden hydrospire slits that
open into hydrospire canals, with definite
spiracles and hydrospire pores. Sil.-Perm.

Family TROOSTICRINIDAE Bather,
1899

[nom. correct. BASSLER, 1938, p. 14 (pro Troostocrinidae
BATHER, 1899, p. 920)] [=Troostoblastidae ETHERIDGE I<

CARPENTER, 1886, p. 190]

Theca elongate conical or obconical with
five paired spiracles around mouth. Sil.
Miss.

Troosticrinus SHUMARD, 1866, p. 385 ["Pentremites
reinwardti TROOST, 1835, p. 224; SD ETHERIDGE
8< CARPENTER, 1882, p. 2471 [=Troostocrinus
MEEK 8< WORTHEN, 1868, p. 356 (nom. lIan.);
Clallaeblastus HAMBACH, 1903, p. 44 (obj.)].
Theca obconical, with superdeltoid, 2 crypto
deltoids, and hypodeltoid; edges of cryptodeltoids
slightly exposed; lancet covered by side plates;
one pore between adjacent side plates along
ambulacral margins; radials overlapping deltoids;
ambulacra short, directed outward and slightly
downward; 3 to 5 hydrospire folds on each side
of ambulacrum, with thin thecal plates; pelvis
long; deltoids not visible in side view, but hypo
deltoid visible in side view. Sil., N.Am.--FIG.
258,1; 259,1. "T. reinwardti (TROOST), Niagaran,
USA(Tenn.); 258,la, oral view, X4; 258,lb, D
ray view, X2.3; 259,la-d, oral, D-ray, aboral
views, plate layout, X5.3; 259,le,f, anal views,
X 15, X 13 (60, 165).

Metablastus ETHERIDGE & CARPENTER, 1886, p. 196
["Pentremites lineatus SHUMARD, 1858, p. 241;
OD]. Theca conical, with superdeltoid, 2 crypto
deltoids, and hypodeltoid; lancet covered by side
plates; one pore between adjacent side plates along
radial and deltoid margins; radials overlapping
del toids; 4 to 5 hydrospire folds on each side of
an ambulacrum; radial plates thin; pelvis long;
ambulacra extended downward aborally; deltoids
not visible in side view, but large hypodeltoid
visible in side view. Miss., N.Am.(Ill.-Iowa·lnd.
Mo.-Ky.).--FIG. 258,2a; 259,2a-f. "M. lineatus
(SHUMARD), M.Miss., Ill.; 258,2a, CD inter
ambulacral view, X 1.5; 259,2a-d, oral, D-ray,
aboral views, plate layout, X3.6; 259,2e, cross
sec. of ambulacrum, X7; 259,2f, anal view, X5
(41, 60, 155).--FIG. 258,2b,c. M. wachsmuthi
(GURLEY), M.Miss., Ind.; 2b,c, oral, D-ray views,
X 1.9, X 1.8 (60).-'-FIG. 259,2g. M. wortheni
(HALL), M.Miss., Mo.; anal view, X 10 (60).

Schizotrernites REIMANN, 1945, p. 25 ["S. kopfi;
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Cryptoschismo

FIG. 256. Astrocrinidae (p. S413).

aD] [=?Pentremitella LEHMANN, 1949, p. 190
(type, Pentremitella osoleae; aD)]. Theca conical,
with paired anispiracle located between long
hypodeltoid and short superdeltoid, with 2 hidden
cryptodeltoids; deltoids moderately long, seen in
side view; lancet covered by side plates except
near adoral end; one pore between side plates
along deltoid and radial margins; 4 to 6 hydro
spires on each side of an ambulacrum; radials
overlapping deltoids. Dev., N.Am.-?Ger.--FIG.
258,3; 260,2. "'S. kopfi, M.Dev., USA (N.Y.) ;
258,3a,b, oral, D-ray views, X3.7; 260,2a-d,
oral, D-ray, aboral views, plate layout, X4.4;
260,2e, cross sec. of ambulacrum, X 15 (62, 139).

Tricoe1ocrinus MEEK & WORTHEN, 1868, p. 356
["'Pentremites (Troostoerinus?) woodmani MEEK

& WORTHEN, 1868, p. 356] [=Saeeoblastus HAM-

FIG. 257. Astrocrinidae (p. S413). [Explanation: a,
anal opening; dl, deltoid lip; hd, hypodeltoid; la,
lancet plate; 0, oral opening; par, posterior ambula
crum (right); r, radial plate; re, radial canal; rl,
radial limb; sb, subdeltoid plate; sd, side plate; sp,

superdeltoid plate.]
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Schizotremites
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FIG. 258. Troosticrinidae (p. 54 I6-54 I 9).

Metablastus

BACH, 1903, p. 42 (type, Pentremites bipymmid
alis HALL, 1858, p. 607)]. Theca subpyramidal,
with superdeltoid, 2 cryptodeltoids, and hypo
deltoid; lancet covered by side plates; one pore
between adjacent side plates along deltoid and
radial margins; radials overlapping deltoids; with
3 short hydrospire folds on each side of ambula
crum, extending one-half length of ambulacrum,

ending within thick radial plate beneath each
ambulacrum; pelvis long, widely inflated out
ward, subrounded below; deltoids not visible in
side view, but large hypodeltoid visible in side
yiew. Miss., N.Am.(Ind.-Tenn.-Ky.-Mo.-I1I.).-
FIG. 258,4; 260,la-e. ·T. woodmani (MEEK &
WORTHEN), M.Miss., Ind.; 258,4a,b, aboral, A
ray views, X 1.3; 260,la-d, oral, D-ray, aboral
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Family DIPLOBLASTIDAE Fay, 1964
[Diploblastidae FAY, 1964, p. 84]

Theca globular, with five paired spiracles
or four paired spiracles and an anispiracle.
Miss.

views, plate layout, XO.86; 260,le, anal area,
diagram. (50, 60, 116).--FIG. 260,1/. T. obli·
quatus (ROEMER), M.Miss., Ind.; cross sec. of
ambulacrum, X4.4 (41).

o sp

I
cSP~a
c""",

c
hd

If

Troosticrinus

Id~ ~

FIG. 259. Troosticrinidae (p. S416). [Explanation: a, anal opening; e, cryptodeltoid plate; d, deltoid plate;
dl, deltoid lip; he, hydrospire canal; hd, hypodeltoid; la, lancet plate; 0, oral opening; par, posterior am

bulacrum (right); r, radial plate; rl, radial limb; sd, side plate; sp, superdetoid plate.]
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I

\ I
\ I
\ I

If .,,-/ -....

FIG. 260. Troosticrinidae (p. 5416-5419). [Explanation: la, lancet plate; r, radial plate; sd, side plate.]

Diploblastus FAY, 1961 (60), p. 62 ["'Granatoerinus
glaber MEEK & WORTHEN, 1869, p. 91; OD].
Theca globular, with superdeltoid, 2 crypto
deltoids, and hypodeltoid; 2 hydrospire folds on
each side of an ambulacrum; lancet covered by
side plates at aboral end and gradually exposed
to 0.3 of its width near adoral end; with one
pore between side plates along deltoid and radial
margins; radials overlapping deltoids. Miss., N.Am.
(Ill.-Mo.-Ky.-Ala.).--FIG. 261,2; 262,1. "'D.
glaber (MEEK & WORTHEN), M.Miss., Ky. (261,
2), Ill. (262,1); 261,2a,b, oral, D-ray views,
X7.5; 262,1a-d, oral, D-ray, aboral views, plate
layout, X 6.3; 262,1 e, cross sec. of ambulacrum,
X26.5; 262,1/, anal view, X 10 (60).

Nodoblastus FAY, 1963, p. 174 ["'Schizoblastus
librovitchi YAKOVLEV, 1941, p. 71; OD]. Theca
bell-shaped to elliptical, with anispiracle located
between short epideltoid and long hypodeltoid;
deltoids slightly longer than radials which over
lap deltoids; one hydrospire fold on each side of
an ambulacrum; hydrospire plate present, with
about twice as many pores as side plates; basalia
small, in slight basal concavity; deltoids nodose,
with medium high deltoid crests. L.Carb., Eu.
(USSR).--FIG. 261,1; 262,2. "'N. librovitchi
(YAKoVLEV); 261,1a,b, oral, C-ray views, X3.2;
262,2a-d, oral, C-ray, aboral views, plate diagram,
X3.7; 262,2e, transv. sec. of ambulacrum, XIO
(73, 188).
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Theca with eight spiracles and anispiracle
(or paired anispiracle) around mouth. Miss.
Granatocrinus HALL, 1862, p. 146 [.Pentatrematites
granulatus ROEMER, 1851, p. 363; SD SHUMARD,
1866, p. 375] [=Granatocrinites TROOST, 1849,
p. 420 (nom. nud.); Cidaroblastus HAMBACH,
1903, p. 45 (type, Pentatrematites granulatus
ROEMER)]. Elliptical theca with anispiracle located
between epideltoid and hypodeltoid; one hydro
spire fold on each side of an ambulacrum; lancet
covered by side plates; hydrospire plate present;
2 pores to each side plate along radial and deltoid
margins; radials overlapping deltoids; deltoids
moderately long. Miss., N.Am.(Ky.-Ind.-Tenn.).
--FIG. 263,1; 264,1a-e. ·G. granulatus (ROE
MER), M.Miss., USA (Tenn.) ; 263,1a, oral view,

Systematic Descriptions-Spiraculata

Family GRANATOCRINIDAE Fay, 1961
[GranalOcrinidae FAY, 1961 (60), p. 201 [=GranalOblastidae
ETHERIDGE & CARPENTER, 1886, p. 237 (invalid, based on

nonexistent nominal genus)]

FIG. 261. Diploblastidae (p. 5420).

lb 1f

Nodoblastus

Diploblastus

2b

FIG. 262. Diploblastidae (p. 5420). [Explanation: a, anal opening; e, cryptodeltoid plate; h, hydrospire
plate; he, hydrospire canal; hd, hypodeltoid; la, lancet plate; 0, oral opening; par, posterior ambulacrum

(right); r, radial plate; rl, radial limb; sd, side plate; sp, superdeltoid plate.]
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FIG. 263. Granatocrinidae (p. 5421-5422).

X I; 263,lb, interambulacral view, XO.5; 264,
1a-d, oral, D-ray, aboral views, plate layout,
X 1.3; 264,le, cross sec. of ambulacrum, X8.7
(60, 86).--FIG. 264,lj. G. kentuckYensis (CON
KIN), M.Miss., Ky.; anal view, X7.4 (60).

Carpenteroblastus ROWLEY, 1901, p. 347 ['Granato
crinus (Schizoblaslus) magnibasis ROWLEY, 1895,
p. 220; 00]. Theca conico-elliptical; anispiracle
located between epideltoid and hypodeltoid; lancet
exposed along food groove proper; with ?2 hydro
spire folds on each side of an ambulacrum; one
pore between adjacent side plates along deltoid

and radial margins; radials overlapping deltoids;
base convex. Miss., N.Am.(Mo.-?Ky.).--FIG.
263,3; 264,2. ·C. magnibasis (ROWLEY), M.Miss.,
USA(Mo.); 263,3a,b, oral, D-ray views, X2.5;
264,2a-d, oral, D-ray, aboral views, plate layout,
X3.5; 264,2e, cross sec. of ambulacrum, X35.2;
264,2j, anal view, X 10 (60).

Cribroblastus HAMBACH, 1903, p. 39 ['Pentremites
cornutus MEEK & WORTHEN, 1862, p. 141; SO
BASSLER, 1938, p. 75]. Ellipsoidal theca; anispiracle
located between epideltoid and hypodeltoid; del
toids short, with high coronal processes; radials
overlapping deltoids; lancet covered by side plates,
with single pore between side plates along radial
and deltoid margins; 2 hydrospire folds on each
side of an ambulacrum; hydrospire plate present.
Miss., N.Am.(IlI.-Mo.).--FIG. 263,4; 265,1.
·C. cornutus (MEEK & WORTHEN), M.Miss., USA
(Mo.); 263,4a, oral view of polished summit,
X5; 263,4b, side view, X2.3; 263,4c, aboral
view, X3.l; 265,la-d, oral, D-ray, aboral views,
plate layout, X3.6; 265,le, cross sec. of ambula
crum, X 17.9; 265,lj, anal view, X3.8 (60).

Cryptoblastus ETHERIDGE & CARPENTER, 1886, p.
229 ['Pentremites melo OWEN & SHUMARD, 1850,
p. 65; 00]. Theca ellipsoidal; anispiracle located
between superdel toid, 2 deep cryptodeltoids, and
hypodeltoid; lancet exposed along middle 0.3 of
its width except near aboral end; 2 hydrospire
folds on each side of an ambulacrum; hydro
spire plate present; pores absent along deltoid
margins, with about 2 pores per side plate along
radial margins; interradial sutures depressed;
radials overlapping deltoids except at extreme ad
oral tip of radial limbs where deltoids project
slightly over radials. Miss., N.Am.(Iowa-Mo.).-
FIG. 263,2; 265,2. ·C. melo (OWEN & SHUMARD),
M.Miss., USA (Iowa) ; 263,2a,b, oral, D-ray views,
X2.6; 265,2a-d, oral, D-ray, aboral views, plate
layout, X3.6; 265,2e, cross sec. of ambulacrum,
X22; 265,2j, anal view, X3.8 (29, 60, 128).

Dentiblastus MACURDA, 1964 (102), p. 370 ['Pen
tremites sirius WHITE, 1865, p. 20; 00]. Theca
oblate spheroidal; with anispiracle located be
tween epideltoid and hypodeltoid; 2 hydrospire
folds on each side of ambulacrum; hydrospire
plate present; lancet covered by side plates; single
pore between adjacent side plates along radial
and deltoid margins; deltoids overlapping radials;
radials winglike, with ambulacra extending be
yond theca proper. Miss., USA(lowa-Mo.).-
FIG. 266,1. ·D. sirius (WHITE), M.Miss., Mo.;
1a-j, oral, E-ray, aboral views, plate layout, oral,
E-ray views, X6 (102).

Heteroblastus ETHERIDGE & CARPENTER, 1886, p.
255 [·H. cumberlandi; 00]. Theca elliptical;
anispiracle seemingly located between epideltoid
and hypodeltoid; deltoids long, with high coronal
processes; lancet covered by side plates; single
pore between side plates along radial and deltoid
margins; deltoids overlapping radials; probably
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FIG. 264. Granatocrinidae (p. 5421-5423). [Explanation: a, anal opening; d, deltoid plate; e, epideltoid
plate; he, hydrospire canal; hd, hypodeltoid; la, lancet plate; 0, oral opening; par, posterior ambulacrum

(right) .J
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FIG. 265. Granatocrinidae (p. S422). [Explanation: a, anal opening; h, hydrospire plate; hd, hypode1toid;
la, lancet plate; 0, oral opening; r, radial; rl, radial limb; sd, side plate; sp, superdeltoid plate.J

more than one hydrospire fold on each side of
an ambulacrum. L.Carb., Eu.(Eng.).--FIG. 267,
1; 268,1. >OH. cumberlandi; 267,la,b, oral, radial
views, X3.8; 268,la-d, oral, D-ray, aboral views,
plate layout, X4.4 (41).

Mesoblastus ETHERIDGE & CARPENTER, 1886, p. 181
[>0 Pentatrematites crenulatus ROEMER, 1851, p.
366; ODJ. Theca subglobular; superdeltoid, 2
cryptodeltoids, and hypodeltoid; 3 hydrospire folds
on each side of ambulacra; thick hydrospire plate,
with approximately 5 pores to each side plate in
folded into double row; lancet covered by side
plates except at adoral end; pores absent along
del toid margins; radials overlapping deltoids. L.
Carb., Eu.(Belg.-Eng.-Ger.)-?China.--FIG. 267,
3; 268,2a-d, 2/. >OM. crenulatus (ROEMER), Be1g.;
267,3a,b, oral, D-ray views, X3.2; 268,2a-d, oral,

D-ray, aboral views, plate layout, X 5.8; 268,2/,
anal view, XI0 (41, 60).--FIG. 268,2e. M.
angulatus (SOWERBY), Eng.; cross sec. of ambula
crum, Xl 1.8 (41).

Monadoblastus FAY, 1961 (60), p. 82 [>OM. granu·
loms; 00J. Theca elliptical, with anispiracle
located between epide1toid and hypodeltoid; hydro
spire plate present, and approximately 2 pores to
each side plate along radial margins; pores absent
along deltoids; one hydrospire fold on each side
of ambulacra; lancets covered by side plates except
near adoral end; base concave; radials overlapping
deltoids. Miss., N.Am.(N.Mex.).--FIG. 267,2;
268,3. >OM. granulosus; 267,2a,b, oral, D-ray views,
X6.4; 268,3a-e, oral, D·ray, aboral views, plate
layout, cross sec. of ambulacrum, X8.8 (60).
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Denti blostus

FIG. 266. Granatocrinidae (p. S422).

Heteroblostus

Monodoblostus

Mesoblostus

FIG. 267. Granatocrinidae (p. S422, S424).

Monoschjzoblastus CLINE, 1936, p. 265 [*Granato
crinus rofei ETHERIDGE & CARPENTER, 1882, p.
239; aD]. Theca ellipsoidal; anispiracle between
small epideltoid and large hypodeltoid; single
hydrospire fold on each side of ambulacra; lancet
exposed along middle 0.3 of its width; deltoids
long, overlapping radials; base concave; with what
appears to be single pore between side plates along
radial and deltoid margins. L.Carb., Eu.(Eire).
--FIG. 269,1; 270,3. *M. rofei (ETHERIDGE &

CARPENTER); 269,1a,b, oral, A-ray views, X4.4;
270,3a-d, oral, D-ray, aboral views, plate layout,
X7.5; 270,3e, cross sec. of ambulacrum, XI3.1
(28,39,41,53).

PoroblaslUs FAY, 1961 (60), p. 97 [*Pentremites
(Granatocrinus) granulosus MEEK & WORTHEN,
1865, p. 165; aD]. Theca ellipsoidal, with
anispiracle between epideltoid and hypodeltoid;
radials overlapping deltoids; hydrospire plate pres
ent; one pore between side plates along deltoid
margins but 2 pores to each side plate along
radial margins; single hydrospire fold on each side
of ambulacra; lancet covered by side plates at
aboral end, gradually exposed to 0.3 of its width
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FIG. 268. Granatocrinidae (p. S422, S424). [Explanation: a, anal opening; e, cryptodeltoid plate; d,
deltoid plate; h, hydrospire plate; he, hydrospire canal; hd, hypodeltoid; la, lam:et plate; 0, oral opening;

r, radial plate; sd, side plate; sp, superdeltoid plate.]
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near adoral end; base concave. Miss., N.Am.(IlI.
Iowa-Mo.).--FIG. 269,2; 270,2. ·P. granulosus
(MEEK & WORTHEN), M.Miss., USA (Ill.) ; 269,
2a,b, oral, D-ray views, X4; 270,2a-d, oral, D
ray, aboral views, plate layout, X4.4; 270,2e,
cross sec. of ambulacrum, X26.4; 270,2f, anal
view, X 10 (60).

Ptychoblastus FAY, 1960 (46), p. 1198 [·P. pustu
loms; aD]. Theca ellipsoidal, with anispiracle
between epideltoid and hypodeltoid; radials abut
ting against deltoids; hydrospire plate present; 2
pores to each side plate along deltoid and radial
margins; single hydrospire fold on each side of
ambulacra; lancets covered at aboral end, grad
ually exposed to 0.3 of width near adoral end.
Miss., N.Am.(Mo.).--FIG. 269,3; 270,1. ·P.
pustulosus, M.Miss.; 269,3a-e, oral, AE inter
ambulacral, D-ray views, X3.8 (60); 270,la-d,
oral, D-ray, aboral views, plate layout, XS.9;
270,le, cross sec. of ambulacrum, X 17.6 (46).

Pyramiblastus MACURDA, 1964 (lOS), p. 106
[·Orophocrinus fusiform is WACHSMUTH &
SPRINGER, 1888, p. 14; aD]. Theca bipyramidal,
with paired anispiracle located between super
deltoid, 2 cryptodeltoids, and hypodeltoid; 6 to
8 hydrospire folds on each side of ambula
crum; lancet exposed along 0.3 of its width; single
pore between each side plate along radial and
deltoid margins; deltoids overlapping radials;
deltoids well exposed in side view. Miss., USA
(Iowa).--FIG. 271,1. ·P. fusiform is (WACH
SMUTH & SPRINGER), L.Miss., Iowa; la-f, oral,
D-ray, aboral views, plate layout, side view of
holotype, D-ray view, X3 (lOS).

Tanaoblastus FAY, 1961 (60), p. 101 [·Pentremites
roemeri SHUMARD (partim) , 185S, p. 186, pI. B,
fig. 2a only; aD]. Theca subelliptical, with
anispiracle located between superdeltoid and hypo
deltoid, with 2 hidden cryptodeltoids; deltoids
moderately short; radials overlapping deltoids;
pores absen t along deltoid margins, bu t 2 pores
to each side plate along radial margins; 2 hydro
spire folds on each side of ambulacra; lancet ex
posed along main food groove; interradial sutures
even; base flat to convex. Miss., N.Am.(Mo.-Mont.
?Ariz.-Alta.).--FIG. 272,la-h. ·T. roemeri
(SHUMARD), L.Miss., USA(Mo.); la, oral view,
X5.9; lb, oral view, XS.I; Ie, D-ray view,
XS.9; Id, D-ray view, XS.I; 1e,f, aboral view,
plate layout, X S.9; 19, cross sec. of ambulacrum,
XI!.7; lh, anal view, XIO (60).--FIG. 272,
Ii. T. eoncinnulus (ROWLEY & HARE), M.Miss.,
Mo.; anal view, X 10 (60).

Family SCHIZOBLASTIDAE
Etheridge & Carpenter, 1886

[Schizoblastidae ETHERIDGE & CARPENTER, 1886, p. 220]

Theca with ten spiracles and separate
anal opening around mouth; cryptodeltoids
(if present) hidden. Dev.-Perm.

FIG. 269. Granatocrinidae (p. S42S, S427).

Schizoblastus ETHERIDGE & CARPENTER, 1882, p.
243 [·Pentremites sayi SHUMARD, 18SS, p. 18S;
SD ETHERIDGE & CARPENTER, 1886, p. 220].
Theca ellipsoidal; anal opening between epideltoid
and hypodeltoid; lancet exposed along main food
groove; I pore between side plates along deltoid
and radial margins; deltoids moderately long,
overlapping radials; 2 hydrospire folds on each
side of ambulacrum; base slightly concave. Miss.,
N.Am.(Iowa-Mo.-IlI.).--FIG. 273,2; 274,2. ·S.
sayi (SHUMARD), M.Miss., USA (Mo.); 273,2a,b,
oral, A-ray views, X2; 274,2a-d, oral, D-ray,
aboral views, plate layout, X2.2; 274,2e, cross
sec. of ambulacrum, X8.9 (28, 60, IS4).

Acenrrorremites ETHERIDGE & CARPENTER, 1883, p.
232 [·Mitra elliptiea CUMBERLAND, 1826, p. 33;
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OD]. Theca bell-shaped, with spiracles adjacent
to radials; anal opening excavated in ?single anal
deltoid; hydrospire plate present; pores absent
along deltoids; deltoids overlapping radials; 4 or
5 hydrospire folds on each side of an ambula-

crum; lancet covered by side plates; basalia seem
ingly fused to form single plate. L.Carb., Eu.
(Eng.).--FIG. 273,3; 274,1. *A. ellipticus
(CUMBERLAND); 273,3a,b, oral, CD interambula
cral views, X 1.3, XO.7; 274,la-d, oral, D-ray, ab-

Poroblastus

3d\!!)
FIG. 270. Granatocrinidae (p. S425, S427). [Explanation: a, anal opening; e, epideltoid plate; hd, hypo
deltoid; la, lancet plate; 0, oral opening; par, posterior ambulacrum (right); r, radial plate; sd, side plate.]
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,~

FIG. 271. Granatocrinidae (p. S427).

Tanaoblastus

Ii

FIG. 272. Granatocrinidae (p. 5427). [Explanation:
a, anal opening; c, cryptodeltoid plate; d, deltoid
plate; h, hydrospire plate; hd, hypodeltoid; la, lan
cet plate; 0, oral opening; par, posterior ambula
crum (right); r, radial plate; rl, radial limb; sp.

superdeltoid plate.)

oral views, plate layout, X1.3; 274,le,j. cross secs.
of ambulacrum, X3.6 (12, 36, 40, 132).

Auloblastus BEAVER, 1961 (14), p. 1113 [·A. clinei;
OD). Subspherical form with spiracles near sum-
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Orbi blastus

FIG. 273. Schizoblastidae (p. 5427-5432).

mit; anal opening probably separate; basalia small,
in concavity; radials long, overlapping deltoids;
hydrospire plate absent; single pore between ad
jacent side plates along ambulacral margins; 4
hydrospire folds on each side of ambulacra; anal
opening bordered adorally by superdeltoid, aborally
by hypodeltoid, and internally on either side by
cryptodeltoids; side plates cover lancets except near
adoral tip; lateral canals present. M.Miss., N.Am.
(Mo.).--FIG. 273,1; 274,3. *A. clinei, USA
(Mo.); 273,1a,b, oral, interambulacral views,
X 1.3; 274,3a·d, oral, interambulacral, aboral

views, plate layout, X 1.3; 274,3e, cross sec. of
ambulacrum, X 10 (14).

Deltoblastus FAY, 1961 (49), p. 36 [*5chizoblastus
delta elongatus WANNER, 1924 (173), p. 61; OD].
Theca ellipsoidal; anal opening between epidel toid
and hypodeltoid; lancet exposed, forming petaloid
ambulacra; sinus margins raised; radials over
lapping deltoids; base concave; single pore be
tween side plates along radial and deltoid margins;
2 hydrospire folds on each side of ambulacra.
Perm., E.lndies(Timor)-?Eu.(?Sicily). -- FIG.
275,1. D. permicus (WANNER), Timor; 275,1a-d,
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oral, D-ray, aboral views, plate layout, X3.2; 275,
Ie, cross sec. of ambulacrum, X7.7 (49).--FIG.
273,4. D. timorensis (BATHER), Perm., Timor;
4a,b, oral, B-ray views, Xl.3 (11).

Lophoblastus ROWLEY, 1901, p. 344 [emend.
MACURDA, 1962, p. 1370] ["Codonites inopinatus
ROWLEY & HARE, 1891, p. 100; OD]. Theca

ellipsoidal, with anal opening between epideltoid
and hooded hypodeltoid; 3 hydrospire folds on
each side of ambulacra; lancet exposed 0.3 of its
width; with single pore between adjacent side
plates along deltoid and radial margins; deltoids
overlapping radials. Miss., N.Am.--FIG. 273,6;
276,3. "L. inopinatus (ROWLEY & HARE), M.Miss.,

sd

Auloblostus

10
Acentrotremi tes

3e

FIG. 274. Schizoblastidae (p. S427-S430). [Explanation: d, deltoid plate; la, lancet plate; r, radial plate;
sd, side plate.]
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d

le

FIG. 275. Schizoblastidae (p. S430). [Explanation:
d, deltoid plate; la, lancet plate; r, radial plate; sd,

side plate.]

USA (Mo.) ; 273,6a, oral view, X 4.2; 273,6b, D
ray view, X5.6; 276,3a-d, oral, D-ray, aboral
views, plate layout, X5.3; 276,3e, cross sec. of
ambulacrum, X 13.1; 276,3/, anal view, X 10
(60).

Orbiblastus MACURDA, 1965 (106), p. 302 [*Orbi
blaslus hoskynae MACURDA, 1965 (106), p. 303;
OD]. Theca globular, with anal opening between
epideltoid and hypodeltoid; 3 hydrospire folds on
each side of ambulacra; lancet exposed along main
food groove; one pore between each side plate
along deltoid and radial margins; radials over
lapping deltoids; basalia in basal concavity. Miss.,
N.Am.(Ark.).--FIG. 273,5; 276,2. *0. hoskY-

nae, M.Miss., Ark.; 273,Sa,b, oral, D-ray views,
X 1.3; 276,2a-d, oral, D-ray, aboral views, plate
layout, X 1.3 (106).

Strongyloblastus FAY, 1962 (68), p. 132 [*Strongy
loblastus pelalus FAY, 1962, p. 132; OD]. Theca
suboval, with spiracles near oral opening; anal
opening between small epideltoid and moderately
long hypodel toid; del toids visible in side view,
overlapped by radials; lancet widely exposed,
with single pore between side plates along radial
and deltoid margins; 5 hydrospire folds on each
side of ambulacra; ambulacra broadly petaloid
and moderately long; periphery at radial lips be
low mid-height; basalia conical, large; theca sub
rounded pentagonal in top view. MDev., USA
(N.Y.).--FIG. 273,7; 276,1. *S. pelalus FAY;
273,7a,b, oral, E-ray views, X 1.3; 276,la-d,
oral, E-ray, aboral views, plate layout, X 1.3;
276,le, cross sec. of D ambulacrum, aboral view,
X 10 (68).

Family NUCLEOCRINIDAE Bather,
1899

[Nucleocrinidae BATHER, 1899, p. 920] [=Nucleoblastidae
ETHERIDGE & CARPE.NTER, 1886, p. 209 (invalid, based on
nonexistent nominal genus); Olivanidae HAMBACH, 1903, p.

48 (invalid, based on nonexistent nominal genus)]

Theca with ten spiracles and anal open
ing separate around mouth, as in Schizo
blastidae, but with two elongate, exposed
cryptodeltoids. Dev.
Nucleocrinus CONRAD, 1842, p. 280 ["N. elegans;
OD]. Theca ellipsoidal; with 5 large oral plates
and 3 exposed anal plates, consisting of 2 crypto
deltoids and hypodeltoid; superdeltoid hidden;
anal oral abutting against cryptodeltoids; deltoids
long, overlapping radials; 2 hydrospire folds on
each side of ambulacra, with short hydrospire
canal; lancet covered by side plates, with inner
side plate present; one large pore between side
plates along deltoid and radial margins. Dev.,
N.Am.(N.Y.-Iowa-Mich.-Ont.).--FIG. 277,la-d;
278,1. *N. elegans, M.Dev., USA (N.Y.) ; 277,
la-d, oral, D-ray, aboral views, plate layout,
X2.6 (34, 60, 83); 278,la,b, oral, D-ray views,
X5 (43).--FIG. 277,le-h. N. meloni/ormis
(BARRIS), M.Dev., USA(Mich.); le, cross sec. of
ambulacrum, X 8.8 (Fay, n); l/-h, anal views,
XI0 (60).

Elaeacrinus ROEMER, 1851, p. 379 [*E. verneuili;
OD] [=Olivanites TROOST, 1849, p. 419 (nom.
nud.); Olivanites LYON, 1857, p. 487 (type,
Olivanites verneuili TROOST, 1849); Eleacrinus
ETHERIDGE & CARPENTER, 1883, p. 228 (nom.
van.)]. Theca elongate, ellipsoidal; with approxi
mately 18 to 21 oral plates (one of which, how
ever, may be superdeltoid); with 2 prominent,
well-exposed cryptodeltoids and hypodeltoid; 1 or
2 anal orals between adoral tips of cryptodeltoids
(if 1 it is superdeltoid, and if 2, the aboral one is
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superdeltoid); deltoids long, overlapping radials;
2 hydrospire folds on each side of ambulacra,
with medium-long hydrospire canal; lancet cov
ered by side plates, with inner side plate present;

single large pore between side plates along deltoid
and radial margins. Dev., N.Am.(Ohio-Ind.-Ky.
Mo.).--FIG. 279,la-f; 280,1. *E. verneuili
(TROOST), M.Dev., USA (Ind.) ; 279,la-d, oral,

Strongyloblastus

Lophoblastus

FIG. 276. Schizoblastidae (p. S431-S432). [Explanation: a, anal opening; d, deltoid plate; e, epideltoid
plate; hd, hypodeltoid; la, lancet plate; 0, oral opening; r, radial plate; sd, side plate.]
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FIG. 277. Nucleocrinidae (p. 5432). [Explanatic'l:
a, anal opening; c, cryptodeltoid plate; d, deltoid
plate; hd, hypodeltoid; la, lancet plate; a, oral
opening or oral plate; par, posterior ambulacrum
(right); s, spiracle; sd, side plate; sp, superdeltOid

plate.]

D-ray, aboral views, plate layout, Xl (60); 279,
Ie, cross sec. of ambulacrum, X5 (48); 279,lt,
anal view, X4 (60); 280,la,b, oral, D-ray views,
XI (60).--FIG. 279,1g,l1. E. vent/SIltS (MILLER
& GURLEY), M.Oev., Ohio; 19,h, anal views,
X5.7 (60).

Placoblastus FAY, 1961 (60), p. 92 [*ElaeacrillllS
abavalus BARRIS, 1883, p. 358; 00]. Theca
elongate ellipsoidal; with prominent, well-exposed

cryptodeltoids and hypodeltoid; 6 or 7 large oral

plates, one of which is between aboral ends of
cryptodeltoids and may be superdeltoid plate;
lancet covered by side plates, with inner side
plate present; single large pore between side plates
along deltoid and radial margins; deltoids long,
overlapping radials; 2 hydrospire folds on each
side of ambulacra, with long hydrospire canal.
Dev., N. Am. (iowa-Mich.-N. Y.-Ind.-Ohio).-
FIG. 280,2; 281,la-t. *P. abaValltS (BARRIS), M.
Oev., USA (Mich.) ; 280,2a,b, oral, EA inter
ambulacral views, X1.1; 281,1a-d, oral, D-ray,
aboral views, plate layout, X 1.3; 281,le, cross sec.
of ambulacrum, X 13.1; 281,lt, anal view, X7.5
(60).--FIG. 281,1h. P. allgularis (LYON), M.
Oev., N.Y.; anal view, X7.8 (60).--FIG. 281,
19. P. II/cina (HALL), M.Oev., N.Y.; anal View,
XIO (60).

Family PENTREMITIDAE d'Orbigny,
1851

[nom. correct. ETHERIDGE & CARPENTER, 1886, p. 148 (pro
Pentremitidaea O'ORBIGNY, 1851, p. 139)] [=Eleutherocrini
dae BATHER, 1899, p. 920; Eleutheroblastidae, p. 50; Pentre-

midae, p. 35, HAMBACH, 1903]

Nucleocrinus

FIG. 278. Nucleocrinidae (p. 5432).
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Theca subconical or subpyriform with
four spiracles and anispiracle around mouth.
Dev.-Perm.
Pentremites SAY, 1820, p. 36 [·Encrina Godonii

DEFRANCE, 1819, p. 467; SD ETHERIDGE & CAR
PENTER, 1886, p. 157] [nom. correct. SOWERBY,
1825, p. 316 (pro Pentremite SAY, 1820)]
[=Asterite, Asterial fossil, Enerina, Enerinites,
Pe12latrematites, Pentatremites, AUCTT. (partim)].
Theca club-shaped to subpyriform; anispiracle ex·
cavated in undivided anal deltoid plate; with 3 to
7 or more hydrospire folds on each side of an
ambulacrum; oral and anal areas covered by
many imbricate plates; one pore between side
plates along radial and deltoid margins; lancet

FIG. 279. Nucleocrinidae (p. 5432-5434). [Explana
tion: a, anal opening; c, cryptodeltoid plate; d,
deltoid plate; "d, hypodeltoid; la, lancet plate; 0,

oral opening or oral plate; pal, posterior ambula
crum (left); par, posterior ambulacrum (right);
s, spiracle; sd, side plate; sp, superdeltoid plate.]

FIG. 280. Nucleocrinidae (p. 5432-5434).

widely exposed, forming petaloid ambulacra;
radials overlapping deltoids. Miss.-Penn., N.Am.
S.Am.(Colombia).--FIG. 282,1. "P. godoni (DE'
FRANCE), V.Miss., VSA(Ill.); la-d, oral, D-ray,
aboral views, plate layout, X2.6; Ie, cross sec.
of ambulacrum, x5.3 (Fay, n).--FIG. 283,3.
P. sulcatus (ROEMER), V.Miss., Ill.; 3a,b, oral,
side views, X I (78).

Ambolostoma PECK, 1930, p. 104 [.A. baileyi;
OD]. Theca ellipsoidal; anispiracle in undivided
anal deltoid plate; 5 large oral plates covering
summit; lancet completely exposed; one large
pore between adjacent side plates along deltoid
and radial margins; 3 hydrospire folds on each
side of an ambulacrum. Miss., N.Am.(Vtah-Alta.).
--FIG. 282,2; 284,6. "A. baileyi, VSA(Vtah);
282,2a-d, oral, D-ray, aboral views, plate layout,
XO.87; 282,2e, cross sec. of ambulacrum, X 17.6;
284,6a, oral view, X l.l; 284,6b, interradial view,
XO.8 (130).

Belocrinus MUNIER-CHALMAS, 1881, p. 503 [emend.
MACURDA, 1966 (l10), p. 245] ["Bele1>lnocrilllls
cottaldi MUNIER-CHALMAS, 1876, p. 105; OD]
[=Belemllocrinlts MUNIER-CHALMAS, 1876, p.
105 (non WHITE, 1862)]. Theca club-shaped,
with extremely elongate pelvis; spiracles five, sim
ple, with anispiracle between epideltoid? and hypo
deltoid (possibly with two deeply hidden crypto
deltoids); deltoids visible in side view, including
hypodeltoid; lancet covered by side plates, with
one pore between adjacent side plates along radial
and deltoid margins; number of hydrospires un-
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Plocoblostus

known but in ten groups or fields. L.Dev., Eu.
(NW.Fr.).--FIG. 282,3; 283,4. *B. cottaldi
(MUNIER-CHALMAS), Eu.(NW.Fr.); 282,3a-d, oral,
A-ray, aboral views, plate layout, X 1.3; 283,4a,b,
oral, A-ray views, X2 (110).

Calycoblastus WANNER, 1924 (173), p. 35 [emend.
BREIMER & MACURDA, 1965, p. 215] [*C. tri
cavatus; OD]. Theca subpyramidal, with anispir
acle between epideltoid and hypodeltoid; radials
overlapping deltoids; 5 hydrospire folds on each

ld

FIG. 281. Nucleocrinidae (p. S434). [Explanation: a, anal opening; c, cryptodeltoid plate; d, deltoid plate;
hd, hypodeltoid; la, lancet plate; 0, oral opening or oral plate; par, posterior ambulacrum (right); s,

spiracle; sd, side plate; sp, superdeltoid plate.]
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side of an ambulacrum; sublancet or fused hydro
spire plate present; lancet covered by side plates;
deltoids visible in side view. Perm., E.Indies
(Timor)-Australia(New S. Wales).--FIG. 283,
1; 284,4; 285,2. *C. tricavatus, Timor, 283,1,

A-ray view, Xl; 284,4, oral view, X1.3; 285,
2a-d, oral, D-ray, aboral views, plate layout,
X1.8; 285,2e, cross sec. of ambulacrum, X3.8
(173).

Cordyloblastus FAY, 1961 (60), p. 52 [*Pentremites

Belocrinus

Pentremites

Ambolostoma

FIG. 282. Pentremitidae (p. 5435-5436). [Explanation: a, anispiracle; d, deltoid plate; la, lancet plate;
r, radial plate; s, spiracle; sd, side plate. ]
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FIG. 283. Pentremitidae (p. 5435-5437,5443).

acutangulus SCHULTZE, 1886, p. 225; OD]. Theca
club-shaped; with anispiracle between super
deltoid and large hypodeltoid, with 2 internal
cryptodeltoids; hypodeltoid seen in side view but
not other 4 deltoids; radials overlapping deltoids;
lancet covered by side plates; one pore between
adjacent side plates along radial margins; with
4 to 9 hydrospire folds on each side of an ambula
crum. Dev., Eu.(Ger.-Spain).--FIG. 284,3; 285,
la-I. ·C. aeutangulllS (SCHULTZE), Eifel., Ger.;
284,3a,b, oral, D-ray views, X 1.7; 285,1a-d, oral,
D-ray, aboral views, plate layout, X 1.8; 285,1e,
cross sec. of ambulacrum, X 13.l; 285,11, anal
view, X 10 (60).--FIG. 285,1g-i. C. eilelensis
(ROEMER), MDev., Ger.; 19, anal view, X 10;
liz, anal view, X30; Ii, anal view, XIO (60).

Devonoblastus REIMANN, 1935, p. 30 ['Pentremites
leda HALL, 1862, p. 149; SD REIMANN, 1942, p.
47]. Theca elliptico-conical; anispiracle between
superdeltoid and hypodeltoid, with 2 cryptodeltoids
beneath hypodeltoid; 5 hydrospire folds on each
side of an ambulacrum; lancet covered by side
plates except at adoral end; one pore between side
plates along radial and deltoid margins; deltoids
visible in side view, overl:pped by radials. Dev.,
N. Am. (N.Y.-?Ind.-Ont.) -? Asia(?China) .--FIG.
286,2a-d. ·D. leda (HALL), M.Dev., USA (N.Y.);
2a-d, oral, D-ray, aboral views, plate layout,
X2.6 (41,60, 137).--FIG. 284,5; 286,2e-g. D.
wlziteal'esi REIMANN, M.Dev., Ont.; 284,5a,b, oral,

D-ray views, X2.2; 286,2e-g, 3 anal views,
X 10 (60).

Eleutherocrinus SHUMARD & YANDELL, 1856, p. 73
[·E. eassedayi; OD] [=Eleutlzeroblastus HAM
BACH, 1903, p. 50 (obj.)]. Theca ellipsoidal, with
superdeltoid, 2 cryptodeltoids, and hypodeltoid;
short D ambulacrum; 6 or 7 hydrospire folds on
each side of an ambulacrum; lancet covered by
side plates; one pore between adjacent side plates
along deltoid and radial margins; radials over
lapping deltoids; thecal plates slightly irregular.
Dev., N.Am.(Ky.-Ind.-N.Y.-Ont.).--FIG. 284,1;
286,1. ·E. eassedayi, M.Dev., Can. (Ont.) ; 284,1a,
oral view, X3; 284,lb, D-ray view, X2.8; 284,
Ie, aboral view, X2.9; 284,1d, B-ray view, X2.9;
2841e, C-ray view, X3.4; 286,la-l, oral, D-ray,
aboral views, plate layout, cross sec. of middle
part of ambulacrum, cross sec. of aboral tip of
ambulacrum, X 6.6; 286,1g, anal view, X 10 (60,
158).

Pentremoblastus FAY & KOENIG, 1963, p. 267
['Pentremoblastus eonieus; OD]. Theca conical
to obconical, with elongate split-elliptical spiracles;
anispiracle between superdeltoid, subdeltoid, and
hypodeltoid; elongate radials overlap short deltoids
along an inverted V-shaped suture; deltoids barely
visible in side view; lancet exposed full width,
with one pore between side plates; 2 to 3 hydro
spire folds on anal side, but 5 hydrospire folds
on each side of other ambulacra; stem round.
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FIG. 284. Pentremitidae (p. 5435-5438,5440-5443).

S439
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L.Miss., USA (Ill.).--Flc. 284,7; 287,1. *P.
comctls, Kinderhook., Ill.; 284,7a,b, oral, C-ray

Colycoblostus

views, X 11.4; 287,la-d, oral, C-ray, aboral views,
plate layout, X 11.4 (75).

FIG. 285. Pentremitidae (p. S436-S438). [Explanation: a, anal opening; c, cryptodeltoid plate; dl, deltoid
lip; ltc, hydrospire canal; ltd, hypodeltoid; la, lancet plate; 0, oral opening or oral plate; par, posterior

ambulacrum (right); r, radial plate; rl, radial limb; sd, side plate; sp, superdeltoid plate.]
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Petaloblastus FAY, 1961 (60), p. 90 [*Pentremites
ovalis GOLDFUSS, 1829, p. 161; aD]. Theca ovoid,

with anispirac1e located between epideltoid and
hypodeltoid; radials overlapping deltoids, but

FIG. 286. Pentremitidae (p. 5438). [Explanation: a, anal opening; e, cryptodeltoid plate; dl, deltoid lip;
he, hydrospire canal; hd, hypodeltoid; 0, oral opening or oral plate; par, posterior ambulacrum (right);

rl, radial lip; sd, side plate; sp, superdeltoid plate.]
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radiodeltoid suture inverted V-shaped (opposite
to that seen in Pentremites); at least 4 hydrospire
folds on each side of an ambulacrum; lancet ex
posed its full width, forming petaloid ambulacra;

one pore between side plates along radial and
deltoid margins. L.Carb., Eu.(Ger.).--FIG. 284,
2. P. boletus (SCHMIDT), L.Miss., Ger.; 2a,b, oral,
D-ray views, X2.9 (63).--FIG. 287,2. "P. ovalis

Pentremoblostus

AL

FIG. 287. Pentremitidae (p. S438, S440-S443). [Explanation: la, lancet plate; r, radial plate; sd, side plate.]
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EllipticoblastusOrbitremites

mately twice as many pores as side plates along
deltoid and radial margins; one hydrospire fold
on each side of an ambulacrum; deltoids over
lapping radials; lancet exposed along middle one
third of its width. L.Carb., Eu.(Eng.).--FIG.
289,1; 290,la-g. "0. derbiensis (SOWERBY); 289,
la,b, oral, D-ray views, X4.2; 290,la-d, oral, D
ray, aboral views, plate layout, X5.9; 290,le,
cross sec. of ambulacrum, X 11.7; 290,1j,g, 2 anal
views, XIO (3,41,60, 161).--FIG. 290,1/z. O.
ellipticus (SOWERBY), L.earb., Eng.; anal view,
X 10 (60).

Doryblastus FAY, 1961 (54), p. 194 ["Mesoblastus
melonianus SCHMIDT, 1930, p. 69; OD]. Theca
ellipsoidal, with 4 V -shaped spiracles plus anispir
acle; anispiracle located between epideltoid and
hypodeltoid, possibly with 2 cryptodeltoids be-

Globoblastus

FIG. 289. Orbitremitidae (p. S443-S445).

Ic
Rhopa loblastus

&0°
JJ

Family ORBITREMITIDAE Bather, 1899
[Orbitremitidae BATHER, 1899, p. 920]

Theca subglobular with five spiracles (in
cluding anispiracle) around mouth. Miss.
Orbitremites AUSTIN & AUSTIN, 1842, p. III

["Pentremites derbiensis SOWERBY, 1825, p. 317;
SD BATHER, 1899 (9), p. 24] [=Orbitremltes
GRAY, 1840, p. 12 (nom. nt/d.)]. Theca ellips
oidal; with superdeltoid, 2 cryptodeltoids, and
hypodeltoid; hydrospire plate present; approxi-

(GOLDFUSS), Etroeungt.; 2a-d, oral, D-ray, aboral
views, plate layout, X 1l.1; 2e, cross sec. of
ambulacrum, X 39.5; 21, anal view, X 15 (60).

Rhopaloblastus WANNER, 1924 (174), p. 215
[emend. BREIMER & MACURDA, 1965, p. 216] ["R.
timoricus; OD]. Theca obconical, with 4 spiracles
plus anispiracle; anispiracle between a super
deltoid, 2 exposed cryptodeltoids, and a hypo
deltoid; one pore between side plates along radial
and deltoid margins; ambulacra moderately short,
almost confined to summit, with lancet stipe away
from mouth; lancet covered by side plates; radials
short, basals long; 3 hydrospire folds on each side
of an ambulacrum. Perm., E.Indies (Timor)
Australia.--FIG. 283,2; 288,1. "R. timoricus,
Timor; 283,2a, oral view, X4; 283,2b, BC inter
ray view, X2.5; 288,1a-d, oral, D-ray, aboral
views, plate layout, X2.6; 288,le, cross sec. of
ambulacrum, X13.1 (174, 178).

FIG. 288. Pentremitidae (p. S443). [Explanation:
la, lancet plate; r, radial plate; sd, side plate.]
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Orbitremites

FIG. 290. Orbitremitidae (p. S443-S444). [Explanation: a, anispirac1e; c, cryptodeltoid plate; d, deltoid
plate; h, hydrospire plate; hc, hydrospire canal; hd, hypodeltoid; la, lancet plate; 0, oral opening; par,

posterior ambulacrum (right); sd, side plate; sp, superdeltoid plate.]

neath hypodeltoid; thick hydrospire plate present
along radial and deltoid margins, with approxi
mately 2 pores to each side plate; radials over
lapping deltoids; lancet exposed one-third of its
width; basalia small, in deep basal concavity;
possibly 3 hydrospire folds on each side of an
ambulacrum. M.Miss., Ger.--FIG. 289,4; 290,2.
*D. melonianus (SCHMIDT), U.Tournais., Get.;
289,4a,b, oral, D-ray views, X4.l; 290,2a-d, oral,
D-ray, aboral views, plate layout, X4.2 (54).

Ellipticob1astus FAY, 1960 (47), p. 317 [*Pentatre
matites orbicularis SOWERBY, 1834, p. 456; 00].
Theca elliptical; with superdeltoid, 2 crypto
deltoids, and hypodeltoid; hydrospire plate present;

approximately twice as many pores as side plates
along deltoid and radial margins; one long hydro
spire fold, curved, on each side of an ambula
crum; radials overlapping deltoids; lancet exposed
along middle one-third of its width. L.Carb., Eu.
(Eng.).--FIG. 289,2; 291,2. *E. orbicularis
(SOWERBY); 289,2a,b, oral, D-ray views, X4.1;
291,2a-d, oral, D-ray, aboral views, plate layout,
X4.4; 291,2e, anal view, XIO (60); 291,21,
cross sec. of ambulacrum, X 6.5 (41).

G1ohoh1astus HAM BACH, 1903, p. 46 [*Pentremites
norwoodi OWEN & SHUMARD, 1850, p. 64; 00].
Theca suhglobular; with superdeltoid, 2 crypto
deltoids, and hypodeltoid; lancet covered by side
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Ell ipticoblostus

2e

FIG. 291. Orbitremitidae (p. S444-S445). [Explanation: a, anispiracle; c, cryptodeltoid plate; d, deltoid
plate; dl, deltoid lip; h, hydrospire plate; hc, hydrospire canal; hd, hypodeltoid; la, lancet plate; 0, oral
opening or oral plate; par, posterior ambulacrum (right); r, radial plate; rl radial limb; sd, side plate;

sp, superdeltoid plate.]

plates except near adoral end; radials overlapping
short deltoids; hydrospire plate present; 2 hydro
spire folds on each side of an ambulacrum; ap
proximately 2 pores to each side plate along radial
margins. Miss., N.Am.(IlI.-Iowa-Mo.).--FIG.

289,3; 291,1. *G. norwoodi (OWEN & SHUMARD),

M.Miss., Iowa; 289,3a,b, oral, D-ray views, X2.4;
291,la-d, oral, D-ray, aboral views, plate layout,
X3.6; 291,le, cross sec. of ambulacrum, X8.8;
291,//, anal view, Xl1.8 (45,60,86,128).
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INTRODUCTION

It was OTTO JAEKEL (23)1 who first pro
posed, in 1899, to remove from the Cystoidea
several genera (Acanthocystites, Ascocy-

1 Italicized numbers refer to corresponding numbers in
the Iist of references.

stites, Eocystites, Lichenoides, Macrocystella,
Mimocystites, Palaeocystites) which pre
viously had been included in this assem
blage, because he judged them to be classi
fiable as archaic cladocrinoids (=Crinoidea
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Camerata). Later, in 1918 (25), he intro
duced for these and a few other genera a
new subclass named Eocrinoidea, which he
assigned to the class Crinoidea, despite its
inclusion with presumed earliest crinoids
forms regarded by him as ancestors of the
rhombiferan cystoids and diverse others hav
ing aberrant features and ephemeral occur
rence. RAYMOND C. MOORE has translated
this chapter and for this aid the author ex
presses sincere thanks.

The echinoderm group known as eocrin
oids has been treated quite differently by
authors in publications issued subsequent to
1918. Although GEKKER (1938, 1940) and
more recently NICHOLS (1962) adopted
JAEKEL'S placement of these forms as a sub
class of Crinoidea, such arrangement was
rejected by BASSLER (1938) and BASSLER &
MOODEY (1943), who distributed the so
called eocrinoid genera among families of
cystoids and did not even cite Eocrinoidea
in synonymy. CUENOT (1953) accepted the
group provisionally as an artificial assem
blage, mentioned in a chapter on cystoids
in the part devoted to rhombiferans, but
omitted recognition of it in classification.
ZITTEL (1924) ranked the Eocrinoidea
simply as an appendage of the Hydrophori
dea (=Cystoidea). Finally, REGNELL (1945)
distinguished the group as an independent
class and in this arrangement has been fol
lowed by TERMIER & TERMIER (1948, 1954),
BASSLER (1950), HARKER & HUTCHINSON

(1951), UBAGHS (1953, 1960, 1963), MOORE
(1954), GEKKER (1964), and ROBISON
(1965).

The essential basis for REGNELL'S differ
entiation of the eocrinoids as an acceptable
taxonomic group and his advancement of
it in rank was judgment that forms com
posing the assemblage possess a combination
of such cystoid features as the presence of
brachioles and typical crinoid characters,
such as the absence of thecal pores. As mat
ter of fact, UBAGHS (1953, 1963) and ROBI
SON (1965) subsequently have demon
strated that some eocrinoids do possess
thecal pores, but of a sort unlike those of
cystoids.

The Eocrinoidea contain the most ancient
known representatives of the Crinozoa and
together with the Helicoplacoidea and
Edrioasteroidea are the oldest of all known
echinoderms, for remains attributable to
these groups have been found in the lower
half of the Lower Cambrian (DURHAM, 13).
Eocrinoids survived into Silurian time when
they vanished without having given rise to
known descendants. They are relatively
uncommon fossils except in a few favored
localities. Many are very inadequately
known. Their diversity makes it especially
difficult to formulate a satisfactory general
definition of them. They comprise a hetero
geneous assemblage provisionally treated as
a class which better acquaintance perhaps
will allow to be subdivided.

MORPHOLOGY

GENERAL FEATURES

The skeleton of complete eoerinoids
typically consists of three parts-eolumn or
stem, theca, and brachioles (Fig. 292)-but
a stem may be lacking.

The column is a hollow structure more
or less differentiated from the theca and
serves for temporary or permanent fixation
of the organism to the sea bottom.

The theca is composed of plates which
enclose the visceral mass and as in cystoids
contains only orifices of the peristome and
periproct, or additionally in some, one to
several pores interpreted as hydropore, gono
pore, or hydrogonopore openings. Essen
tially, the plates are solid skeletal elements

composed of crystalline calcite. They are
imperforate, although along sutures between
the plates in numerous genera are aligned
pores which probably served for the pro
trusion of soft organs functioning for gas
exchange between the body interior and
surrounding sea water.

In many genera no distinct boundary
separates the oral and aboral parts of the
theca, and accordingly, unlike crinoids, a
tegmen and dorsal cup are not recognizable
in eoerinoids. A few forms, however, ex
hibit a vaulted or plateau-like oral surface
well differentiated from the remainder of
the theca (e.g., A kadocrinus, Ascocystites,
Mimocystites, Lingulocystis). These some
what resemble crinoids, but analysis shows
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that the similarity is superficial and lacking
real significance.

The brachioles are simple appendages of
the theca which invariably lack branches.
They are attached to the extremity of the
theca opposite to the stem, and being out
side of the theca (exothecal), they have a
skeletal structure of their own, adapted for
the function of transporting food particles
to the mouth. Whereas the thecal cavity
may be prolonged into the hollow stem, it
does not extend into the brachioles.

Eocrinoids are small to medium in size,
with height of the theca unknown to ex
ceed 6 or 7 em.

ORIENTAnON AND SYMMETRY
Eocrinoids are radiate, generally penta

radiate, echinoderms. This symmetry may
affect not only the ambulacra and oral sur
face of the theca (e.g., Columbocystis1 ) but
extend to the dorsal part as well, although
radial symmetry never is complete. Oppo
sitely, radial symmetry may be lacking, as
in genera with a compressed theca (e.g.,
Batherocystis, Lingulocystis, Rhipidocystis)
in which certain rays have become atrophied
or possibly never existed; one cannot choose
between these alternatives owing to igno
rance of the ancestors of these forms.

In a certain number of genera (e.g.,
Columbocystis, Cryptocrinites, Mimocy
stites) one of the interrays bears an oral
element composed of two closely associated
plates with a perforated wartlike swelling
located on the suture between them, prob
ably marking the position of the hydropore.
Furthermore, in relation to this interray the
ambulacra are grouped in a bivium (the
two ambulacra bordering the interray) and
a trivium (the opposite three ambulacra).
This arrangement suffices to define a plane
of bilateral symmetry which may be desig
nated as the madreporite plane. In genera
lacking an observed hydropore (e.g., Rhopa
locystis) , the presence of a double oral or
occurrence of a bivium and trivium, or
both, allow determination of the same ori
entation with reasonable confidence. In
order to employ the Carpenter system of
letter designations for the eocrinoid ambula
era, the ray opposite to the interray contain-

1 Placement of Columbocystis in the Eocrinoidea must
remain doubtful until the exothecal appendages of this form
have been observed.

ing the hydropore is indicated as A, and
then, viewing the oral surface of the theca,
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FIG. 292. Entire eocrinoid (reconstr.), showing
threefold division of skeleton. Rhopalocystis des
tombesi UBAGHS (Rhopalocystidae), L.Ord., Mor-

occo, Xl (39).
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A

E

'----radials--~

+----laterals---4_

'-----infra lateraIs---

+------oosal------+

FIG. 293. Morphological features of eocrinoid theca (reconstr.). Rhopalocystis destombesi UBAGHS (Rhopalo
cystidae), L.Ord., Morocco; 1, oral surface, brachioles lacking, X2.75; 2,3, side views of theca from A-ray

and CD-interray sides, X2 (all Ubaghs, n).

other rays are marked B, C, D, E in clock
wise succession (Fig. 293,1). Interrays are
designated by the letters for rays bound
ing them (AB, BC, CD, DE, EA) and thus
the hydropore is located in interray CD.
The anus may occur in interray CD, but in
several genera it is displaced to a location
in BC, so that in these forms an anal plane
is distinct from the madreporite plane.

The terms proximal and distal are used
as in all Crinozoa, for the skeleton as a
whole toward or away from the plane sep
arating theca and stem, and for elements of

the oral surface toward or away from the
center of this face.

FORM AND COMPOSITION OF
THECA

The shape of the theca of eocrinoids may
be irregularly spheroidal, ovoid, pyriform,
conical, subcylindrical, or combinations of
these. Also, it may be laterally compressed
so as to offer two flat or weakly convex
faces which meet along rounded borders
(e.g., Batheracystis, Cardiacystites, Lingula-
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FIG. 294. Entire eocrinoid of rather primitive type (reconstr.), showing dissimilar proximal and distal parts
of theca (latter with prominent sutural pores at borders of plates) and helicoidally twisted brachioles,

side view. Gogia spira/is ROBISON (Eocrinidae), }'LCam., Can.(E.C.), X2.3 (31).

cystis, Rhipidocystis). Walls of the theca
may be flexible (e.g., Lingulocystis) but
generally they are rigid. They are com
posed of polygonal plates which vary in
number from relatively few (e.g., approxi
mately 20 in Cryptocrinites) to extremely
numerous (e.g., several hundred in Lingulo
cystis) , and in different genera these num
bers may be fixed or very indeterminate
(e.g., Gogia, Bockia). In arrangement the
plates may be precisely regular or extreme
ly irregular. Thus several architectural types
may be distinguished, furnishing evidence
of quite different modes of growth.

Among oldest known eocrinoid genera,
such as Acanthocystites and Gogia (Fig.
294), both from the Middle Cambrian, the
theca is formed of ordinarily numerous
polygonal plates arranged irregularly. Their
number, which varies according to species
and even from one individual to another,
may range up to 500 in some species of
Gogia (31). The plates are joined by straight
sutures with aligned pores, but seemingly
these thin skeletal elements, strengthened
in some forms by radial folds, are readily
dissociated after death of the animal. This
type of theca, in which neither the number
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FIG. 295. Entire eocrinoid of type having three circlets of relatively large, regularly arranged thecal plates
and well-developed biserial brachioles borne by lateral and radial plates, prominent epispires along sutures
between plates (reconstr.). Lichenoides priscus BARRANDE (Lichenoididae), M.Cam., Boh.. X3 (Ubaghs, n).

nor disposition of plates is fixed, may repre
sent the most primitive evolutionary stage
of the Eocrinoidea.

Another type of thecal structure, which
also makes appearance in the Middle Cam
brian (e.g., Lichenoides) , is characterized
by arrangement of the plates in successive
circlets, as a rule, in alternation. Accord
ing to their position these plates may be
designated by names borrowed from ter
minology applied to cystoids, that is, from
aboral pole to summit I) a circlet of basals,
2) a circlet of laterals, and 3) a circlet of
radials (Fig. 295). In similar manner, a
more complex theca may have circlets desig
nated in upward order as I) basals, 2) in
fralaterals, 3) laterals, 4) radials, and 5)
orals or deltoids (Fig. 296). Theoretically,
each circlet should contain five plates, but
there are many exceptions to this rule, be
cause some plates may become divided or
new ones come to be inserted, and oppo
sitely because some plates become joined
together by fusion or some simply disap
pear. Examples of these variations can be
seen in Columbocystis, Cryptocrinites,
Mimocystites, and Rhopalocystis, in which
one of the five oral plates is divided by a

suture; in Mimocystites, in which the radial
circlet contains a supplementary plate; in
Cryptocrinites and several other genera, in
which two of the basals are notably enlarged
and modified in shape, seemingly as result
of fusion of antecedent pairs of plates; and
in Batherocystis, in which the two-part base
may have originated from elimination of
plates. Of course, in none of these examples
is the actual mode of plate additions or re
ductions known.

If the number of plates from circlet to
circlet varies somewhat, so that pentameral
symmetry of the theca is disturbed, the
number of circlets, distribution of plates in
different ones, and alternation of plates in
contiguous circlets, commonly are far from
clearly determinable. As result, a certain
amount of transition must be recognized
between the thecal organization just de
scribed and the preceding one. Moreover,
in the course of growth, irregularities com
monly tend to be introduced and accen
tuated. In juvenile individuals of Bockia,
for instance, plates of the theca comprise
a more or less regular pavement, whereas
in adults the insertion of new plates between
old ones destroys the previous orderly plate
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oral

FIG. 296. Side view of theca showing five plate
circlets and stem with dissimilar proximal and
distal regions, brachioles omitted (reconstr.). Mimo
cystites azaisi THORAL (Macrocystellidae), L.Ord.,

France, X2 (Ubaghs, n).

arrangement, making distribution of com
ponent thecal elements quite irregular (19).

A third type of thecal construction is en
countered in several forms (e.g., Ascocys
tites, Palaeocystites, Pareocril1us, Rhopalo
cystis) which exhibit disposition of plates
throughout a more or less considerable part
of the theca no longer in circlets but form
ing columns or elongate meridional zones.
Thus, in Rhopalocystis (Fig. 293) the theca
is composed of plate circlets from the base
to approximately mid-height and then in
the upper half exhibits a strongly meri
dional plate arrangement consisting of five
perradial areas (each composed of a radial
followed by two or three supraradials) and
five interradial areas (each composed of a
much larger number of plates called inter
radials, arranged in four or five successive
rows of alternating plates). One of the
interradial areas, defined as posterior ,be
cause of containing the anus, is distin
guished from others by its greater expanse,
by the presence of two plates (instead of

one) at its proximal end, and especially by
a more or less vertical row of supplementary
plates (termed anals) distinguished by their
large size and conspicuous relief. Such

FIG. 297. Eocrinoid with strongly compressed elon
gate theca rimmed by stout marginal plates and
extremely numerous, m[)stly very minute central
plates (reconstr.). Lingtllocystis elongata THORAL

(Linguloc)'stidae), L.Ord., France; 1, side view of
theca with parts of stem and brachioles, X4 (38);

2, oblique view of base, X6 (38).
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organization of the theca in some way re
sembles that of crinoids, especially that of
the Camerata.

Unquestionably, a special place must be
reserved for the type of thecal organization
seen in compressed forms which rightly or
wrongly are included among eocrinoids. A
more or less well-differentiated frame ac
centuates outlines of their theca. It is formed
of thick marginal plates (marginalia). In
Lingulocystis (Fig. 297), such plates are
elongated, well individualized, and not ex
tended into the pavement of lateral surfaces
of the theca. The latter, probably flexible,
is composed of innumerable irregular poly
gonal elements of diminutive size called
centrals (centralia). In Rhipidocystis and
Batherocystis (see Fig. 318, 319)-perhaps
also in Cardiocystites (see Fig. 321 )-the
outer edge of the marginal plates is thick
ened so as to stand in relief, whereas the
remainder of these plates, combined with
several central plates, forms a thin but
doubtless rigid cover on lateral faces of the
theca.

ORAL SURFACE

The region surrounding the peristome in
different genera is varyingly distinct from
the remainder of the theca. In the Middle
Cambrian Acanthocystites, Gogia, and es
pecially A kadocrin us, it consists of a mod
erately broad, flat or gently arched area at
edges of which the brachioles are attached in
bundles, but nothing is known of the
structure of this area. In some Ordovician
genera (Fig. 298,1-3) the peristomial region
is formed only by a circlet of orals, gen
erally six--each interray having one, except
CD, which has two, the extra plate con
sidered by YAKOVLEV (39) as homologous to
the anal plate of crinoids, although this is
by no means proved. The brachioles are
attached directly to outer edges of the orals
(e.g., Columbocystis, Fig. 298,1) or to pairs
of special small plates between the orals
which join together beneath them (e.g.,
Cryptocrinites, Fig. 298,2).

The oral surface of Palaeocystites, from
the Middle Ordovician, composed of five
orals and five subcircular plates, each serv
ing to support one brachiole, is very little
broader than that of the genera previously
considered (Fig. 298,3). The brachiolar

support plates are located along the periph
ery of the orals and alternate with them.
It is unknown whether they rest on other
thecal plates or are inserted between them.

In Rhopalocystis, from the Lower Ordo
vician, the oral surface has the form of a
slightly raised five-pointed star (Fig. 298,4).
The interradial areas extend into angles be
tween the perradial branches of the oral sur
face in such manner that no sharp distinc
tion between oral and aboral parts of the
theca exists. Whereas the central disc of
the star is composed of six orals grouped
around the peristome, each of the branches
consists of three to six so-called brachiolifer
ous plates, one brachiole being attached to
each such plate. The brachioliferous plates
are inserted in walls of the theca and take
part in forming its inner surface (endo
thecal condition).

The oral surface attains highest degree
of differentiation in Mimacystites and
Ascocystites, both from the Ordovician (Fig.
299,1,2). Since the brachioles are attached
around its border, a certain analogy with
the tegmen of crinoids appears to be offered,
but as we shall see later, this resemblance
is superficial in nature. The oral surface
in these two genera consists of five oral
plates (Ascocystites) or six (Mimocystites),
and in addition, a certain number of per
radial plates, at outer edges of which the
brachioles are attached. The origin of these
last plates is unknown. They may be analog
ous to the brachioliferous plates of Rhopalo
cystis. YAKOVLEV (43) called them adorals.
According to BATHER (5), identical plates
in Cheirocrinus might arise from prolifera
tion of orals themselves, but this is only an
hypothesis. The adoral plates of Mima
cystites rest partly on the orals and partly
on the radials, which form a slotlike sup
port to receive them. They do not take part
in making the inner surface of the theca.
The perradial plates of Ascocystites lie on
the upper edge of lateral walls of the theca
but larger ones may be endothecal in part.

In Lingulocystis, finally, the only eocrin
oid with compressed theca in which the
oral surface is known, this has an elliptical
outline with long axis coinciding with the
extension plane of the theca (Fig. 299,3).
At extremities of this axis are concentrated
the plates which bear the brachioles, these
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plates forming part of the frame of mar
ginals bordering the oral surface; they ap-

pear to be modified marginal plates, since
sporadically these support isolated brachioles.

A

cover-p late
sockets

c

,L'brachioliferous plates

. ~/.' 7~,.

4b

40

E

B

brachiolar facet

anus
.j,

hydropore

2

A

3

D

E

E

FIG. 298. Morphological features of oral surface of eocrinoid theca.
1. Coll/mbocystis BASSLER (?Springerocystidae), M. 3. Palaeocystites BILLINGS (Palaeocystitidae), M.

Ord., N.Am., showing brachiolar facets borne Ord., N.Am., showing short, simple or bifur-
by adjoining pairs of oral plates, X 6 (Ubaghs, eating food grooves along interoral sutures, X 7
n). (22).

2. CryptoC/'inites VON BUCH (Cryptocrinitidae), M. 4. Rhopalocystis UBAGHS (Rhopalocystidae), L.Ord.,
Ord., E.Baltic, with isotomously branched food Morocco, showing heterotomous branching of
grooves leading to pairs of brachioliferous plates. food grooves leading to clustered brachioliferous
X 4 (Ubaghs, n). plates (4a) and cover plates over food grooves

(4b), XIO (39).
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A

Ib
outer cover plates

2 ?hydropore brachiole facet

30

FIG. 299. Morphological features of oral surface of eocrinoid theca.

1. Mimocystites BARRANDE (Macrocystellidae), L.
Ord.-M.Ord., Eu.-N.Afr., bifurcations of food
grooves distally bunched; la, entire oral surface,

X5; lb, single ambulacrum, X75 (both
Ubaghs, n).

2. Ascocystites BARRANDE (Ascocystitidae), M.Ord.,
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A pavement of irregular platelets extends
between the groups of brachioliferous plates,
this pavement being limited on the outer
side by the marginal plates. The food
grooves and peristome (not observed but
probably median) are protected by more
or less strongly elevated cover plates.

ORIFICES

In addition to sutural pores, if present,
the theca of eocrinoids possesses four orifices
at most-mouth, anus, probable hydropore,
and small opening of indeterminate func
tion (?gonopore).

The mouth, which marks the oral pole,
generally is surrounded by a moderately
large oval or subpentagonal peristome,
which tends to be elongated transversely to
the madreporite plane. In Lichenoides
(see Fig. 301,1c) its inner margin exhibits
a rim formed by the thickened adoral edge
of the "radials;" which in this genus seems
directly to bound the peristome, whereas
generally the orals have such position. As
sometimes seen in fossils and probably in
variably present in living eocrinoids, the
peristome is covered by plates (peristomial
cover plates) of the same sort that protect
the food grooves (Fig. 298,4b; 299,2).

The anus may be located on the oral sur
face not far from the peristome (e.g.,
Rhopalocystis, Fig. 293,1) but more com
monly it occupies a lateral position. As pre
viously stated, it opens in interray CD (e.g.,
Rhopalocystis) or BC (e.g., Columbocystis,
Cryptocrinites, Mimocystites, Palaeocystites)
but rarely may be found almost on the
meridian of ambulacrum B (e.g., Crypto
crinites). It is covered by an operculum of
small triangular plates (anal pyramid) (e.g.,
Cryptocrinites, Columbocystis), in some
forms (e.g., Bockia) enclosed by very
diminutive skeletal elements, or it ends as
a small cone formed by elongate plates and
probably provided with a terminal sphincter
(e.g., Lingulocystis, Mimocystites, Rhopalo
cystis). The anus may be surrounded by a
large periproct, that of Mimocystites being

developed mainly on flanks of the theca
and covered by an integument reinforced
by minute plates; the location and other
characters of the periproct are identical with
those of the cystoid Cheirocrinus.

The orifice considered to be a hydropore
has been observed in only a few genera. In
Columbocystis (Fig. 298,1), Cryptocrinites
(Fig. 298,2), and Mimocystites (Fig. 299,
1a) it consists of a narrow slit or a perfora
tion opening in a small protuberance set
astride of the suture between two plates
occupying the place of an oral in interray
CD. In Ascocystites (Fig. 299,2) I interpret
as hydropore a perforated wart borne by a
peristomial cover plate in interray CD. A
plate adjacent to the CD oral and brachioli
ferous plate C in Palaeocystites (Fig. 298,3)
shows a large central pore which may be the
hydropore or gonopore (22) or these two
combined. Calling for notice further is the
occurrence in Cryptocrinites (Fig. 298,2) of
a second orifice that pierces oral DE, inter
preted by BATHER (5) as a possible excretory
pore and by others (12,42) as a gonopore.

SUTURAL PORES AND EPISPIRES

Many eocrinoids (e.g., Acanthocystites,
A kadocrin us, Cigara, Gogia, Rhopalocystis,
Lichenoides, and others) exhibit the pres
ence of sutural pores, generally very nu
merous, distributed along the sutures be
tween nearly all thecal plates. In simplest
and probably most primitive examples (e.g.,
Gogia, Akadocrinus) these pores are small
in dimensions (greatest diameter 0.15 to 05
mm.) and have the form of ellipses dis
posed transversely with respect to the
sutures along which they open. Externally,
they are surrounded by a slightly projecting
rim (Fig. 300,1).

In Rhopalocystis, characterized by rela
tively thick thecal plates, each pore com
municates with the thecal cavity by a gen
erally simple canal excavated in walls of
the juxtaposed plates, but such conduits may
be double, as in the diplopores of cystoids
(Fig.300,2a-c). The inner opening of these

FIG. 299. [Explanation continued from facing page.]

Boh., showing exotomous branching of food 3. Lingulocystis THORAL (Lingulocystidae), L.Ord.,
grooves with cover plates flanked by outer cover France, showing brachioliferous plates chiefly
plates, brachioles sectioned slightly above level bunched at opposite extremities of the com-
of their attachment to oral surface, X5 (Ubaghs, pressed theca; 3a, entire oral surface, X 10; 3b,
n). single ambulacrum, X20 (38).
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Akadocrinus

2d 2e

Rhopalocystis

FIG. 300. Morphological features of eocrinoid sutural pores.

1. Akadocrinus jani PROKOP (Eocrinidae), M.Cam.,
Boh., showing moderately large sutural pores

surrounded by narrow slightly raised rims, X25
(Ubaghs, n).

2. Rhopalocystis destombesi UBAGHS (Rhopalocysti
dae), L.Ord., Morocco, showing sutural pores
bordering several thecal plates; 2a, exterior of
thecal plates with rimmed sutural pores, some

canals lacks a rim (Fig. 300,2b), whereas
the outer opening is located at the bottom of
a relatively minute oval basin (maximum
diameter 0.25 to 0.35 mm.) which is
bounded by a slightly raised edge (Fig. 300,
2e).

A more complex type of pore apparatus
is encountered in Lichenoides (Fig. 301,
1a-e). Here, each sutural pore is prolonged
on the outer surface of two juxtaposed thecal
plates as an elongated groove bounded by
a slightly raised rim, aproximately one-half
of the groove being located on one plate
and the opposite half in continuation of it

penetrating parts of plates at slight distance from
sutures and some closed by minute platelets,
X 10; 2b, interior of thecal plate, conduits of
pores along sutural faces and inner terminations
lacking rims, X 10; 2c, lateral thecal plate show
ing sutural pores, X 10; 2d-f, exterior of sutural
pores with more or less numerous cover plates,
X50 (all 39).

on the other plate. Collectively, the grooves
tend to produce more or less lozenge-shaped
patterns divided by the suture into subequal
and symmetrical parts. These occupy nearly
the entire surface of the plates, leaving free
only median stereomic bosses on the basals
and laterals and the brachiolar facets on
laterals and radials.

In Acanthocystites (Fig. 30l,2a,b), repre
sented by a single known specimen in which
the preservation is much poorer than de
sirable, the grooves just described appear
to have been protected externally by a thin
sheet of stereom which covered them com-
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Lichenoides
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brachiole facet

Palaeocystites

Ie

food groove

Acanthocysti tes

Ie
Lichenoides
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FIG. 301. Morphological features of epispires.

1. Lichenoides BARRANDE (Lichenoididae), M.Cam.,
Boh.; la, tWD lateral plates with epispires along
sutural margins, also showing brachiolar facets
and food grooves, X9; Ib,e, exterior and interior
of radial plate, X 9; 1d, oblique view of basal
plate, X9; Ie, section Df epispire transverse to
suture, en!. (la-d, Ubaghs, n; Ie, 37).

2. Aeanthoeystites BARRANDE (Eocrinidae), M.Cam.,
Boh.; 2a, two thecal plates, exterior side, X 10;

2b, section of epispire transverse to suture, en!.
(both Ubaghs, n).

3. Palaeoeystiles dawsoni BILLINGS (Palaeocystiti
dae), M.Ord., Canada; 3a, thecal plates showing
radially disposed ridges on exterior, X5 (22);
3b, thecal plates with hollow folds opening to
exterior, X 5 (22); 3e, section of epispire trans
verse to suture, en!. (Ubaghs, n).
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pletely except for extremities of each where
an opening appears to have been main
tained. Accordingly, the grooves are inter
preted to have been replaced by hollow
wrinkles of the plates, communicating with
the thecal cavity by pores along the sutures
and with the exterior by pores opening at
extremities of the wrinkles.

A comparable arrangement is seen in
Palaeocystites (Fig. 301,3a-c), in which the
exterior of the theca bears a complex sys
tem of radiating hollow ridges and the in
terior shows numerous sutural pores. How
ever, external openings of the canals lodged
within thickness of the plates have dis
appeared, so that exchanges between sea
water and organic structures within the
canals could have been effected only through
the thin sheet of stereom which covered
them (Fig. 301,3c).

Finally, it is proper to ask whether the
ridges borne by the thecae of Ascocystites
and Mimocystites may not have the same
morphological and functional significance
as the lozenge-grouped grooves of Lichen
oides (Fig. 301,la, 302,la,b) and the canals
of Palaeocystites. Undoubtedly the ridges
constitute stiffening ribs that reinforce
solidity of the plates (Fig. 302,3a). At the
same time, along part of their length-pre
cisely that immediately adjacent to the su
tures-they are hollow and thus differ from
the structures observed in Palaeocystites only
in lack of a floor interposed between their
cavity and the thecal cavity (Fig. 302,2,3b).

Despite their diversity, the structures just
described have two common features-all
are epithecal and all communicate with the
thecal cavity by means of sutural pores,
conduits hollowed in sutural faces of thecal
plates, or internal grooves cut transversely
across the sutures. The structures which
opened to the exterior possibly were sur
mounted by vesicles analogous to the papu
lae of asteroids. Those which were closed
must have contained membranous tubules.
The hollow ridges on plates of Ascocystites
and Mimocystites could have contained
evaginations of coelom or a stroma per
meable to organic fluids. At any rate, these
structures must have provided circulation
that allowed exchange of gases between
parts of the animal enclosed by the theca
and sea water. The presumed respiratory

function and exterior localization of these
organs in relation to the theca make appro
priate adoption of the name epispires for
them, as proposed by HUDSON (22).

Reported to occur in Rhopalocystis are
extremely minute platelets which tend to
close off the external orifice of numerous
sutural pores (Fig. 300,2d,j). These min
uscule elements may have formed part of
the normal equipment of the pores and
they could have served to protect papulae.
It is possible also, however, that they were
secreted as a seal over pores that for one
reason or another had ceased to be func
tional. As matter of fact, all transitions are
observed between largely open pores, par
tially closed pores, completely blocked pores,
and nearly effaced pores (39).

It is not uncommon to find that some
pores have lost all contact with the suture
along which they originated. They pene
trate the stereom of a plate in manner sug
gesting that in the course of growth they
had become completely surrounded (Fig.
300,2a). Already stated is observation that
in Rhopalocystis two sutural canals, instead
of one, may open into the bottom of an
individual external fossette (Fig. 300,2c).
Such arrangement is reminiscent of the
diplopores of the Diploporita among cyst
oids and perhaps suggests a certain com
munity of origin, or at least a functional
analogy between epispires and diplopores.
Likewise, the extremely numerous hollow
folds crowded together on the plates of
some species of Mimocystites suggest the
striate rhombs of such cystoids as Cheiro
crinus. Here again, similarity of structures
indicative of comparable functions allows
us to entertain the possibility of genetic re
lationships which only future discoveries
can verify.

AMBULACRA

The ambulacra of only a few eocrinoids
yet have been observed. They number five
wherever known, except that in Lingulo
cystis (and probably Batherocystis and
Rhipidocystis) only two ambulacra occur.

Food grooves either run on the surface of
thecal plates (Fig. 301,lb) or more com
monly follow sutures between these plates,
the edges of which then are beveled to form
the groove (Fig. 298,l,4a, 299, la,b). All of
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FIG. 302. Morphological features of epispires.

1. Liclzenoides BARRANDI; (LichenDididae), M.Cam.,
Boh.; la, external surface of lateral plate show
ing median boss surrounded by elongate narrow
parts of epispires, X 5; 1b, part of interior of
theca showing inner sutural openings, X 3 (both
Ubaghs, n).

2. Ascocystites BARRANDE (Ascocystitidae), M.Ord.,

these grooves are short and confined to the
oral surface of the theca except in Lichen
oides where they cross the circlet of radials
and descend onto the laterals. They are
borne by ordinary thecal plates (orals, ra
dials, laterals, marginals) or by special ad
oral plates (e.g., Mimocystites, Ascocystites,

Boh., internal surface of part of thecal wall, X 3
(Ubaghs, n).

3. Mimocystites azaisi THORAL (Macrocystellidae).
L.Ord., France; 3a, lateral view of theca and
part of attached stem, X 3; 3b, internal surface
of proximal part of theca, X 3 (both Ubaghs,
n).

Fig. 299,1,2), including the brachioliferous
plates of Rhopalocystis and Lingulocystis
(Fig. 298,4a,b; 299,3a,b).

In general, five food grooves extend di
rectly to edges of the peristome (Fig. 298,2)
but in some forms two pairs of them next
to right and left sides of the madreporite
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plane came together at a short distance from
the peristome border so that only three
grooves arrive at this border (Fig. 298,1,4a).
Exceptionally, four grooves, one of which
is bifurcated, reach the peristome (Fig. 298,
3). The food grooves may be simple un
branched furrows leading directly from a
brachiole to the peristome or short secondary
furrows may join main ones in treelike
manner (Fig. 298,4a) or in a bunched pat
tern at outer extremities of principal grooves
(Fig. 299,lb). It should be noted that the
manner in which secondary food grooves
come together or join main ones differs from
genus to genus, giving rise to bifurcation
patterns which are respectively classifiable
as isotomous (branches equal, Fig. 298,2),
heterotomous (unequal branches alternately
meeting from right and left, Fig. 298,4a;
299,3b), and exotomous (secondary
branches all on one side of main groove,
this side being interpreted as outer, Fig.
299,2). These food-groove patterns provide
basis for grouping brachioles in pairs or in
larger numbers distributed along branches
of a V in each ambulacrum or arranged in
a circle around the oral face.

The food grooves were protected by cover
plates attached on either side generally in
alternation, the cover-plate sockets appear
ing as narrow platforms along margins of
the grooves (Fig. 298,4b). In some forms
outer cover plates may be interposed be
tween main (or inner) cover plates and
edges of the food grooves. In Aseoeystites,
which exhibits very well-developed cover
plates of both types, the outer cover plates
form a varyingly wide border around the
orals with the cover plates raised almost ver
tically between them (Fig. 299,2).

BRACHIOLES

The brachioles of eocrinoids are simple
exothecal appendages of the theca provided
with their own skeleton and excavated on
their oral surface are brachiolar food grooves
which constitute distal extensions of the
food grooves on the theca, just discussed.
The brachioles are long and narrow-ex
ceptionally slender in some, judging from
the size of their facet for attachment. They
invariably taper distally and never are
branched. They are typically biserial in
structure, that is, composed of two rows of

alternating diminutive skeletal elements
termed brachioIars, but a single ossicle may
form their proximal extremity and in Rhipi
doeystis the brachioles are uniserial through
out their entire length. Gogia spiralis has
biserial brachioles twisted on themselves in
helicoid spirals (Fig. 294).

The brachiolar food grooves were pro
tected by cover plates, which undoubtedly
were capable of being raised. In some the
cover plates are so lengthened and so
strongly projected above the oral face of the
brachioles that they have been misinter
preted as pinnules (40) or as structures
which could have developed into the pin
nules of camerate crinoids (25).

Each brachiole is articulated at its base
on a brachiolar facet which generally bears
weak (probably ligamentary) impressions
consisting either of shallow right and left
hollows or an aboral depression separated
from one or two adoral ones by a faintly
marked transverse ridge (Fig. 299,3b).
However ill-defined the relief of this facet
may be, it implies the possibility of at least
feeble movements of the brachioles. On the
other hand, the great number of sutures
between brachiolars must have compen
sated in some degree the absence of more
strongly marked articulations on the facets
and it must have rendered the brachioles
moderately flexible. On the whole, how
ever, the brachioles of eocrinoids appear to
have been rather rigid structures, raised
like long spines around the oral pole of
the theca (Fig. 295).

It is appropriate to make special mention
of the brachioles of Aseoeystites, in view of
their considerable evolutionary modification
(Fig. 303). The brachioles of this genus
are relatively stout. Each displays a slightly
swollen proximal region and a distinctly
narrowed distal portion. Their attachments
to thecal plates (orals and adorals) are char
acterized by the presence of deep muscular
or ligamentary sockets. Large excavations,
especially well developed in the proximal
portion of the brachioles, open out between
the brachiolars both on aboral and adoral
sides. Consequently, each articular face
(proximal and distal) of the brachiolars
bears two well-marked depressions separ
ated by a transverse fulcral ridge. The de
pressions evidently served for attachment
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Lichenoides with one to three brachioles)
(Fig. 295); 3) attachment of each brachiole
to a pair of adjoining plates (e.g., two orals,
two adorals, an oral and adoral) (Fig. 298,
1; 299,1b,2). To be noted in the third type
is the fact that the brachioles are attached
to the outer lateral edge of thecal plates and
not to their adoral part.

2
COLUMN

FIG. 303. Brachioles of Ascocystites BARRANDE

(Ascocystitidae), M.Ord., Bah. (all Ubaghs, n).

1. Dorsal (outer) side of part of brachiole clearly
showing biserial arrangement of brachiolars and
large excavations between those of each series,
XIO.

2. Oral (inner) side of specimen shown in 1,
showing excavations between brachialars of
series on opposite sides of median food groove,
XIO.

3. Lateral view of part of brachioles, oral side up,
dorsal side down, showing interbrachiolar ex
cavations on each, X 10.

4. Sutural surfaces of pair of brachiolars, oral side
up, XIO.

of powerful bundles of contractile or elastic
fibers, antagonistic action of which would
have produced extension and flexion of the
brachioles. Distributed around the circum
ference of the oral surface of the theca, they
must have been able to spread apart and
pull toward one another (Fig. 299,2).

The number of brachioles varies in dif
ferent genera and probably also in individ
uals of different age, as well as in different
rays of the same individual. Five brachioles
are observed in Columbocystis, ten in Cryp
tocrinites, about 15 in Lingulocystis, 15 to
30 in Rhopalocystis, approximately 23 1ll

Ascocystites, and 8 to 22 (or even 44) 1ll

Gogia.
The brachioles of eocrinoids are attached

to the theca in various ways; 1) attachment
of each to an individual plate, which may
be an ordinary one (radial, lateral, mar
ginal) (Fig. 299,3a) or special (adoral,
brachioliferous plate) (Fig. 298,2,3; 299,
1b,3b); 2) attachment of two or even three
brachioles to a single plate (e.g., laterals of

3 4

All known eocrinoids possess a column,
with exception of Lichenoides, which lacks
one. Also, the more or less atrophied stem
of Rhipidocystis and Batherocystis appears
to be on the way to disappearance.

The most archaic sort of eocrinoid stem
appears to be that seen in Gogia (Fig. 294),
from the Middle Cambrian, in which it is
a more or less elongated hollow organ con
sisting actually of an aboral evagination of
the theca. The walls are formed by many
irregularly arranged small polygonal plates
joined rather loosely together. The most
proximal ones may be transitional with
plates of the theca, or oppositely, may be
very dissimilar in size. The distal extremity
of the column may be a narrowly rounded
point composed of minuscule platelets or
it may become enlarged into a flattened sale.

The structure of the column of Gogia
possibly explains the origin of the varying
ly numerous small plates at the aboral pole
of Lichenoides, for these correspond rather
closely to the skeletal elements of the Gogia
stem. Indeed, if this indicates their morph
ological significance, the proximally located
small plates of Lichenoides may represent
a rudimentary stem which never developed.
Other hypotheses have postulated that these
plates are remnants of an atrophied circlet
of thecal plates (44) or secondary skeletal
elements produced for closure of the axial
canal when a supposed peduncle was lost
in the course of ontogenetic development
(37).

The column of Akadocrinus (Fig. 304),
another Middle Cambrian genus, exhibits
structure unlike that of the stem of Gogia.
Its length is five or six times the height of
the theca. Equal to the theca in diameter
at its proximal extremity, it progressively
diminishes distally to a termination in a
probably hollow holdfast disc with upper
surface paved by irregular small polygonal
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FIG. 304. Morphologic features of eocrinoid stem
illustrated by Akadoerintts nttntitts PROKOP (Eocrini·
dae), M.Cam., Boh. (Ubaghs, n).--1. Proximal
part of theca and attached stem composed of wide,
very short circular columnals, X5.--2. Similar
view of specimen showing large hollow interior
of stem continuous with thecal cavity, X5.

plates (Fig. 305) and lower surface un
known. The thin walls of the column are
formed by short ossicles unevenly joined
together. They enclose a large space which
without restriction is continuous with the
thecal cavity (Fig. 304,2). This broad com
munication between the stem and thecal
cavities is doubtless a primitive character
istic, for it is found also in other eocrinoids,
as well as cystoids and archaic crinoids.

Where eocrinoid columns are known in
genera not already discussed, they are found
to be composed of cylindrical columnals di
verse in height (length) and pierced by an
axial canal of large diameter, especially in
the proximal region. Whether short or
moderately long, the stem generally dimin
ishes in diameter distally, terminating or
apparently terminating in a point (Fig.
292). Its proximal extremity, attached to
the aboral pole of the theca, is well sep
arated from it both by smaller diameter of

the column and by nature of the columnals.
Commonly, near the theca very short col
umnals alternate with longer ones but prog
ressively toward the free end of the stem
the columnaIs become elongated and they
tend to resemble one another closely. Their
articulations, in so far as observed, are indi
cated by little or no differentiated features
of the columnal facets and sutures between
columnals are not crenulate.

Longitudinal differentiation of the col
umn in genera of the Macrocystellidae al
lows distinction of two quite dissimilar re
gions, joined by a short transitional zone
(Fig. 296; see also Fig. 313). The ex
panded proximal region is characterized by
a relatively very large axial cavity which
opens broadly into the thecal cavity. It is
composed of regularly alternating annular
columnals of two different types, one hav
ing a strongly salient peripheral flange ac
companied internally by a narrow depressed
zone which becomes enlarged at two dia
metrically opposite points where a small pro
tuberance appears (see Fig. 313,3), and the
other fitting exactly into the depressed zones
of the just-described columnals and bearing
also a pointed enlargement with small de
pression corresponding to the small pro
tuberance on the inner side of the first-type
columnals (32). The distal part of the col
umn, greatly reduced in diameter, is uni
formly built of cylindrical columnals which
increase in length while decreasing in width

FIG. 305. Holdfast disc at distal extremity of stem
of Akadocri1ltls nuntills PROKOP, M.Cam., Bah.,

X9 (Ubaghs, n).
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in direction away from the theca (see Fig.
313,1).

In the Rhipidocystidae the column ap
pears to be tending toward reduction. That
of Batherocystis is composed of a few ab
normally developed columnals having ovoid
or somewhat irregular shape and trans
versely elliptical section (see Fig. 319,3).
Perhaps these eocrinoids lived in prone posi
tion on the sea floor, like most "carpoids"
(18), although similarity of the two oppo
site flattened faces of the theca does not
favor this hypothesis.

In no eocrinoid, other than Akadocrinus,
has the presence of differentiated anchorage
structures been ascertained. Without doubt,
the column, implanted in mud or attached
to some foreign body by its attenuated and
recurved extremity, served to moor the ani
mal at least temporarily. The relatively
large hollow stem of Gogia may have func
tioned as ballast to orient the organism in
a vertical position; in some individuals the
stem is enlarged distally and terminates in
a plane surface that may have aided fixa
tion (Fig. 306,3). The manner of preserva-

tion of several specimens of Lichenoides
suggests that this stemless form lived in
sea-bottom mud implanted by its aboral
extremity; also, this extremity, made heavier
by its very thick walls, perhaps was utilized
as ballast. We may recall that JAEKEL (23)
considered Cigara dusli, Lapillocystis trag
ilis, and Pilocystites primitivus as bulbous
radicular fragments belonging to eocrinoids
(possibly Acanthocystites) and interpreted
as a hollow root (Hohlwurzel) a curious
structure found in Middle Ordovician beds
containing Ascocystites (25). In fact, Cigara
comprises the remains of a ?theca prolonged
toward the base by a hollow extension
( ?stem); Lapillocystis is an enigmatic,
poorly preserved fossil; Pilocystites seem
ingly is not an echinoderm; the presumed
Hohlwurzel of Ascocystites is an object
(?Conularia shell) to which conical shells
(probably brachiopods, perhaps Craniacea)
are attached; consequently, the postulate
advanced by JAEKEL and supported by
EHRENBERG that the Hohlwurzel repre
sents the most primitiye type of echinoderm
attachment root seems to lack any basis.
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GLOSSARY OF MORPHOLOGICAL TERMS APPLIED TO EOCRINOIDEA

adoral. Any plate associated with orals, supporting
food grooves on their beveled common edges and
carrying brachioles on their outer margin.

ambulacrum. All food grooves, including brachiolar
food grooves, of any single ray.

anal. Supplementary plate in CD interray.
anal pyramid. Valvular structure of triangular

plates serving to close anus.
basal. Any plate of proximal circlet.
brachiolar. Any ossicle of brachiole (exclusive of

cover plates).
brachiolar facet. Scarlike area on thecal plate to

which brachiole was attached.
brachiolar food groove. Furrow running along oral

surface of brachiolar ossicles.
brachiole. Exothecal structure supported by its own

endoskeleton and bearing food groove along
oral surface.

brachioliferous plate. Special thecal plate bearing
brachiole.

column. Stalklike structure attached to aboral pole
of theca and presumably used for supporting and
anchoring organism.

columnal. Individual ossicle of column.
central. Any plate located in area surrounded by

marginal framework on flattened faces of theca
in compressed genera.

cover plate. Small plate covering part of food
groove.

cover plate socket. Any place of attachment for
cover plates.

deltoid. See oral.
epispire. Epithecal structure, open or covered, as

sociated with sutural pore or slit, and pre
sumably serving for respiration.

food groove. Furrow running along adoral surface
of brachioles (brachiolar food groove) and on

surface of theca to mouth; used for conveying
food.

gonopore. Presumed outlet of genital products.
hydropore. Presumed orifice of water-vascular sys

tem.
infralateral. Any plate of circlet between basals and

laterals.
interradial. Any interray plate above laterals (ex

clusive of orals).
lateral. Any plate of circlet between infralaterals

(or basals, if infrala terals are lacking) and
radials.

marginal. Any plate forming framework in com
pressed genera such as Lingulocystis and Rhipido
cystis.

oral. Any of interradially disposed plates around
peristome.

outer cover plate. Any small plate present along
food grooves just outside of cover plates.

periproct. Area surrounding anus, covered with
anal pyramid or finely plated integument.

peristome. Area surrounding mouth, protected by
cover pIa tes continuous with those covering food
grooves.

peristomial cover plate. Any small plate participating
to covering of peristome.

radial. Any plate of circlet next distal to laterals.
stem. See column.
supraradial. Any plate of meridionally disposed

column resting on radial, exclusive of brachiolif
erous plate.

sutural pore. Any diminutive opening in theca, gen
erally very numerous, distributed along sutures
in many eocrinoids.

theca. Plated investment of visceral mass; body ex
clusive of column and brachiole.

TAXONOMIC POSITION

The problem of the taxonomic posItIOn
of the Eocrinoidea is made difficult by their
diversity, probable heterogeneity of their re
lationships, and insufficience of knowledge
concerning the organization of numerous
genera. In order to discuss genetic connec
tions with other echinoderms it is desirable
to confine initial consideration to forms in
which structural features are reasonably well
known and among these chiefly ones judged
most suitable to serve as morphological
types, later grouping others around them.

The first point that seems to be well
established is appurtenance of the Eocrin
oidea to the Crinozoa, all diagnostic char
acters of which are found in eocrinoids-

visceral mass enclosed by a calcified theca
formed of plates, oral surface typically
directed upward, aboral surface resting on
the substrate or attached to it permanently
or temporarily generally by means of a stem,
presence of exothecal processes along which
ambulacral grooves designed for collection
and transport of food particles to the mouth
are developed, and anus located on the
adoral half of the theca.

Among crinozoans, the eocrinoids appear
to be related most closely to the cystoids.
This is true not only of such forms as
Mimocystites but it applies to the whole
eocrinoid assemblage, in which essential
features of organization clearly are cystoid-
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like. Such characters include 1) theca in
form of a completely enclosed capsule ex
cept for a few openings, 2) absence gen
erally of a true tegmen comparable to that
of crinoids, 3) construction of theca similar
or identical to that of cystoids, 4) organi
zation of ambulacra as in cystoid ambulacra,
5) presence of true brachioles instead of
arms. Only the absence of thecal pores or
distinction between the sutural pores of
eocrinoids and the diplopores or pore
rhombs of typical cystoids allows separa
tion of these echinoderm assemblages, even
though morphological intermediates be
tween sutural pores and diplopores are seen
(39) and though the hollow trans-sutural
folds of such eocrinoids as Mimocystites un
deniably show resemblance to cystoid pore
rhombs. Indeed, maximum similarity of
the two classes is found in comparing the
genus just mentioned with the rhombiferan
cystoid Cheirocrinus. These forms differ
essentially neither in structure of the stem
nor in construction of the theca, which has
the same number of plates arranged in the
same manner, nor in organization of the
ambulacra nor in nature and position of the
thecal orifices, especially the anus, in both
forms located in a wide elliptical finely
plated area. Except for the complete lack of
thecal pores in one and the presence of pore
rhombs in the other, the two genera could
easily be confused. Such great similarity in
so many characters hardly can be fortuitous.
It denotes close relationship in parentage
between at least certain eocrinoids, (e.g.,
Macrocystellidae), and certain cystoids (e.g.,
Cheirocrinidae), as JAEKEL (23) recog
nized long ago when he interpreted Mimo
cystites (probable synonym of Macro
cystella) as the immediate ancestor of
Cheirocrinus. When the general organiza
tion of the compared forms is thus nearly
identical, one may well ask if the diagnostic
importance of the presence or absence of a
certain type of thecal pores has not been
exaggerated.

Another form particularly cited in con
sidering the relationships of eocrinoids and
cystoids is Cryptocrinites. As represented
by this genus, they are ambiguous, how
ever. If the nature of its ambulacral grooves,
the presence of brachioles, the ventrolateral
location of the anus, and the discovery by
YAKOVLEV (42) in a normal specimen of

supernumerary plates including one with
traces of pore rhombs provide support for
arguments favoring genetic relationship
with rhombiferan cystoids-indeed, deriva
tion of Cryptocrinites from them (5,42)
other characters, such as the tricyclic con
struction of the theca, the lack of thecal
pores, and the morphologic significance
attributed by YAKOVLEV (42) to plates im
mediately surrounding the peristome, have
suggested to some authors a possible con
nection with crinoids.

The hypothesis of crinoid affinities,
though dependent on very superficial
analogies, accords with often expressed
opinion that the eocrinoids contain the
source of crinoids. JAEKEL (25) tested this
by study of Middle Cambrian forms such
as Acanthocystites, in which thestill-un
differentiated theca is composed of nu
merous irregularly arranged plates, with
"arms" grouped in five bundles, as if at
their level a tendency toward pentamerous
division of the body already is manifest.
These five arm groups, according to JAEKEL,
by influence exerted on the theca, would
have led to its progressive differentiation
and especially the formation of median col
umns of thick plates as a kind of vertical
ribs suited for support of the arm groups
as well as the anal region. A stage illus
trated by Ascocystites would have preceded
appearance of true crinoids, including es
pecially the Camerata. MOORE (26) con
tributed to the problem in undertaking to
demonstrate by diagrams that "the respec
tive dorsal-cup patterns of all types of
camerate crinoids are directly derivable
from eocrinoids, or conceivably from regu
lar rhombiferan cystoids of sorts that belong
either to the Cheirocrinidae or Caryocriniti
dae; this calls merely for longitudinal shift
ing of thecal plates in a manner clearly
shown within the cystoid assemblage."

It is appropriate to inquire whether these
theoretical considerations are confirmed by
any facts. Assuredly, many analogies, some
of which are very striking, associate the
theca of certain eocrinoids, such as Asco
cystites, Palaeocystites, Rhopalocystis, and
Lichenoides (termed a "cystocrinoid" by
BERNARD, 1895), with that of crinoids. These
analogies, never all manifested in a single
genus, include 1) division of the theca into
a dorsal cup and "tegmen," 2) tricyclic ar-
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rangement of dorsal-cup plates in several
genera and division of the plates into alter
nating perradial and interradial meridional
zones, 3) presence of supplemental plates
interpreted as anals in the posterior interray,
4) more or less pronounced pentameral
symmetry, 5) massive and imperforate na
ture of the plates, and 6) presence of sutural
pores and epispires recalling comparable
structures in some archaic crinoids.

Analysis indicates that a majority of these
resemblances of eocrinoids and crinoids are
essentially superficial. Thus, among eocrin
oids one cannot find a true tegmen in the
crinoid sense of the term, for in crinoids
the tegmen is circumscribed by a circle
passing through bases of the arms which
are supported by plates of the dorsal cup.
The brachioles of eocrinoids, which perform
the function of the arms of crinoids, are
attached to plates that comprise an integral
part of the "tegmen" (except in Lichen
oides) and even in Ascocystites, with
brachioles distributed in a circle around the
"tegmen," these depend entirely on plates
(orals, adorals) belonging to it and none
on plates belonging to the aboral part of
the theca. Accordingly, the "tegmen'" of
eocrinoids is indicated by its organization,
nature of its constituent elements, and rela
tionship with the brachioles to be much
more cystoid-like than crinoid-like.

The tricyclic arrangement of thecal plates
in a few eocrinoid genera proves nothing
as to genetic affinities with crinoids, for
such grouping of plates around the visceral
mass recurs frequently in the evolutionary
history of echinoderms. For the same rea
son, partition of the theca into alternating
perradial and interradial meridional zones
lacks significance. Furthermore, the per
radial plate columns of eocrinoids are not
homologous with those formed by radials
and fixed brachials in crinoids, because true
arms are nonexistent in eocrinoids. Also,
quite unproved is the assumption that sup
plemental plates of the CD interray ob
served in some eocrinoid genera correspond
to anal plates of crinoids. As previously
observed, neither in organization of the
theca nor in the nature of its component
elements is any sure indication found of
relationship between eocrinoids and crin
oids, and still less of descent of the latter
from the former. Finally, the best sugges-

tion of a possible genetic link between the
two classes perhaps lies in the absence of
thecal pores or the presence of sutural pores
and epispires similar to those of archaic
crinoids (37), although this is far from
decisive.

In my view, a main objection to the
hypothesis of descent of crinoids from
eocrinoids or forms similar to them is the
fundamentally different nature of crinoid
arms and eocrinoid brachioles. The latter
are distinguished from the former I) in
being exothecal appendages, that is,
occurring outside of the thecal wall instead
of comprising evaginations of it, 2) in lack
ing any continuity of their skeletal support
with plates of the aboral part of the theca,
3) in not being attached to plates homol
ogous with crinoid radials but generally
instead to plates of the oral region of the
theca, 4) in providing for intercommunica
tion which their soft parts could have with
organs and cavities enclosed by the theca
by way of the peristome and the epithecal
part of the food grooves instead of through
an orifice at the base of each brachiole, and
5) in having biserial structure in contrast
to the probable initial uniserial nature of
crinoid arms. These many profound differ
ences deter guesswork in the present state
of knowledge concerning the manner in
which one type of appendage could have
given rise to the other.

When account is taken of the fact that
the eocrinoids most similar to crinoids are
contemporaneous with genera of the latter
which already exhibit all attributes of this
class, it is necessary to admit that the ob
served resemblances can only signify con
vergence or evolutionary parallelism, ac
cording to judgment that the forms con
sidered are descendants of different or com
mon ancestors. No presently available
paleontological evidence allows choice be
tween these alternatives. On the other hand,
nothing firmly opposes phyletic relation
ship between certain cystoids and certain
eocrinoids, even though the nature of these
relationships cannot yet be specified.

Finally, we may note that some authors
(e.g., FELL, 14; JAEKEL, 25; NICHOLS, 27)
have assigned to eocrinoids the role of
common source of all echinoderms. This
entirely speculative concept is denied by the
fact that in lowest Cambrian strata such
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complex forms as Helicoplacus and Strom
atocystites are associated with plates prob
ably attributable to eocrinoids. Also, it is
self-evident that no known eocrinoid can
represent the ancestral type of all echino
derms (13). In addition, how could an
echinoderm that had attained the stage of
radial symmetry give rise to such forms as

the "carpoids," which in all likelihood be
long to a preradial-symmetry stage of the
phylum? How also could the eocrinoids,
already well advanced along the path of the
Crinozoa, possibly be ancestors of the
Echinozoa? The simple asking of these
questions suffices to show the inanity of
such suppositions.

CLASSIFICATION

A maJonty of the genera brought to
gether in the class Eocrinoidea previously
have been considered to belong to the
Cystoidea (sensu lato) and generally classed
partly in the Amphoridea and partly in the
Aporita. JAEKEL (23) was first to with
draw this assemblage from the cystoids,
later (25) grouping them as a subclass of
the Crinoidea. Still later, REGNELL (29)
elevated the subclass to the rank of class.

Again it is JAEKEL (25) who must be
credited for the only published classifica
tion of the group, a classification which
recognizes four orders, seven families, and
15 genera, with Amygdalocystites and
Comarocystites (now assigned to the Para
crinoidea) provisionally included as an
appendix.

JAEKEL'S first order, named Atava, con
tained the two families Eocrinidae and Asco
cystidae (recte Ascocystitidae), intended for
inclusion of such forms as Acanthocystites
and Ascocystites, characterized by a theca
containing very numerous plates not ar
ranged in circlets and having a flattened up
per surface with five attached groups of
brachioles. The genus Eocrinus, which is a
junior subjective synonym of Gogia (31),
contained in the order, is the type not only
of the family Eocrinidae but of the class
Eocrinoidea.

The second order, named Reducta by
JAEKEL, was composed of the families Lich
enoidae (recte Lichenoididae), Cryptocrini
dae (recteCryptocrinitidae), and with reser
vation, Paractocrinidae. Representatives of
the first two families are characterized by
a theca composed of only a few circlets,
generally with five plates in each, without
sharp separation of oral and aboral parts,
and with a variable number of brachioles
unevenly distributed around the summit.
The Paractocrinidae was proposed for three

new, rather poorly known genera from
Ordovician rocks of the Leningrad region.
Since they seem to show greater affinities
with crinoids than eocrinoids (2), they are
omitted from consideration here.

The third order, called Plicata, was
erected for the single family Macrocystelli
dae, in which the theca contains more nu
merous plate circlets than in the preceding
order and five groups of brachioles are sup
ported by plates designated as radials. As
indicated by the name of the order, thecal
plates are ornamented by a number of folds.
The Macrocystellidae were considered as
intermediate forms leading directly to the
regular cystoids, especially Cheirocrinus,
which differs from the macrocystellids only
in the possession of pore rhombs.

The fourth order, Deviata, was grouped
in the Eocrinoidea doubtfully, and JAEKEL
placed in it the Malocystidae (recte Malo
cystitidae), containing the single genus
Malocystites. This form now is classed in
the Paracrinoidea.

Subsequently to the time of JAEKEL'S
work, several families and numerous genera
have been assigned to the Eocrinoidea (3,
16-18,28,38,39, 46). Some of these genera
(e.g., Lingulocystis, Rhipidocystis) origin
ally were thought to be "carpoids" (17,18),
but they differ essentially from these echino
derms in having typical brachioles and a
stem that is markedly different from the
stele of the Homostelea and Homoiostelea.
UBAGHS (38) recognized that both should
be transferred to the Eocrinoidea. Lepido
cystis, on the other hand, provisionally classi
fied as an eocrinoid by FOERSTE (16), has
an organization radically unlike that of this
class; since it cannot be attributed to some
other known class, perhaps it merits a class
of its own. Some genera (e.g., Columbo
cystis, Foerstecystis, Springerocystis) , in
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which the nature of exothecal appendages
is unknown, may ultimately prove to belong
outside of the Eocrinoidea, though they are
included here in the class provisionally.

As delimited in the Treatise, the Eocrin
oidea contain approximately a score of gen
era, to which are added a few forms too
poorly known for definite classification. In
comparing these genera with one another,
it is possible to set forth characters found
to be present in common and on this basis
to recognize families. It is difficult to de
termine the relative importance of these
characters, because their phylogenetic sig
nificance is unknown. At any rate, the prin
cipal features used in classification of the
eocrinoids are 1) number and mode of
arrangement of thecal plates, 2) presence
or absence of sutural pores (or structures
associated with them), 3) symmetry of the
theca, and 4) disposition of the brachioles.
To be noticed is the relatively large num
ber of monotypic families, though this

should not be surprising in view of the
probable numerous genera and lineages
which are unrepresented in the small frac
tion of once-living forms now available in
fossil collections.

The difficulty in constructing a hierarchy
of familial morphological characters indi
cates that the establishment of systematic
categories of superfamilial rank would be
highly precarious. They could not be based
on criteria other than those having fairly
well-established phylogenetic signification.
One might, indeed, undertake to distinguish
two main groups of eocrinoids defined by
possession or lack of possession of sutural
pores. Since nothing would prove common
origin of families that come to be placed on
this basis in either group, it is better not
to arrange families in this way. Accord
ingly, they are here presented in a sequence
that takes maximum account of degree of
similarities.

Thecal plates numerous, polygonal, in
definite in number, without any regular
arrangement or in many alternating trans
verse rows, but never in well-defined circ
lets. Brachioles long, slender, biserial, orig
inating in probably five clusters located at
periphery of oral face. Stem enclosing wide
central cavity. M.Carn.
Gogia WALCOTT, 1917 [*G. prolifica; aD]

[=EocrinllS JAEKEL, 1918, type, Eocystites??
longidactylus WALCOTT, 1886]. Theca conical,
subspherical or subcylindrical. Plates numerous,
polygonal, without any definite arrangement,
smooth or ornamented with granules or radiating
ridges. Sutural pores rimmed by slightly raised
ridges. Brachioles 8 to about 22 and probably as
many as 44, twisted in G. spiralis, originating in
clusters. Stem covered by numerous small irregu
larly arranged polygonal plates that may be
gradational with those of theca or of distinctly
different size; distal end of stem characterized by
cluster of relatively small plates, which mayor
may not form an expanded flat-based process.
M.Cam., N.Am.--FIG. 306,1-3. *G. prolifica,
Can.(B.C.); 1, lectotype, XI; 2, theca of same,
X4; 3, distal end of stem with expanded, flat
based process, X 6 (31). [See also Fig. 294.]

Acanthocystites BARRANDE, 1887 [*A. brim·ellS;
aD] [=Acanthocystis BATHER, 1889 (nom.
van.)]. Theca elongate, apparently conical. Thecal

Family EOCRINIDAE Jaekel, 1918
[==subfamily Acanthocystida HAECKEL. 1896 (invalid family

group name)]

SYSTEMATIC DESCRIPTIONS

Class EOCRINOIDEA Jaekel, 1918
[nom. transl. REGNELL, 1945 (ex subclass Eocrinoidea JAEKEL,
1918) J [The term Eocrinites, created but not defined by
JAEKEL in 1899 (23, p. 174), has no taxonomic status; it
served apparently to designate collectively such genera as
Acanthocystites, Eocystius or Lichenoides, which were re
garded by him as primitive Cladocrinoidea (=Crinoidea

Camera'a)]

Extinct, stalked or rarely stemless Crino
zoa, with theca closed up to peristome, and
with or without tegminal region differ
entiated from aboral part. Radial (generally
pentamerous) symmetry affecting food
grooves and (in several families) thecal
plates, which are solid, without pores (ex
cept tiny pores of stereom meshwork). Su
tural pores present in many genera, opening
directly to exterior or accompanied by epi
thecal grooves or covered passageways (i.e.,
epispires) at right angles to sutures of thecal
plates. No true arms, but food grooves ex
tended on exothecal skeletal, unbranched,
typically biserial, processes (brachioles),
which are inserted either on ordinary thecal
plates or on special brachioliferous plates
lying outside or between thecal plates. L.
Carn.-Sil.
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FIG. 307. Eocrinidae (p. 5478, 5480).
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1b li chenoides

FIG. 308. Lichenoididae (p. 5481).

plates thin, irregularly arranged, flat or slightly
tumid, ornamented with minute granules; size of
plates regularly diminishing in distal direction.
Sutural pores leading into covered epispires with
seemingly exterior openings at both ends. Cover
plates of brachioles relatively large, obliquely pro
truding. one to each brachiolar ossicle. [Proximal
regon of theca and stem lacking in single known
specimen.] M.Cam., Boh.--FIG. 307,1. *A.
vri"rellS, Jince beds; la, holotype, X 2; lv, thecal
plates showing covered epispires, X 5; Ie,d, brach
ioles, lat. view. XIO (Ubaghs, n).

Akadocrinus PROKOP, 1962 ['.j. jani; aD]
[=CompsocrinllS" ZELlzKo, 1911 (110m. 11I1d.)

1 i'\:tme introduced by PER~ER in trrescript, sC'emingly
first published by 2uizKO in 1911 as nomen 1JudullJ.

(non MILLER, 1883)]. Theca relatively small,
elongate, bottle-shaped. Oral area between brachi
ole insertions rather large and flat. Thecal plates
irregularly pentagonal or hexagonal, arranged in
more or less alternating transverse rows, becom
ing smaller and more irregular in distal direction.
Sutural pores fairly large, rimmed by slightly
raised, narrow ridges. Brachioles numerous. Stem
long, with proximal diameter as wide as proximal
diameter of theca, tapering distally, composed of
very low columnals which may meet along irregu
lar zigzag sutures in proximal region. M.Cam.,
Boh.--FIG. 307,2a. '.j. jani, Jince beds; in
com plete theca, X 5 (Ubaghs, n) .--FIG. 307,
2v,e. A. I11ln/illS PROKOP, Jince beds; 2v, holo
type; 2e, another specimen, both X2 (Ubaghs, n).

Palaeocystites

FtG. 309. Palaeocystitidae (p. 5481-5482).
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FIG. 310. Rhopalocystidae (p. 5481-5482).

Family LICHENOIDIDAE Jaekel, 1918
[nom. correct. UBAGHS, herein (pro Lichenoidae JAEKEL,

1918) 1

Theca composed of three alternating circ
lets of typically five plates each, plus vari
able number of small ossicles at aboral pole.
Sutural pores numerous, each one passing
into an open, well-developed epispire. No
"tegmen," but peristome directly surrounded
by third circlet of plates (radials) . Food
grooves epithecal, simple or branching.
Brachioles long, biserial, apparently rigid,
inserted on second (lateral) and third (ra
dial) circlet of thecal plates. No stem. M.
Cam.
Lichenoides BARRANDE, 1846 [L. pl'iscus; aD]

[=Licllenocystis HAECKEL, 1896 (nom. van.)].
Theca ovoid. Base forming thick-walled cup of
large unequal basal plates with their aboral ends
partially separated by variable number of small
thick ossicles. Middle circlet comprising sub
pentagonal or subhexagonal lateral plates, largest
elements of theca. Upper circlet composed of sub
pentagonal, rather small radial plates, with thick
ened inner adoral margin. Epispires rimmed by
slightly raised narrow ridges and covering whole
surface of plates except brachiole insertions and
median stereomic protuberances on basal and lat
eral plates. Brachioles single or in clusters of 2
or 3 on lateral and radial plates. lVI.Cam., Boh.
--FIG. 308,1. *L. prisms, Jince beds; two speci
mens; la, X2; 1b, X3 (1). [See also Fig. 295.]

of single basal ossicle and two alternating
circlets of infralateral and lateral plates, 2)
middle part composed of five meridional
perradial series of plates separated from
each other by five interradial plated areas,
and 3) oral part comprising circlet of six
oral plates and five endothecal ambulacra.
Sutural pores numerous, each one opening
exteriorly into small depression that is
rimmed by narrow ridge. Anus located at
adoral end of CD interray. Brachioles at
tached to special plates inserted between
other thecal plates. Stem round, progressive
ly tapering distally, composed of low cyl
indrical columnals. L.Ord.
Rhopalocystis UBAGHS, 1963 [.'R. destombesi; aD].

Theca club-shaped, thick-walled. Basal ossicle very
thick, cup-shaped; infralaterals 4, pentagonal or
hexagonal, largest plates of theca: laterals 6,
hexagonal or heptagonal; perradial series of 4 or
5 plates each (one radial and 2 or generally 3
supraradials); interradial areas typically resting on
laterals, composed of 4 or 5 rows of interradials;
CD interray larger than others, asymmetrically
divided by a column of extra plates (anals). Peri
stome central, subpenugonal. l'eriproct \\'ith small
anal pyramid. Ambulacra occupying a small stel
late area around oral pole, each one composed of
3 to 6 brachioliferous endotbccal pbtes. Brachioles
20 to 30. L.Ord., Morocco.--FIG. 310,1. •R.
destomben', U.Treinadoc, S.r-..1orocco; c.1iagrarn of
theca (39). [See also Fig. 293.]

Family RHOPALOCYSTIDAE Ubaghs,
new family

Theca divided into 1) proximal part made

Family PALAEOCYSTITIDAE Ubaghs,
new name (1896)

[==family Pabeocystida HAECKEI., 1896 (invalid Llll1ily-group
name)]
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Ascocystites

2

FIG. 311. Ascocystitidae (p. 5483).

Theca comprising 1) proximal part of two
alternating circlets of five plates each, 2)
middle lateral part of ten meridional series
of plates, 3) small oral area made of
doubled circlet of five orals and five brachio
liferous plates, surrounded by more or less
complete belt of small irregular plates.
Sutural pores opening into covered epispires
which externally form elaborate system of
strongly raised, radiating ridges. Anus be
tween oral and middle lateral part of theca,
in Be interray. Pore ( ?hydropore) in small
plate close to oral circlet. Brachioles and
stem unknown. M.Ord., N.Am.

Palaeocystites BILLINGS, 1858 [*Actil1ocril1lls lel2l1i
radial lIS HALL, 1847; SD S. A. MILLER, 1889]
[=Palaeocystis HAECKEL, 1896 (1101ll. l'al1.)].
Theca elongate, somewhat cylindrical in upper
half, conical and proximally tapering in lower
half, with hemispherical oral face. PeristOlne
central, rather small. Food grooves along inter
oral sutures, shon, simple or bifurcating into 2
short branches. M.Ord., N.Am.--FIG. 309,1.
·P. lel1l1iradiatlls (H.'LL), Chazyan, US.\(:".Y.);
1a,b, outer and inner ,ides of thecal plates, enl.
(-17). -- FIG. 309,2. P. dallJsoni BILLI'o;GS,
Chazyan, Can.; 2a, oral area, X3; 2b, pan of
proximal and middle lateral walls of theca dia-
gram., X3 (22), '
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M imocysti tes

FIG. 312. Macrocystellidae (p. 5484-5486).

Family ASCOCYSTITIDAE Ubaghs,
new name (1896)

[=family Ascocystida HAECKEL, 1896 (inv:liid family·group
name); Ascocystidae JAEKEL, 1918 (in";llid f;).mily.group

name)]

Theca divided into flat tegmen and elon
gate aboral part, hexagonal in cross section;
aboral part comprising very numerous poly
gonal plates with subquadrate platelets be
tween them, distributed in six vertical col
umns and six intermediate fields. No sutural
pores, but partially hollow radiating ridges
cross sutures. Tegmen composed of five
large orals and variable number of adorals.
Food grooves exotomously branching. Peri
stome and food grooves protected by cover
plates and outer cover plates. Hydropore?
in outer cover plate of CD interray. Brachi
oles 20 to 30, biserial, with deep ventral and
dorsal muscle or ligamentary insertions be
tween successive ossicles, forming circle
around tegmen; each brachiole inserted on
outer edge of an oral and adoral or of two
adorals. Anus unknown. Stem round, taper
ing distally, composed of alternating very
thin and thicker columnals. M.Ord.
Ascocystites BARRANDE, 1887 [.A. drabowensis;
aD] [=Ascocrinlls BARRANDE, 1887 (non TROME-

LIN & LEBESCONTE, 1876) (nom. mid.); Asco
cystis BATHER, 1889 (nom. vall.)]. Thecal plates
united by elaborate system of radiating ridges
perpendicular to plate sutures and by 6 power
ful vertical ridges, running along vertical col
umns of plates from proximal end to di,tal mar
gin. M.Ol'd., Boh.--Frc. 311,1--1. *A. drabowell
sis; 1, theca, Xl; 2, tegnlcn, X3; J, proximal
portion of theca, XS; -I, ,tem, XS. [The struc
ture figured by JAEKEL [25, fig. 9D-F, p. 17] as
a hollow root of Ascoc)'stitcs is a foreign body
(shell of ?ColIlI/aria) co\'cred by epizoan, (prob
ably brachiopous)] (Ubaghs, n).

Family MACROCYSTELLIDAE Bather,
1899

Theca divided into elongate aboral cup
and tegminal portion, and composed of
strongly radiately ridged or folded plates,
displaying more or less regular pentamer
ism. Brachioles in fi\'e groups. No sutural
pores, but radiating hollow ridges cross
sutures of thecal plates. Stem round, com
prising rapidly tapering proximal region
composed of low columnals with wide
flange, and gradually tapering distal region
composed of long narrow columnals with
narrower lumen. L.Ord.-M.Ord.
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FIG. 313. Macrocystellidae (I'. 5~8~).

Macroeystella CALLAWAY, 1877 [OM. II/ariae; OD].
Aboral cup showing 4 circlets of plates; those of
aboral circlet low, those of 2nd and 3rd circlets
relatively large, and of 4th circlet abou.t half size
of those in 3rd circlet. Brachioles long, slender,
biserial and unbranched, probably inserted on small
tegminal elements borne by plates of 4th circlet;
cover plates distinct. Aboral thecal plates strongly
marked by radiating ridges, which divide surface
into triangles, inside of whieh are smaller folds.
[This genus, based on crushed material, is in
adequately known; neither the tegmen nor anal

side of theca has been observed. The statement by
BATHER (5) that each pbte of the 4th circlet bears
a brachiule, which almu't immediatcly bifurcates,
is probably erroneous. So far as determinable
from available data, Macroc)'slclla does not differ
from ,Hill/oc)'sliles, which is kept apart only pro
visionally.] L. Ord., Eng.-Ger. (Bavaria)-? Fr.
?Greenl.--FIG. 313,1--1. '·M. II/ariae, Tremadoc,
Shineton Shales, Eng.; 1, almost cOlllplete stem,
X3; 2, proximal and Incdian stenl region, X3;
3, proximal columns, X I; -I, theca, X3 (1,2,4,
Ubaghs, n; 3,32).

Mimocystites BARI\A"DE, 1887 [OM. bohcmiCIIs;
OD] [=111iIl/0(')'5lis CAI\PEyrER, 1891 (110m.
<'all.)]. Thcca irregularly o"oid, di,ided into elon
gate aboral cup and slightly com'ex oral face,
theca compused of 5 circlets of generally alter
nating plates. Basal circlet of 3 relati"ely small
pentagonal plates amI ~th one probably formed
by fusion of 2 snmcwhat largcr hexagonal plates.
Each of next 2 circlets composed of 5 plates,
which are brge, theoretically hexagonal or pentag
onal, but some variously modified in shape for
accommodatiun of anal area. Plates of 4th circlet
relati\'ely small, gcnerally hexagonal, somewhat
unequal in ,izc, and di,tally notched (except one
in CD interray) for reception of ambulacra. Fifth
circlet of 6 orals (2 in CD interray), relatively

Bockie

FIG. 314. Springerocystidae (I'. 5486-5487).
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small, lozenge-shaped or subpentagonal in out
line, bordering peristome; ambulacra V-shaped,
composed of small adorals, bearing brachioles on
their outer edge (each brachiole inserted on 2 con
tiguous adorals). Peristome and food grooves pro
tected by alternating cover plates. Hydropore on

suture between orals of CD interray. Periproctal
area large, oval, lateral, between 2nd and 3rd
circlets, filled with small plates and comprising
small anal pyramid in BC interray. Thecal sur
face divided into triangles by strongly marked
radiating ridges, between which are smaller folds.

1c Columbocystis

FIG. 315. Springerocystidae (p. 5486-5487).

Foerstecystis

Springerocystis
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FIG. 316. Cryptocrinitidae (p.S487-S488).

L.Ord.-M.Ord., Boh.-Fr.-Morocco.--FIG. 312,1.
"M. bolzemictls, M.Ord., Letna beds, Boh.; 1,
restoration by JAEKEL (23), X 4_--FIG. 312,2.
M. azaisi THORAL, L.Ord.(U.Tremadoc), Herault,
Fr.; diagram of theca (36). [See also Fig. 296
and Fig. 299,1 (oral face).]

Family SPRINGEROCYSTIDAE Bassler,
1950

Thecal plates polygonal, indefinite in
number and irregular in shape, size, and
arrangement. Basals three, unequal. Theca
distally elevated into short protuberance on
which are located peristome, food grooves,
and brachiole insertions. Anus lateral, with
valvular pyramid. Stem facet circular. L.
Ord.-M.Drd.
Springerocystis BASSLER, 1950 ["5. longicollis; OD).
Theca ovoid or pyriform, proximally produced
into short point, distally elevated into tubelike,

oral protuberance, upper margin of which is
formed by 5 thin oral plates arranged in small
circlet. M.Ord., N.Am.--FIG. 315,2a. "5. longi
collis, Blackriv., USA (Tenn.) ; side view of holo
type, X2 (3).--FIG. 315,2b. S. sp., Blackriv.,
USA(Tenn.); part of lat. view and base, X3
(Ubaghs, n).

Bockia GEKKER, 1938 ["B. neglecta; SD GEKKER,
1940). Theca elongate, cucumber- or sac-shaped,
round in cross section, terminating distally in
proboscis-like protuberance, which must have
borne oral opening and ambulacral structures.
Thecal plates numerous, generally slightly con
vex, with central umbo and radiating flat ridges,
smooth or covered by granules. Anus on upper
3rd of theca, with valvular pyramid. Stem not
preserved in connection with theca; discoidal roots
found associated with genus may belong to it.
L.Ord.-M.Ord., USSR- ?Sweden.--FIG. 314,1-4.
"B. neglecta, M.Ord., E. Baltic region; 1, recon
struction, XI; 2, distal part of theca, X 1.5; 3,
periproctal area, X 3; 4, aboral face, X 1.5 (18).
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FIG. 317. Cryptocrinitidae (p. S488-S489).

?Columbocystis BASSLER, 1950 [*C. typica; OD].
Theca ovoid or subglobose, somewhat asym
metric, with conspicuous oral flattened protuber
ance composed of 6 thick oral plates (2 in CD
interray) centering about small peristome. Food
grooves on apposed edges of orals. Brachiole facets
very large, on outer edge of protuberance, each
carried by 2 adjoined orals. Hydropore on suture
between 2 orals of CD interray. Anus in BC
interray, protected by anal pyramid. Stem facet
small, circular. [Assignment of this genus to
Eocrinoidea will be uncertain as long as the
"arms" remain unknown.] M.Ord., N.Am.-
FIG. 315,la. *C. typica, Blackriv., USA (Va.) ;
slightly oblique lat. view, X2 (3).--FIG. 315,
1b,c. C. sp., Blackriv., USA(Tenn.); side view
(CD interray) and aboral face, X2 (Ubaghs, n).
[See also Fig. 298,1.]

?Foerstecystis BASSLER, 1950 [*F. obliqua; 00].
Theca irregularly rotund in outline, with anal
side very gibbous, especially toward lower end of
theca, where it is angularly protuberant in nearly
horizontal direction. Thecal plates few. Oral end
supporting 5 relatively broad "arms" recumbent
on top of theca. [This poorly known genus (no

specimen available for study by the present writer)
may turn out to belong to another class.] M.Ord.,
N.Am.--FIG. 315,3. *F. obliqua, Blackriv.,
USA(Tenn.); 3a,b, abanal and adanal sides, X4
(3).

Family CRYPTOCRINITIDAE Bassler,
1938 (1895)

[=Cryptocrinidae ZITTEL, 1895 (invalid family.group name)]

Theca regularly composed of four circlets
of plates and more or less completely af
fected by pentamerous symmetry. Thecal
plates in definite number, shape, size, and
arrangement; three in basal circlet, unequal,
probably produced from five by fusion; five
in second circlet; five or six (according to
genus) in third circlet; five or six (accord
ing to genus) in fourth circlet, which occu
pies very restricted area around oral pole.
No sutural pores. Peristome small. Anus
lateral. Brachiole insertions tiny. Stem
facet circular. M.Ord.-Sil.
Cryptocrinites VON BUCH, 1840 [*C. regularis
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FIG. 318. Rhipidocystidae (p. S489).

(="Echinosphaerites laevis PANDER, 1830); SD
VON BUCH, 1841] [=Cryptocrinus GEINITZ, 1846
(110m. ,'an.)]. Theca small, irregularly spheroidal.
Plates of 2nd circlet large, unequal in size and
shape; plates of 3rd circlet 5, smaller, subpenta
gonal, most of them alternating with plates of
preceding circlet; large supplementary plate be
tween 2nd and 3rd circlet; contiguous to peri
proct; 4th circlet irregularly pentagonal, composed
of 6 small oral plates (2 in CD interray) sur
rounding peristome. Food grooves 5, epithecal,
very short, on sutures between orals, bifurcating
and leading to 10 minute paired brachiole-bearing
platelets, which rest on apposed edges of orals.
Peristome pentagonal, protected by double series
of cover plates (rarely preserved). Periproct hexa
gonal, with valvular pyramid of 6 plates, located
in BC interray between 2nd and 3rd circlets of
plates. Hydropore on suture between paired orals
in CD interray; another pore (gonoporel) pierc
ing oral of DE interray. M.Ord., USSR-Sweden.

--FIG. 316,1-5. "C. laevis (PANDER), E.Baltic
region; 1-3, lat., aboral, and oral faces, X4
(Ubaghs, n); 4, peristome area, cover plates pre
served, en!. (42); 5, diagram of theca, orals ex
cluded (Ubaghs, n).

Lysocystites S. A. MILLER, 1889 [nom. subst. pro
Ecltinocystites HALL, 1864 (non WYVILLE THOM
SON, 1861)] [*Echinocystites 110dosus HALL, 1864;
OD] [=Aethocystites S. A. MILLER, 1892; Ecltino
cystis HAECKEL, 1896 (nom. van.); Lysocystis
BATHER, 1897 (nom. van.); Scolocystis GREGORY,
1897 (nom. subst. pro Echinocystites HALL, 1864);
Aethocystis BATHER, 1900 (nom. van.)]. Theca
subspheroidal or ovoid. Plates of 2nd circlet very
large, elongate, hexagonal; plates of 3rd circlet 6,
smaller, pentagonal or quadrate, converging ad
orally; 4th circlet of 5 very small subtriangular
elements enclosing small central peristome, from
which shallow and short food grooves extend out
ward. Anus located near apex of plates of 3rd
circlet. Ornamentation consisting of tubular thin-
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FIG. 319. Rhipidocystiuae (p. S489-S490).

S489

walled folds surrounding diamond-,hapeu striated
areas. Sil., N.Am.--FIG. 317,1-3. L. selllptllS
(S. A. MILLER), Sil.(Niagaran), USA(Ind.); 1,
lat. face showing striation and tubular folus, lat
ter broken in several places, X I.7 (33); 2, of'll
face, X2.25 (33); 3, diagram of theca (15).

Family RHIPIDOCYSTIDAE Jaekel,
1901

[=Batherocystidae BASSLER, 1950)

Theca elongate, strongly depressed, pre
senting two flat faces framed by limited
number of marginals surrounding relatively
large polygonal central plates. Marginals
with thickened outer margins and partic
ipating more or less in pavement of flat
faces. Brachioles on oral margin of both
faces. Stem more or less reduced. L.Ord.
M.Ord.
Rhipidocystis JAEKEL, 1900, p. 672 [OR. gigas; SD

BATHER, 1913, p. 369]. Theca subelliptical in
outline, with blunt oral and tapering aboral ends.
Outer edge ot marginals massive and raised,
forming framework usually quite distinct from
flat and relatively thin pavement ot 2 main faces.
Basal marginals 3, with proximal ends thickened.
Central plates large and few. One or 2 tiny
apertures (hydroporel) on adoral marginals and
single supplementary one or pit in some on one
of lateral marginals. Brachioles long, uniserial,
unbranched, inserted in 2 series between or upon
adoral marginals. Brachiole ossicles long and
massive, with alternating cover plates. Stem tacet
small, circular, borne by generally single and
rarely 2 basal marginals. Stem apparently re-

duced. Axial canal round and narrow. [Rhipido
cystis, as originally conceived by JAEKEL (24),
compri,eu remains of four genera, belonging to
three different classe,. It was demonstrateu by
GEKKER (17,18) that the "cup-plates" of this
"genus" partially belong to the ophiocistioid Vol
cllOl'ia and partially to the eocrinoid Bockia; the
"'tem-plates' belong to Dendrocystites kllcker
siana (now Heckericystis k"ckersiana), ot the
Homoiostelea; the flat "appendages of the stem"
refer to the genus for which GEKKER retained the
name Rhipidocystis; the "saclike roots' are the
thecae ot the eocrinoid Bockia. Rlzipidocystis as
emended by GEKKER was regarded by him as a
"carpoid," tor which he proposed the new order
Digitata. Later, UBAGHS (38) placed it among
the eocrinoiu,.] L.Ord.-M.Ord., USSR.--FIG.
318,1-3. R. baltica JAEKEL, L.Ord., Leningrad
area; 1, "upper" face (reconstr.), XO.7; 2, theca,
"lower" tace, X2; 3, proximal end of theca and
stem facet, X5 (24).--FIG. 318,4. R. opiki
GEKKER, M.Ord., Estonia; distal part of theca,
"lower" face, with (I) opening in one marginal
(17).--FIG. 318,5-7, R. sp. GEKKER, M.Ord.,
Estonia; 5, distal part of theca, "upper" face, with
pores on adoral margin, X2; 6,7, oral face ot a
few brachiolars and cross section, X 10 (18).

Batherocystis BASSLER, 1950 [0B. appressa; OD].
Theca oblong. Basal marginals 2, with common
sutures along middle of flat faces. Central plates
more numerous than in Rhipidocystis, but prob
ably no more than 7 to 10. Anall opening rela
tively large, located slightly below distal end of
lateral margins, and surrounued by 3 marginals.
Prominent pit on one plate ot adoral margin.
Brachioles unknown, probably inserted on or be
tween adoral marginals. Stem facet elliptical,
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FIG. 32 I. Unclassified genera (Cardiocysliles)
(p.5491-5492).

10

Lingulocystis

rebtively large, borne by both basal marginals;
columnals apparently very few, inflated, ovoid
or somewhat irregularly shaped, elliptical in cross
sectiun, abnurmally large and massive. [I am
greatly indebted to R. 1. PARSLEY fur information
concerning this genus.] M.Ord., N.Am.--FIG.

319,1. • B. appressa, Chazyan, USA (Tenn.); holo
type X2 (Parsley, n).--FIG. 319,2. B. sp., USA
(Ky.); proximal portion of theca, ca. X3
(Ubaghs, n).--FIG. 319,3. B. sp., Blackriv., USA
(Va.); proximal portion of theca and 2 columnals,
X 4 (Parsley, n).

onus Family LINGULOCYSTIDAE Ubaghs,
1960

Theca elongate, depressed, clearly divided
into elongate aboral part and low convex
oral surface. Marginals numerous, not par
ticipating in pavement of flattened faces,
which are covered by finely plated integu
ments. Basals four, equal. Anus lateral.
Brachioles carried on special plates inserted
in marginal framework at both ends of oral
face and in some specimens on ordinary
oral marginals. Stem long, round, distally
tapering. L.Ord.
Lingulocystis THORAL, 1935 [.L. elollgafa; aD].

Theca paddle-shaped, probably elliptical in cross
section during life. Marginals numerous, elongate,
thick and narrow, surrounding both aboral part

FIG. 320. Lingulocystidae (p. 5490-5491).
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FIG. 322. Unclassified genera (Cigara) (p.5492-5493).
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and oral surface. Flattened faces apparently pliant,
each unequally divided by longitudinal series of
relatively large, elongate, slightly convex plates.
Anus protected by pyramid of numerous needle
like platelets, located at distal 3rd of theca, near
margin. Oral face covered by small plates, with
probably subcentral peristome and 2 food grooves
leading to clusters of brachioles located at both
ends; peristome and food grooves concealed under
raised cover plates. L.Ord., France.--FIG. 320,
1. "L. elal1gata, U.Tremadoc-M.Arenig., Herault;
1a,b, lectotype, X3 (37). [See also FIG. 297;
299,3.]

UNCLASSIFIED GENERA
?Archaeocystites BARRANDE, 1887 [=Arclzaeacystis
HAEcKEL, 1896 (11am. val1.)].

Cardiocystites BARRANDE, 1887 ["C. balzemicl/S;
OD] [=Cardiocystis BATHER, 1900 (110111. NIII.)].
Theca depressed, moderately elongate, with taper-

ing proximal end and convex lateral margins;
distal margin abruptly narrowing and provided on
one side with distinct rounded protuberance. Mar
gins strongly thickened and bearing longitudinal
groove on large portion of their external face.
Theca (only one side known) composed apparently
of 2 transverse rows of plates. proximal row of 2
basal marginals and distal row of 2 marginals and
probably 2 centrals; admedian parts of marginals
and centrals thin. Starting from near proximal
end of one of thickened margin, 2 narrow di"erg
ing ridges forming V-shaped figure open in distal
direction. "Arms" at least 3, apparently short
and possibly recumbent, biserial, with sutural
faces of successive brachials deeply excavated. Stem
long, cylindrical, tapering di.stally; proximal col
umnals of unequal height, arranged in more or
less regular alternation, each provided with dis
tinct flange; distal columnals higher, all of nearly
same size, barrel-shaped and spinose. M.Ord.,
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FIG. 324. Unclassified genera (Pareocrin/lS)
(p. 5493).

pitted outer surface, linked together in such man
ner as to form irregular, more or less continuous
meshwork of ridges, which probably prolong lat
tice-work of middle region; numerous sutural
pores present between all plates of distal region,
except most distal ones, which are larger, more
eonvex, and more closely set than others and dis
posed in oblique, perhaps helicoidal, series. [This
enigmatic fossil is represented only by two incom
plete specimens on a small slab of shale. BATHER
( 5) thought that it resembles the stem of Dendro
cystites, in which genus it was placed by BASSLER

Ib

Id

r~\
~~)

~""!!

Polyptyche 110

Eocystites
1c

10

Boh.--FIG. 321,1-3. ·C. bolzelllic/lS; 1,2, speCi
mens figured by BARRANDE, 1887 (pI. 31, fig. 10
12), X2; 3, "arms" of specimen 1, X3 (Ubaghs,
n).

Cigara BARRAl'DE, 1887 [·C. d/lSli; OD]. Body
elongate, composed of 3 regions; 1st or proximal
region conical, strongly tapering, covered by thin,
polygonal, irregular, and apparently imbricating
plates, with delicate radiate ornamentation; middle
region characterized by lattice-work of rod like
and X-shaped, exteriorly coarsely ornamented
o"icles that enclose diamond shaped, apparently
uncalcified or poorly calcified areas; 3rd or distal
region slightlv tapering distally, composed of
numerous, small, stellate plates joining by their
ray Ent"; some plates of distal region distinguished
from others by their strongly convex and coarsely

FIG. 323. Unclassified genera (Eocystites, Pilocystites,
Polyptyclzella) (p.5492-5493).
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(2) and by BASSLER & MOODEY (4) as a synonym.
JAEKEL (23, 25) interpreted the proximal region
as a stern passing into a saclike hollow root (distal
region) and possibly belonging to Acanthocystites.
These interpretations are unacceptable. The main
region (as indicated by the nature of its plates)
probably represents a theca prolonged downward
by a many-plated extension; such a theca is
structurally distinct from that of Acanthocystites.
No connection with this genus or Homoiostelea are
suggested.] M.Cam., Boh.--FIG. 322,1-3. *c.
dus/i, Jince beds; 1, specimens figured by BAR
RANDE (1887, pI. 2. fig. 34), X2; 2, middle region
and proximal part of distal region, showing lat
tice-work and platelets in outer and inner aspects,
X 5; 3, distal part of distal region, X 5 (Ubaghs,
n).

Eocystites BILLINGS, 1868 [OE. primaevus; aD]
[=Eocystis BATHER, 1900 (nom. van.)]. Genus
founded on isolated stellate, probably thecal, plates,
having central umbo and variable number of folds
which radiate like wheel spokes, most prominent
folds reaching umbo and directed toward plate
angles. [Discovery of similar plates has been re
ported from the Middle Cambrian of France,
Spain, Morocco, and elsewhere but their assign
ment to Eocystites is uncertain.] M.Cam., N.Am.
--FIG. 323,1. 0 E. primaevus; 1a,c, internal, and
1b,d, external imprints of plates, X 4 (6).

Lapillocystites BARRANDE, 1887 [0L. jragilis; aD]
[=Lapillocystis BATHER, 1889 (nom. van.)]. Body
ovoid in outline, composed of many small, irregu
lar, polygonal plates; inadequately known. [Ac
cording to JAEKEL (23), this fossil comprises the

hollow root of an eocrinoid, possibly Acantlzo
cystites.] M.Cam., Boh.

Pareocrinus YAKOVLEV, 1956 lOp. ljubzovi; aD].
Theca small, proximally conical, medially cylindri
cal, distally truncated by flat oral surface. Cylindri
cal part composed of 5 or 6 vertical alternating
columns of very thin plates, each centrally elevated
into conical protuberance. Small circular opening
(anus?, hydropore?) at top of one vertical column.
Brachioles about 10, slightly longer than theca,
attached to elevated processes on margin of oral
face. Stern cylindrical, narrow, distally tapering.
M.Cam. or V.Cam., USSR(Sib.).--FIG. 324,1.
*P. ljubzovi, up. M. Cam. or low. U. Cam., E.Sib.;
holotype, X 3 (46).

Pilocystites BARRANDE, 1887 [Op. primitit'lIS; aD].
Body elongate, rounded at one end, obliquely
truncated at other, divided into polygonal areas
by slightly raised limits. [This genus, generally
assigned to cystoids, was regarded by JAEKEL (23)
as a doubtful root fragment of a cladocrinoid but
probably it is not even an echinoderm.] M.Cam.,
Boh.--FIG. 323,2. • P. primitil'us; holotype, Xl
(Ubaghs, n).

Polyptychella JAEKEL, 1918 lOp. est/zona; aD].
Genus based on isolated polygonal plates char
acterized by many radial folds set at right angles
to plate sutures. [Placed by JAEKEL (25) among
Macrocystellidae.] M.Ord., Est.--FIG. 323,3. ·P.
esthona, Brandschiefer; holotype, enlarged (25).

?Protocystites HICKS, 1872 [non SALTER, 1865
(nom. nud.); =Protocystis BATHER, 1900 (nom.
van.), non WALLlCH, 1862].

?Trachelocrinus ULRICH, 1929.
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HOMALOZOANS
By GEORGES UBAGHS and K. E. CASTER

Included in this assemblage are the sented in Cambrian strata but none in post
"carpoid" classes Stylophora, Homostelea, Devonian deposits.
and Homoiostelea, all of which are repre-
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INTRODUCTION

The class Stylophora corresponds to the
superorder Stylophora (class Carpoidea)
proposed by GILL & CASTER (1960,43) and
embraces the orders Mitrata and Cornuta of
JAEKEL (1918,55). Forms belonging to these
two orders possess the same basic organiza
tion, which differs profoundly from that of
both Homostelea and Homoiostelea.

Like other "carpoid" echinoderms, stylo
phorans are asymmetrical flattened organ
isms which lack any trace of radial sym
metry. Their body is composed of a theca
made of plates, attached to which is a high
ly characteristic jointed appendage known
as the aulacophore, here interpreted as a
brachial process. Until recently, it was con
sidered erroneously to be homologous to the
stele (peduncle) of other "carpoids" (88).
The mouth, probably intrathecal, was lo
cated at the base of the aulacophore and
the anus at or near the opposite extremity
of the theca. The placement of these ori-

fices at opposite poles of the theca, com
bined with presence of an aulacophore, ab
sence of a stele or other sort of peduncular
process, and lack of marginal external
grooves clearly distinguish the Stylophora
from the Homostelea. Stylophorans differ
from the Homoiostelea in lacking a stele
and in having a brachial process (aula
cophore) differentiated into three distinct
regions, instead of an arm with the same
composition throughout.

In contrast to other "carpoids" so far
known, the Stylophora comprise a great
diversity of forms. These range from the
very peculiar, quite asymmetrical Cothurno
cystis to genera like Placocystites with nearly
developed bilateral symmetry. In the Old
World stylophorans are known from Middle
Cambrian to Middle Devonian, and in the
New World from Upper Cambrian to
Lower Devonian.

within the Mitrata, exhibit a tendency to
acquire bilateral symmetry. This is never
perfect, however, and must be considered as
secondary, since it appears late in the his
tory of the groups.

A stylophoran theca lying flat on a hori
zontal surface invariably slants downward
away from the aulacophore. In the Mitrata

MORPHOLOGY AND FUNCTION

GENERAL CHARACTERS
The skeleton of Stylophora is composed

of two parts-a theca that incloses the body,
and a unique brachial process termed the
aulacophore (Fig. 325). No stele or pe
duncle is observed. As in other "carpoids,"
organization of the theca is fundamentally
asymmetrical, but several groups, especial1y
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FIG. 325. General features of Stylophora.--l. Mitrocystites mitra BARRANDE, M.Ord., Boh; la,b, superior
and inferior faces, X2.2 (Ubaghs, n).--2. Phyllocystis blayaci THORAL, L.Ord., Fr.; 2a,b, superior and

inferior faces, X 1.5 (Ubaghs, n) (MrM" right marginalia; M'rM'I' left marginalia; centralia stippled).

the theca generally is oval or subrectangular
in outline (Fig. 325,1); it is somewhat elon
gate and more or less symmetrical. As a
rule, at least one of the faces is covered by
large plates. In the Cornuta the theca ordi-

narily is much more asymmetrical and less
regular in shape (Fig. 325,2), for instance,
with outline resembling that of a pointed
boot (e.g., Cothurnocystis) or a playing
card heart (e.g., Phyllocystis). It may be
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entirely composed of large plates, but more
commonly a framework of marginal pieces
is sharply set off from sheets of pavement
platelets which occupy the two faces. In
both groups articulated or fixed appendages
may extend outward from the framework,
adding to the strange appearance of these
creatures.

The two faces of the depressed theca
differ in form and composition. The lower
one (inferior face), upon which the animal
presumably reposed in life, is flat or con
cave, and the upper one (superior face) is
convex. The border of the theca consists
of a framework of marginal pieces (mar
ginalia) which surround a variably large
number of plates or platelets (centralia) on
faces of the theca, those of the lower face
being called infracentrals (infracentralia)

1 JAEKEL (55) termed these plates hypocentrals and epi
centrals, which are hybrid Greek-Latin designations; here
all-Latin name,; are substituted.

and those of the upper face supracentrals
(supracentralia)l (Fig. 325).

The insertion of the aulacophore is sur
rounded typically by four or five plates
two marginal plates below and two or three
adorals (adoralia) above (Fig. 325,1a,2a).
Some authors have designated these plates
erroneously as basals. The adorals form
part of the border framework of the theca
in Cornuta and generally do not participate
appreciably in the covering pavement of
the upper face. In the Mitrata, on the other
hand, the adorals always occupy part of
the upper face and in a few genera (e.g.,
Balanocystites) all of it. According to my
interpretation, the two main apertures
(mouth, anus) of the body were situated
respectively at or near the base of the aula
cophore and at the opposite extremity of the
theca or in its immediate vicinity. The
mouth cannot be observed, however; it is
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judged to have been intrathecal, as in the
Homoiostelea.

An orifice called the right adoral open
ing, presumed to be a hydropore (possibly
combined with gonopore), is seen in some
genera, notching or piercing one of the
adoralia (Fig. 325,la,2a). The role of other
orifices (e.g., lateripores, paripores, cothurn
opores, Fig. 325,1b,2a) remains conjectural.

The aulacophore of stylophorans invari
ably is divisible into three distinct parts
(Fig. 325,2b). Next to the theca is an in
flated hollow proximal region, the cavity
of which communicates with that of the
theca. An intermediate solid piece is termed
the stylocone. A distal region consists of a
single series of ossicles placed end to end.
The upper face of the stylocone and distal
ossicles bears a groove which is interpreted
here as an ambulacral furrow. It is pro
tected by a double series of cover plates
which may open and close (Fig. 325,la,2a).

ORIENTATION AND
TERMINOLOGY

The major plane of the depressed stylo
phoran theca has been called the extension
plane by BATHER (1913,13) and the extensi
plane by GILL & CASTER (1960,43). The
two faces of the theca, as previously noted,
are the upper or superior (=obverse of
BATHER, 1913,13) and lower or inferior
(=reverse of BATHER, 1913,13); this termin
ology is based on the inferred natural posi
tion of the living animals. In the Mitrata
CASTER (1925,25) has employed carapace
for the upper surface of the theca and
plastron for the lower one, terms which are
very descriptive for this group but ill-suited
for application to the Cornuta. Designa
tions such as ventral, dorsal, oral, and ab
oral have been employed diversely by au
thors in referring to the two faces of the
depressed theca, but use of them is In

advisable because of uncertainty of the
implied morphological interpretation. The
upper and lower sides of the aulacophore,
however, could be differentiated appropri
ately in this way.

The aulacophore, with the mouth prob
ably located near its base, marks the anterior
extremity of the body, and opposite to it the
margin of the theca adjacent to the anus
marks the posterior extremity (Fig. 326).

By placing the skeleton on its inferior face
with the aulacophore directed away from
an observer (upward on figures), one can
make the conventional distinction between
right and left sides.

The aulacophore is bilaterally symmetri
cal, and the intersection of its plane of sym
metry with the extension plane of the theca
defines the main axis of the body (Fig. 326).
The plane through this axis perpendicular to
the extension plane is here called the
median plane, instead of symmetry plane
(BATHER, 1913,13), inasmuch as the never
perfectly symmetrical theca is generally very
asymmetrical with reference to this plane.
The straight line from the aulacophore in
sertion center, marking the presumed loca
tion of the mouth, to the anus defines the
oro-anal axis. In the mitrates this line
approximates or may coincide with the
main axis, whereas in the cornutes the two
axes generally are quite distinct (Fig. 326).
The terms proximal and distal are not use
ful in describing parts of the theca but
may be employed for parts of appendages,
then respectively denoting directions toward
and away from the insertion. Directions to
ward and away from the main axis are
termed adaxial and abaxial (Fig. 326).

Length of the aulacophore is measured
along the main axis and width perpendi
cular to this axis in the extension plane;
height (or thickness) is determined by
measurements perpendicular to the other
two lines. Length of the theca is defined
as the distance between two lines normal
to the median plane and respectively tan
gent to the most anterior and posterior
points (Fig. 326). Width of the theca is the
distance between two lines parallel to the
median axis and respectively tangent to the
right and left sides. Height (or thickness)
of the theca is the distance between two
planes parallel to the extension plane and
respectively tangent to the lower and upper
faces.

Individual plates of the marginal frame
work are distinguished by a conventional
system of symbols (Fig. 325,2a,b). Mar
ginals on the right side of the oro-anal axis,
viewing the superior face of the theca, are
indicated from front to back by the sym
bols M I , M 2 , M 3 , etc., and those on the left
side similarly by M'1> M'2, M'3, etc. The
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Peltocystis ..
.........-'

2 n
FIG. 327. Reversed asymmetry. Peltocystis cornuta THORAL, L.Ord., Fr.; 1,2, inferior face, of normal and

abnormal specimens, X 4.1 (Ubaghs, n).

posterior marginal traversed by the oro
anal axis is arbitrarily attributed to the
right-hand series. This method of notation
was introduced by JAEKEL (1918,55) but
here is modified by accepting as anterior
what that author considered to be posterior
and vice versa.

A few other symbols have been found
useful, especially for designations of plates
shown in figures. Thus, among centralia,
A identifies the "anomalocystid plate" and
P the "placocystid plate; the right, median,
and left adoralia are respectively marked
by r.ad., m.ad., and l.ad. Infracentrals
(=hypocentrals of JAEKEL) of the Mitrata
are individually designated by HI, H 2 , H s,
etc., according to a plan introduced by
CHAUVEL (1941,30). These notations are
preferred rather than more elaborate sys
tems such as have been proposed for the
Mitrocystitida by GISLEN (1930,45) and for
the Anomalocystitida by CASTER (1952,25).

ASYMMETRY
All stylophorans are asymmetrical,

though varying in degree. Their asymmetry,
more evident in the Comuta than in the
Mitrata, is manifested by (1) outlines of
the theca, except in some Anomalocystitida,
(2) distribution, form, and dimensions of
thecal plates, especially those of the inferior
face, (3) almost invariable divergence of
the oro-anal axis from the main axis, even

though this may be slight, and (4) the
presence and location of numerous struc
tures such as the zygal and accessory orifices
of the Comuta, the septum of the Mitrata,
and the infundibulum and right adoral
orifice of both Comuta and Mitrata, all of
which are placed laterally from the median
plane without symmetrical counterparts on
the other side of this plane.

The prevalence and diversity of these
characteristics indicate that asymmetry is
a fundamental attribute of the Stylophora.
It is true that the asymmetry often has been
considered to be secondary and derived from
a perfect bilateral symmetry that is most
completely expressed by the aulacophore,
erroneously regarded as a stem. The valid
ity of this interpretation is denied by factual
observations and especially by the chron
ologic succession of genera and families. Not
only has no fossil trace of a stage with
perfect bilateral symmetry been discovered,
but the oldest known representatives of the
group (e.g., Ceratocystis, Nevadaecystis,
Chinianocarpos, Peltocystis) are some of the
most asymmetrical. Further, genera in
which the theca is most nearly symmetrical
(e.g., Australocystis, Basslerocystis, Placo
cystites, Rhenocystis) are confined to rela
tively high stratigraphic levels. They seem
to be very specialized forms in which bi
lateral symmetry, though imperfect, almost
surely is a secondary adaptation to some
particular mode of life. The bilateral sym-
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metry of the aulacophore probably has no
more morphologic and phylogenetic sig
nificance than a single crinoid arm or star
fish ray.

Finally, the occurrence of inverted asym
metry should be mentioned, although ex
amples of it are rare (Fig. 327). Some ab
normal individuals show all characters

4

70

Cothu rnocyst is

Enoplouro

2

5

7b

Cornuto- genus undet.

Phyllocystis

Mitrocystites

3

6

7c

Cornuto- genus undet.

Plococystites

Flc. 328. Stereom and ornament among Stylophora.--l. Collllll'l1oeyslis elizae BATHER, U.Ord., Scat.;
longitudinal section through a marginal, X35 (Ubaghs, n).--2. Cornuta, genus and species indet.. M.
Ord., Boh.; external surface of supracentralia, X 15 (Ubaghs, n) .--3. Cornma, genus and species indet.,
L.Ord., Fr., ornamentation of supracentralia, X 15 (Ubaghs, n) .--1. Ellopfolira popei CASTER, U.Ord.,
OhIO; ornamentation of part of lower face, X 8.3 (25) .--5. P/zylloeyslis sp., L.Ord .. Fr.; proximal region
of aulacophore, inferior face, X 15 (Ubaghs. n).--6. Plaeoeysliles /orbesiallllS DE KO~I~C:K, Sil., Eng.;
ornamentation of part of superior face, X 8 (Ubaghs, n) .--7. Mitroeystiles mitra BARRA~DE, M.Ord.,
Boh.; 7a, striated edge of a marginal, inferior face, X 14; 7b, ornamentation of supracentralia, X 15
(Ubaghs, n); 7e, special reticulated subcentral area on infracentral (holotype of ivl. falllS JAEKEL, con·

sidered as syn. of M. mitra), X 12 (Ubaghs, n).
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spinal

Scotiaecystis

3

..~

~~M5

""l'---\ posterior ~:.::
spi ne ----.t ~:::

It,
3 ~;

FIG. 329. Marginal frame of a cornute Stylophora.--1-3, Scotiaecystis curvata (BATHER), U.Ord., Scot.;
inferior, anterior, and right lateral faces, X 3 (MrM5, right marginalia; M'rM'5, left marginalia) (Ubaghs, n).

transposed to the opposite side of the me
dian plane, as compared with normal in
dividuals.

STEREOM AND ORNAMENT
Little is known as to histology of the

stylophoran skeleton, for most commonly
fossil specimens consist of natural molds. It
is certain, however, that their hard parts
were composed, as in other echinoderms, of
calcareous stereom with included organic
stroma. The characteristic reticulation of
echinodermal skeletal elements often is
clearly recognizable in stylophoran fossils
(Fig. 328,1,2). The stroma occupied meshes
of the calcareous network. In some speci
mens (e.g., Paranacystis) it appears to have
filled a labyrinth of minute canals extend
ing from one plate to another and opening
externally in microscopic pores (CASTER &

EATON, 1956,28).
Ornament of the stylophoran skeleton is

varied (Fig. 328). A particularly character
istic pattern on the surface of thecal plates
consists of equidistant fine wrinkles, sinu
ous and parallel, disposed transversely or
obliquely to plate margins (Fig. 328,6).
This type of ornament strikingly resembles
the terrace lines of trilobites or markings

on machaeridian plates (e.g., Turrilepas).
It is commonly seen in genera of the
Anomalocystitida, rarely in other Mitrata,
and never in Cornuta.

Various types of spines have been ob
served in Stylophora, articulated with mar
ginaIs or central plates. Some are incon
spicuous, being carried probably by tiny
tubercles (89). Others, of hairlike appear
ance, form a sort of brush along margins
of an undescribed Lower Ordovician repre
sentative of the Scotiaecystidae. In new
Lower Ordovician Cornuta, club-shaped
spines cover the entire upper surface of the
theca in one species and flattened elongate
spines are aligned on the marginal frame
work of two others.

MARGINALIA
The plates which form the marginal

framework of the theca are termed mar
ginals (or marginalia) (Fig. 325). In all
representatives of the Cornuta, save Cerato
cystis, they are clearly distinct from plates
of the pavements which cover the two
thecal faces and they barely participate as
skeletal elements of these faces (Fig. 325,
2a,b). They are elongate, relatively narrow
and thick pieces which typically are con-
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stant in number and position within a given
species but may vary somewhat within a
genus. Generally they are U-shaped in
cross section and have a rounded lower
external edge. Some genera (e.g., Ceraw-

cystls, Phyllocystls, Scotlaecystls, Bohemlae
cystls) have ten marginals; in Cothurno
cystls their number is ten or 11 (excep
tionally 12).

Certain marginals of the cornute Stylo-

right adoral opening

interna I concav ity

3b

3c

Phyllocystis

1b right adoral opening

reflected li~.A1'~=---_

~:.~.::,~~;.i(:~\'':·;':'!;~·::~~:· :,:

Cothurnocystis

Ceratocystis10

30

right adoral opening

FIG. 330. Adoralia among cornute Stylophora.--I. Ceratocystis perneri JAEKEL, M.Cam., Boh.; I a,b,
superior and inferior faces, X2.2; Ic, adaxial part of right adoral, inferior face, x8.3 (Ubaghs, n).-
2. P/Zyllocystis aassimargillata THORAL, L.Ord., Fr.; 2a,b, superior and anterior faces, X 5; 2c, right adoral,
anterior face, X 12 (Ubaghs, n).--3. Cotllllrllocystis elizae BATHER, U.Ord., Scot.; 3a,b, anterior and
superior faces, X 5; 3c, right adoral, anterior face, XI 0 (Ubaghs, n). (MJ , M" ... , right marginalia;

M'J, M',. .. , left marginalia).
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FIG. 331. [Explanation on facing page.]
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phora generally bear protuberances on their
lower side (Fig. 329). These project more
or less obliquely or at right angle to the
extension plane. Some are simple or denti
culated knobs. Others consist of rather long
spines which are point~d, truncated,. or
spatulate in form, dependmg on the speCies,
nature of the immediate environment, or
location on the frame. Typically, the pro
tuberances occur at main angles of the
frame on the anterior half of the theca,
probably serving for its support and main
tenance of balance of the whole body. Also
they doubtless prevented displacement of
the theca by currents and by movements of
the aulacophore. In species provided with
flexible integuments, they raised the theca
above the sea floor enough to allow the
inferior face to take advantage of its flexi
bility (13,14).

The two median anterior marginals of
the Cornuta (Mv M'l) call for special
notice in that (I) they form part of the
thecal frame only on the inferior face (Fig.
325,2b), being covered by adorals o~ the
superior face (Fig. 325,2a); (2) the ~nner
side of each bears a powerful apophYSIS on
which proximal muscles of the aulacophore
were inserted (Fig. 330,2b,3a); and (3)
the left marginal (M'l) sends off a back
wardly directed long process which is fused
to a similar process generally borne by a
marginal on the opposite side of the oro
anal axis'! This last-mentioned structure,
termed the zygal by UBAGHS (1963,89)
(=strut, BATHER, 13), is restricted to the
inferior face of the theca and divides it into
two unequal fields (Fig. 325,2b; 329,1). It
is observed in all cornute stylophorans ex
cept Ceratocystis and apparently Nevadae
cystis. Probably the zygal served to brace

1 In a new undescribed genus from the Lower Ordovician
of France, the posterior part of the zygal is not a process
borne by a marginal but an independent ossicle united to
the marginal framework by a distinct suture.

the theca, impeding distention or rupture
of the inferior face integument resulting
from pressures exerted by thecal contents
and providing a place for attachment of
internal organs (13, 14). In several Lower
Ordovician species of Cothurnocystis the
marginal that furnished the posterior branch
of the zygal is formed by two superposed
pieces which join along a horizontal suture,
suggesting a possible double origin for the
marginal. The zygal process originates en
tirely from the lower piece (Fig. 331,2a).

The marginals form a less obvious frame
in the Mitrata than in the Cornuta. On the
upper side of the mitrate theca they typically
form only a narrow border which is inter
rupted for insertion of the aulacophore and
generally also for the area around the anus
(Fig. 325,1a). In Chinianocal'pos, however,
the two most posterior marginals are ex
tended on the upper face enough to cover
the entire posterior area. On the lower side
of the theca the marginals generally cover
a relatively large part of the surface (Fig.
332) and in some genera (e.g., Lagyno
cystis) almost the whole area (Fig. 332,10).
The plates are generally V- or I-shaped in
cross section and in some genera are more
or less thickened along their lower external
edge, which may be either sharp or blunt.
As in the Cornuta, the two median anterior
marginals carry a powerful apophysis on
their inner side for attachment of the proxi
mal muscles of the aulacophore; manifestly
the mitrate M 1 and M'l are homologous to
similarly designated marginals of the
Cornuta. Mitl'ocystites and Mitl'ocystella
(Fig. 332,2,3) have 12 or 13 marginals,
most Anomalocystitida (Fig. 332,4-7) 11,
Austl'alocystis (Fig. 332,8) ten, Chiniano
Cal'pos (Fig. 332,1) nine, Peltocystis (Fig.
332,9) eight, Lagynocystis (Fig. 332,10)
seven, and Balanocystites and A natifel'o
cystis (Fig. 332,11,12) only two. If only

FIG. 331. Marginal appendages among Stylophora.--l. Ceratocystis pemeri JAEKEL, M.Cam., Boh.;
superior face, XI.6 (Ubaghs, n).--2. Cothumocystis primaet'a THORAL, L.Ord., Fr.; 2a, superior face
of whole frame, X3.4; 2b, proximal part of glossal, superior face, en!' (Ubaghs, n).--3. Scotiaecystis
ClIfvata (BATHER), U.Ord., Scot.; superior face, X2.5 (Ubaghs, n).-4. Placocystites forbesianus DE
KONINCK, Si!., Eng.; 4a, superior face of theca, X2; 4b, left half of posterior face of theca, X4; 4c, pos
terior spine, superior face, X 4 (Ubaghs, n).--5. Peltocystis comuta THORAL, L.Ord., Fr.; superior face,
X3.8 (Ubaghs, n).--6. Lagynocystis pyramidalis (BARRANDE), M.Ord., Boh; posterior appendage, 6a,b,
lower and upper side; 6c, longitudinal section, x5.4 (Ubaghs, n) (M" M•... right marginalia; M'" M',

... left marginalia).
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two marginals are present, these are M 1

and M'1> identified by their location and
role for insertion of the aulacophore.

Marginals of the Mitrata never develop
protuberances analogous to those of the
Cornuta, although their lateral inferior bor
ders may be produced downward as promi
nent rounded edges which support the theca
on flat surfaces (e.g., Enoploura, Basslem
eystis). A similar ridge occurs along the
posterior margin of Australoeystis. The
theca of Lagynoeystis and Plaeoeystites was
partially raised above the bottom by a me
dian longitudinal keel extending rearward
from the front margin. The marginals of
some Mitrata (e.g., Chinianoearpos, Mitro
eystites) may have a lower denticulated ex
ternal edge (Fig. 325,1a,b) or a narrow
striated border (Fig. 328,7a) or a flat thin
flange stretched out in the extension plane,
serving apparently to prevent sinking of
the theca into a particularly soft bottom
(CHAUVEL,30).

MARGINAL APPENDAGES
Stylophoran marginalia commonly bear

fixed or articulated appendages. As pre
viously noted, the marginals of many Cor
nuta carry knoblike or spinose processes on
their lower side. The exaggerated growth
of such a protuberance on the "toe" of the
boot-shaped theca of Cothurnoeystis and
Seotiaeeystis produces the long point or
blade termed spinal (JAEKEL, 55) (=toe
spine, BATHER, 13) (Fig. 329,1; 331,2a,3).
The spinal of Ceratoeystis is a triangu
lar projection extending from the mid
dle of the right lateral margin and from
its summit a short transverse ridge runs
onto the upper surface (Fig. 331,1). The
two posterolateral marginals (Ms, M'4) in
this genus have the form of horns,

which are fixed and partly hollow. In
Cothurnoeystis corresponding horns are
massive spines of unequal size and dis
similar form, designated by JAEKEL (55)
respectively as digital (=tag, BATHER, 13)
and glossal (=tongue, BATHER, 13) (Fig.
331 ,2a). The glossal is joined to the mar
ginaIs by two sutures, one at a distinct
angle to the other, indicating that the spine
possibly could be lifted or lowered but not
displaced laterally. The digital seems to
have been more freely articulated on the
framework of the marginals and probably
movable in almost any direction. Instead
of these two appendages, Seotiaeeystis has
a single long process joined by sutures to
the posterior left truncated corner of the
theca (Fig. 329; 331,3). The presence of
longitudinal grooves on its upper and
lower sides suggests that the process was
formed by union of two pieces.

Among the Mitrata, a single posterior
appendage characterizes the Lagynocystida.
It is short, somewhat inflated, and partially
hollow in Lagynoeystis, with cavity appar
ently communicating with the interior of
the theca (Fig. 331,6a-e). In Peltoeystis it
is long, narrow, seemingly massive, and
probably articulated on a posterior thecal
prominence (Fig. 331,5). The process was
rather long and variously shaped in Balano
eystites and Anatiferoeystis, articulating
with the lower side of the posterior corner
of the theca. All Anomalocystitida possess
two movable spines (variously called arms,
brachial arms, buccal arms, brachioles, ten
tacles, etc.), symmetrically placed at the
two ends of the posterior margin, with at
tachment by highly differentiated articula
tions (Fig. 331,4a-e). Bases of the spines
are constricted and proximally rounded; in
Plaeoeystites their evenly convex lower face
and asymmetrically angulated upper face

FIG. 332. Marginalia, infracentralia and subanal among mitrate Stylophora. [All figures show inferior faces.]
--1. Chinianocarpos thorali UBAGHS, L.Ord., Fr.; X3.5 (Ubaghs, n).--2. Mitrocystites mitra BARRANDE,
M.Ord., Boh.; X 1.6 (Ubaghs, n).--3. Mitrocystella barrandei JAEKEL, M.Ord., Boh.; X 1.5 (Ubaghs, n).
--4. Basslerocystis disparilis (HALL), L.Dev., N.Y.; X2.3 (25).--5. Enoplollra popei CASTER, U.Ord.,
Ohio; X 1.4 (25).--6. Rhenocystis latipedunclliata DEHM, L.Dev., Ger.; X1.4 (25).--7. Placocystites
jorbesianlls DE KONINCK, Sil., Eng.; X1.6 (Ubaghs, n).--8. Allstralocystis langei CASTER, L.Dev.,
Brazil; X2.6 (27).--9. Peltocystis cornttta THORAL, L.Ord., Fr.; X2.6 (Ubaghs, n).--lO. Lagyno
pyramidalis (BARRANDE), M.Ord., Boh.; X1.8 (Ubaghs, n).--11. Balanocystites lagenllia BARRANDE,
M.Ord., Boh.; X2.5 (Ubaghs, n).--12. Anatiferocystis barrandei CHAUVEL, M.Ord., Boh.; X2.4

(Ubaghs, n) (M" M, ... right marginalia; M'" M', .. left marginalia).
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meet in a rather sharp edge (Fig. 331,4c,
cross sections). They have no communica
tion with the thecal cavity and musculature
controlling their movements was external.

Spines of this sort in Enoploura were sup
posed by POPE (70) to be enveloped by
"cover plates" identical to the scales of the
machaeridian Lepidocoleus, but this has not
been confirmed by examination of other
anomalocystids. In Paranacystis and the
Mitrocystitidae no exothecal process of any
sort is seen, but the posterior thecal plates
of Paranacystis form a subtriangular pro
jection interpreted as an ostial cover by
CASTER (26).

All stylophoran thecal appendages are
directly related to the marginals, or even
considered to be modified marginal plates
themselves (KIRK, 56). Certainly, this ap
plies to the two posterior "horns" of Cerato
cystis. Probably the processes evolved in
dependently in different lineages and, in
view of the diversity of their shapes, it is
very likely that they served diverse func
tions. All of them probably contributed to
anchoring the animal and their localization
at the posterior extremity of the body sug
gests that they were a counterweight to the
aulacophore.

Peltocystis

right adoral

right adoral opening

left adorol

lb M i trocysti tes Lagynocystis Anatiferocystis

FIG. 333. Adoralia among mitrate Stylophora.--l. Milroeysliles milra BARRANDE, M.Oru., Boh.; la,

superior face of theca, X2.2; lb, right adoral, X6 (Ubaghs, n).--2. Lagylloeyslis pyramidalis (BAR
RANDE), M.Ord., Bah.; superior face of theca, X3 (Ubaghs, n).--3. Pelloeyslis comlila THoRAL, L.Oru.,
Fr., superior face of theca, X4.! (Ubaghs, n).--4. Allaliferoeyslis plmelala (BASSLER), M.Ord., Tenn.;

superior face of theca, X 7 (Ubaghs, n).
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ADORALIA
Plates here designated as adorals are those

which in combination with the median
anterior marginals (MI, M'I) frame the in
sertion of the aulacophore.1 They corre
spond to the epibasales of CHAUVEL (30)
and adcolumnals of CASTER (25). In Cerato
cystis (Fig. 330,1a,b) they are represented
by three plates, th~se at right and. left con
tributing to formation of the antenor thecal
border on upper and lower faces equally
and the middle one pertaining only to the
upper face. The lower surface .of t~e rig~t

adoral bears a narrow slit which IS a dis
tinct aperture (see right ad?ral. orific~, p.
5515). The median plate, whIch IS relatIvely
large, has a V-shaped re-entra~t border:d
by an elevated lip on its antenor margm.
The adorals of all other Cornuta, where
known, form part of the frame and are
restricted to the superior face of the theca
(Fig. 330,2,3). Whether two or three in
number, they form a broad arc ~ith ends
resting on the two median antenor mar
ginals (MI,M'I)' The lower ed~e of t?e
right adoral is notched by an onfice (FIg.
330,2b,c, 3a,c). The middle plate seems to
be regressive, being present (though small)
in Lower Ordovician forms but unknown
in the Upper Ordovician. In Phyllocy~tis

(Fig. 330,2a) this plate shows a me~Ian

depression provided with a slightly proJect
ing rim, probably homologous wIth the
notch that is seen in the median adoral of
Ceratocystis.

At first glance, adorals of the Mitrata
seem quite unlike the si~ilarly designate?
plates in the Cornuta (FIg. 333). Invan
ably they are much more developed and
either partly or completely cover the
superior face. Even so, they are held to be
homologous to the adorals of Cornuta, since

1 The aulacophore insertion typically is surrounded by
fOUf or five plates-M f and M', btl ow and two or ~hree ad
orals above. In Rhenocystis and possibly some specimens of
Placocystites additional marginals (M \'I' M' IJ) may form pan
of this anterior ring, bringing to six the number of plates
around the base of the aulacophore. Also, the presence of
two deltoid "interbasal" plates between the marginals and
acJorals has been recorded in Mitrocystdla by CHAUVEL (30)
and in Enoploura by CASTER (25). Carefully made LHex
casts of Mitrocystella, however, demonstrate that the pre
sumed extra plates are merely reflected downward margins
of adorals separated from other adorals hy a ridge (see
fig-. 340,3). The so-called interbasals of Enorloltya, which
admittedly are very small, may be sutural. wrlI~kles. In any
case, the "hexabasal" pattern of the anterior rlOg of plates
is no more significant than the "tetrabasal " scheme postu
bted by JAE.KE.L (55) as a diagnostic feature of his class
Carpoidea.

they have the same relationship to the
M I and M'I plates and the aulac?phore .and
since the right adoral (e.g., in Mttrocystltes)
may be pierced by an unpaired orifice, as
in the Cornuta (Fig. 333,1a,b). They are
two or three in number (Fig. 333,1,2).
The median plate does not attain the an
terior upper margin in some g~nera (e.g:,
Placocystites, Fig. 331,4a), and In others It
creases to be distinct from adjacent supra
centrals (Fig. 333,3) or disappears al
together. The adorals may. be smal~ (e.~.,

Mitrocystites, Fig. 333,1), IntermedIate In
size (e.g., Placocystites), or very large (e.g.,
Peltocystis, Fig. 333,3). They co!I!pletely
cover the superior face of Balanocystltes ~nd

Anatiferocystis (Fig. 333,4) and foldIng
over the lateral borders, they occupy most
of the inferior face as well (Fig. 332,11,12).

EPISTOMALIA
In Phyllocystis the triangular space be

tween the adorals and the first skeletal ring
segment of the aulacophore is occupi~d by
two small plates which (as they are Inter
preted as protecting the mouth) ~re here
called epistomalia (epistomals) (FIg. 330,
2a). They are apparently ~ttache~ to the
left and right adorals by theIr abaXial edges
and sutured (or at least contiguous) to the
median adoral by their posterior edge, with
other margins free. Rarely they join one
another along the median plane but more
commonly are separated, their adaxial edges
prolonging the U-shape? ridge that s.ur
rounds the axial depreSSIOn of the medIan
adoral, this depression thus seeming to be
confluent with an empty space between the
epistomals. The origin of these plates is ob
scure, since no equivalents of them have
been observed with certainty in other gen
era. In broad aspect they closely resemble
plates which protect the upper face of the
proximal region of the aulacophore, but
these are parts of skeletal ring.s, whereas
the epistomals are not. Seemmgly they
could open at least slightly, unlike proximal
upper plates of the aulacophore, which al
ways are closed.

CENTRALIA
The variably large number of plates or

platelets on the superior and inferior faces
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of the theca, inclosed by the marginal frame,
composes the centrals (centralia). In Cerato
cystis, which is the most ancient known
representative (Middle Cambrian) of the
Stylophora, centrals are separable from
marginals with difficulty, for all are large
plates which contribute subequally to for
mation of the rigid box that surrounded
soft parts of the animal (Fig. 334,1). On
the inferior face are five infracentrals (in
fracentralia) and on the superior face are
eight supracentrals (supracentralia) (see
Fig. 345,1,2). The upper face of the theca
is crossed by a tripartite crest, with branches
that meet near the middle.

Morphologically intermediate in some
respects between Ceratocystis and Cothurno
cystis is Nevadaecystis (Upper Cambrian),
which still has large plates on the lower
face but numerous stelliform supracentrals
on the upper face, joined to one another
only at points of their rays so as to leave
large oval orifices which doubtless repre
sent uncalcified areas of the integument that
served for gaseous exchange between fluids
inside and outside of the theca. As in
Ceratocystis, an apparently triradiate crest
(one branch lacking in the only known
specimen) may be seen on the upper thecal
surface.

The two thecal faces of all other known
representatives of the Cornuta are pro
tected by a finely plated, probably flexible
integument attached to inner borders of the
marginals. Generally the plates are tessel
lated but in some forms (e.g., Scotiaecystis)
they appear to be imbricate in many places,
possibly owing to defective preservation.

Supracentrals of Cornuta invariably dif
fer from infracentrals in size and commonly
also in ornament. The supracentrals may
be slightly the larger (e.g., Phyllocystis) but
in most genera they are ordinarily the
smaller. Also, the plating is not the same
all over. As a rule, the size of plates de
creases toward the periphery and around
openings in the integument (Fig. 334,3),

thus providing greater flexibility of the
theca in these regions. The infracentrals
next to the zygal in Bohemiaecystis and
Phyllocystis are elongated in a direction
parallel to this piece. On the upper face of
several species of Cothurnocystis (e.g., C.
elizae in particular), the plating consists
of relatively large rounded and swollen
plates which in full-grown specimens are
surrounded by smaller ones (Fig. 334,4).
Plates of the left posterior region are more
closely set than in other parts of the same
side and in some individuals an arcuate row
of spines or conical protuberances may be
observed at some distance from the upper
anterior margin. The supracentrals of
Scotiaecystis are polygonal plates, each
bearing a low, convex-topped spine (see
Fig. 348,2), and where the spines are con
tiguous they may form a sort of false test
beneath which empty spaces possibly were
maintained.

The infracentralia of most Mitrata l are
large to small plates which are essentially
constant in number according to genera
and species-four to six in Mitrocystites
(Fig. 332,2), three in Mitrocystella (Fig.
332,3), two in Peltocystis (Fig. 332,9), and
one to five in Anomalocystitida (Fig. 332,
4-8). They are entirely lacking in Lagyno
cystis, Balanocystites, and A natiferocystis
(Fig. 332,10-12) but in Chinianocarpos
(Fig. 332,1) replaced by some 20 platelets
in a subcentral elliptical area. Their dis
tribution is almost symmetrical in Allani
cytidium and Australocystis (Fig. 332,8)
but is very asymmetrical in all other genera.
Generally, the center of the inferior face is
occupied by a single large plate (two in
Mitrocystites) in contact with M 1 and M'l
(in Mitrocystella rarely with M', alone). The
large infracentral ordinarily is accompanied
by smaller plates, one of which designated

1 GISLEN (1930, 28) designated these according to their
position as hypocenrral (large middle plate), dextrolatcrals
(plates on right side) and sinistrolaterals {plates on left
side}, Gut orientation lIsed by him is the reverse of that
adopted here.

FIG. 334. Supracentralia among Stylophora.--l. Ceratocystis perneri JAEKEL, M.Cam., Boh., X 1.5
(Ubaghs, n).--2. Nevadaecystis americana (UBAGHS), U.Cam., Nev.; stelliform supracentralia, X6
(Ubaghs, 1963).--3. Pllyllocystis blayaci THORAL, L.Ord., Fr.; X3 (Ubaghs, n).---4. Cothurnocystis
elizae BATHER, U.Ord., Scot.; X10 (Ubaghs, n).--5. Mitrocystites mitra BARRAl-:OE, M.Ord., Boh.; X3
(Ubaghs, n).-6. Mitrocystites mitra lzanllSi CHAUVEL, M.Ord., Boh.; internal aspect of supracentralia
(center) showing median elevation, X3 (Ubaghs, n) (M2, MJ , M" right marginalia, 2, 3, and 5;

M'" M'j, right marginalia, 2, 4).
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as the "anomalocystid plate" by CASTER
(25) truncates the left posterior corner of
the large plate and seems to characterize
many Anomalocystitida (Fig. 332,4-7). An
anomalocystitid plate is lacking in Australo
cystis (Fig. 332,8).

Supracentrals of the Mitrata, comple
mented by adorals, cover the upper thecal
surface except for the generally narrow bor
der formed by the marginals. In the Mitro
cystida (Fig. 331,1; 334,5) and some
Lagynocystida (Fig. 333,23) they are rather
small, numerous, irregular in outline and
arrangement, imbricated or tessellated, and
diminishing in size in a backward direc
tion. They are more or less sharply differ
entiated from the adorals. The integument
which they reinforced seems to have been
somewhat flexible, rather than rigid. Inner
sides of the plates bear median elevations
which probably served for attachment of
muscle or ligament strands used to control
movement of the integument (Fig. 334,6).
The supracentrals of anomalocystid genera
are much larger, fewer, never imbricated,
and constant in very symmetrically ar
ranged positions (Fig. 33l,4a). Together
with the adorals, from which they are little
distinguished, the supracentrals contributed
to a rigid thecal covering for which the
term carapace (CASTER, 25) is well suited.
A supracentral called the "placocystid plate"
by CASTER (25), observed in Placocystites
(Fig. 331 ,4a) and probably present also in
Rhenocystis, is remarkable on account of
its circular to elliptical outline and smooth
(unstriated) outer surface. Earlier (DE
KONINCK, 58; WOODWARD, 95) this plate was
thought to be an anal structure. Supracen
trals are entirely lacking in Balanocystites
and Anatiferocystis (Fig. 333,4), in which
two large adorals completely protect the
upper face.

SUBANALIA
The lower face of the theca in some

stylophoran genera (e.g., Chinianocarpos,
Balanocystites, A natiferocystis) (Fig. 332,
1,11,12) bears a large subcircular terminal
plate, the morphologic and functional mean
ing of which is obscure. Possibly it is a
modified marginal, homologous with the
median posterior marginal (M7) that forms

the floor of the anal area in Mitrocystites
and Mitrocystella (Fig. 332,23).

A somewhat different element occurs in
Peltocystis (Fig. 332,9). This is a rectangu
lar plate located beyond the two posterior
marginals and thus outside the normal
limits of the theca, yet seemingly placed
below the anal structures as in the two last
mentioned genera. For all of these similar
ly located posterior plates of uncertain
origin, some perhaps different from others,
the designation subanals (subanalia) here
is adopted.

THECAL ORIFICES
The theca of Stylophora may possess

openings of various sorts. For example, four
types are observed in Mitrocystites. The
function of some of these orifices is reason
ably certain, whereas the physiological sig
nificance of others is entirely conjectural.
Names without functional implication
should be used for the latter.

MOUTH AND ANUS

The inlet and outlet of the digestive tube
In stylophorans are treated together btcause
they are interrelated and because separate
consideration of them would be measurably
artificial.

Opinions concerning locations of the
mouth and anus in the strange echinoderms
here discussed are extraordinarily divergent.
For the sake of simplicity and avoidance of
ambiguity, all references to them are con
verted to the orientation of Stylophora
adopted in the Treatise, which requires that
the usage of most authors for directional
terms (anterior, posterior, right, left) ex
cept upper (or superior) and lower (or in
ferior) must be transposed. Given in these
terms, different judgments can be recorded
as follows.

(1) Mouth and anus both placed at pos
terior extremity of the body-BATHER (11),
JAEKEL (54), KIRK (56), CASTER (25) in
Enoploura, CUENOT (32) in all Mitrata,
GILL & CASTER (43) in Victoriacystis, N ICH
OLS (68).

(2) Single orifice serving as mouth-anus
placed at posterior extremity of the body
JAEKEL (55), GISLEN (45), SPENCER (80).
The first two authors postulated that the
morphological anus by reason of a com-

© 2009 University of Kansas Paleontological Institute



Morphology and Function S513

plete reversal of food currents in the diges
tive tube functions also as the physiological
mouth. SPENCER thought that the posterior
opening of Cothurnocystis was the aperture
of a vestibule which held both mouth and
anus.

(3) Mouth located in anterior position
adjacent to the aulacophoral insertion and
anus at opposite (posterior) extremity of
the body-BATHER (21) in Placocystites,
CHAUVEL (30) in Mitrata, TERMIER & TER
MIER (82) in Mitrata.

(4) Mouth located at or near posterior
pole and anus placed variously-HAEcKEL
(49), anus on upper face near right an
terior corner of theca in Mitrocystites and
on mid-line of lower face at base of the
aulacophore in Anomalocystitidae; JAEKEL
(54), anus on right lateral margin of theca
in Ceratocystis; CASTER (27), anus close to
the aulacophore insertion in Paranacystis.

(5) Anus located on mid-line of superior
face, position of mouth indeterminate-DE
KONINCK (58) in Placocystites, SCHUCHERT
(78) in Anomalocystites and Basslerocystis.

(6) Anus placed at or near posterior ex
tremity of body and inlets to digestive tube
consisting of elliptical organs or sutural
pores along the upper right anterior margin
of the theca in many Cornuta-BATHER (13,
14), CHAUVEL (30), DELPEY (35), TERMIER
& TERMIER (82), CUENOT (32). Also BATHER
(14) considered that pores on the lower face
of Mitrocystites served as food intakes.

The extreme diversity of these opinions
stems mainly from the absence of any
thecal opening in the Stylophora that can
be identified with certainty as the mouth.
This suggests that the mouth did not open
on the outer surface of the theca but prob
ably, as in Homoiostelea, was located inside
the theca. Its approximate position may be
inferred from the fact that the aulacophore
carries a median groove and lateral depres
sions which are protected by mobile cover
plates. Such features in echinoderms are
characteristic of ambulacral tracts, and in all
Recent and fossil echinoderms these tracts
lead to the mouth. Accordingly, if the
aulacophoral groove is ambulacral, the
mouth of Stylophora must have been placed
at or near its proximal end. Several features
are possibly related to the presence of this
orifice: I) the presence in Phyllocystis of
epistomalia which apparently form a pro-

tective roof over an aperture (Fig. 330,2a),
2) the occurrence in Phyllocystis and Cerato
cystis of a small notch-and-groove on the
anterior edge of the median adoral plate
seemingly related to an opening just be
neath (Fig. 330,1a,2a), and 3) the presence
of an almost complete separation between
the proximal aulacophoral cavity and the
thecal cavity in Lagynocystis, impeding the
passage of a digestive tube (see Fig. 341,
23), and 4) the occurrence of comblike
organs on the most anterior part of the
theca in this genus, which must have been
just in front of the mouth if they func
tioned as a filter (see Fig. 341,3,4).

The anus is placed on the superior face
of the theca at or near its posterior ex
tremity in all stylophorans where it has
been observed. A radiating arrangement of
small plates in this position in Cothurno
cystis (see Fig. 346,1), Phyllocystis (Fig.
335,2a,b) and Scotiaecystis (see Fig. 348,4)
suggests the presence of an anal pyramid
during life. The surrounding thecal integu
ment (periproctal area) is judged to have
been very flexible and extensible, suggest
ing that the anal orifice could have been
protruded and retracted. The most posterior
marginals of Cothurnocystis (see Fig. 346,1)
form a transverse or oblique bar on the
lower thecal side only and the periproctal
area placed partly on their flattened upper
(internal) surface probably extended be
yond them into a conical projection. The
extension was framed on the left by the
proximal part of the digital and on the
right by the concave crest of the prolonged
upper edge of the adjacent right marginal
on the glossal. Retractor and protractor
muscles of the anal pyramid could have
been attached to all of these skeletal struc
tures (Fig. 331,2a).

The upper edge of the posterior marginal
of Phyllocystis slopes more or less distinctly
downward to the level of the periproctal
area (Fig. 335,2a,b) and the upper (in
ternal) surface of this marginal in some
specimens carries two symmetrically placed
small knobs which probably provided for
insertion of the rectal retractor muscles. In
Scotiaecystis the anal pyramid was not
placed at the apex of the angle formed by
marginals M 5 and M'5 but was shifted to
ward M'4 (see Fig. 338,la; 348,la).

The periproctal area surrounding the

© 2009 University of Kansas Paleontological Institute



5514 Echinodermata-Homalozoans-5tylophora

Mitrocystello
periproctal area

faint groove

Mitrocystites

Phyllocystis

2b Phyllocystis 4 Mitrocystello

FIG. 335. [Explanation on facing page.)

© 2009 University of Kansas Paleontological Institute



Morphology and Function SSlS

anus in M itrocystites and Mitrocystella is
limited by a semicircular row of small supra
centrals, and the upper edge of the mar
ginal frame slopes downward at its level
in manner that interrupts the frame and
allows the rectal region to be pushed out
and drawn back (Fig. 335,3,4). The peri
proctal area is finely plated and the anus
bordered by an arcuate row of toothlike
platelets which diminish in size toward
both extremities. Each platelet of the row
has a somewhat spatulate proximal part in
close contact with adjacent ones and a nar
rower distal part separate from its neigh
bors by distinct empty spaces (Fig. 335,4).
The faintly convex proximal regions, made
of finely reticulate stereom, probably were
embedded in the integument, whereas the
more convex distal regions, marked by
tiny superficial wrinkles, doubtless pro
truded at least partly from it. Presumably,
the platelets were bound together by trans
verse fibers, short and elastic between proxi
mal portions, longer and contractile between
distal portions. The anal orifice could be
opened or closed very readily by opposite
action of these fibers. The floor of the peri
proctal area in these genera, formed by the
three most posterior marginals, also deserves
attention. In some specimens of Mitro
cy;·tites the median one carries a faint trans
verse groove disposed parallel to the pos
terior margin attachment of the plate, prob
ably marking the attachment of the con
tractile tissues of the lower lip of the anus
(Fig. 335,3). Both in Mitrocystites and
Mitrocystella, some portions of the internal
surface of the two lateral posterior mar
ginals may be raised into small shelves
which apparently served for attachment of
muscles or ligaments operating the rectal
part of the digestive tube (Fig. 335,la,b).

The anus of Lagynocystis is unknown,
but a transverse row of very narrow ?anal
plates at the posterior end of the supracen
tral covering abuts against a conical hollow
ossicle that may represent a kind of anal
valve (Fig. 333,2).

The subanals of Chinianocarpos, Balano
cystites, and Anatiferocystis may have served
as a floor of the periproctal areas (Fig. 332,
1,11,12).A small gap at the posterior edge
of the subanal should have been sufficient
for ejection of excreta. No other indication
of an anus is found in these genera.

In at least some Anomalocystitida (Bass
lerocystis, Placocystites) a large transversely
elongate opening is observable on the pos
terior face of the theca (Fig. 331 ,4b). Ac
cording to SCHUCHERT (78) and KIRK (56),
a sort of trapdoor flap hanging from the
upper margin of the aperture apparently
served to close the terminal orifice of Bass
lerocystls. In Placocystites the orifice is
surrounded by a smooth narrow band (bor
dered on the upper side by a row of small
denticles); this band probably marks the
attachment of a periproctal membrane. Vic
tOl'iacystis exhibits small plates (termed
tegminals by GILL & CASTER, 43) in series
with the supracentrals, geniculated to form
a presumed cover surface probably over the
anus. CASTER (in 43) has reported the oc
currence of similar platelets in Enoploul'a.

RIGHT ADORAL ORIFICE
A single thecal opening present in Cerato

cyJtiJ, PhyllocyJtiJ, CothurnocyJtis, and
Mitl'ocyJtiteJ is termed the right adoral
orifice because invariably it is related to the
right adoral plate. It leads more or less
directly into a funnel-shaped depression
known as the infundibulum, which is
hollowed out on the internal face of mar
ginal M l' In CeratocyJtiJ this orifice, found
on the lower side of the theca, consists of a
narrow slit with reflected right margin,
followed inside by a concavity which forms
a ceiling for the infundibulum (Fig. 330,
Ib,c). The right adoral orifice of PhyllocyJtiJ
and CothurnocyJtis is located on the an
terior thecal margin above the aulacophoral
insertion and slightly to the right of it,
making a rather deep notch in the lower
edge of the right adoral plate (Fig. 330,
2a-c,3a-c). A somewhat ear-shaped project-

FIG. 335. Anal area among Stylophora.--l. iV1itrocysteila incipiells 11Iilolli CHAl:VEL, M.Ord., Fr.; la,

internal side of inferior thecal face, X3 (Ubaghs, n); lb, posterior part of same, details of floor of anal
area, X 6 (Ubaghs, n) .--2. Phyllocystis crassi11larginata THORAL, L.Ord., Fr.; 2a, superior face of theca,
X3 (Ubaghs, n); 2b, anal pyramid, XIS (Ubaghs, n).--3. Mitroc)'sliles mitl'a BARRAXDE, M.Ord., Boh.;
post. part of superior thecal face, X6 (Ubaghs, n).~. Mitroc)'stella ban'andei JAEKEL, M.Ord., Boh.;

periproctal area, details, XIS (Ubaghs, n).
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FIG. 336. Sutural pores and cothurnopores among cornute Stylophora.--1. Ceraloeyslis perno'i JAEKEL,

M.Cam., Boh.; la, right anterior corner of theca, details, X5 (Ubaghs, n); 1b, right anterior marginal,
oblique view showing internal grooves leading to sutural pores, X5 (Ubaghs, n).--2. Phylloeyslis blayaei
THORAL, L.Ord., Fe.; cothurnopores, the left one with platelets preserveo, X 15 (Ubaghs, n).--3. Phyllo-

eyslis crassimarginala THORAL, L.Oro., Fe.; sutural pores; X 15 (Ubaghs, n) (M" MJ , right marginalia).

ing rim borders it above and laterally in
Phyllocystis but soft tissues must have
adjoined it on the lower side. In Mitro
cystites the upper surface of both adorals
shows a fold running transversely from
their outer anterior corners to their cen
ters. A narrow slit in the right adoral near
the inner (adaxial) end of this fold extends
toward the anterior edge of the plate with
out reaching it (Fig. 333,la,b). As in other
genera mentioned, the orifice lies above
the infundibulum but seems not to open

directly into it, since exfoliated stereomic
projections that conceal its inner edge come
between it and the depression (see Fig. 340,
2c). A similar orifice has not been dis
covered in Milrocystella, although an in
fundibulum exists, suggesting that the open
ing was located close to the right adoral
plate rather than in it, probably in soft
tissues.

The constant relationships of the right
adoral orifice to the right adoral plate and
infundibulum in all genera where the open-

FIG. 337. Sutural pores an,: cothurnopores in Cothurnocystidae.--1. Phylloeyslis crassimarginala THORAL,

L.Ord., Fe.; la, theca, superior face; 1b, upper right anterior area. details, X 10 (Ubaghs, n); 1e, sutural
pores, internal aspect, X 10 (Ubaghs, n).--2. Phylloeyslis Mayaci THORAL, L.Ord., Fe.; 2a, theca, superior
face, X 2 (Ubaghs, n); 2b, cothurnopores, details, X 15 (Ubaghs, n); 2e, a few cothurnopores, internal

aspect, X 7.5 (Ubaghs, n).
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FIG. 337. [Explanation on facing page.]
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ing has been observed indicates its homol
ogy throughout the group. Probably this
means that the aperture migrated from an
original location on the inferior face of the
theca (e.g., Ceratocystis) to an ultimate
placement on the superior face (e.g., Mitro
cystites). A similar displacement from one
face of the body to the other is seen in the
postmetamorphic development of the hydro
pore in ophiuroids, which migrates from a
dorsomarginal to adoral position. Of course,
this may be pure analogy, yet it gives hint
that the right adoral orifice in stylophorans
might represent the hydropore, which is an
interpretation supported by its singleness
and asymmetrical location in Ceratocystis
and Mitrocystites, as well as its narrowness.
In particular, its appearance in Mitrocystites
(Fig. 333,1a,b) is very similar to that of
the hydropore groove of some echinoids
(e.g., Cubanaster torrei). In Phyllocystis
and Cothurnocystis soft tissues must have
occupied the triangular space between the
lower edge of the right adoral and the up
per edge of marginal M 1 (Fig. 330,2b,3a),
and since the hydropore was located in
these soft tissues, we do not know its size
and shape. Another possibility is that the
hydropore was combined with the outlet for
genital products. Close association of hydro
pore and gonopore in such primitive echino
derms would not be surprising, since the
primordium of the gonad in developing in
dividuals of the phylum arises from the
wall of one of the coelomic pouches in con
tact with the complex of organs invariably
located in the madreporitic interray.

SUTURAL PORES

All cornute Stylophora, except some un
described forms, possess orifices in the
right anterior part of the superior face of
the theca which probably performed simi
lar functions despite their large variety of
morphological aspects. One type of these
openings consists of rather simple sutural
pores, first observed in Ceratocystis and
called to attention by BATHER (13). In this
genus they comprise a series of more or less
even-spaced apertures located along sutures
that join the median and right adorals and
that occur between contiguous supracentrals
and the latter, along with marginals M 2

and M J (Fig. 330,1a,b). The pores vary in

size, have rounded edges bent toward the
thecal cavity, and lack an external pro
jecting rim (Fig. 336,la). Ordinarily the
pores are prolonged by grooves on the in
ner surface of plates next to them (Fig.
336,1b). A single similar orifice is located
on the suture between the left adoral and
marginal M'2 at the left anterior margin
of the theca and another between the left
adoral and M'l on the inferior face of the
theca (Fig. 330,lb). The maximum diam
eter of the pores is less than 2 mm.

Sutural pores of another sort, in different
specimens ranging from a few to more
than 50, are seen in Phyllocystis crassimar
ginata THORAL (Fig. 336,3; 337,la-c). They
open between small supracentrals which
have convex corrugated surfaces. Each pore
is surrounded by the upturned edges of
two or three, or as many as five of these
plates. Their maximum diameter is 0.3 to
0.6 mm. As viewed from inside the theca,
they appear as subquadrate openings 0.7
in greatest diameter (Fig. 337,1c).

COTHURNOPORES

Very curious elliptical structures observed
first by BATHER (13) on the theca of
Cothurnocystis elizae and found later by
THORAL (85) in Phyllocystis blayaci are
here named cothurnopores, as suggested by
CASTER (personal communication) (Fig.
336,2; 337,2a-c). They are present also in
several undescribed species of Cothurno
cystis and in Nevadaecystis (89), occupying
a tract that extends from the vicinity of the
right adoral to the right lateral margin of
the frame and projecting slightly above
adjacent thecal plates smaller than ordinary
supracentrals. The latter suggest a par
ticularly flexible thecal wall. The cothurno
pores lie contiguous to one another or nearly
so and with diminishing size of individuals
toward ends of their tract form a very elon
gate rhombic figure. They vary in number
according to species and size (?reflecting
age or growth stage)-eight in Nevadae
cystis, eight or nine in Phyllocystis, and 18
or more in Cothurnocystis elizae.

The long axis of each cothurnopore lies
approximately at right angle to the adjacent
portion of the frame (Fig. 337,2a). The
elliptical structures are surrounded by a
raised rim formed by two unequal U-shaped
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ossicles, an inner short one and outer long
one that meet at their free ends. According
to BATHER (13,14), the short U, which bor
ders a semicircular orifice without cover
plates, could be bent over on its hinge so

as to protect the opening like the hood of
a carriage or perambulator. The long U,
with sides sloping down to a V-sh3ped slit,
is protected by a double row of alternating
cover plates which 3re similar in appe3r-

1a Seotioeeystis

anus

Bohemioeeystis

lb

1c

2b

2e

FIG. 338. Lalllellipores in Seotiaecystidac.--l. Seattoeeystts eurt'ata (B.HHER), U.Ord .. Scot.; 1", theca,

superior face, X25 (Ubaghs. n); lb,e, LunelLtte organ. external and intern.d ,"peets. X5 (Ubaghs, n).

--2. Ba!Jemtaecystts ballee/,t CASTER, n. genus. n. species. M.Oro., Boh.; 20, theca, superior face. X2

(Ubaghs. n); 2b,e, lernelLtte organ. external '1I1d internal ,"peets, X 5 (Ubaghs. n).
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10

Mitrocystites

ld
septum

lateripore conal

paripore

1f

M'
3

1c

lateripore
canal

accessory
septum scutula

septum

FIG. 339. Lateripores and panpores 10 Mitrocystidae.--I. M/lrocysl/leS m/lra BARRAKDE, M.Ord., Bah.;

1". thee", inferior bee (ho]otl'pe of M. lalllS JAEKEL, considered as syn. of .11. m/lra), X2 (Ubaghs, n);

lb, "lJlle spccimen. detail, X 7.5 (Ubaghs, n): le, another specimen, detail, X 7.5 (Ubaghs, n); 1d,e,
intern,,, side of inferior thee,,] face, showing canals connected with, respectively, p"ripores and ]ateripores,

as well 'IS I,uious intern"l structures, X5 (Ubaghs, n); 1/, marginal ,11'1, intern,,1 ,ide, showing inner
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ance and probable function to those of
ordinary crinozoan food grooves.

Study of specimens of Phyllocystis blayaci
preserved in matrix finer-grained than that
associated with Cothurnocystis elizae, sup
plemented by examination of latex casts, in
dicates that the true structure of the
cothurnopores-at least in P. blayaci-dif
fers from the interpretation given by
BATHER. Neither orifice nor cover plates
exist. Instead, the entire space enclosed by
the cothurnopore rim is occupied by tiny
platelets which are paired to form minute
cones, each with a minute apical pore (Fig.
336,2; 337,2b). Therefore cothurnopores
seem to be a very complex type of porous
organs having no structural relationship
with the subvective system of pelmatozoan
echinoderms.

LAMELLIPORES
An additional type of openings occurs

on the upper thecal face of Scotiaecystis and
Bohemiaecystis (Fig. 338). It consists of
narrow slits between vertical calcareous
lamellae, very numerous, closely set, and
grouped to form elongate rhombic struc
tures similar to the conjunct pore rhombs
of some cystoids. The individual slits here
are named lamellipores and their combined
structure a lamellate organ. The outer sur
face of the organ is slightly ridged, whereas
its inner surface is apparently concave in
Scotiaecystis and strongly convex in Bo
hemiaecystis (Fig. 338,1 b,c, 2b,c). The in
ternal face of each lamella is prolonged into
the thecal cavity (Bohemiaecystis) or
marked by a median very shallow groove
that possibly served for attachment of soft
partitions on both lateral edges (Scotiae
cystis). The entire margin of the lamellate
organ of Scotiaecystis on its internal side
bears curious imbricate platelets, not
matched by similar ones in Bohemiaecystis
(Fig. 337,1c,2c). BATHER (13,14) thought
that minute irregular plates covered the
slits of Scotiaecystis, but study of latex casts
indicates that this is a misinterpretation
probably based on the coarse appearance of

external edges of the lamellae. In neither
genus have cover plates actually been de
tected. In an undescribed species from the
Lower Ordovician of France, some lamellae
appear to be divided into two subequal
parts by a very faint suture; this may sug
gest that originally at least the lamellipores
were sutural pores of some sort.

LATERIPORES
Among accessory orifices in the theca of

mitrate Stylophora are two types that first
were observed by JAEKEL (55) on the in
ferior face of Mitrocystites (Fig. 339,1a).
He termed them Seitenporen and paarige
Gruben, names which here are replaced by
lateripores and paripores, respectively.

Lateripores comprise two symmetrically
placed openings near the anterolateral angles
of the lower thecal face, one striding the
suture between marginals M 1 and M t and
the other that of the suture between M'l
and M'2. Each opens on the floor of de
pressions which vary in depth and span in
different specimens (Fig. 339,1 b,c). The
depressions commonly are extended parallel
to borders of the theca by shallow furrows,
one directed obliquely forward toward the
main axis of the body and the other back
ward. The first of these quickly vanishes,
but the second may reach as far as M 3 and
M'3, length varying among individuals, and
they may even be absent. The pores them
selves indent the edges of the marginals
next to them more or less deeply. Each is
the external orifice of a vertical canal ex
cavated in the upturned sutural surfaces of
the marginals (Fig. 339,ld-f; 340,2b). At
the level of the upper edge of these plates
each canal is extended horizontally and ad
axially by a furrow on the surface of M1

or M'l' that is to say along the border of
these marginals which supports correspond
ing adorals. The canals terminate close to
special structures (scutulae, infundibulum,
described subsequently) without opening
into them.

The Occurrence of lateripores in Mitro
cystella is uncertain. JAEKEL (55) figured

FIG. 339. [Explanation continued from facing page.]

canal from left lateripore, XS (Ubaghs, n).--2. Chinianocarpos thorali UBAGHS, L.Ord., Fr.; 2a, theca,
inferior face, XS (Ubaghs, n); 2b, inner opening and inner groove of paripore canal on superior edge of

marginal M'" X7.5 (Ubaghs, n) (M" M" right marginals 2 and 3; M'" M'" left marginals 1 and 2).
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them in M. barrandei, and CHAUVEL (30)
thought that probably they were present in
M. incipiens miloni; but all specimens
studied by me show only doubtful indi-

cations of them or none at all. On the
upper edge of marginal M1 in two individ
uals, however, I have observed a furrow
comparable to that found in the same posi-

2c

infundibulum

narrow furrow

transverse anterior groove 2b

M'l

aulacophore apophyses 20

septum

M'2

~~
au lacophore apophyses

10

Phy Ilocystis

Mitrocystella3

4

1b

FIG. 340. Internal thecal structures among Stylophora.--l. Phyllocystis blayaci THORAL, L.Ord., Fr.;
la,b, aulacophore insertion and adjacent structures, in anterior and superior aspects, X 16 (Ubaghs, n).
--2. Mitroeystites mitra BARRANDE, M.Ord., Boh.; 2a,b, aulacophore insertion and adjacent structures, in
anterior and superior aspects, X4.4 (Ubaghs, n); 2e, adoralia, internal side, X4.4 (Ubaghs, n).--3.
Mitrocystella barrandei JAEKEL, M.Ord., Boh.; anterior face of theca, X2.5 (Ubaghs, n).--4. Placocystites
jorbesianlls DE KONINCK, Sil. (Wenlock Ser.), Eng.; anlerior face of theca, X 1.6 (Ubaghs, n) (M" M'"

median anterior marginals).
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tion in Mitrocystites communicating with
the right lateripore. Perhaps the lateripores
of Mitrocystella, if they existed, did not
open on the inferior face of the theca but
instead opened laterally between the mar
ginals and adorals.

The marginals M land M'l of Lagyno
cystis are extended well upward and for
ward by an incurved hornlike portion which
laterally encloses the insertion of the aula
cophore (see Fig. 341,1). The inner side of
this horn is hollowed as a trough and prob
ably this trough opened to the exterior by
means of a sutural pore located at the front
of the theca (see Fig. 342,2), possibly equi
valent to a lateripore of Mitrocystites.

PARIPORES

Symmetrically placed on opposite sides of
the main body axis of Mitrocystites and com
monly somewhat closer to this axis than the
lateripores are two small thecal openings
named paripores. They are not simple ex
cavations on plates of the inferior face,
as JAEKEL'S term Gruben suggests, but
true orifices which pierce marginals M2

and M'2 near the posterior sutures of
these plates (Fig. 339,la-c,2a). Their na
ture as pores is demonstrated by their
connection with a deeply impressed groove
on the inner surface of each marginal
(Fig. 339,ld,e). The grooves extend from
the paripores obliquely forward and up
ward and terminate on the upper edge
of these marginals not far from the sutures
between them and M l and M'l' The in
ternal grooves vary in length in different
specimens, and in at least a part of their
course they seem to be separated from the
thecal cavity by a thin wall.

The inferior face of the theca of Chinian
ocmpos shows two pores approximately at
the centers of marginals M 3 and M' 2 (Fig.
339,2a). They are more or less symmetrical
with respect to the axial plane and seem
undoubtedly to correspond to the paripores
of Mitrocystites, even though the inner side
of the theca shows neither openings nor
grooves associated with these pores. Con
sequently, the conduits that end in the
pores must have been included entirely
within the thickness of the thecal wall, a
conclusion that seems to be confirmed by
the presence of two other pores on the up-

per edges of Ms and M'2, each accompanied
by a short forward-trending furrow (Fig.
339,2b). The latter pores are presumed
to represent internal (intrathecal) orifices
of conduits leading to the external orifices
identified as paripores.

FUNCTION OF ACCESSORY
ORIFICES IN STYLOPHORA

Interpretations of the possible function
of the several sorts of accessory orifices
seen in the Stylophora differ from one
another approximately as much as cothurno
pores differ from sutural pores, or lamelli
pores from lateripores and paripores. Such
apertures in the Cornuta were considered
by BATHER (13,14) to be inhalant orifices
for entrance of food particles which were
carried by ciliary currents to an internal
mouth and his opinion was accepted by
CHAUVEL (30), DELPEY (35), TERMIER &
TERMIER (82), and CUENOT (32). They
were judged by JAEKEL (55) to represent
genital apertures and by GISLEN (45) to be
branchial slits formed by intestinal divertic
ula which coalesced with the surface of the
body and opened upon it, the slits serving
to strain off water and allow food particles
to remain in the digestive tube. Cothurno
pores were thought by SPENCER (80) to be
respiratory pouches which probably lacked
any communication with the alimentary
canal and were imagined by NICHOLS (68)
to house respiratory organs which could be
retracted and covered by plates when the
animal was disturbed.

The first of these interpretations is the
most improbable, if one admits that the food
catching organ of stylophorans is the aula
cophore, as all evidence indicates. Then,
cothurnopores and analogous orifices were
not needed for collecting nutrient particles.

JAEKEL (55) suggested that cothurnopores
were multiple gonopores but furnished no
supporting reasons for such an assumption.
BATHER (14) rejected this interpretation be
cause their structure, in his view, suggested
food-intake organs. GISLEN (45) likewise
denied the possibility that cothurnopores
could be a series of gonopores, for this
would demand a corresponding number of
gonads within the theca and call for an
extremely improbable segmented body.
NICHOLS (68) pointed out that gonopores
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M' J

Lagynacystis

median adoral

l

3
aulacophore apophysis

median adoral

ctenoid organs

FIG. 341. Morphology of Lagynocystis pyramidalis (BARRANDE), M.On]., Boh.--l. Internal anterior thecal
structures of inferior face, X5 (Ubaghs, n).--2. Anterior face of theca, X5.3 (Ubaghs, n).--3.
Schematic longitudinal median section through anterior part of theca, X 5.3 (Ubaghs, n) .----4. Ctenoid
organs, posterior face, X8 (Ubaghs, n) (M" M" M" right marginalia J, 2, 3; M'" M'" left marginalia J, 2).

would not require the complex plate struc
ture of cothurnopores and that multiple
gonopores surely would not be needed by
Stylophora. Arguments like these do not
lead to a definitive judgment, especially
since secondary metamerism of gonads is
a possibility in archaic echinoderms. It is
known in rather primitive Deuterostomia
(e.g., Enteropneusta).

The possibility that the stylophoran ac
cessory orifices and structures associated
with them served a respiratory function is
suggested by their analogy with the hydro
spires, pore rhombs, and sutural pores of
other primitive echinoderms. It seems
hardly conceivable however that in Ne
vadaecystis they were used as simple respira
tory pores, for respiratory exchange must
have been readily accomplished through the
many uncalcified areas between the supra
centrals. Furthermore their complex
morphology and their narrow location in a
definite part of the body suggest that they
housed specialized structures or were con
nected with internal organs such as the
alimentary canal. This leads to considera-

tion of the possibility that they were branch
ial openings related to the pharyngeal part
of the digestive tract (and not to the in
testinal part, as supposed by GISLEN), since
they are close to what seems to have been
the mouth region. Other deuterostomian
invertebrates (e.g., Stomochorda) have de
veloped pharyngotremy. Such a feature
might have arisen as means of securing an
outlet for the water that entered the pharynx
with the food, but it must also have helped
to provide respiratory exchange. The acces
sory pores of Stylophora, however, could
not have been gill slits opening directly to
the exterior, for the cothurnopores in many
specimens of Cothurnocystis elizae pene
trate so deeply into the posterolateral
( spinal) corner of the theca that the diges
tive tube would have been bent at an acute
angle at the end of the branchial region,
which is unlikely. Therefore, if they were
connected with the alimentary canal, they
could only have been external openings of
branchial sacs or diverticles. But in such
case why did they require the complex
plated structure of cothurnopores, why are
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they so different from one genus to another
and even from one species to another species
of the same genus, and how it is possible
that they are entirely lacking in some spe
cies?

Such questions, which remain without
satisfactory answers, show that the evi
dence at hand does not permit elucidation
of the real nature of stylophoran accessory
orifices. Among various interpretations that
have been proposed none seem conclusive
and none (except perhaps BATHER"S opinion
that the cothurnopores were part of a sub
vective system) can be definitively rejected.

The significance of accessory thecal ori
fices in the mitrate Stylophora is as diffi
cult to determine as in genera of the Cor
nuta. For example, both BATHER (14,19,20)
and GISLEN (45) judged that the morpho
logical attributes and functions of lateri
pores and paripores in the Mitrata corre
sponded to cothurnopores and other acces
sory orifices in the Cornuta. BATHER, how
ever, viewed the pores as entries leading to
the digestive tube, passageways to the
mouth being invaginated and transformed
into a tunnel. GISLEN interpreted them as
branchial orifices produced by coalescence
of the body wall with intestinal respiratory
diverticula. CHAUVEL (30) and CASTER (26)
have concluded that the small thecal open
ings in Mitrata cannot be homologized with
the complex pore apparatuses of the Cothur
nocystidae. Noting that lateripores and
paripores are confined to a small number of
mitrate forms, CHAUVEL has supposed that
they represent organs for optional com
munication with the exterior or that they
could emit their products in diverse ways
without need for specialized openings. On
the basis of this he developed his hypothesis
that lateripores are gonopores and paripores
are hydropores, an opinion shared by CAS
TER (26).

The observed placements of accessory
thecal orifices in Lagynocystis possibly
throws light on the morphologic and func
tional significance of these pores in the
Mitrata generally. On the ceiling of the
anterior part of the thecal cavity in this
genus are comblike structures (ctenoid
organs) so arranged that they could have
served to filter water entering the digestive
tube (Fig. 341,3,4). A sort of entry appears
to have been located just in front of the

thecal cavity, water entering it by way of
the aulacophore and probably escaping from
it by sutural pores located at the base of
this organ on both sides of its insertion
(Fig. 341,1,2). Although ctenoid organs
have not been found in other genera, it
may be assumed that their general organi
zation differed in no essential way from that
of Lagynocystis. In genera having a single
pair of pores, these may be exhalant orifices,
as in Lagynocystis. Where two pairs of
pores are present, an exhalant function is
assignable to one of them and a different
(?inhalant, ?genital) function to the other
pair. We must recognize, however, that this
sort of reason ing rests on structural anal
ogies and that the true significance of pores
in Mitrata, like those of Cornuta, remains
entirely conjectural.

INTERNAL CHARACTERS OF
THECA

INSERTION OF AULACOPHORE

The aulacophore is attached to the mid
dle of the anterior face of the theca. Among
cornute genera other than Ceratocystis its
proximal lower edge overlaps against the
forward-projecting parts of marginals M1

and M', (e.g., Phyllocystis blayaci) or abuts
against it (e.g., Cothurnocystis elizae). In
Ceratocystis and all Mitrata its base pene
trates a cavity provided at the front of the
theca. Except for this difference, the mode
of insertion of the aulacophore is prac
tically the same in the two groups.

On the inner faces of M 1 and M'l are two
elevations (aulacophore apophyses) which
plainly serve for attachment of proximal
muscles of the aulacophore (Fig. 330,2b,3a;
340,la,2a,3,4). These apophyses are some
what reduced and separated in Ceratocystis
but strongly developed and closely adjoined
in all other genera where they have been
observed. Thick at the base, they become
slender upward and on internal molds their
former presence is shown by a deep incision
which CHAUVEL (30) named sillon pedon
culaire. Symmetrical and similar to one
another, the apophyses together form a
small cup that is directed forward and
somewhat upward.

The just-described cup commonly is
divided into four unequal concave fields-
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two adaxial large ones and two abaxial
small ones-separated by a pair of ridges
which are raised from the floor of the
cup and ascend in a curve parallel to its
lateral borders. The upper extremities of
the ridges protrude only a little in the
Cornuta but are prolonged in the Mitrata
into incurved horns with points convergent
on one another and by twisting of their
axes the horns overhang the cup (Fig. 340,
1a,2a,b, 3,4). The upper surfaces of the
horns, which are relatively flat and ex
panded slightly, furnish attachment and
support for the first plate ring of the aula
cophore. In the Mitrata the horns divide
the passageway between cavities of the
aulacophore and theca into lower and up
per orifices which are more or less com
pletely separated from each other (Fig. 340,
3,4). On the other hand, the passage is not
divided in the Cornuta and is large, for the
adorals above it generally form an elevated
arch (Fig. 340,2b,3a).

The nature of these features is somewhat
different in Lagynocystis (Fig. 341,1-3).
The apophyses of M l and M', in this
genus have neither ridges nor horns, and
they are produced upward to form a
wall or diaphragm that separates the aula
cophoral and thecal cavities almost com
pletely. The diaphragm is very peculiarly
shaped, since its lower half has a median
convex portion between two moderately
deep concave lateral portions and its upper
half is concave, curving forward and down.
Communication between the aulacophoral
and thecal cavities could have been effected
only over the upper edge of the diphragm.
Indeed, the internal (posterior) surface of
this partition bears an oblique channel
descending toward right from the top,
possibly representing the path along which
water and food particles entered the thecal
cavity. The existence of a similar channel
descending leftward has not been deter
mined but seems probable.

SCUTULAE

Near the two abaxial extremities of the
upper edges of apophyses belonging to M l

and M'l and symmetrically placed with
respect to the main body axis is a pair of
concave platforms here named scutulae
(sing., scutula), from the Latin for plate

or saucer. Among cornute stylophorans
they are quite unequal, that on the right
side barely developed. The left scutula com
prises the floor of a rather large cavity
supported by the upper overhanging edge
of M'l and the adoral above this marginal.
Each scutula is prolonged forward (i.e., to
ward the aulacophore) by a very narrow
furrow which descends along one of the
two ridges borne by the concave anterior
face of the aulacophore apophyses and be
comes lost on the floor of these (Fig.
340,1a).

The scutulae of mitrate genera are sub
equal and well developed (Fig. 340,2b).
Their outline is subtrigonal and their floor
rises from a strongly depressed abaxial
corner toward the main body axis, merging
insensibly with the upper surface of the
apophysis horns. It may be noted in passing
that on internal molds each scutular depres
sion is marked by a nipple-like protuberance,
which CHAUVEL (30), who was first to ob
serve it, called "mamelon" and interpreted
as an unpaired feature on the left side of
the theca (Treatise orientation). In fact,
two mamelons are present, one on either
side. Scutulae seem to be lacking in Cerato
cystis, at least in the form which has been
described. In Lagynocystis a more or less
well-marked depression can be seen at left
near the base of the diaphragm between
the aulacophoral and thecal cavities (Fig.
341,1). This depression, matched on the
other side by a much more vague concavity,
may be the equivalent of a scutula.

CO·OPERCULA

In at least some Mitrata, structures simi
lar to contour to scutulae, with concave sur
face bounded by a projecting rim, occur
in the inner surface of adoral plates and
are inferred to correspond to the scutulae.
They are here designated as co.opercula
(sing., co.operculum), from the Latin for
lid or cap. Undoubtedly, these structures
lie above the scutulae and with them con
tribute to isolating small parts of the thecal
cavity more or less completely (Fig. 340,2c).
Their described placement and nature have
been observed in Mitrocystites and they
probably occur also in Placocystites (Fig.
340,4). In Mitrocystella incipiens miloni
one may see identically placed slight
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prominences from each of which five
wrinkles radiate in as many directions
(30), and a similar feature occurs in Para
nacystis (26). Comparable structures are
lacking in Lagynocystis, Balanocystites, and
Anatiferocystis. Their existence in other
genera is unknown, but only in rarest cir
cumstances can the inner side of adoral
plates be examined.

The role of co-opercula and scutulae is
uncertain. CHAUVEL (30) postulated that
they marked the placement of ganglionic
masses from which nerves extended in
thickened thecal elements, such as the
wrinkles mentioned in Microcystella in
cipiens milom and Paranacystis. The pres
ence of nerve concentrations in this region
of the theca seems reasonable in view of
the large development and apparently con
siderable importance of the proximal mus
culature of the aulacophore. Thus, one is
tempted to consider scutulae as possible
sites of nerve centers.

INFUNDIBULUM

A depression excavated between the right
scutula and upper edge of the inner side
of marginal M 1 is here termed the infundib
ulum (Latin, funnel). Its topographic re
lationships to the right adoral orifice have
been noted previously. In Ceratocystis the
infundibulum is shallow and rounded, but
in other Cornuta (e.g., Cothurnocystis,
Phyllocystis) and the Mitrata (e.g., Mitro
cystites, Mitrocystella) wherever observable
it is deeply impressed in the substance of
the plate (Fig. 340,lb,2b). A generally well
marked furrow (transverse anterior groove)
hollowed on inner surfaces of M 1 and M'l
runs from its base along the posterior face
of the aulacophore apophyses, passes be
neath the scutulae, and becomes lost either
on the inner surface of the zygal (in Cor
nuta) or at the origin of the septum (in
Mitrata), described subsequently. Another
furrow (oblique anterior groove), which is
much narrower and weaker than the trans
verse groove, may be seen in some speci
mens of Cothurnocystis and Phyllocystis.
This leaves the bottom of the infundibulum,
rises obliquely, and ends at the summit of
the adjacent apophysis just beneath the
adaxial angle of the right scutula (Fig. 340,
1b). Seemingly, it connects the infundib-

infundibulum

marginal

........./··__·_· .._·--~~~·t~~....• \ groove

3 A ,/ <~
FIG. 342. Internal thecal structures of Mitrocystites
mitra BARRANDE, M.Ord., Boh.--l. Left lateral
side of inferior face of theca, slightly oblique view
to show inner marginal groove, X2.2 (Ubaghs, n).
--2. Inner side Df same, X2.2 (Ubaghs, n).--

3. Cross section of theca, X2.2 (Ubaghs, n).

ulum with the aulacophore. Finally, in
Ceratocystis and some specimens of Phyllo
cystis and Mitrocystella, a third groove,
which generally is very weak, runs from
the infundibulum toward the right and
disappears on the inner face of the anterior
marginals on this side of the theca. Thus
it appears that the infundibulum is a sort
of center toward which a group of struc
tures converge, and this supports the in
ference that it exercised a complex role.

If, as previously supposed, the orifice by
which the infundibulum communicated
with the exterior (right adoral orifice)
represents a hydropore, possibly combined
with a gonopore, the infundibulum should
be the seat of a part of what presently con
stitutes the axial complex of echinoderms.
At any rate, it must have inclosed the hydro
poric canal, perhaps accompanied by the
small ampulla (remnant of the left axocoel)
which in modern echinoderms is placed at
its junction with the stone canal.

The anterior oblique groove of stylo
phorans probably inclosed the hydrocoel
branch which penetrated into the aulaco
phore, and the anterior transverse groove
may have contained another hydrocoel di-
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verticle passing beneath the esophagus and
possibly corresponding to the stone canal
and the periesophageal ring of radially sym
metrical echinoderms. The transverse
groove may also have contained part of the
axial sinus. The faint groove on the inner
surface of the right anterior marginals per
haps marks the course of the genital rhachis.

SEPTUM
A low wall or ridge observed on the floor

of the thecal cavity of most Mitrata is
termed the septum (Fig. 335,la; 342,2,3).
It originates on the M'l marginal slightly
below the level of the left scutula and runs
obliquely toward the right posterior corner
of the theca without reaching it. The course
of the septum is slightly irregular and its
height is steadily reduced toward the rear.
It leans toward the left in its anterior
part so as to have an asymmetrical trans
verse section but straightens up in the
posterior part, providing a more sym
metrical section. Presence of the septum
is marked on internal molds by a very char
acteristic strong incision, which was clearly
illustrated by BARRANDE (2) and was called
sillon transversal by CHAUVEL (30), who
was the first to draw attention to its ex
istence.

A small accessory septum diverges in a
general leftward direction near the anterior
extremity of the septum (Fig. 340,2b; 342,
2). Also, a diminutive spur is seen on the
right side of the septum in the posterior
third of its length in some specimens (Fig.
335,la; 342,2).

ZYGAL
Among the Cornuta a septum is lacking,

but this structure appears to be replaced
by a skeletal bar extending from M 1 to the
right posterior margin of the lower thecal
face. This bar, named the zygal (89),
is probably equivalent in function to the
septum and perhaps also in morphology.

The two structures are closely similar in
position and connection with other parts
of the theca-for example, with the mar
ginal M1, the anterior transverse groove,
and the left scutula-and they show a like
oblique placement with respect to the main
axis of the body. A median crest runs on
the inner surface of the zygal, serving pos
sibly for attachment of organs or mesen
teries, as likewise in the case of the sep
tum. The marginal M'l of the mitrate A na
tiferocystis, which is almost identical in
form with that of the equivalent marginal
of Cothurnocystis, is a thin narrow plate
that forms a ridge on the floor of the thecal
cavity. This is curiously similar to the
zygal of the Cornuta.

Or:ratocystis and N evadaecystis seem to
have neither a zygal nor a septum. Lagyno
cystis also lacks a septum but has a much
shorter ridge parallel to the left border of
the theca, and possibly this is homologous
to the septum seen in other Mitrata (Fig.
341,1). According to CASTER (26), the
superior face of the theca of Paranacystis
has an internal groove that externally is
marked by a rounded ridge, and this struc
ture may correspond to the normally de
veloped septum.

FUNCTIONS OF SEPTUM AND
ZYGAL

CHAUVEL (30) viewed the septum of
Mitrata as the place of attachment for a
mesenteric membrane that supported one
of the loops of the digestive tube. He
thought to have discovered traces of two
other mesenteries, at right and left, running
along the marginals, and assigned to them
a comparable role in fixation of the digestive
canal. Thus he judged that he could de
termine the approximate course of this
organ, concluding that it turned around
like that of crinoids and holothuroids. This
interpretation lacks the anatomical foun
dation inferred by CHAUVEL, for what he

FIG. 343. Morphology of aulacophore in comute Stylophora.--1-5. Phyllocystis erassimarginata THORAL,

L.Ord., Fr.; 1, proximal region, stylocone, and proximal part of distal region, aboral face (la), oral face
(lb), X7 (Ubaghs, n); 2, stylocone, oral face (2a), left lateral face (2b), longitudinal median section
(2c), X 30 (Ubaghs, n); 3, ossicles of distal region, oral face (3a), left lateral face (3b), proximal face
(3c), distal face (3d), X 30 (Ubaghs, n); 4, two cover plates, inner or oral face, X30 (Ubaghs, n); 5,
diagrammatic reconstruction of a portion of distal region, with cover plates widely open and water-

vascular organs (in black) (M
"

M" right marginalia 1,2; M'" M'" left marginalia 1,2).
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considered to be emplacements of lateral
mesenteries in reality represents the pro
jecting adaxial borders of grooves exca
vated on the inner surface of the lateral
marginals (Fig. 335,la). CASTER (26), who
inferred a similar function of the septum,
arrived at a much simpler course for the
digestive tube, almost in a straight line.

Other considerations perhaps allow clari
fication in some degree of the morphological
significance of the septum. We may recall
first the close relationships which seem to
associate this structure with the anterior
transverse groove. This groove leads to
the point of origin of the septum (in
Mitrata) or to the upper surface of the
zygal (in Cornuta), where it disappears.

On the other hand, the transverse groove
originates from the infundibulum, which,
as discussed previously, could have inclosed
certain structures that in living echinoderms
are narrowly associated with the aboral
part of the axial organ. These anatomical
connections seem to indicate that the sep
tum also could be related to the axial organ.
It is well known that in larvae the primor
dium of this organ appears in the accessory
mesenteries and that these play an im
portant role in organogenesis. Possibly the
septum marks their emplacement in the
Stylophora. Doubtless it is not without
value to recall here that BATHER (13)
judged one of the possible functions of the
zygal to have been protection of the ex
tensions of a blood plexus and genital
rhachis, in addition to a prolongation of a
nerve center which he supposed to exist in
the opening of the proximal region of the
aulacophore-that is to say in summation,
a kind of axial complex. Finally, we may
point out that a more or less vertical ridge
suggestive of the septum in Mitrata occurs
on the inner side of the theca in the pos
terior interray of certain Paleozoic cystoids
and crinoids. JAEKEL (55), who drew atten
tion to the presence of this ridge, judged

that it had approximately the same trace
as that of the vertical mesenteries-acces
sory mesenteries-in the larva of Antedon.
For all these reasons we may postulate that
the septum of stylophorans served for the
attachment of mesenteric membranes, with
in the thickness of which the axial sinus
and axial organ possibly could find lodg
ment.

INTERNAL MARGINAL GROOVES

In addition to already described stylo
phoran grooves or canals, such as the pari
pore grooves, lateripore canals, and trans
verse anterior groove, some genera of the
Mitrata (and possibly Cornuta) possess a
pair of furrows on the inner side of the
marginals which here are named internal
marginal grooves. They begin at variable
distance from the front of the theca,
follow its lateral borders, and disappear in
the periproctal region (Fig. 335,la; 342).
One is present on the right side and the
other on the left. They are constant in
Mitrocystites, sporadic in Mitrocystella, and
unknown in other mitrates. [They appear
to exist also in an undescribed cornute.]
Their somewhat projecting adaxial mar-
gins may produce narrow slits on internal
molds, called sillons lateraux by CHAUVEL

(30), who discovered them and interpreted
them as traces of mesenteric membranes
which with the septum furnished attach
ment for loops of the digestive tube. In
Mitrocystites the grooves tend to vanish
where they cross intermarginal sutures (Fig.
342,1). In opposite manner, they are clearly
marked in Mitrocystella barrandei only at
these crossings. In M. incipiens milom fea
tures of the grooves are unmodified where
they traverse sutures between the marginals
(Fig. 335,1a). At their anterior extremity
the internal marginal grooves appear to
have relationships neither with the lateri
pores nor the paripores and indeed with no
other structures of the theca. They cannot

FIG. 344. Morphology of aulacophore in mitrate Stylophora.--l. Mitrocystella harrandei JAEKEL, M.On].,
Boh.; proximal region, stylocone anu proximal part of distal region; la, oral face; lb, left lateral face,
X 7.5 (Ubaghs, n).--2. EnoplOllra wetherbyi CASTER, U.Oru., Ind.; X I (90).--3. Mitrocystites mitra
BARRANDE, M.Oru., Boh.; 3a, stylocone anu three ossicles of distal region, left lateral face, X 15 (Ubaghs,
n); 3b, stylocone, oral face, X 10 (Ubaghs, n); 3c, stylocone, distal face, X 15 (Ubaghs, n); 3d, os,icles
of distal region, oral face, X 15 (Ubaghs, n) .--------1. Peltocystis comllta THORAL, L.Ord., Fr.; ossicle of
di,tal region in laterodistal (4a), lateroproximal (4b), and oral (-Ie) views, X30 (Ubaghs, n); 4d,

diagrammatic reconstruction of two articulated ossicles to show how they can move.
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be interpreted reasonably as these invagi
nated subvective grooves which BATHER
(14) supposed to exist in Mitrocystites. Per
haps they are the passageways of nerves
leading to the rectum or some other pos
terior organ. Their actual function is un
known.

CTENOID ORGANS

Structures composed of lamellae in ar
rangements that resemble the teeth of a
comb are here named ctenoid organs. They
were discovered by CHAUVEL (30) in Lagy
nocystis pyramidalis and as yet are un
known in other stylophoran genera. They
occur in three groups, one median and the
other two placed laterally (Fig. 341,4). Each
ctenoid organ is supported by a ridge on
the inner surface of an adoral and end to
end the three ridges together form an arc
which is thin at its center and extremities
but thickened at crossings of sutures be
tween the adorals. The lamellae of the
organs converge at the same time in three
directions-downward, forward, and to
ward the median axis of the body. Thus
they form a sort of grill or filter in the an
terior part of the theca. Previously evoked
is the possible existence of an atrium in
front of the thecal cavity in which a water
current charged with food particles must
have been induced by the aulacophore, per
haps emerging through exhalant orifices
at right and left. The function of the
ctenoid organs then would have been to
catch food particles suspended in the wa
ter, agglutinate them with mucus, and con
duct them toward the mouth. The possi
bility that the organs exercised a respiratory
function also is not to be excluded, for they
may have served as support for gill struc
tures.

AULACOPHORE
The name aulacophore has been intro

duced by UBAGHS (88) for the appendage
of Stylophora that formerly was thought
to be the same as the stele in Homostelea
and Homoiostelea. The designation is
morphologically descriptive in indicating
that the appendage bears a groove (Greek,
aulacos, furrow or groove, +phoros, bearer).
It is in no sense a peduncular process or
stem, but is here interpreted as a brachial

appendage provided with an ambulacrum.
Its unique nature warrants the adoption of
a special morphological term.

The aulacophore comprises three parts
(1) a proximal hollow region which is in
flated, relatively large, and protected by
imbricated plates or by quadripartite rings
generally one inserted within another, (2)
a massive intermediate piece named the
stylocone, and (3) a distal region composed
of a single series of massive ossicles placed
end to end and each provided with a pair
of cover plates (Fig. 325; 343,la,b; 344,
1a,b).

PROXIMAL REGION

Next to the theca is part of the aulaco
phore defined as the proximal region. It
encloses a wide hollow space which com
municates with the thecal cavity. A cover
ing composed of numerous imbricated scale
like plates is seen in Ceratocystis and
Lagynocystis (see Fig. 345, 354), but in
other genera, where known, of a fixed num
ber of four-piece rings which generally are
telescoped together, but not invariably so.
The ring elements are subequal in the
Mitrata, with sutures between them located
in mid-superior, mid-inferior, and two mid
lateral positions. The pieces are unequal
in size in the Cornuta but symmetrically
disposed with respect to the aulacophore
plane of symmetry, which coincides with
the sutures between plates on the upper and
lower sides. Each lateral half ring contains
a small plate, above, here called tectal, and
a large one, below, here termed inferolat
eral, the tectaI covering less than half of
the mid-part of the upper surface, whereas
the inferolateral not only covers an entire
half of the lower surface but much of a
side as well (Fig. 343,la,b). Each ring was
joined to its contiguous neighbor or neigh
bors by muscles and probably also by liga
ments. In addition, powerful muscles at
tached them in a proximal direction to the
inner apophyses of marginals M 1 and M'I
and in a distal direction to the stylocone.
Without doubt, the proximal region of the
aulacophore enjoyed great freedom of move
ment both vertically and laterally and prob
ably it controlled general movements of
the whole appendage.
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STYLOCONE

. The intermediate part of the aulacophore,
Interposed between its proximal and distal
regions, is the unique ossicle named stylo
coneI (Styloconus or Styloid of JAEKEL,
55). Lengthwise, it is a minor portion of
the appendage, though important in re
ducing within a very short distance the
broad width of the proximal region to the
narrow diameter of the distal region. Its
const~nt presence and complex nature prove
that It must have had considerable func
tional significance. Its structure is essen
tially the same in cornute and mitrate
Stylophora, thus denying a morphological
basis for JAEKEL'S (55) usage of stylocone
for Cornuta and styloid for Mitrata. Never
theless, the stylocones of the two groups are
readily distinguished by external characters
whether viewed from the inferior face 0;
in profile.. 1t appears smooth and regularly
rounded In the Cornuta (Fig. 343,la,b,
2a-c), whereas in the Mitrata it bears diverse
excrescences-I) a narrow crest in the plane
of symmetry, 2) a single long spine in
cur~e? toward the theca (e.g., Mitrocystites,
Chll:wn,ocarpos), 3) a series of points (e.g.,
to SIX In Lagynocystis), or 4) transverse
blades resembling plowshares (e.g., Eno
plou1Yl) (Fig. 344,1-3). The excrescences
just mentioned doubtless served as fulcra
for lifti?g the distal region, which normally
was raised at an angle (Fig. 344,2,3a).
According to CASTER (43), the stylocone
blades of Enoploura contain coarse radial
canals of unknown function and morpho
logical significance.

The stylocone has the general form of a
funnel with excavated relatively wide proxi
mal part and narrower semicylindrical distal
part. The .obliq.uely chiseled proximal face
(m~re so ~n Mitrata than Cornuta) is oc
cupied entirely by a deep concavity directed
upward and toward the theca (Fig. 343,
2~,c; 344,3b). It served for insertion of the
distal extremiti.es of muscles occupying a
par~ of the cav.lty of aulacophoral proximal
regIOn. The distal face of the stylocone in

~ GIL: & CASTER (43) report that the stylocone of Vic
torta~j!J!tS has muhiple segments. Probably only the most
prox~mal of these represents the real stylocone. others be~
IOO.Rlng to the distal region. Also, CASTER (43) has de
sCT!bed the. stylocone of Enop/onra as composed of several
osslc1es Wl~lCh become dissociated upon weathering. If
correct,. thiS suggests th~t the stylocone originally was a
composite struct';lre resu~(Jng from differentiation and fusing
of the most proximal osslcles of the distal region.

Cornuta is perpendicular to the longitudi
nal axis of the ossicle, serving for a little or
no~ at a~l diff:rentiated sort of ligamentary
articulatIOn with the proximal plate of the
distal region (Fig. 343,2b). In the Mitrata
this distal stylocone face is oblique and
directed upward (Fig. 343,3a) and is joined
to the first ossicle of the distal region by a
very highly differentiated articulation, like
those uniting the distal ossicles with one
another (Fig. 344,3c).

In Mitrata the rather short upper face of
the stylocone is framed by steep elevated
walls which give it the appearance of a
rather narrow throat (Fig. 344,3b). The
walls are much lower in the Cornuta, being
less elevated even than the axial structures
which they border on each side (Fig. 343,
2a). In both Cornuta and Mitrata a deep
notch, bordered by raised lips, occurs on
th~ proximal border of the upper face at its
mIddle. This notch leads to a groove
(median furrow) which extends to the dis
tal extremity of the stylocone, passing there
?nto ossicles of the distal region. The groove
IS somewhat raised in the Cornuta and lim
ited by relatively wide rims (Fig. 343,2a).
It is Ranked from place to place by lateral
depressions and at two points both margins
of the groove are generally interrupted by a
short transverse channel leading to lateral
depressions on either side. In Mitrata the
median furrow lies in the middle of the
throat, which occupies the entire width of
the upper face (Fig. 344,3b). It is not ele
vated noticeably and is bordered on each side
~y a very. narrow ridge. The ridges are con
tllluO~S III some genera (e.g., Peltocystis)
b.ut ~nterrupted at two points on each
~Ide In others (e.g., Mitrocystites). Where
Interrupted, the furrow communicates with
small lateral depressions, two on each side
which lie slightly lower than the furrow;
but they are not observed in Peltocystis. It
may be noted also that in some Mitrata
(e.g., Mitrocystites, Mitrocystella) a small
pit or fossa occurs in the Roor of the groove
at each end, the distal one being divided
by .the suture between stylocone and first
OSSicle of the distal region (Fig. 344,3b).

The upper face of the stylocone was pro
tected by plate:, four pairs of them having
been c~unted In Cornuta. The two proxi
mal pam c~osely resemble the median up
per plates III nngs of the adjacent aula-
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cophoral proximal region, and they form
the ceiling, probably fixed, of the excavated
proximal part of the stylocone (Fig. 343,
1b). The two distal pairs, which overlie the
groove and accompanying structures, are
mobile plates identical to the cover plates
of the aulacophoral distal region (Fig. 343,
4). A large part of the upper face of the
stylocone in Mitrata is covered by rings or
half rings of the adjacent aulacophoral
proximal region, the remainder being pro
tected by a pair of cover plates (Fig. 344,
lb,2). This explains why JAEKEL (55)
thought that the stylocone in the Mitrata
was only a half cylinder inserted in the
lower face of the organ, and not a solid
piece that just as in the Cornuta joins the
proximal and distal regions of the aulaco
phore.

DISTAL REGION

Invariably, the longest and narrowest
part of the aulacophore is found in the
distal region. Its diameter at the extremity
nearest to the theca equals that of the
distal end of the stylocone. Away from this
point it tapers more or less rapidly to its
free end. It is entirely composed of semi
cylindrical, bilaterally symmetrical, very
short ossicles which abut end to end and
are protected by a pair of cover plates. The
ossicles of this region in the Cornuta have
rounded inferior and lateral faces (Fig. 343,
3a-d) , whereas their upper face carries an
elevated median grove or furrow which
generally connects by a short transverse
canal with a lateral depression on each side.
The median groove is an extension of the
similar furrow on the stylocone. The cover
plates were movable and each articulated
with a salient on the outer margin of the
ossicle beneath it. These plates resemble
scales strongly imbricated in the distal direc
tion (Fig. 343,4).

Ossicles of the aulacophoral distal region
of the Cornuta were closely joined by synos
tosis or by barely differentiated articulations
(Fig. 343,3c,d). The distal face of each bears
two lateral salients which fit into hollowed
fossettes on the proximal face of its next
placed neighbor. Slight movement in a
vertical plane was permitted by this rudi
mentary sort of hingement. The distal re
gion must have been relatively rigid and
certainly incapable of enrolling on itself.

Construction of the distal-region ossicles
is essentially the same in all stylophorans,
but in the Mitrata some distinctive traits
are seen (Fig. 344,3d, 4a,b). Firstly, the
lower side of each ossicle bears a spine,
point, or blade in the plane of symmetry,
ordinarily incurved toward the theca; the
projections are most prominent on proxi
mal segments, diminishing and disappear
ing distally.

Secondly, the upper face of the ossicles,
like the upper face of the stylocone, shows
1) a median furrow sunk between high lat
eral walls and bordered by fine ridges, 2)
a shallow short depression on each side of
the groove (though seemingly not in all
forms), and 3) presence of a fossa or pit
in the floor of the groove at the level of
each suture, at least in some genera (Fig.
344,3d). Thirdly, the cover plates attached
at outer borders of the ossicles alternate
somewhat with these plates and are not
imbricated when the arm was extended
(Fig. 344,lb). Finally, the ossicles are
joined to one another by very well
developed articulations, having on distal
faces a pair of salients slightly below the
median furrow and on proximal faces cor
responding fossettes to receive these pro
jections (Fig. 344,4a,b). The salients de
termine an articulatory axis around which
the ossicle could pivot (Fig. 344,4d) and
above each salient and fossette is a small
triangular area which marks the insertion
of a flexing ventral muscle. A large un
paired concavity (dorsal fossa) is seen on
both the distal and proximal articular faces
of the ossicles below the articulation axis.
These concavities doubtless served to ac
commodate an elastic dorsal ligament which
operated in opposition to the flexing mus
cles. The articulations afforded arm move
ments in a vertical plane. The aulacophore
of Mitrata frequently is seen to be recurved
toward the superior face of the theca and
it may even be enrolled in a spiral, with
spines of its inferior face turned outward
as though in an attitude of defense.

FUNCTIONS OF AULACOPHORE

How may structures of the aulacophore
just described be interpreted? The median
furrow, short transverse channels, lateral
depressions, and movable cover plates of
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its upper surface comprise an ensemble
nowhere found among echinoderms except
in their ambulacra. In living stylophorans,
the median furrow must have housed an
axial ambulacral canal, and in addition, it
probably carried nerve, blood, and coelomic
structures such as accompany the canal in
living echinoderms. The lateral depres
sions are presumed to have received ten
tacles connected to the axial canal by short
branches placed in the transverse channels
(Fig. 343,5). In at least some genera, a
distinct widening of the transverse chan
nels at their abaxial extremity (Fig. 343,
2a,3a) suggests the possible existence of
ampulla-like expansions at the base of
tentacles such as those present in the podia
of some Recent ophiuroids. The sutural pits
on the floor of the median groove of some
Mitrata could have accommodated saclike
expansions of the axial canal, serving as
reservoirs lodged in similar hollow cavities
of the vertebrae in some living ophiuroids.

The descriptions and discussion which
have been given support the following im
portant conclusions. I) The aulacophore
of Stylophora is not a tail, column, or pe
duncle, for its organization lacks the struc
tures and indicated functions belonging to
these morphological features-in particular
having nothing in common with the stele
of the Homostelea and Homoiostelea. 2)
The aulacophore is a mobile brachial proc
ess which bears an ambulacrum, and the
main function of this ambulacrum can
hardly have been other than collection of
food particles and transport of them to the
mouth. 3) The peculiar structure of the
aulacophore and lack of its association with
similar appendages borne by anyone stylo
phoran cannot be homologized with the
multiple radial brachial processes of other
echinoderms. 4) The aulacophore differs
structurally from the single arm of the
Homoiostelea. 5) The aulacophores of
Cornuta and Mitrata are very similar and
entirely homologous to one another.

GENERAL ORGANIZATION OF
BODY

Information concerning the anatomy of
stylophorans derived from study of their
skeletal remains evidently is insufficient for
reconstruction in detail of the soft parts

of these animals. Even so, it may not be
too ambitious an undertaking to seek de
termination of the main divisions of the
body and recognition of their morphological
significance.

In order to attain these goals, it would
be fruitless to depend heavily on compari
sons with living adult echinoderms, which
by acquisition of radial symmetry have
been transformed profoundly and seem to
be utterly different. It is permissible, how
ever, to refer to the ontogenetic stages which
precede the appearance of this symmetry
among them and which, as apparently in
the Stylophora, are characterized by pro
nounced asymmetry in development of their
structures.

The skeleton of stylophorans encloses two
clearly distinct cavities-that of the theca
and that of the proximal region of the aula
cophore. It is probable that the first com
prised the general body cavity produced
by the somatocoels and the second perhaps
corresponded to the axocoels and hydrocoel,
which in echinoderms always are closely
associated. Data supporting this hypothesis
are presented in the following paragraphs.

The structure of the aulacophore indi
cates that this organ served to support a
tentacle-bearing diverticle such as only the
hydrocoel produces in echinoderms. If this
interpretation is correct, the aulacophore
diverticle could only depend from the left
hydrocoel, for the right one never plays
any role in the organogenesis of echino
derms. The aulacophore is fixed to the
middle of the front border of the theca,
however, and not to its left half. This re
quires us to suppose that it has migrated,
along with the hydrocoel diverticle en
closed by it, so as to become placed in the
main axis of the body. Such a movement
doubtless represents a phenomenon of sec
ondary symmetrization, comparable to that
shown by larvae of modern echinoderms,
which, following a stage of asymmetry, tend
to develop bilateral symmetry (sekundar
symmetrische Stufe of HEIDER). It is note
worthy that this tendency toward acquisi
tion of bilateral symmetry with respect to
the principal body axis, invariably discern
ible in the Stylophora, may be very con
spicuous (e.g., Anomalocystitida).

Furthermore, the inferred stylophoran
hydrocoel appears to have opened outward
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through an orifice in the right adoral plate.
This coelomic compartment, from which
the aulacophoral diverticle extended, must
have been localized, then, in the im
mediate vicinity of the attachment of the
aulacophore to the theca. In larvae, the
hydrocoel lies behind the axocoel and is
more or less distinct from it. In adults, the
axocoel produces structures (e.g., ampulla
at junction of stone canal and hydropore
canal, madreporic vesicle, axial sinus) that
remain closely associated with unpaired
organs (e.g., madreporite, stone canal) of
the hydrocoel apparatus. Thus is developed
a complex of organs that originates in the
anterior and median coelomic compart
ments of the larva. Perhaps, then, it is not
a pure coincidence that the part of the body
of stylophorans located in the immediate
proximity of the aulacophore attachment is
also characterized by a large complex of
internal skeletal structures (e.g., infundi
bulum, anterior transverse groove, origin
of septum, scutulae, co-opercula, diverse
canals and grooves leading to external ori
fices or toward posterior regions of the
body). This complex, suggestive of that
found in the mesosomal region of enterop
neusts and pterobranchs, may include (for
reasons given in previous chapters) a di
versity of organs derived from the two
axocoels and left hydrocoel, as well as
ganglionic masses needed in particular for
control of the aulacophore muscles.

The remaining part of the thecal interior
undoubtedly was occupied by the digestive
tube, which can be localized with some
degree of certainty by the principal thecal
orifices, by the gonads, and by the general
cavity derived from the larval somatocoels.
This cavity must have been divided asym
metrically in diagonal manner, as shown
by the course of the septum or zygal, which
doubtless furnished attachment for mesen
teric membranes and which may have
marked, as suggested previously, the posi
tion of some elongate unpaired structure
such as the axial sinus and axial organ.

We may see, then, that several diverse
lines of evidence seem to support the hy
pothesis initially offered in this discussion.
Thus, the two main parts of the body in
Stylophora would be axohydrocoelian (in
front) and somatocoelian (behind). The
first would include the proximal region of

the aulacophore and part of the thecal
cavity closely adjacent to the aulacophoral
attachment, and the second would include
the large remaining part of the thecal cav
ity.

This interpretation allows the funda
mental organization of Stylophora to be
correlated easily with that of the presumed
ancestral echinoderm suggested by embryol
ogy. Derived from this ancestor (a least
distorted picture of which possibly is of
fered by the pterobranch Cephalodiscus)
would be the unattached stylophoran mode
of life, the division of the body into two
or three successive coelomic regions-sep
aration of the axocoel and hydrocoel is far
from well defined in all echinoderms-and
the presence of one of an antecedent pair
of lophophorian arms, an arm (represented
by the aulacophore) which from the outset
must have assured nutrition and respiration
for the animal. The main transformations
marking the passage from this hypothetical
ancestor to the Stylophora would be con
nected with the appearance and accentua
tion of an asymmetry which would be the
same as that demonstrated in the ontogeny
of living echinoderms from the beginning
of larval development or even from the egg.

Finally, what was the morphological ori
entation of the body of Stylophora? If at
tention is directed to the natural position
of these organisms during life, distinctions
can be made between a superior and inferior
face, between an anterior extremity marked
by the mouth and a posterior extremity
marked by the anus, and between a right
side and a left side. These terms evidently
have only topographic significance. Orienta
tion in terms of morphology may be very
different. If the principal orifices of the
theca are adopted for reference, the loca
tion of the anus may be considered as pos
terior, that of the mouth (directed forward
and upward) as both anterior and ventral,
and that of the hydropore-its most primi
tive position seemingly observed in Cerato
cystis-as indicating the dorsal face and
left side. From this viewpoint, the conclu
sion may be reached that the Stylophora
reposed on their morphologically dorsal face
and that their morphologically ventral sur
face was directed upward. This conclusion
would be permissible if these organisms
had maintained the orientation of the
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bilaterally symmetrical form supposed to
exist in echinoderms at their beginning. In
fact, the stylophorans are asymmetrical,
which proves that their ancestors, like those
of other echinoderms, had undergone trans
formations that could have been accom
panied by more or less considerable dis
placements of the orifices toward faces of
the body originally defined as lateral. It
follows that their median plane may very
well have been newly acquired, not coinci
dent with the ancestral median plane but

cutting across it at an indeterminable angle.
Likewise, the upper face of stylophorans
does not coincide necessarily with the ven
tral surface of the antecedent primitive
form, or the lower face with its dorsal sur
face. In sum, the problems of morphologi
cal orientation of the Stylophora are the
same as for other echinoderms and it would
be vain to seek in their complex and trans
formed organization axes of symmetry be
longing to the source of the phylum.

GLOSSARY OF MORPHOLOGICAL TERMS USED FOR STYLOPHORA

[Terms considered as synonyms or terms
of lesser importance are printed in italics]
abaxial. Directed away from main axis.
aboral. Applied to surface (or structure) of aulaco

phore situated on face opposite that bearing me
dian groove (syn. dorsal, lower, or inferior face
of aulacophore).

accessory septum. Small left branch of septum near
its anterior extremity.

adaxial. Directed toward main axis.
adcolum 11al. See adoral.
adoral (pI., adorals, adoralia). One of two or three

upper thecal plates which frame aulacophore in
sertion.

anomalocystid plate. Special infracentral plate trun
cating left posterior corner of largest infracentral,
distinguished by its rather great constancy among
Mitrata.

anterior. Applied to part of theca (or thecal struc
ture) located at or adjacent to aulacophore in
sertion; front of theca; directed toward anterior
margin; opposite to posterior.

anterior margin. Part of margin in middle of which
aulacophore is inserted.

anus. Vent of alimentary canal.
apophysis (apophyses). See aulacophore apophysis

(apophyses).
auIacophore. Single jointed exothecal appendage,

here interpreted as brachial process carrying am
bulacrum.

aulacophore apophysis. Inner projection for attach
ment of aulacophore proximal muscles, carried
by each of two median anterior marginals.

carapace. Upper face of theca in Mitrata.
central (centralia). Plate(s) located inside marginal

framework either on lower or upper face of
theca (see supracentral and infracentral).

co-operculum (pI., co-opercula). Endoskeletal struc
ture on internal face of adoral plate, serving as
partial lid to corresponding scutula; observed in
a few mitrates.

cothurnopore. Specialized porous organ in right
anterior upper thecal area of Cotlltirnocystis and
other Cornuta.

cover plate. One of many small plates which pro-

tect oral face of stylocone and ossicles of distal
region in aulacophore.

ctenoid organ. Comblike calcareous structure at
tached to inner side of adorals and protruding
into thecal cavity in Lagynocystis.

dextrolateral. Infracentral located on right side.
digital. Spine attached to marginal framework di

rectly on left of anal opening of Cothurnocystis.
distal. Direction away from insertion in aulacophore

or any appendage; opposite of proximal.
dorsal. See aboral.
epibasale. See adoral.
epicentral (epicentralia). See supracentral (supra

centralia) .
epistomal (epistomalia). Seemingly movable plate(s)

in small triangular space between adorals and
proximal ring segment of aulacophore.

extension plane. Plane in which theca is depressed
(syn., extensiplane).

extensiplane. See extension plane.
frame (framework). Series of plates which con

stitute margin of theca, i.e., marginals and (in
Cornuta) adorals.

glossal. Spine attached to marginal frame directly
on right of anal opening in Cothurnocystis.

hypocentral (hypocentralia). See infracentral (in
fracentralia) .

inferior. Directed toward inferior face of theca.
inferior face. Flat or concave side of theca, pre

sumably toward sea bottom in life position (syn .•
lower, reverse).

inferolateral. Lower plate of half ring in proximal
region of aulacophore.

infracentral (infracentralia). Plate(s) located inside
marginal framework on lower face of theca.

infundibulum. Distinct depression between right
scutula and inner upper edge of marginal M

"located just below and probably related to right
adoral opening.

internal marginal groove. Furrow on inner side of
lateral marginals in some Mitrata.

lamellate organ. All lamellipores taken together.
lamellipore. Elongated very narrow slit in right

anterior upper thecal area in Scotiaecystidae.
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lateral depression. Elongate depression on oral face
of stylocone and ossicles of distal region of aula
cophore in which ambulaeral tentacle is presumed
to have been located.

lateripore. One of two openings in Mitrocystites,
symmetrically located on lower thecal face near
anterolateral corners, on sutures uniting two first
right or left marginals (syn., Seitenpore).

left. Referring to side corresponding with left of
observer, when theca is placed on its lower face,
with aulacophore away; opposite of right.

lower face. See inferior face.
main axis. Straight line which corresponds to inter

section of extension plane with plane of bilateral
symmetry of aulacophore and which is prolonged
across theca.

marginal (marginalia). Ossicle(s) of a series fram
ing theca (except adoral).

median groove. Axial furrow along oral surface of
stylocone and ossicles of distal region of aulaco
phore, presumably housing axial ambulacral struc
tures.

median plane. Plane passing through main axis and
perpendicular to extension plane (syn., symmetry
plane).

mouth. Entrance to alimentary canal, presumably
located at or near proximal end of aulacophore
inside theca.

oblique anterior groove. Faint groove uniting m
fundibulum to aulacophore insertion.

obverse. See superior.
oral. Applied to face of aulacophore which carries

median groove (syn., ventral, upper or superior
face of aulacophore).

oro-anal axis. Straight line from anus to center
of aulacophore insertion (presumed mouth posi
tion).

paarige Gruben. See paripore.
paripore. One of two openings through marginals

M2 and M', in Mitrocystites or marginals MJ and
M', in C/zinianocarpos symmetrically placed on
lDwer face of theca (syn., paarige Gruben).

periproct (periproctal area). Presumed flexible and
extensible thecal integument surrounding anus.

placocystid plate. Special supracentral located on
mid-line of theca and generally surrounded by
its two neighbors, distinguished by its smooth
surface and its rounded (rather than polygonal)
outline; present in a few Anomalocystitidae
(Placocystites, Rllenocystis).

plastron. Lower face of theca in Mitrata.
posterior. Applied to part (or structures) of theca

located at or adjacent to anal area; direction op
posite to anterior; backward.

posterior margin. Opposite to anterior margin.
proximal. Referring to direction toward insertion

in aulacophore or any appendage; opposite of
distal.

ret1e'·se. See inferior.
right. Side of theca corresponding with right of

observer when it is placed on its lower face with
aulacophore away; opposite of left.

right adoral orifice. Thecal opening which notches
or pierces right adoral plate.

scutula (pI., scutulae). One of two concave cal
careous platforms on internal face of marginals
M, and M'" near abaxial ends of aulacophore
apophysis.

Seitenpore. See lateripore.
septum. Calcareous wall on floor of thecal cavity

running obliquely from abaxial end of left aula
cophore apophysis toward right posterior thecal
margin in most Mitrata.

sinistrolateral. Infracentral located on left side.
spinal. Point or fixed spine prolonging right pos

terior corner of theca in some Cornuta.
strut. See zygal.
stylocone. Cone-shaped ossicle forming middle re

gion of aulacophore (syn., styloid).
styloid. See stylocone.
subanal (subanalia). Special thecal plate(s) in some

mitrates located below anal structures.
superior face. Convex side of theca presumably

directed upward in life position; opposite of in
ferior face (syn., upper face, obverse face).

supracentral (supracentralia). Plate(s) located in
side marginal framework on superior face of
theca.

sutural pore. Pore located on suture between two
or several thecal plates.

symmetry plane. See median plane.
tectal. Upper small plate in lateral half ring of

proximal part of aulacophore.
tegminal. Supracentral close to posterior margin,

possibly serving as cover to posterior opening in
some genera.

theca. Body skeleton exclusive of aulacophore.
toe spine. See spinal.
transverse anterior groove. Shallow transverse fur

row on internal face of marginals M, and M'"
running from infundibulum to zygal (Cornuta)
or septum (Mitrata).

transverse channel. Short groove connecting median
furrow with lateral depression on aulacophore.

upper face. See superior face.
ventral. See oral.
zygal. Skeletal bar uniting marginal M', with right

posteriDr margin on lower face of most Cornuta.

ONTOGENY
Knowledge of the ontogenetic develop

ment of the Stylophora, decidedly meager
at best, rests on three sorts of evidence-I)

observation of young individuals, 2) study
of growth series, and 3) examination of
growth lines. All relate to fairly advanced
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stages, which invariably are subsequent to
the metamorphosis.

CHAUVEL (30) has shown that in many
species of Mitrocystitidae young individuals
differ little from adults, at least in organi
zation of their inferior face, nothing ex
actly being known about development of
the superior face. Growth of the theca is
effected not by introduction of new plates
but simply by enlargement of existing plates
which are constant in number and place
ment from early youth. Only the propor
tions and outlines of the theca may be
modified.

The number of plates in the frame of the
theca in Cornuta likewise seems to have
been established at an early growth stage,
but the shape and proportions of these
plates tend to be altered in the course of
development. In a general way, among
diminutive individuals the frame seems to
be relatively larger than in adults. It seems
also that the size of the centralia rather than
their number increase with age; if new ele
ments were introduced during growth, it
must have been at the periphery where very

small plates are generally crowded. The
number of cothurnopores or comparable
orifices varies among individuals, possibly
being greater with age, and their decreas
ing size toward the two extremities of each
series suggests that new pores were intro
duced in these terminal regions.

Occasionally, striae parallel to edges of
plates can be observed on the inner surface
of the stylophoran theca. This is especially
true of Lagynocystis and genera of the
Kirkocystidae, in which the inner side of
the marginals or adorals bear numerous
striae that may be considered as growth
lines (Fig. 341,1). They show that these
plates have undergone changes in propor
tion in the course of their development.

The mode of growth of the aulacophore
is not known. Probably the number and
arrangement of plate rings in the proximal
region were fixed at a very early age in in
dividuals, but it is very likely that new
ossicles were added to the distal extremity
of the appendage throughout growth, as in
the arms of crinoids.

MODE OF LIFE

LIVING POSITION LOCOMOTION
Stylophorans lived resting on the sea bot

tom, as proved by 1) absence of a stem,
2) flattened form of the theca and its lat
eral extension, 3) marked dissimilarity of
the two faces of the theca inferred to be
upper and lower, and 4) the presence of
one of the thecal faces (lower) in many
species of spines or longitudinal ridges
which doubtless served to elevate the body
and assure equilibrium, as well as eventual
ly for anchoring it.

With respect to the face just referred to,
the organism can be oriented unequivocally,
for the face that in life was directed upward
and accordingly designated as the superior
face is evidently the one toward which the
ambulacral furrow opened. It is also the
more convex face and that which generally
bears the mouth and anus. It never shows
the presence of protuberances and other ex
crescences of the sort just mentioned as
characteristic of the other face.

The absence of a stem and organs com
parable to a root indicates that the Stylo
phora were not sessile animals but rested
free on the sea floor or other support. The
aulacophore, considered as stem, peduncle,
or tail, often has been supposed to be a
means of anchorage, operating like the
cirrus of a crinoid (25), sinking into clefts
or between roots on the substrata (14), or
standing vertically on its tapered extremity
with the theca extended horizontally in the
water (82). The stylocone, especially in
the Mitrata, has commonly been considered
to be a device for clinging, and BATHER
(17) judged it to be "a support on which
the internal muscles could raise the theca
as on an elbow, or swivel it round to meet
the food-currents." Among other functions
which have been assigned to the aulacophore
is that of a rudder (13,25) and that of a
propeller (49). Referring to mitrocystids,
GISLEN (45) thought "that the animal
moved itself forward [backward in terms
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of Treatise-adopted orientation] with jerks
to the right and left of the strongly muscu
lar proximal part of the stem." Thus the
so-called stem would become "a swim tail"
(46). Even Cothurnocystis-despite its ex
treme asymmetry, its protuberances, and its
long marginal processes-was judged
capable of swimming by pirouetting about
on itself (45).

Other authors have imagined that stylo
phorans crawled, using the aulacophore to
push themselves backward or pull them
forward. KIRK (56) described in some de
tail how the mitrate Basslerocystis glided
over the sea floor by movement of its aula
cophore with the aid of its two posterior
spines and CASTER (25) explained how Eno
ploura traveled on the sea bottom by "up
flexings" of the body at junction of the aula
cophore with the theca, in manner recalling
the mode of progression of measuring
worms.

If, as here interpreted, the aulacophore is
not a stem or peduncle but rather a brachial
process serving to carry the single ambula
crum of the stylophoran and therefore func
tioning essentially for capture of food, most
of the hypotheses which have been outlined
evidently lose all significance. It remains
conceivable, however, that the aulacophore,
in addition to its function as an organ for
obtaining nourishment, could have acted
to keep the animal favorably oriented in
water currents or to shift them somewhat
in case of need. Just as the arms of coma
tulids enable them to swim or crawl on the
sea bottom, the aulacophore of stylophorans,
with its powerful proximal musculature,
might conceivably have been capable of per
forming similarly.

Opposed to unqualified adoption of the
hypothesis just stated are several anatomical
considerations which apply to the Stylo
phora. I) The high degree of asymmetry
seen in the theca of most Cornuta, and the
not uncommon considerable development of
their protuberances, spines, and marginal
processes make a judgment that these "carp
oids" crawled or swam improbable. 2) The
rearward thinning down of the theca which
is observed in all Stylophora provides a
hydrodynamic condition unfavorable for
displacement of the body in a backward
direction, for very generally aquatic ani
mals move with their big end forward. 3)

Similarly the rearward imbrication of the
supracentrals of some genera (Mitrocystella,
Lagynocystis) or of the scalelike covering of
the lower face of Allanicytidium makes un
likely a backward progression of the organ
isms. 4) In Mitrocystites and Chinianocarpos
the spines borne by the lateral anterior
marginals point obliquely backward and
downward in such a way as to impede
sliding of the theca sideward and toward
the rear. Projections on the lower surface
of the stylocone and distal ossicles of the
aulacophore in Mitrata have their points
generally directed toward the theca-an
arrangement that would hinder any pro
pulsive force that movements of this organ
could have generated in a posterior direc
tion. Such considerations suggest that the
Stylophora either led an essentially static
existence, reposing in the same place as long
as conditions were favorable, or, if they
moved, progressed forward. For moving,
they could use their aulacophore to pull
them in a manner described by CASTER
(14) or expel water from the anus, making
a jet which served to propel the animal
forward. One may here call attention on
the occurrence of projections apparently
serving for attachment of muscles or liga
ments on the inner side of the supracentrals
of some Mitrata, suggesting that rhythmical
contraction and expansion could have re
sulted in a bellows-like action of the body
wall. In very asymmetrical forms (e.g.,
Cothurnocystis) a forcible expulsion of
water from the anus should have induced
gyration of the theca, which was probably
checked by the protuberances on the lower
side of marginals, the spinal and the aula
cophore (13). In more symmetrical forms,
however, an effective leap forward could
probably have been realized in this way. On
the other hand, this does not mean that the
Stylophora were active swimmers. It seems
more likely that they used such possibility
occasionally, when, for instance, it was
necessary to shift their position. Doubtless
JAEKEL (55) was right in comparing their
behavior to that of holothuroids. One may
well imagine that stylophorans lived most
of the time in the manner of certain psolid
dendrochirotes, which have depressed bodies
and cling to the substrate by their flattened
ventral sides.
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NUTRITION
Interpretation of the aulacophore which

has been given indicates that this organ
served principally for the collection of nour
ishment. The nature of the articulations
between distal segments of the aulacophore
in Mitrata shows that this region was held
in a position directed more or less upward.
It was inflected or formed an elbow at the
level of the stylocone, which served it for
support and as a sort of hinge. Many fos
sils (e.g., Lagynocystis, Enoploura, Rheno
cystis) show the aulacophore preserved in
this bent position. It is not to be doubted
that in at least some circumstances this ap
pendage could partially enroll on itself so
as to protect soft structures lodged in the
furrow of its oral face.

Capability of enrollment assuredly was
lacking in the aulacophore of the Cornuta,
which was much more rigid, with principal
movements, if not only ones, controlled by
the proximal region. Even so, it is probable
that the aulacophore of these stylophorans
did not lie flat on the sea floor, since its
aboral surface never is depressed. With
little doubt it moved in the water with
equilibrium of the body maintained by dis
position of the protuberances that served
for support of the theca and by the presence
of appendages (glossal, digital) or posterior
marginal expansions designed to provide
a counterweight.

The nature of the median groove and
other structures which characterize the oral
surface of the stylophoran aulacophore sug
gest, by analogy with the endoskeletal am
bulacral structures of living echinoderms,
that these animals were microphagous, cap
turing minute particles suspended in the
sea water or catching tiny prey by play of
their tentacles and mucociliary mechan
isms. In summation, the nature of the
aulacophore furnishes no confirmation at
all of hypotheses postulating that these
"carpoids" were l) scavengers (26), 2) sea-

bottom mud-swallowers (56), 3) nourished
by pumping water inward through the anus
(34,45,46,55), and 4) fed through inhal
ant pores such as cothurnopores, sutural
pores of Ceratocystis, and lamellipores (13,
14,32).

Among other morphological features that
may have been concerned with nutrition are
the ctenoid organs of Lagynocystis. Seem
ingly located at the back of an entrance-way
atrium, they appear to be adapted for strain
ing out food particles suspended in water
currents, embedding them in mucus, and
conducting them to the mouth.

RESPIRATION
Respiration of the Stylophora may have

been accomplished in various ways-I) di
rectly through the thecal integument when
covered by a thin pavement or provided
with uncalcified spaces (e.g., N evadaecystis;
and according to CASTER (26), very abund
ant stroma in the plates of Paranacystis
must have allowed gas exchanges within the
skeleton); 2) by extensions of the hydro
coelian apparatus (e.g., tentacles of the
aulacophore); 3) through walls of the di
gestive tube; 4) by introduction and expul
sion of water through the anus as in living
crinoids and holothuroids (45,55), pos
sibly controlled by pulsations of the upper
thecal face when, as seems to have been
common in many, it had sufficient flexi
bility; 5) perhaps by means of specialized
organs such as the cothurnopores and lame1
lipores, if these organs, which in some
stylophorans are closely analogous to hydro
spires and pore rhombs, actually had a
respiratory function; and 6) possibly also
through the agency of ctenoid organs (e.g.,
LagynocystlS) , which in addition to filter
ing water from the atrial chamber could
have aided aeration of fluids filling the gills
that perhaps they supported. It is probable
then that, as in other echinoderms, respira
tion was effected by various means.

ECOLOGY

Little precise information is available as
to the environment of living Stylophora.
A majority of them appear to have existed
in the places where their fossil remains are
found, or very close to these places. In view

of their relatively large size and delicacy
of their complex organization, they could
hardly have been transported very far from
sites occupied in life to places of burial.

Remains of these animals are found most
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commonly in clayey sediments, either on
bedding planes of shale or enclosed by
siliceous or sand-carbonate concretions oc
curring in essentially pelitic deposits. Only
rarely have they been collected from strong
ly arenaceous or calcareous formations. This
common association of the fossils with
argillaceous sediments indicates that most
known stylophorans lived in marine en
vironments sufficiently calm to have al
lowed predominant deposition of clay par
ticles and mica flakes. Although generally
true, the stated rule is not universal-for
example, dissociated plates of Enoploura
are found in large numbers in coquinites
and calcarenites of the Cincinnati-arch re
gion in Ohio and Indiana, indicating that
this mitrate preferred a habitat in which
the water was so agitated by waves and cur
rents that clay-size particles could not be
deposited but were swept away (25). The
diversity in morphology of stylophoran
genera and species suggests a corresponding
diversity of ecologic niches adapted to each.

Stylophora are rare as fossils. Their rarity
may reflect modest size of populations, pos
sibly associated with special ecologic ex
igencies, but it may mean that they have
been neglected by collectors or that condi
tions of fossilization render finding of them
exceptional. Thus, in the Lower Ordo
vician of southern France (Herault) in
strata which have furnished the most diver
sified assemblage of stylophorans yet known,
only specimens contained in small quartzitic
concretions distributed through the shaly

mass have a chance of being collected;
others which might be found in the shale
are entirely irretrievable owing to fracture
of the rock into tiny pieces. This may ex
plain why a majority of the species recorded
from this region-approximately a dozen
are represented by a single specimen or a
small number at most. On the other hand,
deposits elsewhere which seem to indicate
conditions of fossilization closely similar
to those just noted have furnished very
numerous stylophoran fossils. Thus, the
sarka Shale, in the Middle Ordovician of
Bohemia, has yielded several hundred speci
mens of Lagynocystis pyramidalis, all pre
served in siliceous concretions. That this
species was especially abundant can hardly
be doubted. Another example from the
same region is seen in the Ceratocystis per
nai Zone of the Skryje Shale, Middle Cam
brian, which contains heaps of specimens
piled together pell-mell. Like many other
echinoderms, some stylophoran species must
have led a gregarious existence.

It is difficult to determine in what type
of sea and under what special conditions a
majority of stylophoran species lived, for
critical paleoecologic investigations have not
been made of any of the deposits that con
tain these fossils. The few published dis
cussions on this subject relate only to
Cothurnocystis elizae (13), Paranacystis
petrii (26), Victoriacystis wilkinsi (43),
Dalejocystis casten" (71), and the genus
Enoploura (25). No worthwhile synthesis
can be offered.

Stylophora display an ensemble of features
that oppose them to pelmatozoans. These
are: 1) the fundamental asymmetry of their
organization and entire absence of radial
symmetry; 2) the lack of a peduncle or
homologous organ or any means of fixa
tion at all; 3) the presence of a single
ambulacrum and hence the probable ab
sence of a hydrocoelian ring and the five
primary tentacles which form origins of
the rays in other echinoderms; 4) the struc
ture of their aulacophore, which resembles
neither a crinoid arm nor a cystoid brach
iole; 5) localization of the mouth at the
front of the body and the anus at the rear.

PHYLOGENY

ORIGIN AND RELATIONSHIP
OF STYLOPHORA

From the outset of their appearance in
Middle Cambrian time the Stylophora dis
play all attributes of their class. Conse
quently, their source is unknown.

Like other "carpoids," they have long
been interpret~d and by many still are con
sidered to be modified Pelmatozoa (Crino
zoa) which abandoned a fixed mode of life
and erect position to assume a partially
eleutherozoic habit and a horizontally re
clining attitude. No evidence supports this
hypothesis, however. On the contrary, the
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All these characters contribute to definition
of an organization peculiar to itself, sug
gesting an independent origin and evolu
tionary trends unlike those seen in crinoids,
cystoids, and sessile echinoderms generally.
Moreover, the Crinozoa and pelmatozoic
Echinozoa already were represented when
the Stylophora first appeared in the Mid
dle Cambrian and no convergence toward
a common source is definable among these
archaic forms.

Likewise, the stylophorans cannot be
placed close to radiate free echinoderms,
despite the seeming fact that they never
were attached, at least as adults. Indeed,
their asymmetrical construction and lack
of any mark of radial symmetry, accom
panied by their single ambulacrum and
morphologic peculiarities of their aula
caphore, definitely remove them from echi
noderm types such as the Asterozoa and
Echinozoa.

What origin is suitable for assignment to
this group? In various discussions BATHER
(14,15,20,21) has outlined an hypothesis
according to which the Stylophora could
have been derived from a dipleurula at
tached by its ventral surface rather than by
the preoral lobe, in this way acquiring the
shape of a Y with the lower part of the
letter represented by a stem and the upper
part by the body with its mouth at the ex
tremity of one branch of the Y and its anus
at the extremity of the other branch. The
different types of "carpoids" would have
been produced from the Y-shaped form
by divergent evolution. CHAUVEL (30) ac
cepted the Y plan as fundamental but in
stead of deriving it from the primitive di
pleurula, postulated that it came from a
modified one which already had arrived
at the generalized sort of pelmatozoic stage
approximately represented by the cystoid
Aristocystites. His concept has a twofold
advantage over BATHER'S hypothesis in con
necting the Stylophora with an ancestor
that would be common to all echinoderms
and in explaining the asymmetry of stylo
phorans. It is mistaken, however, in ac
cepting the aulacophore as a stem, which
otherwise is unknown in these organisms,
and in deriving the Stylophora from an an
cestor that already is too far advanced on the
path leading to the Crinozoa.

Is it advisable, consequently, to choose

BATHER'S (21) opposed view in affirming
that the Stylophora, like other "carpoids,"
"have never traversed the evolutionary roads
followed by the other classes and [that
they] do not possess the most familiar char
acters of the Phylum"? In my opinion,
this would be going too far. We have seen
that the general organization of stylo
phorans can be explained in some measure
by comparison with the ontogenetic stages
which precede the appearance of radial
symmetry. Phylogenetically, this indicates
that the group must have separated from
the remainder of the phylum before radial
symmetry was acquired but after asymmetry
had become a main echinodermal charac
teristic. In other words, if they cannot be
connected directly with some ancestral
dipleurula-any more than can the radial
classes-nothing prevents considering them,
along with the Homostelea and Homoio
stelea, as records of preradial divergences
of the echinoderm stock the origin of which
doubtless occurred long before the dawn
of Cambrian time. In this perspective, the
Stylophora and other "carpoids" merit rec
ognition with the Helicoplacoidea as the
most primitive echinoderms.

Despite their fundamental archaic na
ture, the Stylophora exhibit such morpho
logic and functional specializations that they
cannot be considered as possible ancestors
of other echinoderms. They became extinct
without leaving known descendants.

The hypothesis sometimes has been ad
vanced that the chordates might have been
derived from echinoderms similar to the
Stylophora. According to GISLEN (45), the
asymmetry of the theca of Cothurnocystis
and its unique row of cothurnopores may
recall a development stage of Amphioxus,
and the mitrocystids in some respects may
resemble the tunicate appendicularians.
GREGORY (48) has called attention to the
astonishing, though possibly superficial,
similarity of the theca of Mitrocystella or
that of Placocystites to the cephalothorax of
the cyclostome fish Drepanaspis. CASTER
(25) and CASTER & EATON (28) have em
phasized the analogy which in their eyes
exists between the ornament and micro
structure of certain stylophoran plates and
plates in the exoskeleton of ostracoderms.
Such resemblances, however, may be purely
accidental and surely do not prove that the
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Stylophora had an organization close to that
of ancestors of the chordates. At any rate,
we know that during the time of their
existence vertebrates of already highly
organized type lived. If echinoderms are
related to chordates, the connection between
them must date back so remotely that the
fossil record can hardly preserve a trace
of it.

In common with the other "carpoids,"
stylophorans display a depressed body form,
presence of a single ambulacrum (bifur
cated in the Homostelea), and asymmetry
without trace of radial symmetry. As pre
viously suggested, all may belong to an ex
tremely ancient preradial echinoderm radia
tion, and if this is true, the Stylophora rep
resent an independent branch without
known relations to other branches of the
radiation. Supposition that Microcystites
was derived from a form not distant from
Trochocystites (13,20) or that the Mitrata
and Cincta constitute a morphological series
characterized by reduction of ambulacral
grooves (45,55) is without foundation.
Every comparison between the Stylophora
and Homostelea (Cincta) brings essential
differences to light. The former are dis
tinguished from the latter by: 1) absence
of a stele and in general any peduncular
prolongation of the body; 2) presence of
the highly organized brachial process termed
aulacophore; 3) position of the mouth and
anus at opposite poles of the theca; and 4)
presence of accessory orifices and such in
ternal structures as the septum, infundi
bulum, scutulae, and marginal grooves,
without known equivalent in Trochocystites
and its allies.

In equal degree the Stylophora differ
from the Homoiostelea, and to some extent
in the same ways as from the Homostelea,
as shown by: 1) absence of a stele; 2) spe
cialized structure of their aulacophore; 3)
constant presence of a framework of mar
ginal plates around the theca; 4) much
more pronounced differentiation of the two
thecal faces; and 5) presence of internal
structures and accessory orifices peculiar
to themselves.

These are profound differences and sug
gest dissimilar general organization. For a
given feature, homology cannot be demon
strated. No proof can be found, for ex
ample, that the marginal plates of the Stylo-

phora are homologous with those of the
Homostelea, since they may have been ac
quired independently, and likewise the
marginals observed in some representatives
of other echinoderm classes. In any event
they do not correspond exactly either in
number, or position, or in relation to the
orifices or to other parts of the theca. Fur
ther, no form having characters morpho
logically intermediate between Stylophora,
on one hand, and Homostelea and Homoio
stelea, on the other is known. For these
reasons I concur with CUENOT (32), GEK

KER (41), and others in judgment that the
"carpoids" comprise a heterogeneous as
semblage which needs to be separated into
three distinct classes.

EVOLUTION WITHIN
STYLOPHORA

The Stylophora include two orders, which
are named Cornuta and Mitrata. If these
orders at first glance seem to be very dif
ferent, actually they exhibit many strong
resemblances, quite in contrast to that
shown by comparison of the stylophorans
with other "carpoids." Obviously, their
fundamental organization is the same, since
their body comprises the same parts, dis
posed in the same way and it has such
similarity of plan or identity of connections
that homologies cannot be doubted. Partic
ular attention may be directed to the fol
lowing points: 1) the body is composed in
one as in the other of a theca and an aula
cophore; 2) it bears no stem or peduncular
prolongation; 3) the principal orifices have
the same emplacement; 4) the theca and
aulacophore possess the same structural ele
ments; 5) attachment of the aulacophore
to the theca is effected in the same way;
and 6) many internal structures (e.g., mus
cular apophyses, scutulae, infundibulum)
are seen in representatives of both orders.
This structural unity seems incontestable
and supports the conclusion that the Cor
nuta and Mitrata are orders derived from
a common source.

When they first appear in the strati
graphic records, however, both the Cornuta
and Mitrata are seen to be already highly
specialized. Their oldest known representa
tives-Ceratocystis, from the Middle Cam
brian of Bohemia, of the Cornuta, and
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Chinianocarpos and Peltocystis, from the
Lower Ordovician of Herault, France, of
the Mitrata-are so greatly advanced along
lines peculiar to each that it is impossible
to ascertain any interrelationships or to
determine which of the two groups is the
more primitive. Possibly the weak differ
entiation of the marginals from central
plates in Ceratocystis, in combination with
some other characters, may be identified as
archaic traits, but this genus is established
as an authentic cornute by the form and
composition of its theca, the nature of its
orifices, and the structure of its aulacophore.
C'(:ratocystis cannot possibly be an ancestor
of the Mitrata. On the basis of well-estab
lished observations, the Cornuta and Mitrata
are recognized as groups having equal phy
logenetic values, closely related to one an
other without doubt but with unknown in
terrelationships. Their common source must
antedate considerably the time represented
by the oldest fossils.

The fossil record is much too incomplete
to allow steps in the evolution of either
order to be followed, though some general
trends are discernible by examining the
stratigraphic succession of genera. The evo
lution indicated is difficult to prove, since
neither genera nor species are connected by
trustworthy lines of descent. However,
comparison of Ceratocystis with Nevadae
cystis and other cornute genera suggests
that the following changes occurred during
history of the group: 1) differentiation of
marginal plates in relation to the centrals;
2) appearance of a zygal as reinforcement
of the thecal frame and development of
various appendages (spinal, glossal, digital)
joined to it; 3) fragmentation of the thecal
faces into a multitude of platelets, thus
providing suppleness to the originally rigid
pavements; 4) restriction of the adoral plates
to the upper thecal face and gradual inte
gration of them into the marginal frame
work; 5) regression of the median adoral to
its ultimate disappearance; 6) migration of
the right adoral orifice from a location on
the inferior face to the right anterior edge
of the theca; 7) substitution of sutural pores
by generally more complex types of open
ings which retain narrowly localized place
ment in the upper right anterior area; 8)
strengthening of internal structures of the
theca, especially the aulacophore apophyses;

9) replacement of imbricated scales, which
in Ceratocystis enclose the cavity of the
aulacophoral proximal region, by a number
of quadripartite rings articulating on one
another; and 10) enlargement and thicken
ing of the ridges along borders of the me
dian groove of the aulacophore, with asso
ciated differentiation of transverse chan
nels and lateral depressions. These altera
tions, already in progress at the end of
Cambrian time (e.g., N evadaecystis), were
mostly completed in the Early Ordovician.
During this epoch two assemblages became
clearly differentiated-the Cothurnocysti
dae, characterized by the presence of co
thurnopores or simple sutural pores, and
the Scotiaecystidae, distinguished by the
occurrence of lamellipores. They followed
parallel lines of evolution until their ap
parent extinction in the Late Ordovician,
for no post-Ordovician cornutes are known.

The Mitrata are represented in the Lower
Ordovician by the suborders Mitrocystitida
and Lagynocystida. In addition to these,
the Middle Ordovician contains representa
tives of the Anomalocystitida. The Mitro
cystitida appear to be the least specialized
of the three groups, for they display char
acters (e.g., arrangement of infracentrals)
found to be more or less modified in the
other suborders. This does not prove that
mitrocystids are the source of other mitrates
classed as lagynocystids or anomalocystids
or both of them, for all three groups could
have been derived from a common trunk
or separately descended from different an
cestors. Questions of their origin are answer
able neither by chronologie nor compara
tive morphologic evidence.

The Mitrocystitida and Anomalocystitida
appear to be homogeneous assemblages, for
their most typical representatives, at least,
differ from one another respectively only in
unimportant ways. The anomalocystids dif
fer from the mitrocystids in having a pair
of posterior movable spines and in being
much more symmetrically organized with
respect to the main axis of the body. As
previously emphasized, this bilateral sym
metry is superposed on a fundamental asym
metry. It is incomplete and probably de
notes a secondary adaptation.

The Lagynocystida, by way of contrast,
appear to be more diversified, with con
stituents modified by several different evolu-
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tionary trends. Among these are: 1) ap
pearance of a unique calcareous process at
the posterior extremity of the body; 2) re
tention of thecal asymmetry, or rather an
increase of it; 3) reduction in the number
of thecal plates; and 4) increase of the ad
oral plates to the point of hypertrophy. The
first three of the cited trends affect all
known genera, but in varying degree, and
thus indicate the homogeneity of the sub
order. The fourth trend is seen only in
Anatiferocystis and Balanocystites, showing
that the assemblage as a whole contains
some diversification. On this basis two
lineages which make appearance in the
Middle Ordovician can be distinguished
the Lagynocystidae, containing Lagynocystis
as its single genus, and the Kirkocystidae,
containing Anatiferocystis and Balano-

cystites (=Kirkocystis). These two fam
ilies are possibly related to the Peltocystidae,
which are less specialized and are already
present in the Lower Ordovician.

Finally, a resemblance that seems to re
late Paranacystis to the Lagynocystida may
be noted, though it may be the product of
convergent evolution. According to CASTER
(26), Paranacystis, as well as the Lagyno
cystida, would have been derived inde
pendently from Cambrian or Ordovician
Mitrocystitida, considered to be the prin
cipal source of the Mitrata. This is agreed
to at least provisionally by assigning this
genus to the Mitrocystitida because, like
representatives of this suborder and unlike
the Lagynocystida, Paranacystis lacks a
posterior exothecal process.

STRATIGRAPHIC AND GEOGRAPHIC DISTRIBUTION

The oldest known stylophoran is the
cornute Ceratocystis perneri JAEKEL (54)
from the Skryje Shale, Middle Cambrian,
of Bohemia (BATHER, 1913). To find the
next representatives of the Cornuta one
must go to the uppermost Cambrian of the
New World, for Trempealeauan rocks of
Nevada contain Cothurnocystis americana
UBAGHS (=Nevadaecystis) and Phyllocystis
sp. (89).

The Lower Ordovician (upper Tremadoc
and lower Arenig) of southern France
(Herault) has yielded a highly varied stylo
phoran fauna (85) characterized by: 1)
great development of Cothurnocystidae,
possibly representing the peak of this fam
ily, containing numerous species of Cothur
nocystis-mostly undescribed-and Phyllo
cystis; 2) first appearance of the Scotiaecysti
dae, represented by an undescribed species;
and 3) first appearance of the Mitrata, repre
sented by two of its three suborders-the
Mitrocystitida, with Chinianocarpos, and
the Lagynocystida, with Peltocystis. Fossils
identical or closely related to constituents
of this fauna have been discovered in the
Lower Ordovician of Morocco (42) (CHAU
VEL, personal communication).

In the Middle Ordovician the Cornuta
appear to become more rare, whereas the
Mitrata are multiplied in number. The
Sarka Shale (Llanvirnian) of Bohemia has

yielded many species of Mitrocystites, two
species of Mitrocystella, and one each of
Anatiferocystis, Balanocystites, Lagynocystis,
and Spermacystis (new name for Anomo
cystis JAEKEL, 1918, non HAECKEL, 1896)
(2,30,54,55). Llandeilian strata of Brit
tany, in France, contain a comparable fauna
but less rich (30). From the Middle Ordo
vician of the United States, Anatiferocystis
papillata BASSLER has been recorded in
Oklahoma and Enoploura punctata BASS
LER in Tennessee. In Canada Ateleocystites
huxleyi BILLINGS is the oldest known repre
sentative of the Anomalocystitidae. As for
the Cornuta, only Bohemiaecystis, of the
Scotiaecystidae and two undescribed genera
are found in the sarka Shale and Sv. Dobro
tiva Shale of Bohemia.

Only a small number of Stylophora are
known from the Upper Ordovician. From
Bohemia, BARRANDE (2) has described an
anomalocystid of uncertain generic affini
ties, named by him Anomalocystites bohemi
cus (25,30). In Brittany Mitrocystites ri
adanensis CHAUVEL (30) has been recorded.
The celebrated Starfish Bed (Ashgillian)
of Lady Burn, in the Girvan region of
Scotland, is the source of two species de
scribed by BATHER (13), named by him
Cothurnocystis elizae and C. curvata, the
latter now designated as the type species of
Scotiaecystis. These are the last known
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representatives of the Cornuta. From Ash
gillian beds in Yorkshire, England, MARR
(1913) has called attention to the Occur
rence of an undescribed mitrate by him
attributed to Ateleocystites. Finally, Cin
cinnatian strata in Ohio and Indiana have
yielded five species of Enoploura (25).

From the Silurian onward, only genera
of the Anomalocystitidae, Allanicytidiidae,
and Paranacystidae are found, with the pos
sible exception of a doubtful form referred
to the Mitrocystitidae. From Australia, in
beds identified as Lower Silurian, GILL &
CASTER (43) have reported Victoriacystis sp.
afl. V. wilkinsi and from Upper Silurian
rocks of the same region they have described
V. wilkinsi. The Upper Silurian (Wenlock)
of England has furnished Placocystites
forbesianus DE KONINCK (1869) (95). These
species belong to the Anomalocystitidae.

In the Lower Devonian, the Anomalo
cystitidae are represented by: 1) Rhenocystis
latipedunculata DEHM (33,34) in Germany;
2) Anomalocystites disparilis HALL (1859)
(25,56,78) in Maryland (=Basslerocystis);
3) Anomalocystites cornutus HALL (1859)
(25,78) in New York; 4) "Placocystites"

africanus REED (72) in South Africa; and
5) Victoriacystis sp. aff. V. wilkinsi GILL &
CASTER (43) in Victoria, Australia. The
Australocystidae contain Australocystis
langei CASTER (27) from Parana, Brazil,
and Placocystella capensis RENNIE (1936,
77) from South Africa, both from the Lower
Devonian. Allanicytidiidae are represented
by one genus Allanicytidium (herein de
scribed) from the Lower Devonian of New
Zealand. The Paranacystidae contain the
single form named Paranacystis petrii CAS
TER (26) from the Lower Devonian of
Parana, in Brazil. The stylophoran species
doubtfully assigned to the Mitrocystitidae
is Mitrocystites? styloideus DEHM (34) from
the Bundenbach Shale (Hunsriickian) in
Germany.

The geologically latest known member
of the Stylophora is the Middle Devonian
Dalejocystis casten' PROKOP (71) from
Bohemia. Possibly it belongs to the Lagyno
cystida but here is classified as suborder and
family uncertain.

Although the taxonomic diversity of the
stylophorans seems to be modest, their
geographic range is surprisingly extensive.

SYSTEMATIC DESCRIPTIONS

Class STYLOPHORA
Gill & Caster, 1960

[nom. transl. CASTER & UBAGHS, herein, ex superorder
Stylophora GILL & CASTER, 1960]

Homalozoa in which the body comprises
theca and brachial appendage (aulacophore)
but no stele, stem, or peduncle; theca de
pressed, thickening forward, with very dis
tinct upper and lower faces framed by mar
ginals; mouth intrathecal, at or near proxi
mal end of aulacophore; anus at opposite
thecal extremity; aulacophore comprising
three parts-a wide hollow proximal region,
covered by imbricating scalelike platelets or
more generally by tetramerous rings, a me
dian region consisting of a conical reducing
piece (stylocone), and a distal region com
posed of a single series of ossicles; stylocone
and ossicles of the distal region carrying a
median groove, typically flanked by lateral
depressions, groove and depressions being
both protected by movable cover plates. M.
Cam.-MDev.

Order CORNUTA Jaekel, 1901
[nom. trans!' JAEKEL, 1918 (ex suborder Comuta JAEKEL,

1901) ]

Stylophora with asymmetrical outlines;
oro-anal axis ordinarily making quite dis
tinct angle with main axis; exothecal proc
esses or some protruding marginals gen
erally present; marginals typically thick
and narrow, ordinarily well differentiated
from centrals, some of them commonly
carrying knobs or spines on lower side;
adoralia generally forming part of frame
and not markedly participating to covering
of both faces; right adoral notched by open
ing situated on lower face or more typically
on anterior margin of theca; pores of various
types ordinarily present in upper right an
terior area; stylocone with rounded aboral
face, without any knob or spine; median
furrow of aulacophore raised on median
ridge that is flanked by lateral depressions;
transverse channels generally connecting
median furrow with lateral depressions;
cover plates imbricate. M.Cam.-U.ord.
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Ceratocystis
2

FIG. 345. Ceratocystidae (p. 5548).

Family CERATOCYSTIDAE Jaekel,1901

Theca with outlines not unlike those of
pointed shoe; anterolateral corners protrud
ing and thickened; right lateral margin
divided by median triangular spinal pro
jection; posterolateral marginals horn
shaped; frame slightly differentiated from
central covering; knobs on lower face of
M 2, M'2 and M'3, M 3 with downward
produced external edge; centrals few and
not markedly smaller than marginals; upper
thecal face characterized by triradiate ridge
and short transverse ridge connected with
spinal projection; adoralia 3, left and right,
forming anterior thecal margin on both
sides of aulacophore insertion and extend
ing on both lower and upper thecal faces
into narrow rim; median adoral located on
upper thecal face only, its anterior edge
with triangular median notch; slitlike
opening emarginating lower margin of
right adoral; anus unknown, probably lo
cated between two posterior horns; pores
along sutures joining median adoral with
right adoral, and right adoral and marginals

M 2 and M 3 with contiguous supracentrals;
single similar pore on anterior left thecal
margin between M'2 and left adoral, and
on lower face between left adoral and M'l;
proximal region of aulacophore covered by
imbricating scalelike platelets; median aula
cophore furrow limited by narrow ridge;
transverse channels indistinct and lateral
depressions slightly marked. M.Cam.
Ceratocystis JAEKEL, 1901 [*C. perneri; OD].
Characters of family. M.Cam., Boh.--FIG. 345,
1,2. *C. perneri, Skryje Sh.; 1, upper face, X 1.8;
2, lower face, X 1.8 (Ubaghs, n).

Family COTHURNOCYSTIDAE Bather,
1913

Theca very depressed, boot-shaped or
heart-shaped in outline, framed by narrow
elongate marginals between which stretch
either a pavement of large plates or, more
generally, finely plated integuments; lower
face typically divided into two unequal parts
by a zygal; adorals 2 or 3, resting on M1

and M'l' confined to upper thecal side;
lower anterior edge of right adoral notched
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Cothurnocystis

Phyllocystis

FIG. 346. Cothurnocystidae (p. 5549-5550).

5549

by distinct opening; anus terminal at pos
terior upper end of theca; cothurnopores ar
ranged in row or simple pores scattered be
tween supracentrals in upper right anterior
area; proximal region of aulacophore pro
tected by rings, each composed of four un
equal plates, two smallest covering mid-part
of superior face; median furrow limited by
relatively wide rims; transverse channels
and lateral depressions well marked. U.
Cam.-U.ord.
Cothurnocystis BATHER, 1913 roC. elizae; 00].

Theca very asymmetrical, transversely elongate,
having boot-shaped outlines; left posterior area
forming long narrow protrusion; spinal, glossal,
digital, and generally marginal knobs or spines
well developed; infracentralia flattened and tes-

sellate; supracentralia generally rounded and
slightly swollen; upper integument stretching over
2 most posterior marginals which close frame on
its lower side only; cothurnopores arranged in row
running from left adoral to spinal corner. L.Ord.
V.Ord., Scot., Fr.--FIG. 3-16,1. °C. elizae, U.
Ord., A,hgill Ser., Girvan. Scot.; Ja, upper face,
X 1.2; Jb, lower face, X 1.2 (Ubaghs, n).

Nevadaecystis UBAGHS, new genus herein [*COlllllr
nocyslis americana UBAGHS, 1963). Similar to
COllwl'Ilocyslis but ha\'ing lower face covered by
few large plates and upper face by numerous
stellate ossicles with uncalcified areas between
their joining rays; no zygal: marginal spine promi
nent; ridge, probably trLradiate, on upper side as
in Ceralocyslis. V.Cam., US.\(:-.!ev.).--FIG. 3-17.
1. ON. americana (UBAGHS), Trempealeau; upper
face, X3 (89).
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[An undescribed species is known from
the Lower Ordovician of France.] L.Ord.
U.Ord.

Nevadaecystis

FIG. 347. Cothurnocystidae (p. S549).

Phyllocystis THORAL, 1935 [*P. blayaci; OD]. Dif
fers from Cotlwrnoeystis in having heart-shaped
outlines, marginals completely framing theca on
both faces, supracentrals as well as infracentrals
tessellate, and no exothecal process; simple or
denticulate knobs but no spines on lower side of
marginals; adorals 3, median one with anterior
median notch (as in Ceratoeyst;s); row of
cothurnopores or numerous scattered openings in
upper right anterior area according to species.
U. Cam.-L. Ord., USA (Nev.)-Eu.(France)-N. Afr.
(Morocco) .--FIG. 346,2. "P. blayaei, L.Ord.,
France; 2a, upper face, X3; 2b, lower face, X3
(Ubaghs, n).

Family SCOTIAECYSTIDAE
Caster & Ubaghs, new family

Theca very depressed and asymmetrical,
with complicated outlines; frame well dis
tinct from central covering, completely sur
rounding theca on both sides; marginals
narrow and elongate; lower and upper inte
gument finely plated; lamellipores numer
ous, occupying curved tract between right
adoral to near right posterior corner; aula
cophore similar to that in Cothurnocystidae.

Scotiaecystis CASTER & UBAGHS, new genus, herein
["Cotlwrnoeystis curvata BATHER, 1913; OD].
Theca junk-shaped, transversely elongate; left pos
terior area not markedly protruding and end
ing in truncated angle that carries single long
posterior spine; spinal short and thick; promi
nent knobs on lower side of some anterior and
lateral marginals; zygal sloping in direction of
left posterior corner; infracentrals flattened and
tessellate; supracentrals with low convex-topped
spines; anus not terminal, but near left posterior
margin; lamellae between lamellipores not pro
longed into thecal cavity; lower face of ossicles
of distal aulacophore region angulate. U.Ord.,
Scot.--FIG. 348,1-4. oS. curvata (BATHER),
Ashgill Ser., Girvan; la,b, upper and lower faces,
X3.3; 2, supracentrals, X9; 3, infracentrals, X9;
4, anal area, X 10 (all Ubaghs, n).

Bohemiaecystis CASTER, new genus, herein [ "E.
botlceki CASTER, new species, herein; OD]. Theca
sabot-shaped, moderately wide; left posterior end
rounded, ?without posterior spine; ?no spinal;
simple low knobs on some anterior and lateral
marginals; zygal slightly oblique to main axis;
supracentrals as well as infracentrals flattened and
tessellate; lamellae between lamellipores protrud
ing into thecal cavity. M.Ord., Boh.--FIG. 349,
1,2. "E. botlceki, M.Ord., Sv. Dobrotiva and Sarka
Shales, Boh.; 1,2, upper and lower faces, X 1.5
(Caster, n).

Order MITRATA Jaekel, 1918
Stylophora with asymmetrical to bilateral

ly symmetrical outlines; oro-anal axis ap
proximating or coinciding with main axis;
lower thecal face plane or slightly concave;
upper thecal face invariably convex; both
thecal faces covered by relatively large
plates; marginals generally not very distinct
from centrals, never carrying knobs or pro
tuberances on their lower side; no zygal,
but generally an intrathecal septum in
corresponding position on floor of thecal
cavity; adorals covering more or less large
area on upper surface; right adoral pierced
(in Mitrocystites only) by slitlike opening;
one or two pairs of pores present in some
genera on lower or anterior thecal face;
stylocone with aboral knob or spine; median
furrow in deep groove, with lateral de
pressions slightly marked, if at all; cover
plates not imbricating in extended position
of aulacophore. L.Ord.-MDev.

© 2009 University of Kansas Paleontological Institute



5ystematic Descriptions-Mitrata-Mitrocystitida 5551

2

FIG. 348. Scotiaecystidae (p. 5550).

Suborder MITROCYSTITIDA
Caster, 1952

[nom. correct. UBA(;HS, herein (pro Mitrocystida CASTER,

1952)]

Thecal outlines slightly to moderately
asymmetrical; no exothecal posterior proc
ess; adorals two. L.Ord.-L.Dev.

Family MITROCYSTITIDAE Ubaghs,
new family

[=~1itrocystidac JAF.KEL, 1901 (im·;tlid family-group nJme
hased on nom. l'tJ1]., Code. An. ll,e)]

Posterior margin evenly arcuate or slight
ly notched; infracentrals numerous, either
small and nearly equal in size, or few and

very unequal; adorals moderately developed;
supracentrals rather small and more or less
numerous; proximal region of aulacophore
covered by imbricating quadripartite rings;
aboral face of stylocone and following distal
ossicles each with strong median curved
spine. L.Ord.-U.Ord.

Mitrocystites BARRANDE, 1887 [':'1. nzitra; 00]
[=:Hitrocystis BATHER, 1889]. Thecal outlines
subtrapezoidal or subrectangular, somewhat asym
metrical, slightly notched at both ends; marginals
12 or more, generally 13 (5 or 6 on kft side.
7 on right side), relati"ely thick and folded up
ward at an acute angle; /II', distinct"· brger than
M,; lower outer edge of .\1, and .\1', denticubte;
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Bohemiaecystis

FIG. 349. Scotiaecystidae (p. 5550).

2

infracentrals 4 to 6, largest one subcentral and
separated from M, by median-sized plate; adorals
bearing transverse fold, right one pierced by
slitlike opening; supracentrals not imbricate or
only slightly so, if at all; periproct semicircular,
on upper side, covered by granular integument
surrounding perianal row of elongate toothlike
platelets; paripores on M, and M',; lateripores
near outer extremity of sutures M

"
M, and M'"

M',. M.Ord.-U.Ord., Boh.-Fr. [A very doubtful
species has been recorded by DEHM (l93~) in the
Lower Devonian (Hunsruck Sh.) of Germany].
--FIG. 350,1. OM. mitm M.Ord. (Sarka Shale),
Boh.; 1a-c, lower, upper, lat. faces; 1d, cross
section of theca, X 2 (Ubaghs, n).

Chinianocarpos UBAGHS, 1961 roC. thorali; OD].
Thecal outlines asymmetrical; posterior margin
evenly arcuate, anterior margin hardly notched
on lower side, moderately so on upper side; no
anterolateral lobes; marginals 9 (4 on left side,
5 on right side), relatively thick, folded upward
at acute angle, all of them more extended on
lower than on upper side, except M'; and M,
which cover whole upper posterior area; lower
external border of M" M, and M', denticulate; M',
larger than M,; M, separating M

"
M,. and M,

from infracentrals, which are numerous, small,
polygonal. subequal, and tessellate, occupying
median elliptical area; one large subanal between
infracentral area and marginals M" M" and M',;
adorals without transverse fold and opening;
supracentrals moderately numerous, tessellate;
paripores on AI, and M',; periproct unknown.
L.Ord., Fr.--FIG. 351,1-4. °C. thorali; 1,2,4,
upper, lower, and lat. faces; 3, cross section of
theca, X~ (Ubaghs, n).

Mitrocystella JAEKEL, 1901 [0A nomalocystites in
cipiens BARRANDE, 1887; aD]. Similar to Mitro
cystites, but theca relatively more elongate and
more asymmetrical, rounded or barely notched

at posterior end, and with rather deep median
embayment between 2 distinct lobes at anterior
end; marginals 13 (6 on left side, 7 on right
side), relatively thin, folded upward almost at
right angle; M, and M', about equal in size; infra
centrals 2, one of them very large, always in
contact with M'" and generally also with M,;
adorals without transverse fold and opening,
transversely striated in some species; supracentrals
apparently imbricate; paripores and lateripores
unknown. M.Ord., Boh.-Fr.--FIG. 350,2. M.
barrandei JAEKEL, 1901, Sarka Sh., Boh.; 2a-c,
lower, upper and lat. faces; 2d, cross section of
theca, X2 (Ubaghs, n).

Family PARANACYSTIDAE Caster, 1954

Posterior margin acute and prominent;
infracentrals few, about equal in size, elon
gate and roughly hexagonal; adorals very
large, covering half or more of upper sur
face; infracentrals few and rather large.
L.Dev.

For this monotypic family alone, CASTER

(1954) proposed the new suborder Parana
cystida. It does not seem that our present
knowledge is sufficient to justify recognition
of a higher category than family for this
rather admittedly aberrant assemblage of
Mitrata.
Paranacystis CASTER, 1954 ["P. petrii; aD]. Theca

lancet-shaped to ovate, with nearly vertical lateral
surfaces; anterior corners of upper side moderate
ly inflated, produced subangularly; anterior mar
gin more excavated for aulacophore insertion on
lower than on upper face; posterior thecal plates
seemingly imbricated and prolonged into beak
shaped structure; 2 (possibly 3) marginals on each
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lateral surface, taking no part in covering of upper
side; infracentrals 2 (possibly 3); supracentrals 3
or 4, rather large; anteromedian supracentral
quadrangular; aulacophore considerably longer
than theca; stylocone 2-bladed, ossicles of aulaco
phoral distal region with strong median aboral
spines. L.Dev., S.Am.(Parana, Brazil).--FIG.
352,1-3. *P. petrii; 1, para type, external mold,
upper side, X 10; 2a,b, holotype, external molds,
upper and lower faces, X5.3; 3, paratype, ex
ternal mold, lower face, X5 (26).

Suborder LAGYNOCYSTIDA
Caster, 1952

Thecal outlines moderately to very asym
metrical; a single exothecal posterior proc
ess. M.Ord.

Family PELTOCYSTIDAE Ubaghs,
new family

Thecal outlines moderately asymmetrical,
irregularly pentagonal, slightly excavated
for aulacophore insertion on both sides;
posterior margin unequally divided by mar
ginal protuberance bearing elongate sigmoid
spine; marginals eight (three on left side,
five on right side), taking almost no part
in covering of upper face; lower external
edge of M 1 and M'l denticulate; infra
centrals two, small, not in contact; subanal
subquadrangular, outside marginal frame;
adorals two, large, extending to mid-length
of theca; supracentrals numerous and small,
seemingly tessellate; proximal region of

2b

10

?

Id

Mitrocystites

L,,,,, """",,,,,,,,,,,,,wn1
2d

Mitrocystella

2e

FIG. 350. Mitrocystitidae (p. S551-S552).

Ie
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Paranacystis

20 •••• , (.

FIG. 352. Paranacystidae (p. 5552-5553).
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one; lower left lateral edge sharper than
right one; no infracentrals, whole inferior
face being covered by seven marginals (three
on left side, four on right side) and few
scalelike platelets in lateral connection with
supracentrals; adorals three, moderately
large; supracentrals numerous, imbricating;
posterior hollow conical piece (?anal valve)
terminating upper face; sutural pore' on
each side of aulacophore insertion; proximal
part of aulacophore protected by spinous
scalelike imbricated platelets; stylocone
elongate, very shallow, with median aboral
row of four or five spines; distal region of
aulacophore composed of elongate ossicles,
each with short distal triangular aboral
projection. M.Ord.FIG. 351. Mitrocystitidae (p. 5552).

Family LAGYNOCYSTIDAE Jaekel, 1918

Theca elongate, pyramidal, subquadrate
in cross section, very asymmetrical; posterior
end obliquely truncated, with short hollow
calcareous process attached to left posterior
corner; left lateral surface higher than right

aulacophore covered by imbricating tetram
erous ring; stylocone and following distal
ossicles with strong curved aboral spines.
L.Ord.
Peltocystis THORAL, 1935 [*P. cornu/a; aD]. Char

acters of family. L.Ord., Fr.--FIG. 353,1-4. *P.
cornu/a; 1,3, interior and exterior of lower face;
2, upper face; 4, anterior face; X 3 (Ubaghs, n).

Chinianocarpos
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Lagynocystis JAEKEL, 1918 [*Allomalocystites pyra
midalis BARRANDE, 1887; OD]. Characters of fam
ily. M.Ord., Boh.--354,1-5. *L. pyramidalis
(BARRANDE), Sarka Sh.; 1-4, lower, upper, right
lateral and ant. faces; 5, cross section of theca,
X3 (Ubaghs, n).

Family KIRKOCYSTIDAE Caster, 1952
[nom. transl. UBAGHS. herein (ex Kirkocystinae CASTER,

1952) ]

Theca plano-convex, asymmetrical, com
posed of only two adorals, two marginals
(Ml , M'l) and one subanal, and with cal
careous posterior process; adorals convex,
elongate, subequal, very large, covering en
tire upper face and large part of lower face
as well; Ml and M'l more or less reduced,
Ml smaller than M'l' which touches large
subanal inserted between posterior and ad
axial lower margins of adorals; proximal
region of aulacophore protected by quadri
partite rings; stylocone and following distal
ossicles each with aboral spine. M.Ord.
Ba1anocystites BARRANDE, 1887 [*B. lagellula; OD].
M', relatively large, widening in posterior direc
tion and broadly in contact with subanal; M,
triangular, extending for some distance along side
of M',; subanal suparallel to extension plane.
M.Ord., Boh.-?Fr.--FIG. 355,1. *B. lagellula,
Sarka Sh.; 1a-c, lower, anterior, upper faces of
theca, X3 (Ubaghs, n).

Anatiferocystis CHAUVEL, 1941 [*A. barral1dei;
OD] [=Kirkocystis BASSLER, 1950 (type, Ello
ploura? papillata BASSLER, 1943)]. M', narrow,
in contact with subanal by short suture; M, sub
quadrate, not extending along side of M',; subanal
oblique to extension plane. M.Ord., Boh.-Fr.-USA
(Okla.).--FIG. 355,2. *A. barralldei, Sarka Sh.,
Boh.; 2a,b, lower, upper faces, X3 (Ubaghs, n).
--FIG. 355,3. A. papillata (BASSLER), Blackriv.,
USA (Okla.) ; 3a-e, lower, posterior, upper, right
and left lateral faces of theca, X6 (Ubaghs, n).

Suborder ANOMALOCYSTITIDA
Caster, 1952

[nom. correct. UBAGHS, herein (pro Anomalocystida CASTER,

1952)] [=suborder Placocystida CASTER, 1952]

Thecal outlines nearly bilaterally sym
metrical, with two exothecal posterior
spinous processes articulated at base. M.
Ord.-LDev.

The genera classified herein under this
suborder were placed by CASTER (1952)
under two new monotypic suborders-Ano
malocystida and Placocystida-under the
erroneous assumption that the Anomalo
cystitida are provided with segmented

brachia and the Placocystida with unseg
mented rod like processes. In fact, as demon
strated by Caster (see under Anomalo
cystites) , the Anomalocystitida have no
jointed brachia at the posterior end of the
body. Therefore they do not differ in any
essential way from the placocystid genera.

Family ANOMALOCYSTITIDAE
Bassler, 1938

[==AnomaJocystidae MEEK, 1872 (invalid family-group name
based on nom. van" Code, Art. ll,e); fam. Anomocystida
HAECKEL, 1896 (invalid) (partim); subfam. Placocystida
HAECKEL, 1896 (invalid) (partim); fam. Atelocystida
HAECKEL, 1896 (invalid) (partim); Placocystidae CASTER,

1952 (invalid); Placocystinae CASTER, 1952 (invalid); Eno~

plourinae CASTER, 1952; Basslerocystinae CASTER, 1952;
Placocystitidae GILL & CASTER, 1960]

Theca achieving high degree of bilateral
symmetry in general outlines, as well as in

Peltocystis

3

FIG. 353. Peltocystidae (p. 5554).
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shape and arrangement of plates, particu
larly on upper face; marginals 11 (two on
anterior face, three on each lateral face,
and three on posterior face; infracentrals
few, including one large plate usually in
median position accompanied by small
"anomalocystid" plate at its left posterior
corner and possibly by one to four addi
tional posteriorly placed small plates; supra
centrals tessellate, forming apparently solid
pavement; thecal ornament typically con
sisting of transverse wavy lines. M.Ord.
L.Dev.

Partition of the anomalocystitid genera
into subfamilies, seems inadvisable to me,
at least until better understanding of phy
letic relationships has been obtained.
Anomalocystites HALL, 1859 [*A. cornuttls; SD
S. A. MILLER, 1889] [=Anomalocystis BATHER,
1889 (nom. van.); Anomocystis HAECKEL, 1896
(nom. van.)] [Diagnosis furnished by K. E. CAS-

TER after study by him of HALL'S types.]. Theca
subovoid in outline, upper face convex and lower
one concave, with lateral rim; lateral faces longi
tudinally arcuate, posterior and anterior upper
margins transversely arcuate, inferior face deeply
arcuate for reception of aulacophore. Upper thecal
surface composed of 12 laterals, 3 large adorals
(median one touching margin), 3 large adproc
teals, and 14 supracentrals arranged in 4 trans
verse rows (3 in proximal row, 5 in 2nd, 4 in
3rd, 2 in 4th). Lower thecal face composed of 6
marginals, 2 large adaulacophorals deeply exca
vated proximally, 3 adprocteals, and 2 infracen
trals. Theca partially ornamented by transverse
wavy lines, at distal lateral extremities bearing 2
articulated spines. Aulacophore broad proximally,
formed of 8 or 9 telescoping rings which imbri
cate axially on lower side; styloid with 3 axial
elements, short blades; distal part of aulacophore
long and narrow, apparently biserial. [According
to SCHUCHERT (1904), 2 segmented brachia bear
ing exothecal ambulacra were inserted on the
posterior thecal margin. This conclusion IS er-

5

4

Lagynacystis

2

FIG. 354. Lagynocystidae (p. S555).
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roneous, for it was based on the distal stele of an
adjacent specimen on the same slab (USNM no.
35078). HALL'S types preserve the bases of
articulated spines in the position of SCHUCHERT'S
inferred ambulacra.] L.Dev., USA (N.Y.).--FIG.
356,1; 357,1. "A. cornutus; 356,la-d, four of
HALL'S type specimens (AMNH no. 2288); 356,
1a (holotype), 1b (previously unfigured para
type), showing superior face; 356,lc,d, paratypes
showing inferior face (356,1c, figured by HALL,

356,ld, previously unfigured); all X3 (Caster,
n); 357,la,b, plate arrangements of superior face
(holotype) and inferior face (paratype, X 4.5
(Caster, n).

Ate1eocystites BILLINGS, 1838 ["A. huxleyi; OD]
[=Ateleocystis LINDSTROM, 1888 (nom. van.);
Atelecystis BATHER, 1889 (nom. van.); Atelo
cystis HAECKEL, 1896 (nom. van.)] [Diagnosis
furnished by K. E. CASTER after study by him of
BILLINGS' types]. Small anomalocystitid mitrates

20

Anatiferocystis

Ib

Balanocysti tes

Anatiferocystis

3d

3b

FIG. 355. Kirkocystidae (p. 5555).
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Anomalocystites

Ateleacystites
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with inferior (plastron) surface composed of 14
plates, of which 3 are somatic and others mar
ginal, as in Enoploura; superior (carapace) sur-

face poorly known, but with more numerous
somatic plates and considerably narrower adaula
cophore axial plate than in Enoploll1'a, superior

2

II
,I

I'
,I
,\

3c ,\

3d

Ateleocystites

/

/

"/,,.

Plococyste 110

.,.,
, .
.", ,
""

3b "

Bosslerocystis

Anomolocystites

Austrolocystis

30

10

FIG. 357. Anomalocystitidae (1-3); Australocystidae (4-5) (p. 5556-5557, 5559-5560).

FIG. 356. Anomalocystitidae (p. 5556-5557, 5559-5560) [On facing page].
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Ib
Enoploura Victoriacystis

FIG. 358. Anomalocystitidae (p. 5560-5561).

face extending posteriorly well beyond inferior
margin, this part apparently formed by single
thick posterior marginal plate that served as hood
over large posterior orifice (?anus), interior sur
face of this hood bearing prominent rounded
longitudinal carinae nodosely expanded distally.
Two distal-lateral articulated "arm" spines known
mainly from thecal articulatory surface. Aulaco
phore 3-zoned, proximal region composed of
thin-walled smooth tetrameres which imbricate
deeply, styloid part massive and bearing 2 short
stout blades, distal region apparently dimerous,
inferiorly carinate, and probably long and narrow;
surface of inferior adaulacophore plates with
prominent pseudoimbricating transverse ridges
which grade into seemingly imbricated squamae
adaxially; ornament apparently overlapping away
fwm aulacophore. M.Ord.(Trenton.), Canada
(Ottawa Valley).--FIG. 356,2; 357,2. *A. llt/x
leyi; 356,2a,b, inferior face of two syntypes (Geo!.
Survey Canada, nos. 1392A,H) showing longi-

tudinal ridges on posterior, interior of superior
(carapace) cover, X4 (Caster, n); 357,2, lower
face, X3.8 (25, mod.).

Bass1erocystis CASTER, 1952 [*Anomalocystites dis
parilis HALL, 1859; OD]. Theca egg-shaped; lat
eral faces longitudinally arcuate, more or less
steep; lower face concave, with downward pro
duced lateral margins; upper face rather strongly
convex; posterior face invaginated for length of
quadrate, transverse opening, which apparently
could be closed by single, hinged, ?opercular plate;
anterior side rather deeply emarginated for aula
cophore insertion; infracentrals 5, comprising large
central plate and 4 small ones in left posterior and
posterior positions; adorals 3; supracentrals nu
merous. L.Dev., USA(Md.).--FIG. 357,3. *B.
disparilis (HALL), Oriskany; 3a-e, ant., upper,
lower, post., and right lat. faces, X 1.4 (3a,d,e,
Kirk, 1911; 3b,c, Caster, 1952).

Enop1oura WETHERBY, 1879 [*Anomalocystites
(Ateleocystites?) balanoides MEEK, 1872; aD].
Theca subrectangular, larger than wide; lateral
faces axially arcuate and nearly vertical, making
almost right angle with upper side; anterior mar
gin deeply emarginated for aulacophore insertion,
posterior margin slightly arcuate; lower face con
cave; theca resting on downward-produced edges
of lateral marginals; infracentrals 3, one large
central plate and two small ones in left posterior
and submedian posterior positions; adorals 3, one
large median reaching about mid-length of theca
and two smaller lateral ones; supracentrals 11;
thecal ornament finely granular, coarsely pitted,
labyrinthine. or transversely striated. U.Ord.,
USA (Ohio-Ind.).--FIG. 358,1. E. popei CASTER,
Ohio; 1a,b, upper and lower faces, X 1.4 (Caster,
1952).

Placocystites DE KONINCK, 1869 [*P. forbesianus;
aD] [=Placocystis HAECKEL, 1896 (nom. van.)].
Theca flattened subquadrate, somewhat longer
than wide; lateral margins slightly arcuate longi
tudinally; anterior margin deeply emarginated by
aulacophore insertion; posterior margin almost
straight; lower face slightly concave, upper face
moderately convex, both faces joined at acute
angle; infracentrals 2, one large central plate
and one small one at left posterior corner; adorals
2, moderately developed, almost completely sep
arated by subpentagona1 median plate (?third
adoral) which does not reach an terior margin;
supracentrals 11, in 3 transverse rows, those be
longing to most anterior row including median
rounded plate ("placocystid plate") generally quite
surrounded by its two neighbors; large posterior
opening; most thecal plates ornamented with
transverse wavy lines on both faces. U.si/., Eng.
?Gotl.--FIG. 359,2. *P. forbesianus, Wenlock;
2a,b, upper and lower faces, X 1.5 (Ubaghs, n).

Rhenocystis DEHM, 1932 [*R.latipedunctllat{l; aD].
Theca subrectangular, elongate, plano- and more
probably concavo-convex; lateral margins slightly
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FIG. 359. Anomalocystitidae (p. 5560-5561).

made of ?12 plates (10 marginals, 2 infracentrals),
more or less symmetrically arranged. L.Dev., S.Afr.
--FIG. 357,5. *P. capensis, Bokkeveld Ser.;
lower face, X2.5 (27, modified).

2b
Placocystites

Ib
Rhenocysti s

Family ALLANICYTIDIIDAE
Caster & Gill, new family

Mitrate, anomalocystid Stylophora of
nearly perfect bilateral symmetry both in
outline and thecal plate arrangement; with
pair of articulated distal lateral spines,
articulatory bases for which are seen on
thecal corners; one large somatic plate in
superior (carapace) face, and two subequal,
paired somatics in inferior (plastron) face;
aulacophore large, three-zoned, one styloid
blade of quite exceptional width. LDev.

Family AUSTRALOCYSTIDAE Caster,
1954 [1956]

[nom. transl. UBAGHS, herein (ex Australocys[inae CASTER,

1954 [1956])]

Theca achieving high degree of bilateral
symmetry in general outlines, as well as in
shape and arrangement of plates on both
thecal faces; marginals 10, two on anterior
face, three on each lateral face, and two
on posterior face; infracentrals few, com
prising one large subcentral plate and gen
erally some additional smaller ones. LDev.
Australocystis CASTER, 1954 [1956] [*A. langei;
OD]. Theca subrectangular in outline arcuately
excavated for reception of aulacophore on lower
face (only one known); lateral and posterior in
ferior margins raised in prominent rounded flanges;
marginals 10 (12 according to CASTER) and
infracentrals 5 (3 according to CASTER) almost
symmetrically arranged; no "anomalocystid plate";
transverse row of 4 small infracentrals immedi
ately behind large central plate; posterior margin
entirely occupied by only 2 massive transversely
elongate marginals. L.Dev., S.Am.(Parana, Brazil).
--FIG. 357,4. *A. langei; lower face, X3.6
(27).

Placocystella RENNIE, 1936 [*P. capensis; OD].
Theca apparently cordiform in outline; lower face

arcuate longitudinally; posterior margin straight,
anterior margin apparently almost entirely occu
pied by aulacophore insertion; infracentrals 2,
large central plate and small one at its left pos
terior corner; adorals 2, almost completely sep
arated by narrow median plate (?third adoral)
which typically does not reach anterior margin;
supracentrals 15, in 4 transverse rows; "placocystid
plate" narrow, longitudinally elongate; aulacophore
very long, ossicles of distal region with long
aboral spines. L.Dev., Ger.--FIG. 359,1. *R. lati
pedunculata, Hunsriick Sh.; 1a,b, upper and
lower faces, X\.5 (Ubaghs, n).

Victoriacystis GILL & CASTER, 1960 [*V. wilkinsi;
OD]. Theca elongate, with subpentagonal out
line; lower face flat or slightly concave; upper
face strongly convex; lateral margins nearly ver
tical; upper anterior border overarching proximal
region of aulacophore, lower anterior margin
arcuately excavated by wide aulacophore inser
tion; four most anterior marginals occupying
nearly half of lower thecal face; infracentrals 2,
moderately large median plate and small one at
its left posterior corner ("anomalocystid plate");
adorals 2, small, posteriorly separated by lozenge
shaped plate (?third adoral); supracentrals nu
merous and rather small, except relatively large
one in median posterior position; anterior upper
plates ornamented with transverse wavy lines.
V.5il., Australia.--FIG. 358,2. *v. wilkinsi,
Victoria; 2a,b, upper and lower faces, X\.5 (43).
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FIG. 360. Allallicytidi/lm flemillgi CASTER & GILL (Allanicytidiidae) (p.5564).
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FIG. 361. Allanicytidium f/emingi CASTER & GILL (Allanicytidiidae) (p. S564).

S563
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Allanicytidium CASTER & GILL, new genus, herein
(named for ROBIN S. ALLAN; eytidittm, little box)
[-A. flemingi CASTER & GILL, n.sp.; 00]. Large
placocystoid, with boxlike theca, tripartite aula
cophore and paired, basally articulating distal-lat
eral spines. Theca quadrately ovoid in plan;
broadly convexi-concave in cross section; length
to width as 13: II; broad-margined re-entrant of
both thecal faces for aulacophore insertion. Sur
face of thecal plates prominently scaly in appear
ance, with pseudo-overlap away from aulacophore;
imbrice scale aspect merging into typically mitrate
transverse ridging on the adaulacophore plates
(surface ornament seen so far only on inferior
thecal face). Coarse granular ornament on proxi
mal aulacophore tetrameres. Inferior (concave,
plastron) thecal surface covered by probably 13
large nonimbricating plates, only 2 of which are
somatic. Plates seemingly flexibly united in life
(holoperipheral growth lines prominent on in
terior of plates), except possibly at margins of
theca, where either there was fusion of plates of
both thecal surfaces, or more likely marginal
plates bend laterally so as to form lateral surface
and extend onto both thecal surfaces. [For pur
poses of description here, the marginal plates seen
on each surface are treated as though separate
plates.] Lateral thecal margin bears narrow, down
wardly directed keel; remainder of inferior sur
face forming broad vault. Holotype has 9 mar
ginal pIa tes bu t 2 more are reasonably inferred at
distal margin; somatic pair are elongate, sub
equal in size and shape, meeting on axial plane.
Right somatic (as seen with theca inverted and
aulacophore directed away from viewer) is slightly
smaller in area and pentagonal, rather than quad
rate. Superior (convex, carapace) thecal surface
covered by 9 large plates, only one of which has
appearance of being somatic, but in reality is
large adaulacophore basal axial plate. (Only the
interior surface on the carapace plates is known.)
The disposition of the plates and the circum
peripheral lines of growth indicate that the plate
sutures were flexible and integumentary. Most of
the superior plates bear prominent, cuplike cal
careous myophores. L.Dev., N.Z.--FIG. 360,
361. -A. flemingi; Reefton Beds, South Island,
N.Z. (Rain Creek, Waitahn); views of holotype
(N.Z. Geo!. Survey no. 38/370203), 360, 361,
inferior (plastron) and superior (carapace) sur
faces, X8 (Gill & Caster, n).
[These new t;txa differ markedly from any other Stylophora
in nature of the plate arrangement; they are mainly cov
ered by the homologues of marginal plates in other forms;
the somatic elements are as a (arrdate much reduced in
numher and highly modified. The right som,uic of the
pl:lsuon :tppe:lfs to be the: homologue of the small asym
metric ":lnoffialoq'stid" plate in other mitrates (e.g.,
Placocyuius, Enoploura). The central "somatic" of the
car:l.pacc is a diStally migrated and enlarged central bas:ll
pbtc of other forms; in this genus it no longer m:lkes
cont:lct with the :lul:lcorhore. Only the Austf:llocystidae
(AwlralocysliJ, L.DeL, Brazil; Placoc)'J/dla. L.Dev., S.
Afr.) appro:lch the AIl:lnicytidiidae in hil:lter:llity; how
ever. the pbtc arrangements of the two families are quite
different. The new genus, being monotypic, is charac-

FIG. 362. Stylophora, Suborder and Family uncertain
(p. 5564-5565).

trized by brge size, pseudosquamose ornament, and extra
ordinary large styloid blade.]

Suborder and Family UNCERTAIN
Dalejocystis PROKOP, 1963 [-D. castert'; 00]. Theca
symmetrical, showing form of rounded isosceles
triangle; upper face composed of fairly large
symmetrically arranged plates and ending in
rounded massive triangular plate; anterior mar
gin bearing row of conical tubercles on both
sides of aulacophore insertion; lower face un
known. M.Dev., Boh.--FIG. 362,2. -D. casten',
Daleje Sh. (Couvinian); upper face, schematic
reconstruction, X6 (71).

Spermacystis UBAGHS, herein [nom. sl/bst. pro
Anomocystis JAEKEL, 1918, p. 122 (non HAECKEL,
1896) ] [-Anomalocystites ensiler BARRANDE,
1887; 00]. Thecal outline nearly symmetrical; an
terior border emarginated for aulacophore inser
tion, lateral margins longitudinally arcuate, post
erior margin straight; one (possibly 2 according to
BARRANDE) posterior exothecal rodlike process;
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number and arrangement of plates, as well as
aulacoplwre, unknown. [This nominal genus,
based on scanty and poorly preserved material,
was placed among Anomalocystidae by JAEKEL

(1918) and CHAUVEL (1941). Possibly it belongs
in the Lagynocystida.] M.Ord., Boh.--FIG. 362,
1. *5. ensifer (BARRANDE); 1a,b, different speci
mens, orientation unknown, X 1.5 (2).

[References for the chapter on Stylophora are included with those for Homostelea and
Homoiostelea (see p. S624).]

HOMOSTELEA
By GEORGES UBAGHS

1

[Universite de Liege. Belgium]
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INTRODUCTION
The subclass Homostelea, here elevated

to class rank, was proposed by GILL & CAS
TER (1960,43) to embrace the two orders
Cincta JAEKEL (55P and Digitata GEKKER
(1938,39), which GILL & CASTER included
in the class Carpoidea JAEKEL (54). Subse
quently, the Digitata were assigned to the

1 I am much indebted to KENNETH E. CASTER and RAY

MOND C. MOORE for translating my manuscript, and to the
following persons for loan of specimens or permission to
study collections: Prof. JACQUES AVIAS, Universite de Mont
pellier, France; Dr. ALBERT BREIMER, Vrije Universteit,
Amsterdam, Netherlands; Abbe ROBERT COURTESSOLE et M.
GiRARD GRIFFE, Carcassonne, France; Dr. HERMANN JAEGER,
Humboldt-Universitat, Berlin, Germany; Dr. R. P. $. JEF
FERIES, British Museum (Natural History), London, Great
Britain; Dr. FERDINAND PRANTL, Narodni Museum, Prague,
Czechoslovakia; Dr. GERTA WEHRU-OUERTZ, Ernst-Moritz
Arndt-Universitat, Greifswald, Germany. Photographs, draw
ings and assemblage of figures have been prepared by Mrs.
MARIE MASSON. To all these people] express deep thanks.

2 Numbers enclosed by parentheses, other than years, in
dicate serially numbered publications in the list of referenees
at end of this chapter.

class Eocrinoidea by UBAGHS (1950,86).
Therefore, as here understood, the Homo
stelea contain only the single order Cincta.

Within the Cincta are placed Trocho
cystites BARRANDE (1887) and a few related
genera, all of which belong to the Middle
Cambrian of the Old World. That it is ap
propriate to classify Trochocystites in a
family group of its own was first recognized
by JAEKEL when he defined the Trocho
cystitidae. At the same time he united
this assemblage with the Mitrocystidae
(54) in a suborder named Marginata of the
order Heterostelea (class Carpoidea). The
Mitrocystitidae now are recognized as a fam
ily of the order Mitrata in the class Stylo
phora. BATHER (13) maintained the Trocho
cystitidae-incorrectly spelled Trochocysti
dae, as given by him (BATHER, 1902, in
Zoological Record) earlier and generally
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accepted by other authors-but rejected the
Marginata, assigning the family instead to
the suborder Heterostelea of the order
Amphoridea (class Cystoidea).

In 1918 JAEKEL (55) described two new
genera of echinoderms more or less similar
to Trochocystites and grouped all of them
together in a new order named Cincta. The
genus designated as Trochocystoides was
placed in the Trochocystitidae and one
named Gyrocystis in the new family Gyro
cystidae.

Other authors generally have treated the
genera mentioned as members of a single
family of the class Carpoidea (32,41) or
grouped them with most other "carpoids"
as mere so-called cystoids referred to the
family Anomalocystidae of MEEK (1872)
(ZITTEL, 1895, 1910, 1913; BATHER, 1900;
DELAGE & H:hoUARD, 1903) or its equiva
lent, correctly designated, Anomalocystiti
dae BASSLER (1938) (BASSLER & MOODEY,

1943). The Anomalocystitidae now are
classified as a family of the Mitrata in the
class Stylophora.

The Homostelea have nothing in com
mon with other "carpoids" except the de
pressed form of their asymmetrical body
girdled by a marginal framework and their
complete lack of radial symmetry. They
differ from all of them in the localization
of their two main thecal orifices near one
pole of the body and in having one or two
epithecal grooves on the marginal frame
leading to one of the orifices. In addition,
they differ from the Stylophora in possess
ing a pedunculate appendage or stele and
in lacking a brachial appendage compar
able to the stylophoran aulacophore. They
are separated from the Homoiostelea by
the nature of the stele, primarily composed
throughout its length of a double series of
similar plates, and likewise by the absence
of an arm.

v stal

proximol

proximal

Trochocysti tes

distal

SUPERIOR FACE INFERIOR FACE

I main axis

FIG. 363. Morphological features of Homostelea, based on *Troc1lOcystites bohemicus BARRANDE, M.Cam.,

Boh.; 1,2, upper and lower faces, X3 (Ubaghs, n).
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suranal facets

Trochocysti tes

FIG. 364. Morphological ~eatures. of Hom~stelea, based on *T~ochocystites bollemicus BARRANDE, M.Cam.,
Bah., 1-3, distal, proximal, and nght lat. Views, X3 (Ubaghs, n).

MORPHOLOGY

GENERAL FEATURES

The skeletal parts of the Homostelea
consist of a theca and a stele, the latter
being essentially only a much-narrowed and
tapering extension of the former. The
theca is asymmetrical, although it may dis
play some tendency toward bilateral sym
metry (Fig. 363).

In outline the theca may be almost cir
cular, oval, pyriform, or subtriangular.
When pyriform, the stele emerges from the
constricted part of the theca and when
subtriangular, from the apex' of the tri
angle. Invariably, the theca grows thinner
toward the stele.

The theca is flattened and shows two
very dissimilar faces-a flat or concave one
on which the living animal presumabl;
:eposed, and an opposite convex one. The
mteguments covering a large median part
of the two faces contain many small plates
named centrali~ or centrals. Peripherally
these meet the mner edges of thick plates
that form the stout marginal framework
of the theca and accordingly are named

marginalia or marginals. On the convex
~pp~r face of the theca the marginal frame
IS pIerced by two orifices which are located
n.ear to one another at the extremity oppo
sIte to the stele (Fig. 364,1,2). The smaller
of the orifices is bounded laterally by a
pair of marginals and above by a supple
mentary fixed plate named suroral (=eporal,
JAEKEL, 19181 ) resting on edges of the
marginals (Fig. 364,],2; 365,3,4). One or
two epithecal grooves hollowed into the
outer face of some of the marginals lead to
this ori.fice.. The neighboring relatively
large onfice IS bounded by three marginals,
two laterally and one below, and is pro
tect.ed above by an apparently movable plate
deSIgnated as operculum (Fig. 363 ]. 364 ].
365,3). " "

The stele is flattened like the theca. It
tapers distally away from the theca and
~hows the sa1?e organization throughout
ItS length. It IS composed of two series of
opposed or alternating plates which meet
along the mid-line of each face except

1 Such terms as epora}, epanal, epicentral, and hypo
central, of ~ombined Greek·Latin origin, here are replaced
by terms WIth components derived from a single one of
these languages.
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where a varying number of tiny ossicles is
intercalated between them. A narrow axial
canal enclosed by the stele opens between
two of the marginals into the thecal cavity.

ORIENTATION AND
NOMENCLATURE

The plane in which the theca is Battened
is termed the extension plane (BATHER,

1913) or extensiplane (GILL & CASTER,

1960). The two faces of the theca are dif
ferentiated with respect to this plane and
the probable attitude of the living animal
as superior or upper face (=obverse face,
BATHER, 1913) and inferior or lower face
(=reverse face, BATHER, 1913). The main
axis of the theca and stele runs longitudi
nally midway between their lateral mar
gins and marks the position of the sym·

metry plane (BATHER, 1913) oriented at
right angles to the extension plane. The
body tends toward bilateral symmetry as
defined by this plane.

Length is measured along the main axis
and width normal to this axis in the ex
tension plane. Height or thickness is de
fined as the distance between the two thecal
faces normal to the extension plane.

For purposes of description, the junction
of theca and stele is defined as marking the
most proximal or adsteleal pole of the theca
and the opposite extremity along the main
axis of the distal or absteleal pole of the
theca (Fig. 363). Similarly, the proximal
part of the stele lies closest to the theca and
the distal part nearest to its tip.

Right side and left side are purely con
ventional designations of halves of the

r
M' 3

Gyrocystis

INFERIOR FACE

.. '........~~r~~\uWTOI
~.~ 1. .A ..; .:'.:.
1'lW; i~ _-: ....l----- ~

SUPERIOR FACE

3 4

FIG. 365. Morphological features of Homostelea, based on 'Gyrocystts barrandez (MUNIER·CHALMAS &

BERGERON), M.Cam., Fr.; 1, upper face, supracentrals lacking, X 3; 2·4, lower, distal, and right lat. views,
X3 (Ubaghs, n).
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M'3

Decacystis

stele plate

5569

FIG. 366. Morphological features of Homostelea, based on Decacystis.--1-3. *D. hispanica GISLEN, M.
Cam., Spain; upper, lower, and distal views, X3 (10).-4. D. sp. d. *D. hispanica GISLEN, M.Cam.,

Spain; distal view, X5 (Ubaghs, n).

theca and stele on opposite sides of the
symmetry plane when the fossil is oriented
with the inferior thecal face directed down
ward and the stele toward the observer
(downward in figures). According to con
vention, the marginal plates are designated
by the symbols MI , M2 , Ms . .. on the right
side of the theca beginning at the stele and
by the symbols M'l, M'2, M'3 ... on the
left side similarly (Fig. 363). It should be
observed that identity in form of these
symbols does not indicate homologies of
the marginals in Homostelea and Stylo
phora.

MARGINALIA

The framework formed by the marginal
plates comprises the strong peripheral part
of the theca. The mode of designating in
dividual marginal plates has just been ex
plained. All are thick and they are joined
firmly to one another. Both their positions
and numbers (10 to 12 in different genera)
are constant. The upper face of each plate
may be distinctly convex (e.g., Trocho
cystites, Fig. 364,2,3), slightly convex to
slightly concave (e.g., Trochocystoides),
flat (e.g., Decacystis, Fig. 366,3,4), or al
most flat to strongly concave (e.g., Gyro
cystis, Fig. 365,1), whereas the lower face
of each plate invariably is flat or convex
and the inner (interior) face concave (Fig.
364,2). The external intersection of the
upper and lower faces may be sharp-angled
or regularly rounded and consequently its
cross section varies from triangular (e.g.,

Decacystis, Gyrocystis) or inverted T-shaped
(e.g., Gyrocystis) to more or less V-shaped
(e.g., Trochocystites).

Prominent localized swellings or tumes
cences generally characterize the lower
face of the marginals, but never in the
proximal part of the theca. The swellings
have lateral positions in Trochocystites and
extend over several plates on both sides
(Fig. 364,2,3). Opposite to the stele in
Gyrocystis a large boss is seen beneath the
main thecal orifice, generally flanked on
both sides by less prominent elongate swell
ings (Fig. 365,2). The variations in shape
and size of the prominences may reflect the
microenvironments of individuals, though
the precise nature of their function is un
known. Probably they helped to anchor the
animals.

CENTRALIA

The superior and inferior plated integu
ments of the median part of the theca are
affixed to the upper and lower inner edges
of the marginal framework. Along the
lines of attachment many small depressions
observed in some specimens probably mark
the sites of supple ligamentary bundles
(see Fig. 370,3). Collectively, the plates of
the central regions of the theca are desig
nated as centralia or centrals.

The centrals of the superior thecal face
are distinguished as supracentralia or supra
centrals [=epicentralia, JAEKEL, 19181. For
the most part these small plates are discrete
and in the living animal were probably
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united flexibly, thus accounting for their
rare preservation. They are almost unknown
in Gyrocystis and Decacystis except for
isolated platelets, but in Trochocystites bo
hemicus they consist of small irregular and
maladjusted ossicles with uneven integu
mentary spaces between them (Fig. 367,1).

The spaces may have the aspect of generally
distributed sutural pores with elliptical
outlines. In places they are bordered in
ternally by calcareous crests, and collective
ly they may form a transverse crescent
(Fig. 367,2-4). As in eocrinoids and some
other primitive echinoderms, these sutural

operculum

suronol margin

suronal process

Trochocystites

FIG. 367. Centrals of superior thecal face in 'Troc!lOcystites bohemiClfs BARRANDE, M.Cam., Bah.; 1, upper
face, external side, X4; 2,3, internal side of supracentral pavement, X4; .J, internal side of some supra

centrals showing sutural pores, X7.5 (Ubaghs, n).
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"pores" probably were not actual openings
in the theca but merely small uncalcified
parts of the integument or spaces occupied
by papulae-like organs that served for gase
ous exchange between coelomic fluids and
sea water.

The integument of the lower thecal sur
face inside of the marginal frame was oc
cupied completely by more or less numer
ous polygonal plates which formed a tes
sellated pavement (Fig: 363,2; 365,2). These
plates are called infracentralia or infra
centrals [=hypocentralia, JAEKEL, 1918].

A few special features of the superior face
of the theca call for notice. In Trochocystites
from near the middle, plates of the cen
tralia become more tightly united in a dis
tal direction toward the large thecal orifice
so as to form a thick firm border around it,
which is distinguished as the suranal mar
gin (Fig. 367,1). Laterally and distally this
margin is produced into two suranal proc
esses, each of which rests against the sur
anal facet of a large apophysis borne by
one of the pair of marginals that frame the
orifice laterally (Fig. 364,2; 367,1). No

Trochocysti tes

2

FIG. 368. Marginal grooves of "Trochocystites bohemiclls BARRANDE, M.Cam., Bah.; 1, distal view showing
empty grooves with tiny serial depressions w":ch presumably served for attachment of cover plates along
their margins, X7.5; 2, distal view of specimen showing grooves partially filled with cover plates, X7.5;

3, right lat. view showing grooves protected by cover plates, X7.5 (Ubaghs, n).
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continuous suranal margin is seen in Deca
cystis and Gyrocystis, but instead the larger
orifice is bordered proximally by three or
four thick suranal plates (=epanals, JAEKEL,

1918) (Fig. 365,1; 366,1).

ORIFICES AND MARGINAL
GROOVES

The marginal framework on the upper
face of the theca is pierced by two open
ings-not three, as reported erroneously by

2

BARRANDE (1887), HAECKEL (1897), and
BATHER (1900). The orifices are unequal
in size and shape and they differ constantly
in location. The larger one is found near
the abste1eal pole of the theca and the smal
ler at a short distance from it to the right.

The small orifice is located between two
marginal plates and is circular. Above it is
an arched plate known as the suroral which
laterally rests on edges of the marginals
(Fig. 364,1; 365,4; 366,3,4). A groove lead
ing to right from the orifice and another

suronal facets

Trochocyst i tes

3 4

FIG. 369. Distal chamber and operculum of "Trochocystites bohemicus BARRANDE, M.Cam., Boh.; 1, upper
face of theca with centrals not preserved, distal chamber open (without operculum), X3; 2, distal cham

ber, X7.5; 3,4, external and internal sides of operculum, X7.5 (Ubaghs, n).
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to the left are excavated in the outer face
of adjacent marginals along the periphery
of the theca just above the boundary be
tween its superior and inferior faces. The
grooves are long in Trochocystites and
Trochocystoides, shorter in Gyrocystis, and
still shorter in Decacystis. The right groove
traverses marginals M s and M 4 in Trocho
cystites to a termination on M 3 (Fig. 363,1;
364,1-3), whereas in Trochocystoides it is
confined to M 4 and M 3• The right-hand
groove remains undeveloped in Decacystis
or can barely be detected in a few speci
mens (Fig. 366,4). The left groove passes
under the salient lower lip of the large
orifice and is terminated on M'3 in Trocho
cystites (Fig. 363,1; 364,1), and Trocho
cystoides. In Gyrocystis the left groove ends
on M's (Fig. 365,1,3) and in Decacystis on
M'4 (Fig. 366,4).

The marginal grooves of Homostelea
range from shallow to deep. Those of
Trochocystites and Trochocystoides are deep
and in some specimens of the former
marked by distinct borders (Fig. 368,2).
The floor of the grooves is angular and
smooth but each side bears a series of tiny
depressions which seem to be attachment
seats for cover plates (Fig. 368,1). The ends
of the grooves away from the orifice are
rounded and generally quite distinct.

The floor of the grooves in Gyrocystis
rises rather abruptly near their distal ex
tremity and their termination is not always
clear. The right groove, in particular, leaves
hardly any trace-at best only a very faint
indication on the superior faces of Msand
M4 (Fig. 365,1). The corresponding groove
of Decacystis is generally not differentiated
at all, whereas the left one, deeply im
pressed proximally, vanishes on M4 (Fig.
366,4). The grooves and the opening to
which they lead are observed in many speci
mens to be filled with very tiny irregular
ossicles, which may be so associated as to
suggest that they are remnants of a pave
ment (Fig. 368,2,3). Morphologically and
functionally the ossicles seem to be equiva
lent to the cover plates of the food grooves
of many pelmatozoans.

The relatively large orifice of the theca
opens into a sort of chamber-here called
distal chamber-which is hollowed entire
ly into the thick framework of marginals
at the absteleal pole of the theca. The

chamber is truncate cone-shaped, expanding
toward the interior of the theca, with which
it is confluent (Fig. 364,2; 369,1,2). Its
lower distal margin extends laterally out
ward as a lip which projects over the left
marginal groove (Fig. 368,1). The walls of
the chamber are smooth. Its concave floor,
sloping toward the thecal interior, is formed
by the upper surface of M' 6 in Trocho
cystites and Gyrocystis or of M's in Deca
cystis. The side walls are cut into the two
adjacent marginals and its ceiling is formed
by a special plate termed the operculum
(=Analklappe, JAEKEL, 1918; anal valve,
GISLF.N, 1927; clapet buccal, CUE-NOT, 1953).
The marginals which flank the orifice and
partially overhang the operculum bear
strong apophyses which extend more or less
convergently inward and upward at the
sides of the orifice (Fig. 364,2;368,1). A
little below the summit of each apophysis is
an articulatory fossette named the suranal
facet, which receives a suranal process (e.g.,
Trochocystites, Fig. 364,2) or plate (e.g.,
Decacystis, Gyrocystis, Fig. 365,1; 366,1).

The operculum is a convex oval plate,
wrinkled externally and smoothly concave
internally (Fig. 369,3,4). It expands slightly
in a distal direction with its lateral and
distal edges adjusted to the walls of the
chamber covered by it, but neither fused to
these walls nor articulated with them. The
proximal edge of the operculum is joined
to the suranals (e.g., Gyrocystis, Decacystis)
or suranal margin (e.g., Trochocystites)
probably by a loose suture or ligamentary
articulation and both extremities of this
edge are more or less deeply notched. The
notches are bordered in some specimens of
Trochocystites by a smooth upbent lip
which probably provided the attachment
for muscles that served to open the oper
culum (Fig. 369,3). In closed position, the
operculum sloped steeply downward dis
tally, and when opened, probably an ellip
tical orifice was left between it and the
lower margin of the distal chamber.

The structures just described have been
subjects of diverse and often conflicting
interpretations.

In view of SPENCER (80), CUENOT

(32), NICHOLS (68), and GEKKER (41),
the chamber of the large orifice (distal
chamber) represents a stomodeal pouch
or vestibule that was protected by the
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operculum and provided with protrus
ible tentacles for the capture of nu
trients. It functioned then as a mouth and
the small orifice was inferred to be the anus.
CUENOT and GEKKER supposed that the
~argi~al grooves on either side of the
anus served for transport of excreta away

from the oral field, whereas SPENCER and
NICHOLS offered no guess concerning their
function. If the grooves really carried ex
creta, in the case of Decacystis they would
bring this waste into contact with the
mouth.

JAEKEL (54,55), BATHER (13), and GIS
LEN (45) adopted an opposite mterpreta
tion, concluding that the large orifice corre
sponds morphologically to the anus and the
small one to the mouth. These supposi
tions are based mainly on the presence of
the marginal grooves connected to the small
orifice and the resemblance of these grooves
to the food grooves of pelmatozoans-cer
tainly a fact. Since the grooves are much
shorter in Gyrocystis and especially Deca
cystis than in Trochocystites, JAEKEL (1918)
and GISLEN (1930, 1934) judged that by
evolution they tended to disappear, their
reduction being correlated with change
from buccal to anal feeding. They imagined
that anal respiration analogous to that in
crinoids and holothuroids existed in the
Homostelea. If so, introduction of water
into the digestive tube through the anus
would have brought in small food particles
and would have led eventually to reversal
of the alimentary current, rendering the
presence of nutritive grooves superfluous.

The interpretation just stated is opposed
by the following observations: 1) though
anal respiration does occur in crinoids and
holothuroids, anal nutrition is entirely un
known in any echinoderm; 2) it is by no
means established that the approximately
contemporaneous genera Trochocystites,
Gyrocystis, and Decacystis are progressive
stages of a single lineage and consequently
an inferred trend toward disappearance of
their marginal prooves is quite unproved,
for the contrary is possible or the three
genera may belong to different lineages; 3)
the alleged reduction of the grooves affects
neither the dimensions of the small orifice
nor the width of the left groove near it,
and even in Decacystis the well-developed
nature of the orifice and associated groove

indicates that they must have been func
tional.

Differences between characters of the
grooves in various genera and even in in
dividuals belonging to the same genus
(mainly Gyrocystis and Decacystis) suggest
another explanation. In Trochocystites,
which has long, deep, sharply terminated
grooves, the food-capturing organs housed
by them must have been totally affixed to
the theca (epithecal) or nearly so. In Gyro
cystis and above all in Decacystis, which
have shorter and shallower grooves, difficult
to perceive in some individuals and gen
erally without clear terminations, the food
gathering organs must have projected more
or less freely into the water (exothecal)
away from their proximal attachments.
This does not signify that the Homostelea
possessed a pair of brachioles inserted on
either side of the oral aperture, as imagined
by HAECKEL (49) and MELENDEZ (62). In
stead, the organization suggests the pres
ence of a sort of two-branched lophophore
which was epithecal in some genera and
partly exothecal in others.

What then are the morphological impli
cations of the large orifice, distal chamber,
and operculum, and how did they prob
ably function? The infundibular shape of
the distal chamber and its protruding lower
lip suggest the existence of a protrusive
organ, which perhaps was a kind of tube
designed for jet expulsion of excreta, or
possibly a cloaca (45) into which not only
the digestive tube but organs such as
gonads could have emptied. The operculum
doubtless would have protected these or
gans. BATHER (1925) considered this cover
to be "a movable shield to guide the excreta
[away1 from the inflowing food-stream."
Certainly, the fact that the operculum is
attached by its proximal border, with
apophyses of the adjacent marginals over
hanging it, proves that this plate could not
turn its distal edge so as to extend in front
of the theca to support food-catching organs
of some sort, as supposed by JAEKEL (55),
CUENOT (32), NICHOLS (68), and MULLER
( 1963).

STELE
The stele tapers throughout its length

and shows the same organization from one
end to the other (Fig. 363, 370). Conse-
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quently, it is impossible to differentiate
dissimilar parts, as in the Homoiostelea.
The stele is depressed and like the theca
shows a flattened inferior surface, which is
slightly and regularly rounded, and a
gabled superior surface with a median ridge
above planate or slightly concave flanks.
The two surfaces meet laterally in keels
(Fig. 370,1,2).

Passage from the stele to the marginal
framework of the theca is entirely grada
tional, for outlines of the stele comprise pro
longation of the thecal contours. Also, the
upper surface of the stele rises evenly to
the superior face of the proximal marginals
M l and M'l meeting it confluently. Its
lower surface is at the level of the inferior
face of these marginals and continuous with
it. Above all, the form, size, and orna
ment of the first stele ossicles (most proxi
mal ones) are transitional to plates of the

thecal frame (Fig. 370,1,2). The passage
is so gradual in Decacystis that GISLEN
(44) classed as marginals two plates that
by analogy with other genera belong to the
stele (Fig. 366,1,2).

The stele is composed basically of two
series of opposed or alternating ossicles
(called sphenoids by JAEKEL, 1918), with
both conditions commonly present in the
same stele. Along the mid-line of both
faces a variable number of small supple
mentary plates (called intersphenoids by
JAEKEL, 1918) generally are intercalated.
They are polygonal or lozenge-shaped plate
lets inserted like wedges between the main
plates and those on opposite surfaces of the
stele do not correspond to each other.

An axial canal of very small diameter
extends throughout the stele but becomes
enlarged toward its proximal end where it
opens into the thecal cavity through a short

Trochocysti tes
Trochocysti tes

3

Gyrocystis

Trochocysti tes

FIG. 370. Stele of Homostelea.--1-3. *Trochocystites bohemictls BARRANDE, M.Cam., Boh.; 1, lower face;
2, upper face and transverse sections; 3, thecal opening of axial canal of stele, all X3.75 (Ubaghs, n).-

4. *Gyrocystis barrandei (MUNIER-CHALMAS & BERGERON), M.Cam., Fr.; lower face, X 3.75 (Ubaghs, n).
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funnel excavated in the junction faces of
marginals M l and M'l' The floor of the
funnel is at the level of the internal faces
of the infracentrals, but its ceiling is welI
below the internal faces of the supracen
trals (Fig. 370,3).

The stele of the Homostelea thus can be
considered as a tubular extension of the
theca having the morphologic nature of a
peduncle. Nothing indicates that it is
homologous to the stem of a Crinozoa,
however, and in fact it may have been
developed from quite a different body re
gion. Further, nothing indicates that the
stele served the same function as the crino
zoan stem. Its depressed form, lack of
flexible union with the theca, as welI as
union of its component ossicles, its rigid
aspect, the lack of evidence that it served
as means of fixation, seems to indicate that
the stele never fulfilIed the role of support,
although it may have helped to stabilize
the animal. Many fossils show the stele
pointed obliquely downward from the plane
of the lower thecal surface, suggesting that
it was thrust into sea-bottom sediment dur
ing life.

THEORETICAL CONSIDERATIONS

According to WALTHER (1886) and
HAECKEL (1896), the symmetry plane of
the Homostelea should correspond to the
plane of bilateral symmetry of the dipleurula
and the theca interpreted as depressed
dorsoventralIy. This homology was chal
lenged by NEUMAYR (1889) and rejected
by BATHER (11,13,21), of whom the latter
judged that the extension plane of the
homostelean theca should be considered as
equivalent to the sagittal plane of the
dipleurula, and its two surfaces then would
be right and left. It may be noted that in
1900 BATHER identified the concave (in
ferior) thecal face as right and the opposite
convex (superior) face as left, but in 1913
transposed these identifications. Subse
quently (BATHER, 20,21) became convinced
that the "carpoids" comprise a group of
their own, distinct from alI other echino
derms, and postulated that they were de
rived from a dipleurula fixed by its ventral
surface and not by its preoral lobe. Thus
attached, the ancestral organism would have
reversed positions of its head and tail, ac-

quiring a Y-shaped form with the tail
pointed downward and the body upward
with mouth and anus located at extremities
of the divergent upper branches of the Y.
No torsion of internal organs is postulated
by this hypothesis. The Homostelea would
have been derived from this archetype by
shortening of the stem and branches and
close approach of the two apertures to one
another.

CHAUVEL (30) adopted another initial
premise and consequences deduced from it,
namely, a dipleurula attached by its pre
oral lobe rather than its ventral surface,
thus having at the outset the imagined an
cestral pelmatozoan condition with mouth
at the body pole opposite to its point of
fixation, with anus in lateral position, and
with internal organs, particularly the diges
tive tube, subjected to a characteristic tor
sion. Then appearance of the two lobes
bearing the mouth and anus would have
led, as in the preceding hypothesis, to a Y
shaped ancestor which by convergence of
the two apertures and development of am
bulacral grooves could have yielded Trocho
cystites and genera allied to it. In sum, the
Homostelea and other "carpoids" would
have the same origin as the pelmatozoan
echinoderms but because of their very early
separation from the primitive stock would
retain in common with others only the stem
(stele), constructed on a very special plan,
however.

Based on the postulate that the digestive
tube of most primitive echinoderms had an
arcuate shape with concavity on the ventral
side, GISLEN (45) concluded that the space
between the mouth and anus represents an
extremely shortened ventral surface. The
approach of mouth and anus toward one
another and their displacement to the super
ior face of the theca must constitute sec
ondary phenomena, however, correspond
ing to the stage of asymmetry distinguished
by HEIDER (1912) in the ontogenetic de
velopment of echinoderms generalIy. If the
Homostelea belong to an equivalent phylo
genetic stage, their left somatocoel should
be found beneath the superior thecal face
and the right one next to the inferior face.
Also, the right axocoel should have been
already much reduced and the left one welI
developed, located possibly beneath the

© 2009 University of Kansas Paleontological Institute



Morphology S577

anal operculum. The left hydrocoel should
have extended beneath the ambulacral
groove, thus being confined to the right
anterior border of the body, whereas the
right hydrocoel probably was much re
duced.

Even if the concept of GISLE,N seems to
accord with indications drawn from the
study of early ontogenetic stages of living
echinoderms, like other hypotheses it re-

mains purely speculative. The interior of
the homostelean theca has preserved such
little trace of the organs and cavities en
closed by it that effort to reconstruct their
true organization seems futile. No basis
allows assertion that their stele is homol
ogous to the pelmatozoan stem or that their
digestive tube displayed the helicoidal tor
sion characteristically present in crinoids.

GLOSSARY OF MORPHOLOGICAL TERMS USED FOR HOMOSTELEA

[Terms considered as synonyms or terms of lesser im·
portance are printed in italics].

absteleal. Directed away from stele,

adsteleal. Directed toward stele,

Analklappe, See operculum.

anal valve. See operculum.

axial canal. Longitudinal passageway through stele.

central(s) (pl., centralia). Plate(s) located inside
marginal framework either on lower or upper
face of theca (see infracentral and supracentral).
theca (see infracentral and supracentral).

clapet buccal. See operculum.

dimere. Any ossicle of two main series which com
pose stele.

distal. Referring to direction away from junction of
theca and stele.

distal chamber. Enclosed space hollowed into mar
ginal framework between large orifice and thecal
cavity.

epanal. See suranal plate.
epicentral(s) ( epicentralia). See supracentral (s)

(pl., supracentralia).
eporal. See suroral.
extension plane. Plane III which theca is depressed

(syn., extensiplane).
extensiplane. See extension plane.
frame (framework). Series of plates which consti

tute margin of theca, i.e" marginals and suroral.
Izypocentral( s) (Izypocentralia). See infracentral(s)

(pl., infracentralia).
inferior. Directed toward inferior face.
inferior face. Flattened or concave side of theca or

stele, presumably toward sea bottom in life posi
tion (syn., lower face, reverse face).

infracentral(s) (pl., infracentralia). Plate(s) located
inside framework on inferior face of theca.

intersplzenoid. Any supplementary small plate
along mid-line of stele.

left side. Referring to side corresponding with left
of observer, when theca is placed on its inferior
face with aulacophore toward observer; opposite
of right side.

lower. See inferior.

main axis. Imaginary longitudinal straight line
through stele and prolonged across theca.

marginal(s) (pl., marginalia). Ossicle(s) of series
framing theca.

marginal groove. Furrow running on outer side of
marginals and leading to small orifice (mouth)
(considered as ambulacral furrow).

obverse, See superior.
operculum. Seemingly movable plate covering dis

tal chamber.
proximal. Referring to direction toward junction

of theca and stele.
reverse. See inferior.
right side. Referring to side corresponding with

right of observer, when theca is placed on its
inferior face with aulacophore toward observer;
opposite of left side.

sphenoid. See dimere.
stele. Relatively slender and tapering peduncular

prolongation of body.
superior. Directed toward superior face.
superior face. Convex side of theca or stele pre

sumably directed upward in life position; oppo
site of inferior face (syn" upper face, obverse
face).

supracentral(s) (pl., supracentralia). Plate(s) located
inside marginal framework on superior face of
theca.

suranal facet. Small slightly concave surface on
framework serving for articulation of suranal
process or suranal plate.

suranal margin. Thick firm proximal upper border
of distal chamber; apparently composed of fused
supracentrals,

suranal plate. Ossicle of series forming proximal
upper margin of distal chamber.

suranal process. Lateral outgrowth uniting suranal
margin with marginal framework,

suroral. Fixed thecal place above small orifice
(mouth); included in marginal framework,

symmetry plane. Plane passing through main axis
and perpendicular to extension plane,

theca. Body skeleton exclusive of stele,
upper, See superior.
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MODE OF LIFE
That the Homostelea reposed on one of

their thecal faces is proved beyond doubt
by the depressed form of their body, by
differentiation of the two surfaces of their
theca and stele, and by the distal termina
tion of the stele in a point, indicating that
it was manifestly incapable of serving for
vertical support. The surface of the theca
that rested on the substrate can only be the
one designated as inferior, as denoted by
its flat or concave form, conformation of
the marginal frame, and absence on this
side of the body of orifices and associated
structures having presumed respiratory
function, which are concentrated on the
opposite face.

Nonetheless, BATHER (13) considered it
difficult to imagine such organisms as rest
ing directly on a sea bottom occupied by
the kind of sediments-muddy sands or
marly limes-which is represented by the
rocks commonly associated with the remains
of these "carpoids," for in his view the sand
grains and clay particles would have fouled
the food grooves and filled the mouth much
too easily. Accordingly, he supposed that
the animals attached themselves like a cup
ping glass to the thallus of algae, no traces
of which are preserved, of course. The pro
tuberances and other inequalities of the
underside of the marginal frame make a
sucking action of the inferior thecal face
quite impossible, however. It appears, then,
that the Homostelea could not have lived
in the manner imagined by BATHER.

We may recall that the nutritive grooves
of the homostelean theca are protected by
a cover of platelets. Possibly, as suggested
by NICHOLS (68), these animals led a semi
sessile existence on the sea bottom, explor
ing with their tentacles the area around
them while fixed at a given place by their
stele dug into the sediment-indicated, as
previously mentioned, by the oblique down
ward attitude of the stele in many fossils.
Perhaps they lived in still more fixed loca
tion, for the stele appears to have had al
most no capacity for movement-indeed,
they may have led a partial burrowing ex
istence, limited to gathering food particles
suspended in the sea water by their tentacu
lar or mucociliary action and to producing
vibratile respiratory currents on the surface

of their body. Previously stated are reasons
for support of the hypothesis that a sort
of lophophore functioned in relation to the
marginal grooves.

PHYLOGENY
The origin of the Homostelea and their

descent-if such there may be-are equally
mysterious. Confined within limits of the
Middle Cambrian, these "carpoids" are tied
to other echinoderms by no known inter
mediate links. They have long been re
garded, it is true, as Pelmatozoa (Crinozoa),
the modified ancestral characters of which
must have been produced correlatively with
acquisition of a recumbent and partially
free mode of life. In support of this inter
pretation their possession of epithecal fur
rows analogous to the food grooves of
pelmatozoans and close association of their
mouth and anus near the thecal pole oppo
site to the stem have been cited. Accord
ingly, Trochocystites was said to be derived
from a form resembling Aristocystites by
lateral compression of the body (11), or
from a vermiform eocrinoid similar to
Cigara (55), or from a form (Eikocystis)
supposedly related to Stromatocystites (24).

These are only conjectures, at best. De
tailed comparisons reveal no real resem
blance of Homostelea to the pelmatozoan
echinoderms and bring to light no certain
homology with them. Quite unlike these
echinoderms which display a fundamental
radial symmetry from the moment of their
appearance, the Homostelea exhibit not a
trace of such symmetry. Their stele has a
twofold structure that is unmatched by the
stem of crinozoans. Their principal orifices
of the theca possess entirely individual
traits, and if the depressed form of their
body, girdled by a massive frame, is not an
exclusive attribute, at least these are con
stant characters which canont be explained
by lateral compression or play of secondary
transformations-as derivatives of diagnostic
pelmatozoan features.

When compared with other "carpoids,"
some of the Cornuta are not to be over
looked, for their theca, like that of the
Homostelea, is framed by thick marginal
plates and the integument of their superior
and inferior faces is reinforced by small
plates. KIRK (56) saw in Trochocystites the
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possible source of other "carpoids," BATHER

(20) viewed Mitrocystites and its allies as
derivatives of a form close to Trochocystites,
and GISLEN (45) in agreement with JAEKEL

(55) delineated a morphological series be
ginning with Trochocystites and ending in
the Mitrata which was thought to illustrate
the progressive reduction and ultimate dis
appearance of ambulacral grooves in the
course of evolution.

Nothing is less certain, however, than
descent of the Mitrata from the Homostelea,
or more broadly, any kinship whatever
between the Homostelea and Stylophora.
The former are distinguished from the
latter by: 1) the presence of a stele, com
prising a peduncular prolongation of the
theca; 2) the absence of a brachial process
possibly correlatable with the stylophoran
aulacophore; 3) adjacent location of the
two main thecal orifices near one pole of
the body in contrast to their positions at
opposite extremities of the theca in the
Stylophora; 4) the peculiar nature of the
homostelean orifices and their close asso
ciation with the marginal frame; 5) the
presence of one or two epithecal grooves
excavated in the marginals and connected
to one of the orifices; 6) the existence of a
special plate termed operculum protecting
the large orifice, quite without equivalent
in the Stylophora; and 7) entire absence of
such structures as the infundibulum, scutu
lae, septum, and internal marginal grooves
which are found inside the theca of stylo
phorans.

Among the Homostelea and Stylophora,
then, not a single morphological character
can be considered to be homologous. The
presence of a marginal framework in each
group is not a significant phylogenetic link,
since the same structure is seen in other
classes (e.g., Eocrinoidea, Edrioasteroidea)
with a high degree of resemblance.

A comparison of homosteleans with the
Homoiostelea yields no more certain In

dication of affinities. To be sure, a pe
duncular prolongation of the theca is found
in both groups, but in the Homostelea this
displays the same organization throughout
its length, whereas in the Homoiostelea
it is clearly divided in characteristic man
ner into two quite distinct regions. More
over, the relations of stele to theca and of
the axial cavity of the stele, narrow in the

one group and wide in the other, to the
cavity of the theca show no similitude.
Other features show still greater differ
ences. For example, the Homostelea lack
a brachial process such as occurs in the
Homoiostelea. The mouth and anus lie
close together in the former group but far
apart in the latter. The two thecal faces
generally are much less differentiated in
the Homostelea than in the Homoiostelea,
and the marginal frame, which is a con
stant attribute of the first, ordinarily is
lacking in the second. Therefore, no justi
fication seems to exist for placing the two
groups in the same class, as hitherto done.

Concerning interrelationships of Trocho
cystites, Gyrocystis, and Decacystis, no
significant facts allow elucidation. These
genera are contemporaneous, or nearly so.
Intermediate forms are lacking and the
trends of their evolution are unknown.

SYSTEMATIC DESCRIPTIONS

Class HOMOSTELEA
Gill & Caster, 1960

[nom. transl. UBAGHS, herein (ex subclass Homoste1ea GILL
I< CASTER, 1950) 1

Homalozoa with skeleton composed of
theca and stele; theca depressed in plane
(extension plane) passing through main
orifices and stele attachment, with convex
surface (superior face) and opposite flat
or slightly concave surface (inferior face)
united in girdling frame of thick marginal
plates; superior face formed within mar
ginals by numerous loosely joined plates
termed supracentrals except near pole op
posed to stele where they fuse or are re
placed by row of stout suranal plates; at
absteleal pole and excavated in marginal
frame is large thecal orifice inferred to mark
location of anus; it is protected by appar
ently movable plate designated as oper
culum; adjacent is smaller circular orifice
that probably represents mouth; periphery
of theca adjacent to presumed mouth bear
ing one or generally two epithecal grooves
hollowed in outer face of marginals, grooves
conpected to mouth and protected by
multitude of minute cover plates; inferior
thecal face formed within marginals of
close-fitting polygonal infracentrals, with
out orifices. Stele tapered, depressed in
same plane as theca, with convex superior
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2
T rochocystoides

FIG. 371. Trochocystitidae.--l. Trochocystoides sp. d. *T. parvus JAEKEL, M.Cam., Boh.; upper face,
X5 (Ubaghs, n).--2. *T. parvus JAEKEL, M.Cam., Boh.; lower face (?holotype), X5 (Ubaghs, n).

face in form of ridge and flat or slightly
convex inferior face which meet laterally
as angled keels, constructed of two rows
of opposed or alternating ossicles (dimeres)
between which variable number of small
irregular platelets commonly are inter
calated on superior and inferior faces; nar
row axial cavity of stele confluent with
thecal cavity. M.Cam.

Order CINCTA Jaekel, 1918
[=suborder Marginata JAEKEL, 1901 (panim)]

Characters of class. M.Cam.

Family TROCHOCYSTITIDAE Jaekel,
1901

[=Trochocystidae BATHER, 1902 (nom. van.)]

Well-developed marginal groove on each
side of small circular orifice (mouth), both
of them long and deep; centrals of inferior
thecal face small and numerous. M.Cam.
Trochocystites BARRANDE, 1887 [*T. bohemic/lS;

M] [=Troc!lOcystites BARRANDE, 1859 (nom.
nlld.); Trochocystis HAECKEL, 1896 (nom. van.)
(obj.); Trigonocystis HAECKEL, 1896 (type, T.
trigona)]. Marginals typically 12, with rounded
upper external slope, knobs on lower face of M"
1\1" 1\1, and M'" M'" M',; marginal grooves gen
erallY ending on M, and M'J; suranals indistinctly
separable from adjoining centrals. 1\1.Cam., Boh.
?Ger.(Bavaria)-?Fr.--FIG. 364,1-3. *T. bohemi
CIIS, Boh.; 1-3, distal, proximal, lat. "iews of

theca, X3 (Ubaghs, n). [See also Fig. 363, 367
370.]

Trochocystoides JAEKEL, 1918 [*T. parvus; M].
Marginals typically 10, with slightly convex to
concave upper external slope, knobs on lower
face of Ms, M, and M'" M',; marginal grooves
ending on M s and M',; stele relatively narrow,
distinctly convex on upper face, slightly so on
lower face. [A single specimen identified by
JAEKEL as *T. parvlIs which I have been able to
study shows only the lower side (Fig. 371,2).
It seems to belong to the same species as a small
form that was confounded by BARRANDE with
*Trochocystites bohemic/lS. None of the specimens
examined by me, however, exactly show features
reported by JAEKEL to be diagnostic of this genus.]
M.Cam., Boh.--FIG. 371,1,2. *T. parvus; 1,
upper side of specimen (d. *T. parvtls) figured
by BARRANDE (1887, pI. 3, fig. 6, 7), X5
(Ubaghs, n); 2, lower side of another specimen
(?holotype), X5 (Ubaghs, n).

Family GYROCYSTIDAE Jaekel, 1918
Marginal grooves relatively short, right

one very much reduced or even wanting;
centrals of inferior thecal face compara
tively larger and fewer than in Trocho
cystitidae; suranals distinct, three or four.
M.Cam.
Gyrocystis JAEKEL, 1918 [*G. platessa; M (=
*TrOc!lOcystites barrandei MUNIER-CHALMAS &

BERGERON, 1889; ?T. occidentalis JAEKEL, 1901)]
[=SlIcocystis TERMIER & TERMIER, 1958 (type,
S. theronensis)]. Marginals typically 12, with
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flat or concave upper external face, generally with
prominent knob on marginal beneath large thecal
orifice and Jess prominent swellings on either side;
marginal grooves ending on M, and M',. M.Cam.,
Fr.-Morocco.--FIG. 365,1-4. "G. barrandei
(MUNIER-CHALMAS & BERGERON), Fr.; 1-4, upper,
lower, distal, and right lat. views of theca, X3
(Ubaghs, n).

Decacystis GISLEN, 1927 ["D. hispanica; M].
Marginals 10, with flat upper external face; right
marginal groove wanting, left one ending on M',.
M.Cam., Spain-France.--FIG. 366,1-3. "D. his
panica, Spain; 1-3, upper, lower, and distal views
of theca, X3 (IO).--FIG. 366,4. D. sp. d. "D.
hispanica, Spain; distal view of theca, X 5
(Ubaghs, n).

[References for the chapter on Homostelea are included with those for Stylophora and

Homoiostelea (see p. S624).]

HOMOIOSTELEA

By KENNETH E. CASTER
[University of Cincinnati]

(In the preparation of this section it has been necessary to fe-examine much original type materials of BARRANDE. BATHER,

JAEKEL, THORAL, and UBAGHS, and to study extensive supplementary matt:rial. To the officers and staff of the Narodni
Museum. Prague; British Museum (Natural History), London; Museum of Humboldt University, East Berlin; Department of
Geology, University of Lyonj Montpellier University, Lyon; University of Greifswald; Hunter Museum, Glasgow; United
States National Museum, Washington; Geological Survey of Canada; Victoria National Museum, Melbourne; and to private
collectors, R. COURTE.SSOLE. and G. and G. GRIFFE, Carcassonne, FR. KRAN1Z, Bonn, and many others, deepest thanks. Very

special thanks go to GEORGES UBAGHS, RONALD PARSLEY, and EDMUND D. GILL.]

CONTENTS
PAGE

INTRODUCTION __ __ _ __ __ __ _ _. __ _ _ S581
Thecal appendages (p. S581 )-Symmetry and orientation (p. S582)

MORPHOLOGY _ __ __ _ _._ __ S585
Generalities, Arm and related structures (p. S585)-Theca (p. S588)-Ornament,

Anus (p. S592)-Stele (p. S593) (Proxistele, p. S593; Proxistele insertion, p.
S598; Mesistele, p. S598; Dististele, p. S601)

OCCURRENCE __ .. __ .. __ .. __ __ __ .. _._ .. _ _ __ . .. .._ __ S602
Distribution, Preservation (p. S602)

PHYLOGENY AND EVOLUTION __ __ _ __ __ h •••••••••••••••••• __ .S602
SYSTEMATIC DESCRIPTIONS . _._. ._ .__ .__ . .. __ __ S605

Class Homoiostelea Gill & Caster, 1960, Order Soluta Jaekel, 1901 (p. S605)
REFERENCES [FOR STYLOPHORA, HOMOSTELEA, AND HOMOIOSTELEA] .. __ . . . .S624

The name Homoiostelea (similar stele)
comes from GILL & CASTER (1960), who at
tempted to point up axial differentiation of
the "tails" in the Soluta, and also in the
Cornuta and Mitrata (Stylophora), into
three zones, as against the condition in the
Homostelea (=JAEKEL'S Cineta) where
zonation does not exist. It was the assump
tion of previous authors that all earpoid
steles are homologous, both in origin and

INTRODUCTION

THECAL APPENDAGESThe Homoiostelea (U.Cam.-L.Dev.) form
a part of the former class Carpoidea JAEKEL
(1902) and are coextensive taxonomically,
as herein revised, with JAEKEL'S order
Soluta. They share with other "earpoids"
the possession of fundamental asymmetry
of skeletal organization and show varying
degrees of superimposed bilateralization;
moreover, a tendency toward flatness (de
pression) is common to all. They possess
an exothecal arm, plated theca and tail-like
stele (heterostele).
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function. It now appears, as a result of
work by UBAGHS (1961) on Cornuta and
(elsewhere in this volume) on Mitrata
(these two orders of JAEKEL comprising the
new class Stylophora), that the functions of
the solutan "tail" and arm were both per
formed by the single serial appendage of
stylophorans, the aulacophore. Herein lies
the basis for a difference of opinion as to
the homologies and orientation of the whole
organism as between the Soluta and Cincta
on one hand and the Stylophora on the
other.

UBAGHS (Treatise, p. S496) correlates the
stylophoran aulacophore with the solutan
arm because of their common subvective
function. Consequently, he prefers to
designate the base of the aulacophore, like
the base of the arm, as anterior (see Fig.
325-326, 343-350, this volume), since both
presumably lead to the mouth of the organ
isms. But, whereas mouths are always an
terior in position in primordial bilaterians,
"carpoids" appear to have undergone two
stages of metamorphism beyond that condi
tion: some degree of radial superimposition,
perhaps associated with fixation; and sec
ondary freedom and very advanced sec
ondary superimposition of bilateralization,
which is never complete. In most eleu
therozoic echinoderms "anterior" is con
ventionally the direction of forward move
ment, and this seldom coincides with the
position of the oral-anal axis or mouth.

It is my opinion that in this complex of
convergently adapted eleutherozoans, which
might be termed the "cladus Carpoidea,"
all exothecal tetramerous organs are modi
fied biserial arms, and hence are all radial
homologues. According to this view, all
"carpoid" heterosteles are radially homolo
gous. The stylophoran aulacophore has prim
itively retained the radiate subvective func
tion, the while also serving the free-moving
"tail" function of the heterostele in other
"carpoid" classes. All seem best designated
as heterosteles in accord with JAEKEL'S orig
inal proposal (1901). The aulacophore is,
then, a special kind of heterostele.

The convergent form of "carpoids" seems
to have been selectively determined in ac
cord with hydrodynamic principles and cor
related with bottom-moving in a flatfish
like manner. A swollen anterior body
(theca), usually rounded anteriorly, and

depressed, more or less parallel-sided, and
bearing a posterior caudal appendage
(heterostele) for steering and locomotion,
is the recurrent plan. The recurrent analogy
of the heterostele to a fish tail in all three
classes of "carpoids" seems to have on
entational validity.

The steles ("tails") of Homostelea and
Homoiostelea are apparently completely
homologous both in origin (probably from
a biserial arm) and in caudal, wholly loco
motor, function. In the former, however,
the mosaic plating and lack of axial zona
tion of the component meres bespeak much
less motility of the stele than in the homoio
steles, where zonation and either marked
imbrication or flexible integumentary su
turing of the proximal stele meres is usual.
In both classes the proximal steles (proxi
steles) are tetramerous and the distal steles
(dististeles) dimerous; this is achieved in
both instances by the distal diminution of
alternate series of tetrameres (see Fig.
378). In the Stylophora, the dististele (dis
tal aulacophore) appears to be uniserial. In
the homosteles the close proximity of mouth
and anus on the anterior thecal margin
localizes the oral-anal axis to a short line
on the distal margin, whereas in the homoio
steles the axis is lateral (never in the axial
plane) or diagonal, due to the wide separa
tion of the two apertures. If mouth and
anus determine anterior and posterior ori
entation of the organisms, in neither case
is the caudal stele posterior. In no instance
has the solutan mouth been observed to
fall on the morphologic axial plane of the
organism. In some stylophorans, where
derived bilateral symmetry is most ad
vanced among "carpoids," the oral-anal axis
and axial or bisymmetry-plane do seem to

coincide. However, in this last class, the
anus lies on the leading, distal (anterior)
margin of the theca and the mouth at the
base of the aulacophore (subvective tail).

SYMMETRY AND
ORIENTATION

Inasmuch as the homoiosteles are de
pressed (that is, flattened 1 ) asymmetric

1 Like all echinoderms, the homoiosteJes were presumably
bilaterians showing a fundamental asymmetry in their em·
bryological development. However, the identification of
their original bilaterian coordinates is highly speculative,
as is also the degree to which their observed skeletal asym
metry correlates, if in any wise, with that of the dipleurulan
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creatures which exhibit bilateral tendencies,
they pose special problems in geometric
nomenclature. It is quite impossible to
employ the terms dorsum (dorsal), venter
(ventral), and right and left sides in their
true bilaterian morphologic sense. However,
it now develops that the last two can be
used pretty consistently in the Soluta in a
purely descriptive conventional s~nse, thus
rendering unnecessary the substitute and
less clear terms which BATHER (1913) pro
posed. Synonymous names for mo.rp~ology

and symmetry components are mdlCated
(Fig. 372). .

Two planes of referen.ce. can be dis
tinguished in the HomolOstelea: 1) the
plane of flattening, which BATHER (1913)
called the extension plane, and GILL & CAS
TER (1960) the extensiplane; and 2) the
plane normal to this and passing through
the axis, which BATHER termed the sym
metry plane, with respect to which all forms
show some degree of bilateralism, hence
sometimes called the "bilateral plane" or
bisymmetry plane. The main course of the
organic axis is judged from the symmetry
plane of the stele, which is then projected
through the theca. Shortening norm~l to
the extensiplane is depression (flattenIng),
and in the extensiplane, normal to the sym
metry plane, compression (shortening of
the width).

Whereas in unmodified bilaterians the
oral-anal axis coincides with the axial and
bisymmetry planes, and hence .deter1?ines
the historic anterior and postenor onenta
tion, in homoiosteles, like most other "carp
oids " there is no such coincidence. In fact,
the 'two axes usually meet at a high angle,
or, exceptionally, cross one another. Hence
the "anterior" and "posterior" labels on
solutans are conventional and ecologic
rather than historical and physiologic. Be
ing, like all "carpoids," vagile benthos, the
solutans (=homoiosteles) possessed a caudal
organ that served a propulsive or steeri~g

function, or both. This organ was the tall,
U tige," or stele (heterostele), or, in ~he

Stylophora, the aulacophore, a subvecuve

larva. It now seems quite probable that more than one
mode of f1a([cning ot the bilaterian bo?y has occurred
among "carpoids" and that to c.harac.teTlze them a,lI as
pleuronect creatures (lying on one SIde, lI~e f1ou~ders) 15 too
comprehensive a generalization, and pOSSIbly quite a wr?og
one. This is a certainty: every '.'carpaid" is a multiple
palimpsest of superimposed symmetrIes.

stele. The caudal appendage was function
ally posterior. Neither the position of the
mouth or anus nor the trend of the oral
anal axis serves among homoiosteles (or in
other "carpoids") to establish conventional,
functional anterior and posterior.

The depression of the theca usually re
sults in the existence of two thecal surfaces
or faces. In the past, these, where recog
nized, have been variously denominated
with respect to the correlation with arm
mouth or anus. Thus BATHER (1913) dis
tinguished the "adbrachial" (="brachial"
of authors) and "antibrachial," or "anal,"

d " 1" f (I" 'd" d .an antana aces. n carpol escnp-
tions ant·, anti-, counter and opposite have
been used synonymously.) BATHER (1913)
also employed obverse and reverse for the
thecal faces which he judged to have been
respectively upper and lower in life. How
ever, he was unable consistently to employ
these terms, and did not attempt to use
them in describing homoiosteles. With ex
ception of the seemingly almost fusiform
(data for this conclusion doubtful) Heckert.
cystis, the seemingly truly globular Dehmt
cystis, and the nummuloid Rutroclypeus,
the two faces can be identified consistently
and homologized. Therefore, the denomi
nations obverse (upper, carapace) and re
verse (lower, plastron) are quite acceptable.
Since the position of the anus is highly
variable, both as to the side and face on
which it occurs-and to some degree the
same is true of the solutan arm-face de
nominations with respect to these organs are
misleading. BATHER (1913) also identified
the sides (flanks) in terms of the anus and
arm position. Since top and bottom faces
are now pretty generally recognizable in
homoiosteles, there seems to be no good
reason for not using the simple terms right
and left for the sides.

The distance between the two faces of the
theca is the height or thickness; it is usually
measured in the symmetry plane. The dis
tance between the sides is width; length is
an axial dimension. The plane of contact
of the stele and theca is conventionally
known as the proximal plane. However, it
is notable that this is apparently not the
same plane of reference commonly em
ployed among Crinozoa. Directions toward
the proximal plane are proximal and away
from it distal.
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ANTERIOR DISTAL
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(=distal limit of differentiated,

loosely articulated plates on
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preanal lobe __ K;>, ><A"

anal lobe
(sensu Iota)

STELE

dimeres of distal stele zone

climere

dimere suture (in extensiplone) ";J
climere

,,,
I,
I,,

aboral side of arm

brachial plate

r-- covering plates of arm

."..---- L' L-L' = length (of theca)
".J..- antibrachia I (right distal lateral) labe

I

~~:e:~:?-,,\.--- position of subthecal mouth

\ brachial (obverse) face of theca

ontona I side (=right side
of this specimen)
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>',<,-,,--~ " ,
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I
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/ ...... I

""".",,,,, J... "
adsteleol (basal) thecal plates

mesistele (medial stele zone)

dististele (distal stele zone)

AXIAL PLANE

,
"\ ,
\
\ POSTERIOR DISTAL

FIC. 372. Homoiostele morphology and orientation (based on *Dendrocystites sedgwicki (BARRANDE), a gen
eralized solutan "carpoid"). 1, extensiplane view obverse side, X 1.7; 2, generalized cross section of theca,
X 1.7 (Caster, n; drawn by Elizabeth A. Dalve from photos and sketches of Barrande specimens from

Praha).
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GENERALITIES
The morphologic nomenclature of the

Homoiostelea is given in Figure 372. How·
ever, this figure hardly conveys the aspect
of more advanced members of the class
which are commonly strongly homeo·
morphic with the stylophorans. The body
is composed of three regions: 1) the an
terior (really anterolateral) biserial arm,
which commonly has been called a "brach
iole" (13, 43); 2) the main body, which was
invested with a theca of calcareous plates;
and 3) the stele or heterostele, as JAEKEL

(54) preferred in order to counter the com·
mon mistake of referring to the posterior
appendage as a "column" or "stem" under
the misapprehension that it is homologous
with the pelmatozoan column. It is also
commonly called a tailor "tige," which
best describes its apparent function in life.
Undoubtedly, there was in life the usual
echinodermal mesodermal fleshy investiture
of all calcareous parts. The labyrinthine
canals in the skeleton (stereom), occupied
in life by fleshy strands (stroma), are com
monly preserved (e.g., CASTER & EATON,

1956, described similar histology in Mi
trata). Most of the fleshy anatomy of the
organism was housed in the theca, but
significant extensions undoubtedly reached
into the large lumens of the arm and
proxistele. The plates of both arm and
stele are bilaterally arranged; those of the
theca quite imperfectly so (Syringocrinus,
see Fig. 393; Iowacystis, see Fig. 394) or
not at all (Dendrocystites, Fig. 372; Dehmi
cystis, see Fig. 388; Rutroclypeus, see Fig.
391, 392; Girvanicystis, Fig. 373, 374, see
Fig. 389, 390). Plates adjacent to arm, anus,
and stele are to some degree regularized,
and consistently identifiable in certain ge
nera and to some degree homologous. In
some forms, the plate size, number, arrange
ment, and ornament differ on the two faces,
sometimes markedly so; this is termed facial
differentiation. There may also be regional
differentiation of plates within a face or
organ.

ARM AND RELATED
STRUCTURES

Although the exothecal subvective organ

FIG. 373. Morphological features of • Girvanicysti,
batheri CASTER, n. gen., n. sp., V.Ord., Scot. (Gir·
van), showing obverse face of somewhat deformed
para type having well-defined marginal groove for
reception of thickened margin of reverse face, X 2.4
(Caster, n; drawn by E. A. Dalve from photo of

BMNH, Begg Coli. no. E5830).
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in homoiosteles has been commonly called
a brachiole, it is technically an arm since
it is a skeletized extension of the body
cavity (as is the stele) and not a solid serial
skeleton such as are true brachioles. It has
been termed a "proboscis," under the mis
taken impression that it bore a terminal
mouth; it also has been erroneously identi
fied as an anal structure. The arm is usually
a long, tapering, broadly based organ (e.g.,
Dendrocystites) , subterete or somewhat
compressed, and covered by two matching
but unequal biseries of plates (i.e., it is es
sentially tetramerously invested) arranged

./
./

/'
/

/
/

/
/

/
/
/
I
I

bilaterally. The larger biseries, termed
brachial plates, usually cover about two
thirds of the arm flanks and meet tightly or
flexibly on the aboral side; the aboral suture
is usually zigzag, reflecting the alternation
of the brachial biseries; no aboral suture
has been found in Minervaecystis (See Fig.
381). There may be slight distal imbrica
tion of the brachial plates. Each plate is
about twice as wide as long, and bowed.
The adoral gape between the bowed brach
ials is covered by the matching lesser bi
series of plates, the cover plates, which
articulated with the brachials and met ad-

FIG. 374. Morphological features of *Girvanicystis batheri CASTER, n. gen., n. sp., U.Ord., Scot. (Girvan);
obverse face of para type with pillbox articulation of two faces along extensiplane. X 3.7 (tone pattern on
exterior of obverse plates, interior surface of reverse plates stippled) (Caster, n; drawing by E. A. Dalve

from photo of BMNH, Begg Call. no.E5824).
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orally along a zigzag line. The relative
width of brachials and cover plates is vari
able within taxa; they may form a confluent
arm surface, or the cover plates may rise
in a gable on the adoral side and their
articulation with the brachials be a de
pressed line. Internally both brachials and
cover plates bear articulatory muscle scars.
The adoral gape of the brachial plates pre
sumably defines the ciliated food groove
(ambulacrum) of the living animal. This
leads to the concealed mouth, which pre
sumably was situated near the end of the
groove, within the theca. As in all other
echinoderms, the normal feeding position
of the arm was undoubtedly with the ad
oral side of the arm and the associated am
bulacral groove upwardly exposed when
the cover plates were open. Thus, the life
position of the arm determines the orienta
tion of the whole organism. This is the
ultimate recourse in the sometimes per
plexing problem of thecal orientation and
face determination of the fossil. The adoral
features of the arm correspond in position
to the obverse side of the theca.

The mouth and gut being unknown, the
intestinal course is speculative between the
base of the arm and the anus. Of a certainty,
it does not follow the oral-anal axis, and
the asymmetrical form of the homoiostele
theca suggests that it has an arcuate, or
perhaps even looped course, and that it
probably does not lie wholly in the extensi
plane.

The transition from arm to theca is
abrupt; nothing has been observed which
would support BATHER'S (1913) contention
that the solutan arm skeleton passes grada
tionally into thecal skeleton (Fig. 375). The
arms, so far as known, are consistently tetra
meral (except possibly in Minervaecystis,
see Fig. 381, where quite probably the lack
of an aboral suture reflects ankylosis of a
biseries). Adbrachial thecal plating is rarely
four-part, and the junction between the
theca and arm is consistently integumentary,
in keeping with the manifest motility of
the arm as a whole. In Dendrocystites sedg-

- wicki (Fig. 372, see Fig. 383) adults many
small polygonal plates occupy the contact
zone. These may be sclerites of the integu
ment, or more likely represent the breakup
of larger adbrachial plates in the same man-

FIG. 375. Complete skeleton of • Delldrocystoides
scotictlS (BATHER) viewed from obverse side (re
constr.), U.Ord., Scot. (Girvan), X 1.3 (Bather,

1913).
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ner as observed in the proxistele of this
species. These small plates may have been
the basis for much of BATHER'S speculation
about the relation of arm plating to thecal.

The large adbrachial plates of the theca
are always distinctive. They are generically
consistent in number and form. They may
be a more or less rigid circlet of strongly
fused plates, as in D. sedgwicki adults; a
thickened rim may be developed on them
around the arm orifice, as in Girvanicystis;
this becomes a prominent bordering flange
in Iowacystis (see Fig. 394). In D. barrandei
(see Fig. 384, 385), and the Scottish Den
drocystoides (Fig. 375, 387), and the French
Minervaecystis (see Fig. 381), adbrachials
strongly geniculate to encircle the arm base
and laterally imbricate to form a scalelike
sheath. The number of adbrachials in the
circlet varies from perhaps six in Dendro
cystites to four (or fewer) in lowacystis. In
In Girvanicystis (see Fig. 389, 390) there are
apparently four adbrachials, two obverse
and two reverse, which are deeply excavated
to form the brachial foramen. The size and
shape of this foramen depends on the con
figuration of the proximal arm. Certainly
within genera, and possibly more widely,
the various adbrachial plates can be homol
ogized.

One adbrachial, lying on the left side of
the arm base and usually extending well
onto the adoral surface, consistently bears
an organ which probably represents a hydro
pore. In Dendrocystites and Dendrocystoides
this takes the form of a single (see Fig.
386) or multiple (Fig. 376) warty tumes
cence on the plate. In Minervaecystis (see
Fig. 381) two distinct prominences, one of
which may be gonadal, appear on this plate.
In Girvanicystis (see Fig. 390) a rimmed
pore is developed in the same position, and
two produced phialine pores in Iowacystis
(see Fig. 394); here again, the lesser pore
tube may be gonadal. Some of the illustra
tions of Rutroclypeus (see Fig. 391, 392) sug
gest the presence of a similarly located warty
prominence, although it was not originally
observed. Since the hydropore structures in
most solutans are usually in a slightly in
ferior position on the adoral side of the
arm aperture, they are best seen on speci
mens revealing the reverse face of the theca.

The arm generally emerges from the left
distal area of the theca and from the mar-

ginal zone of the obverse face. In Girvani
cystis (Fig. 373, 374) the arm position is
normal, but the foramen is excavated on
the peculiar bounding suture between the
two faces; also, more of its excavation lies
in the two reverse adbrachials than in the
obverse ones. Correlating with a recurrent
tendency among homoiosteles for the distal
theca to become narrow, the arm becomes
nearly axial in position (e.g., Heckericystis,
see Fig. 384,1; Dendrocystites barrandei,
see Fig. 384,2; Dendracystoides), or crosses
the axis to lie consistently on the right dis
tal side of the theca, as in the deltoidal
Iowacystis (see Fig. 394). Probably the
arm commonly lies in the plane of balance
of these usually highly irregular organisms;
this seems very much the case in the
anomalous girvanicystids.

In Dendrocystites and Dendrocystoides
(and no doubt elsewhere) occur what might
be termed mirror anomalies in the position
of the arm. Thus, right-armed individuals
may occur in a dominantly left-armed as
semblage. Only the locus of the arm shifts,
however, without any reversal of orienta
tion of correlated structures (i.e., in right
armed forms, the adbrachial hydropore plate
is still consistently on the left side of the
brachial foramen).

The arm and anus commonly occur on
the left side of the theca, as seen in Dendra
cystites, Dendrocystoides, and Girvanicystis.
When the arm shifts to an axial or near-axial
position this may be hard to prove, and in
Iowacystis (see Fig. 394) the oral-anal axis
crosses the symmetry plane. In forms ex
hibiting the mirror anomaly, the arm and
anus are on opposite sides. But in quite
another category is Minervaecystis (see Fig.
381), the oldest well-documented homoio
stele, where the anus lies on the left proxi
mal lobe and the arm in the exceptional
right distal position. This is the best example
of the "opposite" condition of mouth and
anus. In this inadequately known genus
we may be observing a mirror anomaly with
respect to the anus. No transitional stages
in either the brachial "mirrors" or in at
taining the reversed anal position are
known.

THECA
The homoiostele theca is depressed, asym

metrical, and multiplated, and recurrently it
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exhibits a tendency toward bilateralism.
The differential flattening in the extensi
plane results in a wide variety of depressed
thecae. The degree of flattening has usually
been exaggerated during fossilization and
thecal topography commonly is masked
thereby. Moreover, what were tight sutures
between thecal plates have been opened in
the process and an illusion of thecal flexi
bility created, whereas in life the form was
fixed and relatively rigid. However, since
the inferior thecal face, usually the reverse
face (Girvanicystis is resupinated in this
respect), is commonly planate or nearly so,
it is less deformed and usually gives a fair
clue to the living thecal outline.

But since all homoiosteles are essentially
asymmetrical, the form of the thecal perim
eter in the extensiplane is difficult to de
scribe. Dendrocystites is subcordiform; D.
barrandei and H eckericystis subvasiform?;
Dendrocystoides irregularly shrubby or tuni
cate; Girvanicystis obliquely subcordiform;
Minervaecystis and Syringocrinus ovoid;
Iowacystis triangular; Rutroclypeus circu
lar; Dehmicystis probably globular. In addi
tion, hourglass-shaped, subquadrate, and
subtrapezoidal forms are known.

Lateral lobation is especially characteris
tic of the dendrocystitid solutans, but is sel
dom seen elsewhere in the class. There are
two broad unequal proximal lobes, the left
being usually the larger. In most specimens
the left lobe would correlate with BATHER'S
(1913) "anal" lobe and the right with his
"antanal" lobe. In Minert1aecystis the larger
proximal lobe and "anal" lobe is on the
right. Both lobes are usually broadly, but
asymmetrically, curved and the left one
especially may have considerable posterior
development (Dendrocystites). In some
Dendrocystoides either proximal lobe may
be produced posterolaterally as an attenuate
process. In Dendrocystoides, and in Gir
vanicystis especially, a broad, rounded, right
distal lateral lobe (BATHER'S "antibrachial"
lobe) is developed. In right-armed variants
a corresponding lobation may occur on the
left side, but never to the same degree as on
the right. The distal lateral lobe may grade
into or be distinct from a distal lobe, which
is rarely developed on the thecal asymmetry
axis; the distal lobe, when developed, ex
tends forward from the base of the arm. In

Dendrocystites sedgwicki the distal lobe is
commonly well developed, but distal lateral
lobation is inconspicuous. Both a distal and
a distal lateral lobe occur in Girvanicystis
(see Fig. 390) and are broadly confluent. In
addition to these broad and usually de
pressed extensions of the thecal faces, long,
hollow, hornlike plated processes occur in
Dendrocystoides (Fig. 376, see 386, 387).
The most frequently encountered of these
lies in an "antibrachial" position, usually
right distolateral. However, these processes
can develop almost anywhere on the theca,
reverse or obverse face. The "antibrachia1"
horn may arise from either face, or on the
flank, or may arise in common with the
arm from a distal thecal tumescence. Sev
eral such horns have been observed on a
single specimen. In a few specimens what
appears to be a terminal perforation of a
horn has been seen.

The left proximal lobe (usually the "anal"
lobe) shows secondary lobation in several
genera, especially where the anus is mar
ginal or nearly so. The anus itself is in
these specimens associated with the larger,
rounded, posterior lobe, the true anal lobe,
usually bearing BATHER'S "sugarloaf" plate,
the anal plate, or anal lappet; this is the anal
lobe, 5.S. (Dendrocystites, Dendrocystoides)
(see discussion of anus, below). Distally
from the true anal lobe and usually marking
the widest part of the theca, is a subangular
preanal lobe, best seen in the above two
genera. In Dendrocystites this lobe is swol
len and possibly bears a marginal aperture.
Internally the inside surface of the obverse
thecal plates bears an undulatory imprint
of a soft-part structure which leads to the
apex of this lobe; this may be an organ or
conduit.

Heckericystis, as restored by GEKKER
[HECKER] ( 1940), was inflated and not
facially differentiated; however, it does show
a proximal lateral bulge on the anal side.
At the present time it is impossible to assess
the accuracy of the restoration of this form.

Although the thecal plates of homoio
steles are commonly imbricated when en
countered, this seems to be due to deforma
tion. The plating appears to have been
mosaic, with either firm sutures or inte
gumentary junctures. Even among the sup
posedly wholly flexible dendrocystitids,
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there is good evidence that the thecal con
figuration was quite constant in life and
that many of the plates were firmly joined
(e.g., Fig. 332,1).

Restudy of the types of the Bohemian
Dendrocystites sedgwicki and of consider
able new material indicates that young
specimens bore fewer and relatively larger

Dend rocystoides

2

adbrachial
plate with

double
pore-node

Dendrocystoides

FIG. 376. Morphological features of *Velldl'ocystoides scotiC/1S (BATHER), U.Ord., Scot. (Girvan); 1, reverse
bee of theca with thecal spine arising from deep in face, stele well preserved, X2.3; 2, reverse face of
another specimen with double pore node on adbrachial plate, coarse dot pattern indicating interior of ob
\'Cf>e plates, X2.2 (Caster, n; drawings by E. A. Dalve from photos from BMNH specimens H5A and

Hl03A).
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plates than adults (see Fig. 383). New plates
seem to have been added in rosettes around
previously introduced plates. A very simi
lar mode of plate increment was noted by
GILL & CASTER (1961) in the Australian
rutroclypeids.

Around the arm, anus, and stele foramina
considerable regularization of plate number
and form is seen; there is also considerable
plate differentiation on the two faces of
convexi-planate forms, such as Den
drocystites, Dendrocystoides, Iowacystis,
Syringocrinus, and Girvanicystis. The only
known exceptions to the rule of facial dif
ferentiation among homoiosteles are the ap
parently vasiform Heckericystis, globular
Dehmicystis, and biplanate, nummuloidal
Rutroclypeus (see Fig. 391, 392). The plan
ate face bears fewer and larger plates than
the convex one, as a rule, although the re
verse is true in Minervaecystis and Iowa
cystis. Moreover, the plates of the planate
face (usually the reverse) commonly are
tightly sutured, whereas those of the con
vex face (usually obverse) are generally
wholly or in part joined integumentally. In
Girvanicystis (Fig. 373, 374) the convexities
are reversed, and both faces are covered by
tightly joined plates.

In the dendrocystitids the obverse topog
raphy is complex. Both a proximal and a
distal plated swelling is present. A distal
tumescence lies just proximal to the arm
insertion and most probably correlates with
the forward part of the gut. This promi
nence was firmly plated. Dendrocystites bar
randei shows a localized distention adjacent
to the arm; this, when flattened in preserva
tion, is probably what BATHER had before
him when he described an "antibrachia1
hump." This may correlate with the com
mon antibrachia1 process or horn in Den
drocystoides, although other plated pro
tuberances, horns, spines, etc., occur on
other regions of the theca in this genus.

The proximal tumescence (Fig. 372) is a
far larger and presumably more important
elevation of the theca. This is a transversely
oval zone, occupying the widest part of the
obverse theca. The plates covering this
area have usually collapsed and become im
bricated during fossilization, reflecting their
integumentary union in life. The proximal
border of the zone is the firmly sutured
adsteleal circlet of plates; the distal border

is a bounding arc of thecal plates, firmly
sutured and usually medially upbent proxi
mally, to which the plates of the tumescence
were flexibly united. Internally, along the
transplate line of geniculation of the bound
ing arc, there is a sulcar ridge. This extends
from the apex of the "antanal" right proxi
mal lobe to the apex of the preanal lobe of
the left proximal lobe. Both the bending
of the plates of the bounding arc and the
internal sulcus serve as indices of the ob
verse face of the theca, a matter that is
often not easy to determine in fragmental
material. In Dendrocystites sedgwicki the
loosely joined plates of the proximal tumes
cence are somewhat larger than those over
the rest of the theca, also thicker and um
bonate, with marginal bosses at the plate
angles (and in some specimens between
them) or with prominent radial ridges (not
plicae as usually described), which are not
visible on the interior surface. In D. bar
randei the plates of this tumescence are
unornamented. In Syringocrinus (see Fig.
393) and Iowacystis (see Fig. 394) much of
the obverse face seems to be occupied by
the homologue of this tumescence, likewise
covered by flexibly united plates. In some
specimens of D. sedgwicki there is a sec
ondary out-pouching of the theca on the
adanal side of the proximal tumescence,
which may have accommodated a large
cloaca, perhaps bearing respiratory trees.

In the convexi-planate forms, where, to
employ turtle nomenclature, the obverse
face was carapace-like and the reverse,
plastron-like, the latter was possibly flexibly
conformable to the substrate surface, al
though seemingly generally more or less
rigid and somewhat concave. In the re
supinate Girvanicystis (Fig. 373, 374) the
reverse face is very convex, and bears strik
ing prominences which involve the flexur
ing of plates; the obverse face was appar
ently concave and essentially "opercular" in
relation to the reverse. The juncture of the
two faces, except possibly at the distal mar
gin, was like that of a pillbox (Fig. 374)
and conspicuously integumental on the ex
tensiplane; both faces seem to have been
composed of rigidly united plates.

Clearly in most, if not all homoiosteles,
there is provision in the thecal organization
for expansion and contraction of the soft
anatomy, or pumping action of the cloaca.
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This seems clearly to be the meaning of the
proximal tumescence in dendrocystitids, of
the many and loosely united plates of the
obverse faces in lowacystis and Syringo
crinus, and of the extensiplane peripheral
suture in Girvanicystis.

In Syringocrinus and lowacystis, and to
some degree in Minervaecystis, the thecae
are homeomorphic with the Stylophora.
This entails the development of a turtle
like (testudinate) investiture wherein the
obverse face is very like a carapace and the
reverse like a plastron. Some thecal plates
become definitely lateral in position. In
Minervaecystis and Syringocrinus a loaf
like thecal form is invested with thin plates
which form a curved mosaic on the flanks.
In lowacystis the lateral plates are constant
in number and position, very thick, and
geniculate onto both faces to form a mar
ginal frame within which are the somatic
plates; obverse somatics are supracentrals;
reverse, infracentrals. Rutroclypeus has the
aspect of having been pressed in a die,
the polyplating being but little, if to any
degree, correlated with the nummuloidal
thecal form that results.

The thecal plates adjacent to orifices have
been to some extent regularized so that
some of them can be consistently identified
and homologized. This is especially true
of adbrachials and adsteleals, but less so of
adanals. Adsteleal plates are commonly
larger, thicker, and more firmly united than
most thecal plates; thus they form an ad
steleal girdle about the steleal foramen. In
Dendrocystites the girdle is well developed,
but the number of plates in it is variable.
However, a single axial one on the obverse
and two adaxial ones on the reverse face
are constant. Girvanicystis and lowacystis
have single axial adsteleal plates on each
face. Four symmetrically disposed adsteleals
encircle the steleal aperture in Syringo
crinus. In Girvanicystis the extensiplane
peripheral suture passes through both the
arm and stele apertures. In Dendrocystites
sedgwicki, and probably elsewhere, the
median adsteleal plates bear internal, ele
vated muscle ridges or platforms, some with
apophyses, for attachment of the strong
proxistele muscles. Around the inner mar
gin of the adsteleal girdle there is com
monly a shallow, narrow groove, presum
ably for the attachment of integument.

ORNAMENT
The thecal plates are commonly granular

(Dendrocystites, Girvanicystis), but Miner
vaecystis seems to be smooth. lowacystis is
extremely granular and papillose with a
prominent labyrinthine ornament on the
marginal plates. Central plate bosses (Heck
ericystis), umbones (D. sedgwicki), and
long spines (Rutroclypeus), marginal bosses
and radial ribs are external ornament. In
Girvanicystis certain thecal plates are
warped into spines and comblike excre
scences which affect the entire plate, as do
radial plicae of certain large plates in this
genus. The supracentrals of lowacystis are
radially plicated. The plated spines and
excrescences of Dendrocystoides are unique.

ANUS
The homoiostele anus is usually very

large, although it has not been discovered
in Rutroclypeus despite an abundance of
fossil materials. It commonly lies in the left
proximal lobe; however, in Minervaecystis
it is right proximal. The aperture is usually
near or at the thecal margin, but may in
vade either the obverse or reverse face.
Girvanicystis is unusual in that it deeply
invades the reverse face of the left proximal
lobe. When the anus is at or near the mar
gin its presence is usually indicated by the
development of the anal lobe (s.s.) on the
proximal lobe.

Usually special anal plates effect the anal
closure; adanal plates surround the anal
orifice; between them there may be many
flexibly united platelets constituting a peri
proctal zone. In Minervaecystis the anus is
closed by a low pyramid of long trigonal
plates which radially imbricate over the
aperture. In Dendrocystoides many small
platelets are puckered around the anus, and
the closure seems to have been sphincteral,
as BATHER (1913) supposed. Here the anus
is in a posterior inframarginal position. The
adanal plates of the obverse face form a
trigonal lappet over the anal area and ex
tend posteriorly to form a projecting anal
lobe. The lappet plates are coarsely grained
and ridged externally. In Dendrocystites
sedgwicki the anal lappet bears a swollen
median plate of subtrigonal outline. This is
BATHER'S "sugarloaf" or epianal (suranal)
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plate. Laterally and subjacent to the lappet
there were on either side of the anus itself
groups of long platelets which may repre
sent relics of an anal pyramid or specialized
periproct.

In Dendrocystites barrandei (see Fig.
384,2) the anal orifice lies on the posterior
left flank or slightly on the reverse face of
the rounded flank. Although an ovate anal
lobe exists on the flattened specimens, in
dicating an anal bulge of the theca, no
lappet has been observed, despite BATHER'S
(1913) drawing of both lappet and "epi
anal" plate. A large, truncated oval adana1
plate is present and usually stands at a high
angle in the fossils. This may be the ante
cedent homologue of the suranal in D. sedg
wicki. But in D. barrandei, the older species,
its position is beneath the anus (subanal),
rather than above it (suranal). The broad
base of this plate seems to bear articulatory
apophyses and is notched as though a su
tural pore of some kind were present.

lowacystis bears the most specialized of
homoiostele anal apparatuses. The mar
ginal anus, located at the left posterior angle
of the triangular theca, is closed by a pair
of calcareous quarter-spheres which serve
as opposable valves, opening on the extensi
plane and making, when closed, a large
hemispherical boss. The valves are prob
ably modified subanal and suranal plates.
Surrounding the anal boss is a rosette of
quadrangular adanal plates.

The anuses of Minervaecystis and Gir
vanicystis (see Fig. 389) lie well within the
proximal lateral thecal face. It is left and
obverse in the former, and left, reverse in
the latter. In Girvanicystis the suranal plate
is seen to be large and near the center of a
large proctal area which is otherwise occu
pied by tessellated, or perhaps slightly im
bricating, periproct plates. Although pre
vious studies of the Rhenish Devonian
solute Dehmicystis globulus (DEHM) had
not revealed the anal apparatus, it is now
quite clear (see Fig. 388,2). The theca is here
reevaluated as having been essentially globu
lar in life, rather than flattened in the rutro
clypeid manner, as GILL & CASTER (1960)
supposed. The anal zone is large and circu
lar and, although postlateral and marginal
on the flattened specimen, does not appear
to be associated with thecal lobation. Nar-

row trigonal plates form a low pyramid
over the anal aperture; additional peri
proctal or adanaI plates surround the pyra
mid, and a large suranal plate seems to be
poorly preserved. The anus of Syringocrinus
remains problematic despite rather full
knowledge of the thecal anatomy (PARSLEY
& CASTER, 1965). The many small, flexibly
united, supracentral plates are probably the
homologue of the proximal tumescence of
Dendrocystites, developed as the pumping
apparatus; still the appearance is very much
like a periproct zone in other echinoderms.
However, there is no aperture within this
supracentral area.

STELE
The very name of the class signifies that

the stele is a primary taxobasis thereof. It
is also an organ of fundamental import in
the economy of homoiosteles. Like the arm,
the demarcation between stele and theca is
sharp, rather than gradational; the juncture
is always muscular and integumental, the
skeletal plating on the two sides of this
juncture, of distinct organization (Fig. 377,
378). Like the arm, the stele (heterostele)
or tail is bilaterally tetramerous, i.e., is com
posed of four series of plates, and possesses,
at least proximally, a large central lumen.
Among homoiosteles, in contrast to the
Stylophora, where the stele (aulacophore)
is quite similar in plane and caudal func
tion, the homoiostele organ had no sub
vective function, although it may well have
evolved from an arm.

Three axial zones of the heterostele are
differentiable: the proximal zone or proxi
stele, mesial or mesistele, and distal or disti
stele (Fig. 372, 375; see Fig. 381, 384). The
proxistele is fundamentally tetraserial, i.e.,
tetramerous, four plates completing a circle;
and the dististele biserial, i.e., dimerous.
The transition from four-part to two-part
symmetry occurs in the mesistele (see Fig.
384). This is achieved through distal sup
pression of alternate series of tetrameres and
concomitant rotation of the resulting bi
series, so that the dimere suture lies for
most of its length in the projected extensi
plane of the theca, and the dimeres thus
take on a corresponding obverse and reverse
orientation.
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FIG. 377. Morphological features of homoiostelean steles illustrated by obverse views of immature speci
mens showing two stages in stele development, both identified as *Dendrocystites sedgwicki (BARRANDE),
M.Ord., Eu. (Boh.); 1, tetramerous proxistele with few platelets both between annuli and between tetra
meres of same ring but distal transition from proxistele to mesistele unobscured by platelets, X3.8; 2,
specimen showing later stage of stele ontogeny in which each annulus is composed of at least 8 meres with
many platelets between them in ring, as well as between adjacent rings, transition from proxistele to
mesistele obscured by rosetting around major plates, X3.3 (Caster, n; drawings by E. A. Dalve based on

specimens from Narodni Museum, Praha, Frii: and Barrande Coils.).

PROXISTELE

The proximal stele, or proxistele, was the
main zone of mobility in the homoiostele.
It is strongly plated, usually in the form of
telescopically imbricating tetramere rings.
Internally the large lumen presumably con
tained a complex of muscle fibers which
served as attachment of the heterostele to
the theca and performed as the main
locomotor organ of the creature. Movements
of extension and contraction of the ring
covered area, right and left, up and down
and, by differential contraction of the mus
cles, somewhat rotatory, are implied. Promi
nent ridges or platforms inside the stele

aperture of the theca were the concentrated
zone of proximal muscle fixation; the inside
surface of the bourrelets of the rings were
distal fixation sites; the conical lumen of the
mesistele probably served as the main seat
of distal attachment of lengthening and
shortening muscles. Probably the main loco
motor function of the dististele was con
trolled in the proxistele.

The archetypical proxistele plan would
seem to be that of the single unnamed Up
per Cambrian homoiostele described (1963)
by UBAGHS from Nevada, and the Lower
Ordovician Minervaecystis from France. In
both, well-developed, axially imbricating,
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tetramere rings are present. This organiza
tion, which is the dominant one in the
Homoiostelea, is shared with the mitrate
Stylophora (anomalocystitids), where the
aulacophore shows an identical organiza
tion, which is here assumed to be homol
ogous. This proxistele condition is termed
anomalocystitoid (Fig. 379, see Fig. 381,6).
The archetypic proxistele was essentially
terete (possibly slightly compressed), the
tetrameres of each ring flexibly meeting end
to-end on the obverse symmetry-plane, on
the extensiplane laterally, and slightly imbri
cating on the reverse symmetry plane. The
combined telescoping of rings and sagittal
imbrication of the tetrameres on the reverse
face creates a characteristic zigzag shingling
on the reverse mid-line; all of which is
"anomalocystitoid," although in most
homoiosteles and Stylophora the proxistele
(proximal aulacophore) tends to be some
what depressed.

In Minervaecystis (see Fig. 381) the
proxistele is exceptionally long, distally
tapering, and comprising some 25 to 30
long, thin, imbricating rings. Since both in
this genus and in the Nevada form the
proxisteles are preserved in an inflated con
dition, it seems that the constituent tetra
meres of the telescoping rings were rela
tively firmly joined obversely and laterally;
reversely they show a slight zigzag imbri
cation.

Each tetramere is thickened proximally
into a bourrelet which curves outward as
a thickened rim; distally the rings thin to a
feather edge. Because of axial imbrication,
the bourrelet is normally deeply concealed
beneath the thin margin of the proximally
adjacent ring.

Several solutans show a marked tendency
for the distal stele to twist to the right, thus
bringing what are proximally and serially
(and probably historically) obverse skeletal
elements to a lateral position, and con
comitantly lateral ones to the reverse posi
tion (see Fig. 384). Correlated with this
torsion, the tetramerous condition of the
proxistele passes within the mesistele zone
into the dimerous condition of the dististele.
In this process the distal dimere suture,
which is continuous with the sagittal su
tures of the proxistele, comes to lie in the
extensiplane. In Minervaecystis this dextral
torsion (Fig. 378,2d) of the mid-stele zone

is uniquely recorded by a crest which passes
across the mesistele diagonally onto the
distal proxistele plates: the left reverse tetra
meres (to the right of the observer when the
reverse surface is viewed) each bear sub
angular longitudinal median folds ~hich

continue as a low keel onto the meslstele
where the fold axis crosses the symmetry
plane. It appears that in life the organism lay
with the left half proxistele distally twisted
toward the right, so that the keel came to lie
in a position normal to the sea floor. It was
functionally a proximal continuation of the
pectinate keel or rudder on the proximal
reverse dimeres.

In Syringocrinus (see Fig. 393) of the
Middle Ordovician of Canada the slightly
compressed proxistele comprises 11 or 12
smooth, imbricating rings, of which the
tetrameres imbricate both obversely and
reversely on the symmetry plane. In Iowa
cystis, of the Upper Ordovician, the proxi
stele is very short, comprising 5 or 6 rings,
each of which bears an encircling railroad
rail-like flange at its mid-length. The ring
margins are smooth and apparently with
out a bourrelet; they imbricate telescopically.
The lateral tetramere sutures are tight, but
those on the symmetry plane imbricate
slightly on both faces. The whole proxistele
is slightly depressed. Rutroclypeus of the
Australian Lower Devonian has a remark
ably depressed theca and a correspondingly
much-depressed proxistele of unusual tri
gonal outline, which first led to its identi
fication as the buckler ofaxiphosuran. All
of the tetrameres were loosely joined and
the two faces in close proximity. The tetra
meres strongly imbricate on the symmetry
plane of both faces. In keeping with the
spinose theca, most specimens show a
prominent spine on each tetramere. This is
perhaps the most anomalocystitoid of solu
tan proxisteles.

Heckericystis, of the Baltic Middle Ordo
vician, is shown by GEKKER [HECKER] as
possessing a terete proxistele, recalling the
swollen proximal columnals of the cystoid
Pleurocystites, of 12 or 13 narrow rings.
Although it is supposed that the rings are
tetramerous, no sutures have been reported.
Both GEKKER (1940) and GlLL & CASTER
(1961) assumed that the rings were non
imbricating and united by integument only.
This may be a misconception.
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FIG 378. Mesistele transition from tetrameral condition of proxistele to dimeral condition of dististele in
Homoiostelea.

1. *Dendroeyslites sedgwieki (BARRANDE), M.Ord.,
la,b, obverse and reverse faces of stele (reverse
tetramere series stippled); Ie, schematic cross section
of proxistele in which those tetramere series which
persist through mesistele and into dististele are
stippled, and those which become evanescent in
this passage are indicated by chevrons; 1d, dimere
disposition in dististele (Caster, n; based on mate
rials in Narodni Museum, Praha).

2. Minervaeeyslis VBACHS & CASTER, n. gen., L.Ord.;
2a, left view of mesistele (left obverse tetramere
series dotted; 2b, obverse face of same stele (keeled
reverse dimeres turned sideward during fossiliza
tion); 2e,d, same analysis of this genus as shown
in 1e,d (Caster, n; based on holotype of *M. vidali,
courtesy G. Vbaghs).

[Explanation: Arrows indicate direction of rotation
of persisting tetramere series when traced through
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The Bohemian Middle Ordovician Den
drocystites sedgwicki and the Scottish Up
per Ordovician Dendrocystoides and Gir
vanicystis show many small platelets in
association with the proxistele tetrameres,
or, in the first instance, seemingly in lieu of
them (Fig. 372, see Fig. 382). Every stage
from complete tetrameres to rudimentary
remnants submerged in a melange of plate
lets can be seen. Dendrocystites barrandei
(BATHER), of the Lower Middle Ordovician
of Bohemia, and related undescribed forms,
commonly preserve distinct tetrameres, or
identifiable remnants thereof, the while
adding platelets in the annulus series with
them so as to create penta-, hexa- or poly
mere annuli. Between the flanged rings of
the tetramere plates many very small plate
lets occupy the zone of integumentary
junction. In what appear to be young in
dividuals of D. sedgwicki, the D. barrandei
plan is closely approximated and the tetra
mere elements readily identified. In adult
and typical D. sedgwicki most evidence of
the tetramerous proxistele is eradicated by
the multiplicity of platelet development and
the reduction in size of the tetramere ele
ments. This proliferation occurs both with
in the annuli and between them, all sclerites
being flexibly joined. This is the most in
flated of homoiostele proxisteles and cer
tainly the most flexible one. However, close
scrutiny does reveal among the platelets a
few which exhibit the characteristic flange
and bourrelet of the tetrameres. These are
found in the circles of larger platelets. The
wider zones of small plates seem to have
been folded into rugae between the more
prominent rings. The whole proxistele
lumen of the fossils is commonly choked
with discrete platelets.

In some specimens of Dendrocystites sedg
wicki the disposition of the platelets in the
prominent rings suggests that they may
derive from the splitting of tetrameres. It
is also clear that in Dendrocystites the proc
ess of rosetting, by which small plates de
velop in the sutures around large plates,

operates both in the theca and the proxi
stele-mesistele.

Dendrocystoides (Fig. 376; see Fig. 386)
of the Upper Ordovician consistently shows
many small polygonal plates in the proxi
stele lumen, but little or no evidence of
them externally; they probably were em
bedded in the integument which connected
the telescoping rings. Here, too, there is a
remarkable range in surface nature of the
tetrameres, and apparently all at the same
growth stages of the type species. Thin,
smooth, squamose tetrameres are found
along with thick, rugose, pitted or radiately
ribbed ones, with frayed or spinose distal
margins (Fig. 379). Girvanicystis, from the
same beds, has a depressed anomalocystitoid
proxistele with rugosely flanged and cari
nate tetrameres (Fig. 374, see Fig. 390). Ad
jacent to the flange both distally and proxi
mally there are many external adherent sub
polygonal pbtelets which seem to pertain to
tissues originally covering the stele. Here
no platelets have been observed inside the
lumen.

BATHER (1913 and elsewhere) apparently
largely employed the proxistele morphology
of Dendrocystites sedgwicki in formulating
his idea that the solutan stele derived from
thecal plates by regularization. He imagined
the regularized stele to grade into the essen
tially chaotic theca. In the process, perhaps
by fusion of platelets or by differential
growth and reduction, tetrameres would
emerge. However, in this species no grada
tion from stele to theca occurs, and instead
of being a primitive solutan, it now appears
to be one of the most advanced, at any rate
in stele development. The multiplating is
derived from the anomalocystitoid condi
tion, from tetrameres (plus supplements),
rather than being antecedent to them. What
are judged to be young forms of the species,
in association with adults, show tetrameres
along with a few platelets. The antecedent
D. barrandei BATHER of Bohemia, which
was still recognizably anomalocystitoid in
adulthood, closely parallels the young forms

[Conlin/led fro112 facing page]

mesistele; plate sutures or margins which were on
symmetry-plane in proxistele come to lie on extensi
plane of dististele; d,d', tetrameres of series which
distally disappear; d, reverse; d', obverse; ex, ex-

tcnsiplane of theca projected through stele; 01,
obverse left tetramere; or, obverse right tetramere;
rl, reverse left tetramere; rr, reverse right tetra
mere; sy, bisymmetry-plane.]
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FIG. 379. Reverse views of four anomalocystitoid steles of *Dendrocystoides scotictlS (BATHER), U.Ord.,
Scot. (Girvan), showing variations within the species, in specimens of essentially same stage of growth,
in nature of ornament and presence of internal integumental platelets. 1,2,4, exterior reverse faces,
torsion of mesistele well shown in 1 and aspects of radial ribbing in 2,4; 3, internal view of obverse face
showing many small platelets concentrated mainly in integumental zone between annuli. (Caster, n;
drawings by E. A. Dalv': based on specimens in Hunterian Museum, University of Glasgow: 1, no. E5803,

X4; 2, no. E5718, X3.5; 3, no. E5827, X3.8; 4, no. E5719, X4.3).

of D. sedgwicki, and was at about the same
stage of platelet development as the Scottish
Dendrocystoides and Girvanicystis.

PROXISTELE INSERTION
The proxistele is inserted well within the

stele foramen, which is usually recessed into
the proximal thecal margin. The aperture
conforms in shape to the proxistele, from
circular to very depressedly ovate. The ad
steleal plates of both thecal faces are to some
degree regularized and can be homologized
within limits. They were commonly rigidly

fused to form an adsteleal girdle, a mar
ginal flange of which extended over the
proximal proxistele. Just inside the flange
there is usually a shallow groove, probably
for integument attachment; deeper within
the aperture, and mainly developed on or
adjacent to the symmetry plane, each genus
shows characteristic scars, calluses, or paired
apophyses which were places of attachment
of the powerful proxistele muscles. In Den
drocystites sedgwicki strong bilateral apoph
yses are present both reversely and obverse
ly, so tilted as to suggest that obverse tetra-

© 2009 University of Kansas Paleontological Institute



Morphology S599

meres were connected by muscles to the
reverse apophyses, and reverse to the ob
verse.

MESISTELE
The mesistele is a relatively rigidly plated

conical coupling between the proxistele and
the dististele. It served mainly as the distal
termination of proximal muscle strands re
sponsible for the main movements of the
dististele "tail." Within the mesistele the
transition from the proximal tetramerous
condition to distal dimerous was made. It is
usually possible, especially in anomalocystit
oid forms, to trace across the mesistele (Fig.
378) the serial homologies between tetra
meres and dimeres, or biseries. (Biseries,
biserial, is employed for alternate position
ing of plates, with a resultant zigzag suture;
dimeres, dimerous, for opposite, semicyl
indrical plates having a rectilinear suture.)
In these the distal tracing of tetramere series
reveals that alternate ones persist and
diminish in the passage of the mesistele
zone. Alternate series commonly become
evanescent in the distal mesistele. However,
in Iowacystis (see Fig. 394) and Syringo
crinus remnants of the diminishing series
persist as discontinuous intercalates on the
zigzag sutures of the distal biseries. The
correlation between tetramere quadrants
and dimeres or biseries have taxonomic im
port (Fig. 376).

In Minervaecystis (Fig. 378), the oldest
well-known solutan, the mesistele is rela
tively simple. The obverse right series of
tetrameres passes directly into the tightly
sutured right series of the mesistele, which
in turn is serially continuous with the right
dimere series of the proximal dististele; the
left obverse tetrameres align with two or
three plates which appear as intercalates on
the mesistele equivalent of the proximally
zigzag and distally dimerous suture of the
dististele. Tracing the left obverse tetramere
series distally, it is seen to diminish serially
in size and finally to disappear in transit of
the mesistele. On the reverse face the left
tetramere series continues the length of the
mesistele and aligns with the left series of
the proximal dististele; the right reverse
tetramere series, similarly traced, peters out
in two or three distally diminishing plates.

This general plan, alternate tetrameres
aligned serially with dimeres and their alter-

nates disappearing distally within the mesi
stele, seems usual among homoiosteles. In
Dendrocystites (Fig. 378,1) wherein the
general structural scheme is common to all
other anomalocystitoid solutes, quadrants
antipodal to those in Minervaecystis persist
and diminish distally; however, the basic
relationships are the same, and the dimere
series is thus to be identified and serially
homologized with proxistele tetrameres.

In Dendrocystites sedgwicki (Fig. 372,
377), where auxiliary platelets and rosetting
obscure serial relationships, the juveniles
suggest that the prevailing homologies per
tain.

Throughout the class the same modifica
tions of the meres take place in the transi
tion from a tetraseries to a biseries. Those
tetramere quadrants which are serially
vacated by the distally diminishing alter
nate series are serially invaded by the per
sisting series as their configuration changes
from quarter circles to semicircles. On both
faces the proportional serial enlargement is
across the symmetry plane; the original ex
tensiplane (lateral) sutures remain constant
in position. The effect of this opposing
proportional enlargement of the serially per
sisting plates is that of distal rotation of the
stele. When the dimere condition is fully
attained, the two half cylinders meet on the
extensiplane and in obverse and reverse posi
tion, each astride the symmetry plane, rather
than being half-right and half-left, as in the
proxistele. Customary representations of
the dimeres meeting on the symmetry plane
seem to be in all cases 90 degrees out of life
orientation. The diagonal carina of the
reverse face of the Minervaecystis proximal
stele, mentioned above, which crosses the
symmetry plane, conforms to this principle
of distal stele rotation. Apparently the rota
tion is one of the oldest of homoiostele
traits, and seems to correlate with the de
velopment of an obverse keel or "caudal" fin
in free-moving animals. In Iowacystis,
where no such modification is known, the
rotation seems to be suppressed, and for that
matter, mesistele plate organization persists
through much, if not all, of the distal stele.

The nature of serial transitions of Miner
vaecystis suggests that historically the whole
stele was covered by a tetraseries of alter
nating plates. In this respect Iowacystis is
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the most generalized solute yet encountered;
however, the rest of the highly specialized
anatomy of this genus suggests that this is
a derived simplicity. Unfortunately, there
are as yet no ontogenetic data available on
stele development, and neither the mode of,
nor focus of, stele plate origination is
known.

The mesistele of Syringocrinus, M.Ord.,
Canada, is both anomalous and instructive.
It has been called a dendrostyloid by PARS
LEY & CASTER (1965) because of its homeo
morphic resemblance to the styloid of the
Stylophora. It is unusually long, petiolate,
and covered by rigidly sutured asymmetri
cal plates (see Fig. 393). It is lachrymal in
cross section, i.e., rounded on the obverse
face (in life) and keeled on the reverse (see
Fig. 393,1a). Prominent nodes occur on the
left side of the keel; none on the right. The
plating is triserial, the right side being in
vested by a biseries, while the left has a
continuous axial row of long plates separat
ing the plates of the biseries. These axials
are serial homologies of discontinuous left
intercalates which extend through most of
the dististele. In the mesistele the axial plates
cover most of the rounded surface. The su
ture between the biseries on the right side
of the mesistele is rectilinear and continues
as a straight suture to the end of the disti
stele.

The main mesistele plating in this genus
is a disparate biseries, three long plates on
the obverse face occupying exactly the same
distance as five nodose ones on the keel side.
The five plates bear the nodes or bosses at
mid-length and marginally on the left side
of the keel; these continue onto the first two
dististele keeled plates. The distal keel mar
gins are subspinously produced as imbri
cating caps which give the keel a charac
teristic serrate appearance; this continues
essentially for the length of the tail. These
serrations and nodes on the rigid mesistele
are the basis for comparing this organ with
the mitrate stylocone.

The presence of a narrow, apparently un
sutured, annulus between the proxistele and
mesistele makes direct correlation between
the serial plating of the two zones difficult.
The annulus may bespeak unusual rota
tional activity in this zone in the living
organism. It is also no doubt correlated with
the usual sinistral rotation of plate series in

the mesistele. It is assumed that the keeled
edge of the distal mesistele and dististele
was, in the main, downwardly directed in
life, and that the lanceolate expansion of the
dististele served mainly as a laterally mov
ing caudal fin. However, the nodes on the
left side of the keel-forming plates of the
middle stele zone, and the markedly dif
ferent plating on the two sides of the post
proxistele tail, pose problems of symmetry,
balance, and serial homology. It is no doubt
significant that the asymmetrical ornament
and the direction of the distal serial rota
tion are both sinistral. The nodes may have
served as a counterbalance to inherent mus
cular forces tending to return the tail to a
primordial orientation, such that the dimere
suture would lie in the sagittal plane. The
extra plating on the left side of the tail may
have a similar correlation. As for the serial
homologies between the proxistele and the
rest of the tail, this is most speculative.
Probably, as in other sinistrally rotating
homoiosteles, the axial plates of the mesi
stele, and their discontinuous correlates
along the zigzag suture of the left dististele,
are serial homologues of the right obverse
quadrants of the proxistele. If this is so,
then what is the meaning of a single small
plate (see Fig. 393,1a) on the suture be
tween the first axial and an adjacent nodose
plate? It may be adventitious; in other
solutes one would tend to correlate it with
a tetramere series, it being the only tetra
merous element in the mesistele. If this is
elected, then Syringocrinus is unique in
having distally diminished both obverse
tetramere series, and in having the resultant
biseries wholly of reverse derivation. On the
other hand, the compelling evidence of
sinistral rotation argues for disregarding this
platelet, and correlating the nodose keel
plates of the biseries as left obverse in origin,
as in Dendrocystites. In this genus the left
reverse tetrameres diminish distally in the
mesistele, but in Syringocrinus, if the right
plates of the biseries are to be correlated, as
is conventional, with the right reverse series,
they do not appear in the mesistele. The
left reverse series would seem to have no
postannulus correlates. This reasoning is
supported by the rectilinear suture on the
right side of the tail. Intercalated plates,
representing a distally diminishing tetra
mere series, are generally associated with
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the biserial zigzag relationship of plates;
straight sutures derive from zigzag, just as
opposite plates derive from alternate. In
these terms the right side of the Syringo
crinus tail is considerably more specialized
than the left. The annulus of this genus
might be likened to a temporal hiatus, in
the crossing of which much that transpired
has been eliminated from the record.

In Dendrocystites sedgwicki (Fig. 372,
377) the mesistele is a tessellated, multi
plated, conical connection between the very
flexible and profusely plated proxistele and
the dimerous dististele. The adult mesisteles
usually show an advanced condition of
rosetting by which earlier-formed plates be
come isolated among many platelets which
form in circles around them. However, on
both larger steles and especially so on im
mature ones, it is possible to trace through
five or six large plates the continuous serial
course of dimeres into the tetramere series
(Fig. 377). On the obverse mesistele the
left half of the face is occupied by a con
tinuation of the distal dimere series; the
right side, by a distally diminishing series
of six or seven plates which alternate with
the left series. Laterally and at the junction
with the dimere series, small plates may be
intercalated; proximally the initial large
plate of the diminishing series is commonly
rosetted. This series disappears at a shoul
der on the first obverse dimere. On the re
verse face of the mesistele the inferiorly ori
ented dististele dimeres pass without inter
ruption through a series of six or seven
median plates. This median series of mesi
stele plates seems to correspond to a right
proxistele series. A low axial keel is pres
ent on these median plates, and continues
onto the corresponding dististele plates. On
the right side of the median series the dis
tally diminishing series of the obverse face
covers about one-third of the reverse face;
on the left there is another distally diminish
ing series of plates bounding the reverse
medians; this series disappears on a left
shoulder of the first dististele dimere on this
side. Obviously, the mesistele bears tetram
erous elements, just as in the much older
Minervaecystis, but with this basic differ
ence: the apparent rotation in the mesistele
zone is in an opposite direction in the two
genera (Fig. 378,lc,2c), and antipodal quad
rants distally continue and diminish.

Dendrocystoides show the basic mesistele
gradation from four-part to two-part sym
metry, accompanied by lateral rotation of
keeled dimeres to a reverse position, the
dististele being largely biserial. In Iowacystis
the mesistele is undifferentiated from the
dististele. In the mesistele zone there are no
axial intercalates on the obverse face; on the
reverse, one series of axial inserts is pre
served. Both mesistele and dististele are
somewhat depressed, and no rotation is in
evidence.

DISTISTELE
Ordinarily the dististele is a long, rather

firmly plated "tail," subequal in length to
the remainder of the stele and in some
specimens as long as the rest of the organ
ism (some specimens of Dendrocystoides).
Its plating is dominantly biserial or dimer
ous, usually passing from the first condi
tion to the second distally. The basic orien
tation of the biseries, as described in mor
phology of the mesistele, is bilateral, one
element deriving from the right or left ob
verse face, and the other from the left or
right reverse, and consistently in a anti
podal manner. Distal rotation either to right
or left usually brings the biseries-dimeres to
a fully obverse-reverse orientation with the
sutures between the semicylinders lying in
the projection of the thecal extensiplane. In
Dendrocystites sedgwicki the dististele is
attenuated and nearly terete, only a low keel
occurring on the reverse dimere. In Dendro
cystites and Rutroclypeus some specimens
suggest a slight degree of prehensileness in
the distal "taiL" In H eckericystis a terete
and highly attenuate dististele has been
illustrated by GEKKER [HECKER] (1940).
Usually the dististele is markedly flattened,
and commonly asymmetrically. Whereas
this flattening is always morphologic de
pression, the accompanying distal rotation
creates the appearance of compression. The
obverse members of the biseries are usually
somewhat horseshoe-shaped in section; th~
reverse ones angular or keeled, some extend
ing downward in a blade or comb. This
asymmetry creates a caudal fin. This is
lanceolate in profile in Syringocrinus, with
serrations along the reverse edge created by
distal imbrications of reverse dimeres; in
Minervaecystis the pectinate comb of the
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keel might be likened to a "heterocercal"
fish tail. In Iowacystis the biserial elements
are essentially symmetrical and bilaterally
disposed. They are depressed, being some
what flattened in the extensiplane. Either
no rotation occurs here, or in terms of the
conditions illustrated in Figure 378 the two
distally persisting homologues of the proxi
stele tetrameres rotate in opposite directions
to occupy the vacated quadrants.

Because of the asymmetry and flattening
of the dististele in most homoiosteles, the

organ is usually preserved with the plane
of depression parallel to the bedding; hence
the usual restorations show the zigzag or
rectilinear suture in the sagittal plane rather
than the extensiplane. Iowacystis is the only
form known so far in which the fossil
dististele is actually preserved wholly in life
position, and in this unique genus the
suture was sagittal. Girvanicystis (Fig. 373)
appears to have a very long dististele, com
posed of unequal but very long dimeres, but
the suture lies in the extensiplane.

OCCURRENCE

DISTRIBUTION
Homoiostelea range in time from the

Cambrian of Nevada and Upper Tremado
cian (Lower Ordovician) of France well
into the Lower Devonian of Victoria, Au
stralia, and Germany. The maximum ex
pansion came in the Middle and Upper
Ordovician of Europe and North America.
No Silurian representatives are yet known,
and none from Asia, Africa, South America,
or Antarctica.

PRESERVATION
Although homoiosteles, like other "carp

oids," are among the rarest fossils, under ex
ceptional circumstances they are abundant
(see Fig. 385). In the Girvan Upper Ordo
vician of Scotland, the Middle Ordovician
of Drabov and Zahorany, Bohemia, and the
Kingland district of Victoria, Australia, ex
traordinary concentrations have been en
countered. Such deposits are clastic poly
mict sediments, and the fossil concentrations
are commonly on single bedding planes.
This probably represents the death setting
under conditions of roily flow. The carcasses
seem to be hydrodynamically oriented (see
Fig. 385). Presumably roiliness was es
pecially injurious to microphages such as
these. The occurrences usually preserve the
fossils as collapsed thecae, quite probably
attesting to their rapid burial. Moreover,
they are now encountered as ochre-stained

molds comprising the residue from solution
of the stereom lime and reduction of a
pyrite filling of the stroma canals of the
skeleton. Rapid burial of the living animal
would probably create a reducing environ
ment inside the labyrinth of canals of the
skeleton; this setting is commonly one pro
pitious for pyrite deposition. The resultant
sediment, being relatively porous, permits
ready circulation of water during weather
ing, and resultant solution of lime and oxi
dation of the pyrite. The sulphuric acid
released in the transition from pyrite to
limonite abetted solution of the calcium
carbonate. In less porous clastics, like the
fine-grained micaceous shales such as cover
some specimens (see Fig. 383), the stereom
is still intact. Lime ooze was especially fine
for the preservation of dead skeletal parts
in essentially living articulation. No con
centrations of remains have yet been found
in such deposits. Probably homoiosteles, like
other "carpoids," were far more abundant
in Paleozoic seas than fossils indicate; their
delicate and commonly inflated thecae,
whether tightly or loosely plated, were prone
to destruction. Dissociated plates have never
been reported. However, this is more arti
factual than real. Commonly, beds which
contain homoiosteles also contain many
other echinoderms, starfishes, other "carp
oids," cystoids, machaerids, and eocrinoids.
Other organisms are usually rare in this
echinoderm facies.

PHYLOGENY AND EVOLUTION
"Carpoids" as a whole have proved enig

matic as to broader phylogenetic relation
ship.

Homoiostelea share with other "carpoids"
indubitable echinoderm relationships. They
appear, however, to lie completely outside
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any other echinoderm evolution. This is so
fundamental that it presumably denotes a
separate course, or courses, since pre
Phanerozoic times. It is my opinion that
comparative "carpoid" morphology be
speaks a common ancestry of the three
classes (Fig. 380). The still quite unknown
triradial archetype would lie not only in
the "carpoid" ancestry, but presumably also
in that of all pentaradial pelmatozoans or
pelmatozoan-derived classes.

This hypothesis entails the radial homol
ogizing of arm and stele in the homoiosteles;
according to this theory both were orig
inally biserial subvective organs. Hence, the
homoiosteles are termed "biradiates" (Fig.
380), the third radius having been sup
pressed prior to our encounter with the
class. The aulacophore "tail-arm" of the
Stylophora was the sole radial survivor
there, and this group is labeled "uni
radiates."

Within the class Homoiostelea there are
too many hiatuses in the record and too
much morphologic differentiation between
the forms so far encountered to make phylo
genetic speculation very meaningful. How
ever, a few generalities are in order. Much
has been discovered since the speculations
of BATHER (1900, 1913, 1930) and JAEKEL
(1899, 1901, 1921), which have largely col
ored all subsequent thinking about "carp
oid" relations. In that phase of echino
dermology the "Amphoridea" concept
played a prominent role; since the "carp
oids" were thought of as Pelmatozoa, and
all fixed forms were supposed to derive from
a loosely plated saclike form fixed at one
extremity, regularization of plates was
postulated as focusing on the point of fixa
tion and at the arm base; both arms and
peduncle were thought of as regularized
extensions of the theca. Thus, when BAR
RANDE'S Dendrocystites sedgwicki of the
Bohemian Middle Ordovician was supposed
to be one of the oldest "carpoids" (although
the Cincta: Homostelea were then and still
are oldest of all), its theca composed of
many, apparently loosely articulated and
little-if-at-all-regularized plates, its poly
plated proxistele, and many small plates in
the zone between first plates of the arm
biseries and large thecal plates, all seemed
-especially to BATHER-to support the

"Amphoridea" hypothesis. Now, with bet
ter knowledge of the organization of
BATHER'S D. barrandei, from somewhat
lower in the Bohemian Ordovician, of the
juvenile stages of D. sedgwicki itself, and
especially with the discovery of the Trema
docian Minervaecystis and a comparable
stele from the Nevada Cambrian, the Den
drocystites support of the "Amphoridea"
hypothesis fails. Instead of polyplating of
the stele and gradational plating from theca
to arm being archetypical, both are now
seen to be specializations. In both the oldest
forms and in juveniles of the specialized
ones, tetramerous proxisteles and adbrachial
regularized plates are the rule. D. sedgwicki,
in the new light, is a highly specialized
form, in which interstitial platelets and
fractionation of antecedent large plates both
occur.

Minervaecystis is far from a primitive
homoiostele, and in many respects (e.g., its
pectinate dististele keel) is very specialized.
In its stele anatomy, however, it probably
is the most primitive form yet known. Thus,
far, no data are available which might in
dicate what organization of the proxistele
may have antedated the tetramerous one.
If the appendage is a modified arm, as here
urged, its biserial nature and cover-plate
series may be very ancient indeed (e.g.,
eocrinoids). Certainly this genus possesses
the largest number of tetramere annuli
known. Even so, its mesistele and dististele
represent advanced locomotor specializa
tion.

Until it is known how stele plates prolif
erated, any biogenetic interpretation of the
axial differentiation of the stele is risky.
When the stele was thought of as "another
kind of stele," (i.e., column, hence "hetero
stele"), small attention was paid it. Its
growth would be presumed to be mainly
by intercalation of new skeletal elements at
the proximal plane as in "other Pelmato
zoa." Thus, if any biogenetic significance
were to be attached to axial differentiation,
the more distal elements would reflect an
older phylogenetic state. If, on the other
hand, the stele is a modified arm, it pre
sumably grew like arms, with distal in
crements of parts. Thus it might be, and
here is urged, that the distal succession from
tetrameres to biseries to dimeres is quite
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possibly palingenetic1 and Jacksonian,2
hence of considerable phylogenetic impor
tance. The very long series of tetrameres in
Minervaecystis would seem to support this
concept; likewise the well-documented
transition from four-part to two-part sym·
metry of the oldest mesisteles, and distal
transition from biseries to dimeres in many
dististeles. (However, in Minervaecystis and
Dendrocysittes sedgwicki the distal sequence
is from dimeres to biseries. Thus the latter
may well correlate with the prehensile flex
ibility of the tip of the tail.) In general,
the older solutes have more armlike steles,
solutan arms being basically tetramerous.

Within the Homoiostelea too many geo
logic and morphologic gaps separate the

known genera to make lineage speculation
worthwhile. Except at the species level, re
lationships are obscure. Although GILL &

CASTER (1960) indulged in a bit of specu
lation in this field, further information does
not especially enhance their surmises. As
the classification brings out, the generic
differentia are, for the most part, compar
able to family taxobases used elsewhere in
the phylum.

1 Palingenesis, a succession of ontogenetic events which
appear in the same order as the phylogenetic events which
they supposedly recapitulate; this would be documemation
of biogenesis.

2 ROBERT TRACY JACKSON attempted to apply the "bio~

genetic law" (biogenesis) to serially developing organs such
as an ambulacral series of plates. It was his contention that
the ontogeny of such a series tends to rehearse the evolu
tionary history of the organ.

SYSTEMATIC DESCRIPTIONS

Class HOMOIOSTELEA
Gill & Caster, 1960

[nom. trans!' CASTER, herein (ex subclass Homoiostelea GILL
& CASTER, 1960) (of the class Carpoidea JAEKEL)] [=order
Amphoridea HAECKEL, 1896 (of class Cysridea) (partim);
Dendrocystidae BATHER, 1899 (of order Arnphoridea); order
Soluta JAEKEL, 1901 (of class Carpoidea, subclass Hetero
stelea); suborder Heterostelea BATHER, 1913 (of order
Amphoridea); class Carpoidea BATHER, 1929 (partim);
superoeder Astylophora GILL & CASTER, 1960 (of subclass

HomoiosteIea) ]

Ancient, eleutherozoic, asymmetrical
echinoderms without obvious radial sym
metry elements; usually depressed, and tend
ing toward bisymmetry; theca of fixed form,
multiplated; plates usually both facially and
regionally differentiated (adste1eal, ab
brachial, adanal); some regional provision
for visceral expansion and contraction usual
in thecal plating; single biserial, usually dis
tal-lateral, arm bearing biserial cover plates;
mouth subthecal; anus posterolateral in
most forms; heterostele ("tail") posterior,
long and composed of axially differentiated
plates: proxistele flexible and fundamentally
tetramerous; mesistele transitional from
four-part to two-part plate symmetry: dis
tistele usually biserial proximally and dimer
ous distally; adbrachial plate bearing hydro
pore and gonopore, where known. U.Cam.
LDev.

Order SOLUTA Jaekel, 1901
[=suborder Soluta JAEKEL, 1901 (of class Carpoidea. order
Heterostelea, partim); suborder Sol uta JAEKEL, 1918; order

Soluta, GILL & CASTER, 1960]

Characters of class. U.Cam.-LDev.

Seven families and ten genera of Soluta
are recognized as follows:
1) Minervaecystidae UBAGHS & CASTER, n.fam., ?V.

Cam.,L.Ord., Eu.(France)-N.Am.(USA).
Minervaecystis UBAGHS & CASTER, n.gen" V.

Cam., N.Am.(Nev.) ("unnamed solutan,"
UBAGHS, 1963); L.Ord., Eu.(France).
(*Dendrocystis vidali THORAL).

2) Dendrocystitidae BASSLER, M,Ord.-LDev., Eu.
N,Am.

Dendrocystites BARRANDE, M.Ord., Eu.(Boh.).
(*Cystidea sedgwicki BARRANDE); D. bar
randei BATHER.

Dendrocystoides JAEKEL, V.Ord., Eu.(Scot.).
(*Dendrocystis scotica BATHER).

Heckericystis GILL & CASTER, M.Ord., Eu.
(Est.), (*Dendrocystites kuckersianus HECK

ER).
Dehmicystis CASTER, n.gen., L.Dev., Eu.(Ger.),

(*Dendrocystites (Dendrocystoides?) globu
Ius DEHM).

3) Girvanicystidae CASTER, n.fam., V.Ord., Eu.
(Scot.).

Girvanicystis CASTER, n.gen., V.Ord" Eu.
(Scot.). ('G. batheri CASTER, n.sp.).

4) Rutroclypeidae GILL & CASTER, L.Dev" Au
stralia.

Rtttroclypeus WITHERS, L.De,'., Australia (Vic
toria), (*R. jttllori WITHERS); R. witlzersi
GILL & CASTER.

5) Syringocrinidae PARSLEY & CASTER, M.Ord., N.
Am.(Can.).
5yringocrinltS BILLINGS, M.Ord., Can.(Ont.).

(*5. paradoxictts BILLIl<GS); 5. sinclairi PARS
LEY & CASTER.

6) Iowacystidae GILL & CASTER, V.Ord., N.Am.
(USA).
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Iowacystis THOMAS & LADD, V.Ord., USA
(Iowa). ('1. sagittaria THOMAS & LADD).

7) Belemnocystitidae PARSLEY, n.fam.' M.Ord.,
USA.

Belemnocystites MILLER & GURLEY, M.Ord.,
USA(Ky.). (·B. wetherbyi MILLER & GUR
LEY).

Family MINERVAECYSTIDAE
Ubaghs and Caster, new family

Characters of Minervaecystis. ?U.Cam., L.
Ord.
Minervaecystis UBAGHS & CASTER, new genus ['Den

drocystites vidali THORAL, 1935; M] [=Dendro
cystis sp., BATHER, 1913]. Large solutans with
inflated, somewhat depressed theca, unequally
biconvex, or possibly convexisubplanate; ovoid in
profile, without lobation; thecal plates large, thin,
nonimbricate, unornamented except near anus
where they are granular; obverse plates somewhat
smaller than reverse ones; flanks covered by regu
larly curving tessellation; facial differentiation
gradual over the flanks. Arm and anus opposite;
arm emerging abruptly, without plate gradation,
from distal right margin of obverse face or slightly
on flank; anus on proximal left in obverse face
near posterior margin; arm long, narrow and very
flexible in life, compressed, slightly angular ab
orally, presumably biserial and composed of oppo
site brachial plates, however, no aboral suture in
evidence; confluent brachiole pairs imbricate dis
tally; cover plates large, subequal in width to
brachial flank, meeting in low arch over ambula
cral groove, apparently not quite in series with
brachials. Adbrachial circlet of plates forms imbri
cating collar or sheath about arm base; left, ob
verse, lateral sheath plate bearing 2 hemispherical
prominences which presumably represent hydro
pore and gonopore. Anus covered by low circular
"pyramid" of elongate subtrigonal plates. Stele
very long and complexly zoned; proxistele inflated,
slightly compressed, nearly terete, tetramerous and
anomalocystitoid, comprising some 25 to 30 an
nular, telescopically imbricating rings, last 6 or 7
progressively diminishing in diameter toward
mesistele and last tetrameres about twice as long
as others, each tetramere bearing proximal external
bourrelet or thickened lip which deeply imbricates
beneath proximal adjacent tetramere, distal mar
gins of tetrameres scalelike and feather-edged, also
with low angular fold crossing each left reverse
tetramere at mid-width in alignment '"ith carina
which diagonally crosses mesistele and becomes
prominent keel on proximal dististele; mesistele
short, mainly covered by 2 series of plates, one
of which aligns with right obverse tetrameres and
other, with left reverse, distally continuing as

1 While this section of the Treatise was in preparation,
Belemnocyslites was discovered by RONALD L. PARSLEY of the
University of Cincinnati to be a soltHan and in PARSLEY'S
opinion a new family is essenti31 for its inclusion. His more
detJiled analysis \,,'ill appe.1f elsewhere.

dististele dimeres-biseries (Fig, 378); alternate
tetrameres aligned with 2 series of 2 or 3 distally
diminishing plates which lie between dominant
series of mesistele; mesistele zone short, and mak
ing distal transition from 4-part to 2-part sym
metry; almost no mesistele in some specimens;
dististele very long, narrow tail showing compres
sion of double series of plates, and rotation (Fig,
378); proximal dististele composed of 2 or 3 long
dimeres, suturing on extensiplane, reverse dimeres
being carinate; mesial zone of long plates which
show distal transition from dimerous to biserial,
each of 3 proximal plates in this zone reversely
bearing very high, comblike blade at about mid
length of postproxistele tail; distal dististele forms
narrowly lanceolate, caudal fin composed of biserial
plates, flattened in extensiplane (plane of zigzag
suture); obverse fin plates asymmetrically rounded,
reverse ones angular; stele elements all flexibly
joined ?V.Cam" N.Am.(Nev.); L.Ord.(Yre
madoc.} , Eu.(France).--FIG. 381. ·M. vidali
(THORAL), Tremadoc., France; I, reverse face of
holotype, X 2; 2, oral detail of holotype arm and
adbrachial pore plate, X6; 3, aboral view of holo
type arm (note lack of aboral suture), X 6; 4,
anal pyramid of holotype, X6; 5, lateral view of
mesistele and proximal dististele, X 4; 6, obverse
aspect of complete stele with cross sections at in
dicated places, X3.5; 7, detail of distal 2 pectinate
dimeres of dististele, X 12 (Ubaghs, n). [See Fig.
378,2.]

Family DENDROCYSTITIDAE
Bassler, 1938

[=Dendrocystidae BATHER, 18991

Theca widely variable, but always asym
metrical; usually depressedly inflated; faces
poorly or well differentiated; most plates
tessellated and firmly joined; always some
provision for expansion and contraction of
viscera by flexible union of some thecal
plates; arm and anus commonly on left side,
but variable in position; proxistele funda
mentally tetramerous and anomalocystitoid,
but commonly modified by the addition of
secondary platelets and possibly modified
by tetramere fusing into narrow annuli;
mesistele showing distal transition from
four-part to two-part symmetry of plate
series; obverse left and reverse right tetra
mere series distally continuous with biseries
dimeres of dististele. M.Ord.-L.Dev.
Dendrocystites BARRANDE, 1887, p. 142" ['Cystidea

2 Several authors have attributed new taxa published in
Syst2me Silurien . .. de fa Boheme: Classe de EChinodermes,
Ordre des Cystidees (v. 7, pt. 1) to WAAGEN. who served as
BARRANDE'S posthumous editor. In the introduction to the
volume, WAAGEN took pains [0 deny any share in author
ship; thus the new taxa presented there:n belong to BAR
RA~DE.
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5607

o
---0

---@

-J

© 2009 University of Kansas Paleontological Institute



S608 Echinodermata-Homalozoans-Homoiostelea

Sedgwicki BARRANDE, 1867, p. 179; OD] [=Den
drocystis BATHER, 1889, p. 268 (obj.) (nom.
van.)]. (Diagnosis based on type species.) Large
dendrocystitids with lobately triangular thecal
outline, especially in usual flattened state; theca
depressedly inflated, obverse and reverse faces dif
ferentiated both in configuration and in plate de
tails, obverse face usually convex and topographic
ally complex, reverse flat to concave and simple;
thecal margins usually rounded, may be subangu
lar or sutural; position of arm, anus and thecal
lobation asymmetrical; prominent, angular left
proximal lobe, but only very faint lobate round
ing on right side; left lobe composite, with large
angular preanal lobe and rounded anal lobe (s.s.);
distal margin moderately lobate. Arm commonly
distal and sinistral, emerging from obverse thecal
face; may be nearly axial and in some individuals
dextral. Anus marginal and usually on posterior
lateral face of left proximal lobe, rarely on right
side, when large proximal lobe is also dextral.
Thecal plates many, tessellated, firmly united in
life (not imbricated as in usual crushed specimen),
except for localized flexible junction, these plates
about equal in size and number on both faces,
relatively large and few in juveniles but abundant
and smaller in adults; plate increment mainly by
sutural intercalates (rosetting). Obverse face some
what swollen in distal third, with broad oval
tumescence of flexibly joined, large, ornamented,
polygonal plates in widest proximal part of theca
(apparently to accommodate expansion and con
traction of viscera); larger movable plates bear
ing central boss and radiating costae; ribs increase
in width and elevation toward plate margins, smal
ler (younger) plates bearing low central umbo
and peripheral nodes, latter increasing in promi
nence and extending toward center of plate with
increase in plate size. Mobile tumescence proxi
mally bordered by tightly fused girdle of ad
steleal plates and distally by bounding arc of un
ornamented, firmly united thecal plates, each of
which upwardly geniculates at low angle toward
tumescent area, and on inner surface bears low
bounding ridge on line of geniculation. This ridge
can be traced across plates of internal obverse face
from preanal lobe to widest part of right proximal
lobation. [The bounding ridge and geniculated
plates serve in complexly preserved and incomplete
specimens as an excellent key to the obverse face.]
Brachial orifice nearly circular and surrounded by
constant number of adbrachial plates, one on left
side bearing wartlike node which is apparently
madrepore-hydropore. Adbrachials, like entire dis
tal thecal plates, firmly joined in life, with low
flange developed adjacent to orifice; between ad
brachials and tetramerous arm, several circlets of
small platelets intervene in largest specimens and
are inconspicuous in juveniles. Marginal anus cov
ered above by rounded lappet which makes out
line of anal lobe (s.s.); center of lappet occupied

by ovate-subtrigonal, convex suranal plate
(BATHER'S "sugarloaf plate"); this is distally mar
gined by arc of small, polygonal plates, and lat
erally-reversely by radiating narrow plates (prob
ably periproctal); preanal lobe very prominent and
angular. Arm slightly compressed and longer than
theca; aboral suture between brachial biseries ap
parently open; brachials about twice as wide as
cover plates, with which they are essentially in
annular series; cover plates meeting in zigzag ad
orally. Stele long and axially differentiated into 3
zones: proxistele basically anomalocystitoid, but
in adulthood many small platelets are developed
so as to conceal juvenile 4-part symmetry. [This
is especially true of Dendrocystites where young
forms show tetrameres (or octameres) between
which platelets form on all sides.] The ephebic
proxistele is an alternating series of 6 to 8 larger
and smaller rings of platelets, the first being com
posed of larger firmly united elements, and the
second of many plates loosely joined. Despite
rosetting, the mesistele bears evidence of tetramere
series, 2 of which persist distally into the dimerous
series; 2 alternates diminish in size and disappear
in length of the mesistele. Here, as in Minervae
cystis, the dististele is proximally dimerous and
distally biserial; plates of distal extremity loosely
joined, and faceted so as to permit some pre
hension; dististele may be somewhat compressed,
and reversely keeled. M.Ord., En.(Boh.), q'les
tionable elsewhere.--FIG. 382, 383. *D. sedg
wicki (BARRANDE), M.Ord., Bah.; 382, rubber
molds of type and topotype specimens in National
Museum, Praha (all photos Caster, n); 382,1,
oblique view into undeformed proximal interior
of obverse thecal face (proxistele insertion as in
life, anal lappet at right) showing tessellation of
plates and rigidity of test (BARRANDE type), X 2;
382,2, obverse view of immature form in which
proxistele tetrameres are in process of fractionation
(note rosetting of proximal mesistele), X2; 382,
3, reverse view of interior surface of obverse plates
showing usual imbrication of plates due to com
pression during fossilization (note hydropore
pustule on adbrachial plate, multiple platelets of
proxistele, and carination of axial series of mesi
stele) (BARRANDE type), X 1.5; 382,4, obverse
view of topotype with complete stele which lacks
evident keeling and shows distal dimere sutures
beveled as for some degree of prehension (Bar
randium, Praha), X I; 382,5, obverse view of
young individual with short tetramerous proxi
stele and tessellated thecal plates which are rela
tively few and very large (topotype, Barrandium,
Praha), X2; 383,1-3, obverse views of new mate
rial (Narodni Museum, Praha) showing calcareous
plates intact, XI (Caster, n.).--FIG. 384,2; 385.
D. barrandei BATHER, Low.M.Ord., Bah.; 384,2,
specimen figured by BATHER (1913), Xl.7; 385,
rubber mold of part of slab covered by oriented
specimens in usual state of preservation of homoio-
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FIG. 382. Dendrocystitidae (p. 5606, 5608, 5610).
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Dendrocystites

FIG. 383. Dendrocystitidae (p. 5606, 5608, 5610).

3

steles (note tetramerous proxisteles), X2.? (Cas
ter, n). [See Fig. 387.]
[Although it shares several traits with D~ndrocyS/;us s~dg

wicki, the form designated as D. barrandt'i is more pyri·
form, less lobate, and more symmetrical. Also, its faces
are less well differentiated and more of its thecal plates are
loosely articulated, a maximal [Umesce:nt zone not being
distinguished. Probably the species nJ.med by BATHER is
generically distinct from Dendrocystites. The thecal plates
of D. barrandei arr. rdatively fewer and larger than those
of D. sedgwicki, with rosctting unimportant and platelets
few. The arm of D. barrandei is nearly axial in position,
with large genicul::ning adbr:1chi.11s which imbricate lat·
erally to form an adbrachial sheath. No obvious anal lobe:
or lappe:t is see:n and a single subanal plate occurs beneath
the: <:tnus on lhe reverse side or rounded posterior wall of
the theca. The preanal lobe is equally angular and prorni·
nent in both species. The proxistde of D. barrandei is
tetramerous and anomalocystitoid, with a few platelets in
some individuals between the tetra mere sutures and an
nuli. The rntsistde bears clear indication of distal transi
tion from tetrarneres to dimeres.]

Dendrocystoides JAEKEL, 1918, p. 123 [·Dendra
eystis seotiea BATHER, 1913, p. 391; M]. Large
dendrocystitids with hornlike processes and large,
unequal, proximal lobes. Outline very irregular,
but main theca generally trapezoidal; some hour
glass-shaped; arm and anus on left side, marginal;
arm emerges from obverse distal margin; anus
from posterior reverse margin of left proximal
lobe; subangubr and protuberant preanal lobe;
rounded inconspicuous anal one. Obverse face
irregularly convex; reverse face nearly flat. Theca
commonly much constricted just proximal of

emergence of arm and antibrachial process. Usually
with large antibrachial horn arising from right
distal corner, its dimensions highly variable, but
commonly subequal to arm; it may arise from
obverse surface or distally; commonly very broad
based and almost lobelike; supplementary processes
of similar dimensions may occur on distal left or
laterally; antianal lobe may be extended in a
process. All processes plated like theca, and con
taining extension of thecal cavity. Thecal plates
large, angularly polygonal and nonimbricating in
life; no striking differentiation in size or con
figuration of two faces; surface finely granular
except on reverse face near anus, where plates are
coarsely granular or pitted. Adbrachial plates rise
as imbricating sheath about base of arm; left latera!
adbrachial bearing complex tumescence which
probably represents hydropore. Arm long, com
pressed and flexible; aboral suture ligamenta!;
cover plates about half as wide as brachials; am
bulacral groove narrow, cover plates standing at
high angle over it and meeting adorally in zigzag,
but in series with brachials to which they articulate;
cover plate-brachial suture line sharply depressed;
internally each cover plate grooved for its whole
width. Anus may have been sphincterally closed
and slitlike; its region on posterior surface crowded
with very long and narrow periproct plates; anus
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floored by broad reverse lappet in which ovate
subanal plate lies to one side of concentration of
periproct plates. Stele long and diflerentiated.

Heckericystis

Proxistele tetramerous and anomalocystitoid, with
many small polygonal integumentary plates in zone
of flexible tissue between tetramere rings; best

Dendrocystites

2

FIG. 384. Dendrocystitidae (p. 5606, 5608, 5610, 5613).
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seen in specimens preserving inside view of tetra
meres. Externally proxistele meres may be smooth,
thin and almost scalelike, or very much thickened
and complexly, radially rugose in completely
unique manner. Mesistele reminiscent of Minervae
cystis, with biseries of dististele correlating across

mesistele with tetrameres in same manner as in
that genus. Dististele very long and narrow, terete
and composed of long dimeres proximally; these
shift to alternating position distally; actual end of
stele not seen. Dimere orientation obverse and re
verse; suture In extensiplane. U.Ord., Eu.(Scot.).

FIG. 385. Dendrocystites barrandei BATHER (Dendrocystitidae) (p. 5606, 5608, 5610).
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--FIG. 386, 387. ·D. seo/ieus (BATHER); 386,
reverse face of BMNH £23700, fairly complete
but with somewhat disarranged thecal plates,
X2.! (Caster, n; drawing by £. A. Dalve); 387,
1-6, rubber molds of topotypes, all from BMNH;
387,1, reverse face showing usual imbrication of
plates induced by compression during fossilization,
with complete "antibrachial" horn, large hydro
pore pustule on right side of figure; arm slightly
twisted so as to conceal aboral suture of brachial
biseries (£23700), X2.2; 387,2, reverse view
showing proximal plates in tessellated life position
(note granular ornament on these plates) imbri
cate periproct plates on posterior margin of anal
lobe at right, hydropore pustule apparently with
2 pores, proximal stele unornamented (£5732),
X2.2; 387,3, arm detail, obverse view with ad
brachials in place, hydropore pustule prominent
(£5823), X2; 387,4, reverse view of highly
ornamented proxistele (note also many platelets
inside lumen) (£5827), X2.5; 387,5, reverse view
of ornamented proxistele and interior surface of
obverse tetrameres showing bourrelets (note axial
rotation of keel in mesistele) (£5719), X2.2;
387,6, reverse view of distal theca and arm (note
biserial meeting of cover plates) (£5822), X2
(all Caster, n). [See Fig. 376,379.]

Heckericystis GILL & CASTER, 1960, p. 16 [.Dendro
eys/ites kttekersiana GEKKER [HECKER), 1940, p.
23; M]. Theca inflated, asymmetrically trigonal
in profile; probably somewhat depressed, proximal
subangular anal lobe; arm distal; anus at apex of
anal lobe and apparently closed by or beneath
prominent mammelon (or "sugarloaf plate");
thecal plates small and polygonal, each with cen
tral prominence; nothing known of facial or re
gional thecal differentiation. Arm biserial and
moderately long; stele long and terete throughout,
differentiated into 3 zones. Proxistele sheathed in
many narrow elevated rings, probably tetramerous,
but no sutures reported; intervening zones ap
parently integumentary; mesistele shown as com
posed of 3 circlets of polygonal platelets decreas
ing in number in each ring distally and suggesting
transition from tetramerous to dimerous; dististele
attenuate, sheathed in dimeres which are laterally
opposed proximally, and obversely-reversely in
distal region. M.Ord. (Kuekers), £st.--FIG. 384,
1. ·H. kuekersiana (GEKKER) [HECKER), X 1.7
(43).

Dehmicystis CASTER, new genus [.Dendroeys/ites
(Dendroeystoides?) globulus DEHM, 1934, p. 20;
M]. Spherically inflated (or moderately de
pressed), appearing circular when crushed; thinly
plated, unornamented; anus large, circular and
proximal, covered by large pyramid of elongate
trigonal imbricating plates; some periproctal plates
between anal pyramid and adanal thecal plates.
Proxistele anomalocystitoid, very flexible; dististele
long and dimerous. [GILL & CASTER (1960) ten
tatively assigned this species to Rlttroclypelts, but

further examination of the holotype reveals a
large circular anal area, and strongly supports
DEHM'S original idea that the theca was inflated
in life; hence the new assignment.] Only incom
plete holotype known. L.Dev. (Bttndenbach), £u.
(Ger.).--FIG. 388,1,2. ·D. globttllts (DEHM);
1, original figure, XLI (34); 2, drawing from

Dendrocystoides

FIG. 386. Dendrocystitidae (p. 5610-5613).
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photograph of holotype and only known speci
men (note anal pyramid), Xl.4 (Caster, n).

Family GIRVANICYSTIDAE Caster,
new family

Solutans covered by relatively few large
plates rigidly fused into two opposable faces

united by flexible peripheral suture on ex
tensiplane; prominent crest and spines on
reverse face; proxistele anomalocystitoid,
with many small platelets on proximal ex
terior of tetrameres. U.Ord.
Girvanicystis CASTER, new genus ["G. batheri CAS

TER, new species; M]. Large, obliquely cordiform

Dendrocystoides

FIG. 387. Dendrocystitidae (p. S61O-S613).

© 2009 University of Kansas Paleontological Institute



Systematic Descriptions S615

dendrocystitid, prominently and asymmetrically
trilobate, with very large, unequal, rounded proxi
mal lobes, anal one being larger; right antero
lateral rounded lobe which extends well on distal
side of level of arm insertion. Arm and anus on
left side; anus well within reverse face of anal
lobe; arm inserted on perimeteral suture between
2 thecal faces and essentially on thecal axis of bal
ance. Deep rounded proximal re-entrant for in
sertion of stele. Thecal profile complex, but in
general subplano-convex, obverse face being far

less inflated than reverse one; marginally, except
in immediate vicinity of arm base, both faces sub
planate (perhaps slightly concavo-convex), in broad
zone and apparently nearly in contact in life;
obverse face apparently rose in broad axial arch,
whereas reverse one shows distinct zones of
tumescence: central area of anal lobe distended
and bearing periproct with very high, asymmetric
tumescence on distal side of this on left of thecal
axis and extended to distal margin where it
formed vertical distal wall of theca; beneath arm

J

;ff

Dehmicystis

FIG. 388. Dendrocystitidae (p. 5613).
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insertion reverse theca was bowed angularly and
sharply. [Thecal surfaces appear to have been
largely rigid in life, their contact sutural and
integumentary; with obverse face narrower and
shorter than reverse one, and with something of
an opercular nature; both perimeters are thickened
considerably and in such way that they articulated
in pillbox manner with obverse margin lying
within the reverse one and fitting into a smooth
deep groove just inside the thickened margin of
the reverse face.] Thecal plates extraordinarily
large, those of reverse side being larger and (dis
counting periproct area) fewer than obverse.
Tight fusion of plates of both faces manifest and
breakage does not always seem to follow old
suture lines. On right distal lateral side of re
verse theca, just proximal of anterior lobe, several
large plates fuse to form radially broadly pleated
stellate plate of very large size; single large axial
adsteleal plate present in both faces. Aside from
the marginal thickenings of the 2 faces and sur
face granulation, scattered hollow excrescences are
the only other "ornament"; several plates in the
distal and right distal area of the obverse face each
bear a high sharp or blunt broad-based spine; on
the obverse proximal region the adsteleal and
several other plates bear groups of small warts or
tubercles. Anus in central area of reverse face of
anal lobe, covered by broad, low circlet ("pyra
mid") of elongate, lunate, imbricating plates; this
in turn is surrounded by circle of many relatively
small polygonal plates, probably loosely articulated
also in life, a periproct zone; the whole is set
within a subcircular foramen through the large
plates which firmly invest this part of the theca.
Arm emerging on extensiplane and from facial su
ture, but with brachial orifice more excavated in
vertical wall of obverse plates in distal region than
in obverse "opercular" surface; apparently 4 large
plates complete adbrachial series, those of obverse
side sutured (not imbricated) and showing trans
verse marginal excavation to accommodate oral
surface of arm; adbrachial margin flanged; near
flange on left obverse adbrachial, tiny perforation
with collared neck may represent hydropore.
Proxistele tetramerous, anomalocystitoid, with im
brication of ring pairs on both obverse and reverse
axial sutures; imbricate telescoping of rings sharply
defined, each ring bearing circular median crest
or flange and showing on distal postflange margin
many small polygonal platelets, apparently orig
inally embedded in investing integument (but no
platelets have been observed inside proxistele).
Mesistele showing usual dendrocystitoid transition
from tetramerous to dimerous condition, exhibits
slight median reverse keel and passes into dististele
within short distance; dimeres are opposite there
for most of length and are sutured in extensiplane;
disistele relatively stout and long. U.Ord., Scot.
--FIG. 389, 390. 'G. batheri; 389, reverse face
of holotype, presumably upwardly oriented in life

(note adbrachial spinous hydropore) (BMNH,
Gray ColI., 28473), X3.4; 390, obverse face of
paratype (obverse plates coarsely stippled, interior
of reverse plates finely so) (note flanged hydro
pore with radii on interior of adbrachial plate
which bears spine in surface) (BMNH, Begg.
ColI., £5791), X3.l (all Caster, n). [See Fig.
373,374.]

Family RUTROCLYPEIDAE
Gill & Caster, 1960

[Rutroclypeidae GILL & CASTER, 1960, p, 221

Solutans with nummuloidally depressed
thecae, with or without prominent loba
tion, covered by many small polygonal
plates which may be smooth, centrally um
bonate, or prominently spinose; arm nearly
axial, emerging from obverse face, no other
facial differentiation; proxistele anomalo
cystitoid, dististele dimerous, with suture
in symmetry plane. LDev.

Rutroclypeus WITHER, 1933, p. 18' [emend. GILL
& CASTER, 1960, p. 30] [*R. junori; M]. Thecal
outline circular, nummuloidally depressed, giving
impressions of polyplated (commonly hexagonally)
sphere which has been pressed into nummuloidal
mold; lobation may develop (R. withersi); thecal
margins vertical, coinlike, with plates and sutures
falling as they may without any evident adjust
ment to form, plates small and usually bearing
umbo, boss, or elongate solid spine in type species
(although holotype is sparsely spinose). Juveniles
show relatively fewer, larger, and less spiny plates
than adults and they are more fusiform in out
line, as well as possibly less depressed. Plate
increment in R. witherst' (possibly mainly on its
lobations) is by exaggerated rosetting (see Dendra
cystites sedgwicki) and hundreds of tiny platelets
appear around larger primary plates, each with
miniscule spine, thus creating appearance recalling
miliary spines about bosses of echinoids. [These
zones of small plates seem to have been flexibly
joined and may be a form of facial differentiation.
The spines may extend onto the proxistele, one to
a plate, and apparently only on the obverse face;
a single median proximal one on the mesistele
has been noted.] Adult arm short and inserted
distally to left of axis and within obverse disc; no
adbrachial thecal plate differentiation noted, but
some evidence indicates that at least one adoral
plate bears swollen hydropore tumescence like
that of Dendrocystitidae. Juvenile arm propor
tionately shorter and broader than in adults and
axially inserted or nearly so. Anus unknown but
must be marginal (slight marginal swelling ad
jacent to stele may mark spot). Stele long and
differentiated; proxistele tetramerous, triangular

1 Originally described as a xip-hosuran arthropod.
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Girvanicystis

,
/

/
/

/
/

/

.'

in outline, and flatly anomalocystitoid (more in
flated in juveniles); mesistele very short and coni
cal, its plating recording transition from proximal
tetramerous to distal dimerous arrangement (see
Minervaecystis); dististele long and narrow, be-

coming spatulate distally in some specimens, with
dimeres opposite apparently throughout its length
and somewhat depressed, suture is in symmetry
plane. L.Dev., Australia(Victoria) .--FIG. 391,1.
*R. junori; diagrammatic sketch of holotype,
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FIG. 389. Girvanicystidae (p. 5614-5616).
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Girvanicystis

FIG. 390. Girvanicystidae (p. 5614-5616).
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Rutroclypeus

FIG. 391. Rutroclypeidae (p. S616-S617, S619).

"

S619

X1.7 (Caster, n).--FIG. 391,2. R. victoriae
GILL & CASTER, somewhat crushed juvenile speci
men showing its relatively few larger plates and
large arm, X1.7 (Caster, n).--FIG. 391,3-6. R.
withersi GILL & CASTER; 3, specimen showing
thecal lobation (?anal) and miliary granules,
X 1.7; 4, partial theca (holotype) with pro
nounced (?anal) lobe, X 1.7; 5,6, diagrammatic
cross sections of thecal periphery showing num
muloidal geniculation of plates, en!. (all Caster,
n).--FIG. 392. R. wilkinsi GILL & CASTER;

stereoscopic views of amanal side of theca show
ing spines on all of its plates but none on proxi
stele, X 1.8 (43).

Family SYRINGOCRINIDAE
Parsley & Caster, 1965

[Syringocrinidae PARSLEY & CASTER, 1965, p. 115J

Elongate, ovoid, rigid and inflated theca;
facially differentiated, convexi-planate (or
inferiorly concave), covered mainly by few
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FIG. 392. 'Rutroclypeus wilkillsi GILL & CASTER (Rutroclypeidae) (p. S616-S617, S619).

large plates, few large infracentrals, many
small, flexibly joined supracentrals in ovoid
area, and possibly partially surrounded by
larger supracentrals; anus unknown. Arm
long, terete, emerging from distal left mar
gin of theca. Stele axially differentiated;
proxistele anomalocystitoid, inflated; mesi
stele long, petiolate to lanceolate dististele;
proximal mesistele unit an annulus; re
maining surface with three series of plates,
two of which are in series with dististele bi
series and third in median position, com
posed of distally diminishing series of long
plates; dististele biserial, becoming nearly
dimerous at end with suture in extensiplane,
along which considerable compression forms
finlike structure, reverse dististele plates
keeled and spinose. M.Ord.

Syringocrinus BILLINGS, 1859, p. 65 [·S. paradoxi
ClIS; M]. Characters of family. [The pseudo
sty!ocone of the mesistele and proximal dististele
is an especially typical feature. Restorations (Fig.
393) depict all available information on this
genus.] M.Ord., Can.(Ont.).--FIG. 393,1. S.
sillclairi PARSLEY & CASTER; restorations based on
type specimens; la, obverse face with cross sec
tions of stele indicated in life orientation, X3.8;
1b, reverse face, X3.8 (69).--FIG. 393,2. ·S.
paradoxicllS; views of holotype; 2a, BATHER'S

(1913) drawing of stele as known to him, X 1.9;
2b, present condition after bit of preparation,
X\.9 (43).

Family lOWACYSTIDAE
Gill & Caster, 1960

[IowacYSlidae GILL & CASTER, 1960, p. 20]

Trigonal, much-depressed solutes with
advanced differentiation of thecal plates,
including rigid frame of marginal plates
and characteristic supracentral and infra
central plates; arm on distal right side of
obverse face; anus marginal at proximal left
corner, closed by bivalved boss. Stele some
what depressed, with short tetramerous
proxistele which is narrowly annular, in
conspicuous mesistele, and dominantly bi
serial (not dimerous) disistele with suture
in symmetry plane. U.Ord.

Iowacystis THO'lAS & LADD, 1926, p. 6 [·f. sagit
taria; M]. (Diagnosis based on restudy of type
materials by PARSLEY & CASTER, 1965.) Thecal
outline in form of isosceles triangle, with rigid
marginal framework and high facial differentia
tion; facial surfaces parallel, one with few rigidly
united large infracentrals, highly ornamented,
and other with many large supracentrals which
are flexibly joined together and also highly orna
mented; single large median adsteleal plate on
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FIG. 393. $yringocrinidae (p. S620).
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lowocystis

FIG. 394. Iowacystidae (p. S620, S623).
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each face, also with adana! and adbrachial dif·
ferentiation; anus closed by bivalved boss of 2
quarter-spheres parting in extensiplane, sur
rounded by circlet of small quadrilateral plates
and on reverse side with 3 large adanal plates,
creating lobelike aspect; left adoral plate bear
ing phialine hydropore aperture, with smaller
phialine pore distally from it (?gonopore). Arm
emerging from right distal supracentrals and
located on sutural complex between 4 plates ex
cavated to form brachial orifice; arm terete, rela
tively short and narrow. Stele somewhat de
pressed, thick and stubby, axially differentiated
but less so than in most homoiosteles, with 5 or
6 carinate tetrameres; mesistele visible only on
reverse side, where 1st 2 pairs of biseries of distal
plates are separated by large median plates; disti
stele with several more such inserts discontinuous
along reverse surface; mesistele and dististele
merging on obverse side, dististele biserial (not
dimeral) with suture in symmetry plane. U.Ord.,
USA(Iowa).--FIG. 394. *1. sagittaria; la,b,
obverse and reverse faces, X 1.7 (84); 2a,b, same,
based on restudy of types, X2.5, X2.25 (69).

Family BELEMNOCYSTITIDAE
Parsley, new family

[Family di1gnosis and revised diagnosis of Belemnocysli:es
furnished by RONALD L. PARSLEY. University of Cincinnati]

Solutes with regularized marginal and
somatic plates; single nonterminal biserial
arm with adjacent coniform pore plate.
Stele holomerous or apparently so. Char
acters essentially those of type genus. M.ord.
Belemnocystites MILLER & GURLEY, 1894, p. 6 [*B.
wet/zerbyi; M] [=Belemnocystis BATHER, 1900,
p. 51 (obj.) (nom. van.)]. Theca suboval, de
pressed!y biconvex in cross section; depression es
pecially marked in somatic areas, with I I regu
larized marginals, 5 ventral somatic plates, and
ca. 6 dorsal somatic plates, marginals extending
equally over both faces. Single biserial arm appears
to be very short, extending anteriorly from dorsal
distal somatic area; left adbrachial plate bearing
coniform aperture, presumably hydropore. Stele
deeply inserted into theca, not extensively anchored
to proxima! adsteleals, but mainly to adjacent
large somatic plates; proxistele undifferentiated
and apparently holomerous (ca. 15 ?annular)
segments with very large lumen; distal stele struc
ture unknown. Granular prosopon, poorly pre
served, plates apparently with fairly prominent
concentric growth rings. Anus not identified,
probably lateral, in proximal left corner of theca.
[This genus bears a number of common traits

Belemnocystites

FIG. 395. Belemnocystitidae (p. 5623).

with lowacystis (e.g., configuration, location and
interrelationship of the arm and pore plate, un
usual somatic biconvexity of the theca, and similar
nature and symmetry of the ventral somatic plates,
including what appears to be an azygous adanal
plate).] M.Ord., USA(Ky.).--FIG. 395,1. *B.
wet/zerbyi; 1a,b, obverse and reverse faces, based
on holotype, X3 (Parsley, n). ['=Myeinocystites
STRIMPLE, 1953.]
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ADDENDUM

CAMPTOSTROMATOIDS
By J. WYATT DURHAM

[University of California (Berkeley) I

Class CAMPTOSTROMATOIDEA
Durham, 1966

[nom. correct. DURHAM, herein (pro Camptostromoidea
DURHAM, 1966, p. 1219) I

Free-living, apparently medusaeform ra
dially symmetrical echinoderms; body wall
heavily plated and containing several differ
ent types of ossicles; mouth and anus at op
posite poles, with no elongation along this
axis; sutural pores abundant on oral and
external lateral surfaces but absent from re
gion of aboral pole; detailed organization
uncertain but presumably radial; arms ra
dail, plated, attached to periphery of test;
seemingly no calcareous ring. L.Cam.( Ole
nellus Zone).

The genus Camptostroma, for which this
class has been established, was originally
(ref. 1) described by RUEDEMANN (4) as a
probable floating "tubularian hydrozoan."
Subsequently KIESLINGER (3) included it in
the Scyphozoa, an assignment that was fol
lowed by HARRINGTON & MOORE (2) in
part F of the Treatise on Invertebrate
Paleontology. Careful examination of the
type and other original material (all ex
ternal molds) suggested that C. roddyi was
an echinoderm (a possibility recognized by
RUEDEMANN). Fortunately, a recently dis
covered specimen retains the original cal
cite plates, the cleavage and reticulate micro
structure of which confirm assignment to

© 2009 University of Kansas Paleontological Institute



5628

network of
sma II plates

disc

radial rib

area with

sutura I pores

10

lc

Echinodermata-Addendum

FIG. 396. Call1ptostrol1latidae (p. 5630).

large lenticular plates

center of disc

ana I pyramid

apron

'"---- free arm

stellate plates

free arm

location of
mouth (hidden)

© 2009 University of Kansas Paleontological Institute



Camptostromatoids 5629

the echinoderms. C. roddyi, the type species
(other species referred to Camptostroma do
not appear to be congeneric), occurs in
shales of the Lower Cambrian Kinzers For
mation of Pennsylvania, in the same strata
that contain lepidocystoids. About 15 speci
mens of C. roddyi have been found, but
none are as complete as the type and some
are very poor. Disassociated plates apparent
ly referable to Camptostroma are abundant
in some limestones associated with the
shales.

Some details of the organization and
structure of the test of Camptostroma
roddyi have not been resolved, but it ap
pears to have been medusaeform in shape,
with a centrally domed aboral surface and
a peripheral radially ridged apron with a
few marginal free arms, and with the oral
surface concave. Except immediately
around the peristome, sutural pores are
abundant on the oral surface and extend
onto the upper margin of the peripheral
apron. On the oral surface (but not on the
peripheral apron) the small plates with
sutural pores are arranged around larger
stellately ridged plates. On the upper sur
face of the distal margin of the peripheral
apron is an area of uniformly small plates,
deeply incised for sutural pores. Proximally
the poriferous area merges into a nonpori
ferous, strongly ribbed area built of small
plates. Centrally the aboral domed disc is
built of large flat lenticular plates imbedded
in a network of numerous small plates.
When the surface is contracted the flat
plates are more or less overlapped by the
meshwork of small plates, but when ex
panded these plates are the most conspicu
ous elements of this surface. A conspicuous
raised structure considered to be an anal
pyramid is present, slightly off center, on
the aboral surface of some specimens. It
appears to be composed of about seven elon
gate plates. The peripheral free arms are
incompletely preserved on the available
specimens but were relatively slender and
had large plates on the aboral surface. Their
length appears to have been sufficient to
reach to the mouth. The number of arms
is uncertain but seems to have been between
four and eight. The central domed area is
set off from the peripheral apron by a well
marked groove on the type and some other
individuals, but there is a possibility that

this groove may be an artifact of burial.
The peristomial area, although surrounded
by plates of several types, in contrast to
other areas of the test, seems to be com
posed largely of flattened lenticular plates
without sutural pores.

None of the plates of the test are firmly
sutured to one another, and away from the
peristomial region the plates seem to have
been distributed through a thick body wall
much as in many holothurians. Presumably
the tissues would have decayed rapidly after
death, the plates becoming disassociated
and scattered easily. No evidence of a
pentaradiate symmetry is recognizable, but
the numerous radial ridges surrounding the
aboral disc indicate a well-defined radial
symmetry. On a nonleached specimen more
than 40 of these ridges were observed, but
on the holotype (although marginally in
complete) there appear to have been about
60. Another specimen seems to have had
at least 50 ridges.

It is suggested that the sutural pores con
tained tube feet more or less similar to
those of modern echinoderms and that they
were connected by an internal radial plexus
of the water-vascular system. Presumably
the tube feet served primarily for respira
tion, but they probably also were utilized
in food gathering or transport of food to
ward the mouth. The few slender arms do
not suggest that they were used for locomo
tion-probably they were primarily food
gathering organs. The mouth seems to
have been relatively small, so that food was
probably of small particle size. No madre
porite or genital aperture has been recog
nized, but the plates are so numerous and
often so disarranged in detail that it would
be easy to overlook these features.

The mode of life of Camptostroma is
somewhat uncertain, but in view of the ap
parent medusaeform body it is suggested
that it was probably pelagic or bathypelagic.
It may have been comparable to the pelagic
holothurian Pelagothuria or bathypelagic
types such as Benthodytes and Galathea
thuria. A comparison might also be made
with the free-living comatulid crinoids, but
the body structure is not at all comparable
to that of the crinoids. The camptostromoid
test, built of several different types of os
sicles in intimate relationship, is suggestive
of that of some holothurians, especially
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FIG. 397. Camptostromatidae (p. 5630).

members of the Dactylochirotida and Den
drochirotida. However, the presence of
peripheral arms that are heavily plated (ad
oral plated arms known in the Devonian
holothurian Palaeocucumaria, 5) instead
of adoral nonplated arms, the apparent lack
of pentaradiate or bilateral symmetry, and
the absence of elongation along the oral
aboral axis distinguish camptostromatoids
from holothurians. Further, although the
densely plated test of Camptostroma makes
recognition of a calcareous ring difficult, no
e\"idence of one was observed and it is as
sumed that it was absent. Grossly, the
camptostromatoids might be compared with
the ophiocistioids, but the lack of firmly
sutured plates and the multiple types of os
sicles in the wall of the test readily differ
entiate the camptostromatoids.

Family CAMPTOSTROMATIDAE
Durham, new family

Characters of class. L.Cam.(Olenellus
Zone).

Camptostroma RUEDEMANN, 1933, p. 5 ['C. mddyi;

00]. Test medusaeform, with few heavily plated
peripheral arms; anus on aboral surface near cen

ter, with well-developed pyramid; most areas of
wall composed of several types of ossicles; sutural

pores on oral surface and upper distal margin of
peripheral apron. L.Carn. (O!ellelltlS ZOlle), USA

(Pa.).--FIG. 396-397. 'c. roddyi; 396,Ia, part
of aboral disc, X2.5; 396,Ib-c, aboral, oral views
of same individual, X 1.4; 397,la, adoral region,

X5; 397,Ib, ribbed area of apron, X5; 397,lc,
detail of mid-oral surface, X 10; 397,ld, detail of
aboral surface of distal portion of apron, X 10
(P. M. Kier, n).
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LEPIDOCYSTOIDS

By J. WYATT DURHAM

[University of California (Berkeley) J

Class LEPIDOCYSTOIDEA
Durham, new class

Free-living, placoid echinoderms with dif
ferentiated oral and aboral surfaces; oral
surface with numerous small plates with
sutural pores, free biserial arms, and anal
aperture; character of oral aperture un
known; aboral surface with numerous im
bricating plates originating at apex of sur
face; anus marginal on oral surface, with
well-developed anal pyramid; arms grooved,
with cover plates, arranged in concentric
circlets on oral surface, oldest outermost,
resting on flat basal plates; arms presumably
for feeding; organs in sutural pores pre
sumably respiratory. L.earn.(Olenellus
Zone).

This group of echinoderms is known
from a few more or less crushed specimens
from the Kinzers Formation of Pennsyl
vania, where they occur in the same strata
as medusaeform camptostromatoids. Most
individuals seem referable to the single
described species, Lepidocystis wanneri
FOERsTE (1). Two specimens have three
circlets of arms, probably with five arms
to a circlet (no specimen has a complete
circlet of arms; it is possible that there
might be only four). Arms of each circlet
are aligned along radii from the presumed
central location of the mouth. One smaller
specimen (Fig. 398,1b), preserved partly in
the round (either immature or else repre-

senting another species), seems to have only
a single circlet of free arms (but draped
along the side of the test during burial).
The basal plates of the outermost arms are
adjacent to the margin of the aboral im
bricating plates, but the bases of the inner
arms are set in the midst of the small, mar
ginally incised plates of the oral surface.
There is one cover plate to each segment
of the arm, with the distal margin of the
cover plate serrate and slightly overlapping
the proximal margin of the next. The oral
surface is covered with small, relatively
thick plates, with three or four deep mar
ginal grooves for sutural pores (one to each
face). These pores are very numerous and
the oral surface must have been densely
covered with the organs that extended
through them. It is assumed that these
organs were respiratory in function and con
nected by an internal plexus of the water
vascular system.

No feature recognizable as a mouth has
been observed, but it seems probable that
this was centrally located on the oral sur
face. It is uncertain how food was trans
ported from the arms: food particles may
have been transferred to the mouth by the
arms themselves; they may have been moved
from the base of the arms to a central
mouth by ciliary action; or there may have
been subvective channels from the arms. A
well-developed anal pyramid built of nu
merous plates is situated marginally on the
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oral surface midway between two of the
outermost arms. Two specimens indicate
that the elongated portion of the test cov
ered with imbricating plates was more or

less conical and that the oral surface was
arched. The presence of presumed respira
tory organs in the sutural pores on the oral
surface suggests that Lepidocystis lived up-

FIG. 398. Lepidocystidae (p. 5634).
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right on the sea floor with the apical por
tion of the aboral surface imbedded in
sediment (Fig. 399).

The lepidocystoids differ from eocrinoids
by restriction of the sutural pore-bearing
area to the interbrachial oral surface, the
presence of imbricating plates on the aboral
surface, the circlets of arms on the oral sur
face, and the mode of attachment of the

biserial arms

sutural pores ~=1~wSC~~~

small
{immature} plates

arms. They differ from most edrioasteroids,
cystoids, and helicoplacoids by the presence
of sutural pores, and from camptostromat
oids by the possession of only a single type of
plate in any area, as well as the position
of the anus on the oral surface. They differ
from the edrioasteroid Stromatocystites,
which has sutural pores on the oral surface,
by the presence of free arms.

L--cover plates

ana I pyramid

FIG. 399. Lepidocystidae (p. 5634).
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Family LEPIDOCYSTIDAE Durham,
new family

Characters of class. L.Cam.(Olenellus
Zone).

Lepidocystis FOERSTE, 1938, p. 212 [*L. wanneri;
M]. Aboral surface of test conical, built of nu
merous scalelike imbricating plates, those of oral
surface small, heavy, deeply incised by single
large sutural pore on each side; anus at margin
of oral surface, with well-developed anal pyramid.
L.Cam.(Olenellus Zone), USA(Pa.).--FIG. 398·
399. *L. wanneri; 398,Ja, detail of small adapical

plates, X8.5; 398,lb, small individual with free
arms draped along side of test, X3.l; 398,lc, part
of oral surface of specimen with 3 circlets of arms,
X 4; 399, restoration showing probable mode of
life, approx. X 1.5 (Durham, n).

REFERENCE
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CYMBIONITES AND PERIDIONITES-UNCLASSIFIED
MIDDLE CAMBRIAN ECHINODERMS

By GEORGES UBAGHS
[Universitc de Liege, Belgium] [Typescript translated by R. C. MOORE]

INTRODUCTION
Cymbionites and Peridionites are nominal

genera proposed in 1941 by WHITEHOUSE

(ref. 11) on the basis of fossils found in
lowermost Middle Cambrian strata (Zone
of Xystridura) of Queensland, Australia.
Specimens of the first-mentioned form were
obtained in abundance from the basal 40
feet of the zone and less numerous repre
sentatives of the second in a bed of lime
stone approximately 24 feet higher in the
section.

For the purpose of classifying these two
genera, both of which are monotypic,
WHITEHOUSE introduced new families
named Cymbionitidae and Peridionitidae,
which respectively were assigned to the
new classes Cycloidea and Cyamoidea, and
both were placed in a new subphylum of
the Echinodermata named Haplozoa.

DESCRIPTION
Each of the two fossil forms displays a

thick calcareous skeleton comprised of a
few plates disposed around a median crateri
form depression. The animals are judged
to have been free-living on the sea bottom,
for no trace of fixed attachment has been
observed.

The remains of Cymbionites consist of a
hemispherical or thimble-shaped body with
average diameter of 12 mm. (Fig. 400,la).
Less commonly the fossils are barrel- or
saucer-like. Typically they are composed
of five tightly joined massive plates of
wedge-shaped form, with sutures discern
ible only on weathered specimens. The
median depression, variable in depth, pos
sesses fluted sides. A transverse section
through the bottom of the depression com
monly shows the presence of a tiny central
plate additional to the five main ones and
surrounded by them in manner that en
tirely conceals the small central plate in
view of the exterior. The festooned edge
of the calyx bears a minute peripheral
groove.

The skeleton of Peridionites resembles a
biconvex half-lens having almost perfect
semicircular outline in side view and an
elliptical shape in apical view (Fig. 400,
2a-e). The fossils are diminutive in size,
with maximum diameter mostly less than
10 mm. Biradial in form, they are com
posed of five massive calcareous plates-a
median apical one adjoined by two large
terminal plates and two smaller mediolat
eral plates located on opposite sides of a
moderately deep central cavity which is
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FIG. 400. 'CymbiollilCS craliclI!a WHITEHOUSE ( 1); • Peridio 11 iles lIal·iclI!a WHITEHOUSE (2) (unclassified
M.Cam. echinoderms) (p.5637).
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radially fluted internally. The truncate ab
apical face of each terminal plate is marked
by three shallow depressions set off from
one another by diverging narrow furrows.

Each plate in both of these genera con
sists of a single calcite crystal showing
optical continuity. In specimens of Peri
dionites subjected to dolomitization or silici
fication, the original stereomic reticulation
of the plates generally cannot be observed,
although it may be visible locally in small
patches of the surface (Fig. 605,2/,g). On
the other hand, the reticular microstructure
of plates belonging to Cymbionites com
monly is very evident. They are composed
of close-packed "but intermittently imping
ing" prismatic fibers with a calcite network
optically continuous with the fibers be
tween them (Fig. 400,1c,d).

INTERPRETATIONS
These two genera of fossils have been

interpreted in extraordinarily different ways.
1) In the view of WHITEHOUSE (11) both

forms are echinoderms. Peridionites is con
sidered to be the dorsal skeleton of a bi
laterally symmetrical five-segmented organ
ism which corresponds morphologically to
the dipleurula stage in larval development
of echinoderms. Cymbionites is judged to be
the aboral skeleton of an essentially radiate
organism equivalent to the pentactula stage
in ontogeny of e1eutherozoic echinoderms.
Asteroids, ophiuroids, and echinoids are
thought to be derivatives of the Cycloidea
(class represented solely by the genus Cym
bionites as now known), and those in their
turn are supposed to come from the Cyam
oidea (class represented only by Peridionites
among yet discovered fossils). The Cyam
oidea are interpreted as ancestral also to
the Homalozoa ("Carpoidea" and Machaeri
dia) in one line and to the Pelmatozoa
[Crinozoa] (Cystoidea, Blastoidea, Edrio
asteroidea, Crinoidea) in another line.
These concepts have been accepted by some
(7) but rejected by most workers (1-3,5,6,
8,9).

2) According to GISLEN (2) (as well as
TERMIER & TERMIER, 9), Cymbionites is an
echinoderm provisionally interpretable as a
cystoid with only the basal part of the theca
calcified. Peridionites, however, is not an
echinoderm but possibly a ctenophore modi-

fied for benthonic existence like the mod
ern Platyctenida and distinguished by hav
ing a calcareous skeleton.

3) Neither of the two discussed fossils is
an echinoderm, in the opinion of CUENOT
& TETRY (1). Instead, both are considered
to be representatives of phyla which van
ished without producing known descend
ants. In the phylogeny of the animal king
dom they may belong in the great gap sep
arating the cnidarians and ctenophores from
the beginning of deuterostomians marked
by the echinoderms.

4) Finally, SCHMIDT (6), who accepted
both genera as echinoderms, interpreted
them as eocrinoids having greatly reduced
thecae that functioned merely as stabilizing
structures.

The temerity of some of these hypotheses
contrasts with the weakness of evidence in
support of them. That Cymbionites and
Peridionites are truly echinoderms can
hardly be doubted, for not only are their
plates composed of single crystals but rea
sonably well-preserved specimens exhibit
unequivocal traces of honeycomb micro
structure of the stereom which is char
acteristic of the phylum. Although this
much is established, nothing more is cer
tain. Do the fossils constitute complete
skeletons, as their morphology and manner
of preservation (including lack of asso
ciated fragments) seem to indicate, or, op
positely, are they incomplete remains? What
was the nature of soft parts originally asso
ciated with the skeletons? How may the
remains be oriented correctly in relation to
morphology of the organisms? Such ques
tions presently are unanswerable. Cym
bionites-but not Peridionites-suggests the
basal part of the theca of such crinozoans
as Parorthocrinus and Rhopalocystis, but
the resemblance is quite superficial in that
it relates only to external form of a small
part of the body (10), thus meriting no
serious consideration of possible relation
ships. Inasmuch as these fossils fail to pro
vide information necessary for understand
ing of the organization of animals repre
sented by them, it seems improper to assign
them either to extant or extinct classes of
echinoderms, and in my opinion not even
to recognize them as distinct families. Be
yond statement of what can be observed, all
is speculation.
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SYSTEMATIC
DESCRIPTIONS

Cymbionites WHITEHOUSE, 1941, p. 9 [*C. erati
cula; M]. Echinodermal remains consisting of
calcareous dome-shaped bodies composed typically
of 5 equal curved plates of thick wedge-shaped
form, firmly joined togelher lalerally and apically
as cuplike structure with fluted wall surrounding
more or less deep central depression; stereom com
posed of closely packed prismatic fibers WiIh
calcile meshwork in optical continuity with fibers
occurring between them; each plate consisting of
single crystal. M.Cam.(Xystridura Zone), Aus
tralia(Queensl.) .--FIG. 400,1. *C. craticulata;
1a,b, oblique lat. view of complete specimen and
single isolated plate, X3 (11); Ie, long. (vertical)
sec. showing sutures and growth lines, X 7 (11);
1d, tang. sec. showing honeycomb structure of
stereom, X120 (Ubaghs, n).

Peridionites WHITEHOUSE, 1941, p. 5 [*P. navicula;
M]. Echinodermal remains comprising calcareous
dome-shaped bodies which are laterally com
pressed and biradial in form, composed of 5 plates
including single apical plate, 2 large end plates,
and 2 somewhat smaller mediolateral plates bor
dering narrow deep central fossa; each plate com
prising single crystal with originally reticulate
stereom. M.Cam.(Xystridura Zone), Australia
(Queensl.).--FIG. 400,2. *P. navicula; 2a,b, lat.
and truncate faces, X 5 (11); 2c-e, truncate, lat.,
and apical faces (2d,e, holotype, with apical plate
lacking), X5.6 (Queensland Univ. photographs,
n); 2f, long. (vertical) sec. of end plate showing
preserved remnant of honeycomb stereom struc
ture on upper edge, X 15 (Ubaghs, n); 2g, tang.
thin sec. showing stereom reticulation, X 120
(Ubaghs, n).

REFERENCES
Cuenot, Lucien, & Tetry, Andree

(1) 1949, Deux pretendus echinodermes du
Cambrien d'Australie: 13e Congr. Internatl.
Zoologie (1948), Comptes Rendus, p. 568
(Paris) .

GisIen, Torsten
(2) 1947, On the Haplozoa and the interpreta

tion of Peridionites: Zool. Bidrag Uppsala,
v. 25, p. 402-408, fig. 1-3.

Hyman,L.H.
(3) 1955, The invertebrates: Echinodermata, the

coelomate Bilateralia: v. 4, 763 p., 280 fig.,
McGraw-Hill (New York, Toronto, Lon
don).

Muller, A. H.
(4) 1963, Lehrbuch der Paliiozoologie, v. 2, In

vertebraten, pt. 3, Arthropoda 2, Stomo
chorda: 698 p., 1854 fig., Gustav Fischer
Oena).

Nichols, David
(5) 1962, Echinoderms: 200 p., 26 fig., Hutch

inson (London).

Schmidt, Hermann
(6) 1951, W hitehortSe's Ur-Echinodermen aus

dem Cambrium ArtStraliens: Paliiont.
Zeitschr., v. 24, p. 142-145, fig. 1-2.

Shrock, R. R., & Twenhofel, W. H.
(7) 1953, Principles of invertebrate paleontology:

edit. 2, 816 p., McGraw-Hill (New York,
Toronto, London).

TarIo, L. B.
(8) 1960, The invertebrate ortgms of the verte

brates: Internatl. Geol. Congress Norden,
Rept. 2i, pt. 22, p. 113-123, 7 fig. (Copen
hagen).

Termier, Henri, & Termier, Genevieve
(9) 1948, Les echinodermes du Paleozoique in

jerieur: Revue Scientifique, Annee 86, p.
613-626,41 fig.

Ubaghs, Georges
(10) 1963, Rhopalocystis destombesi n.g., n.sp.,

Eoerinoide de /'Ordovicien inferieur (Trema
docien superieur) du Sud Marocain: Service
Geol. Maroc, Notes, v. 23, no. 172, p. 25
40, 9 text fig., 3 pI.

Whitehouse, F. W.
(11) 1941, Early Cambrian echinoderms similar

to the larval stages of Recent forms: Queens
land Museum, Mem., v. 12, pt. 1, 28 p., 9
text fig., 4 pI.

© 2009 University of Kansas Paleontological Institute



S638 Echinodermata-Crinozoans-Homalozoans

INDEX

Italicized names in the following index are considered to be invalid; those printed in
roman type, including morphological terms, are accepted as valid. Suprafamilial names
are distinguished by the use of full capitals and authors' names are set in small capitals
with an initial large capital. Page references having chief importance are in boldface
type (as 8332).

A ambulacrum, S345
A radial, '8345
A ray, 8345
abanal, 8345
abaxial, 8345, 8537
ablateral, 8345
abmedial, 8345
abnormalities (of blastoids), 8342
aboral, 8111, 8273, 8345, 8537
aboral pole, 8111
ABRACHIATA, 8156
absteleal, 8577
Acanthaster, 571
Acanthasteridae, 571
Acanthocystida, 5156, 5478
Acanthocystis, 5163, 5478
Acanthocystites, 5163, 5455,

5459,5462,5465-5467,
5473,5475,5478

accessory mesenteries, 534
accessory oral plate, 5345
accessory septum, 537
Acentrotremites, 5309, 5313, 5315,

5319-5320, 5323, 5336, 5379,
5391,5395,5427,5430-8431

Achradocystis, 5289
Achradocystites, 5163, 5288
Acradocystis, 5163
adambulacral, 8111
adanal, 5345
adanal plates, 8592
adaxial, 8345, 8537
adcolumnals, 5509
adlateral,8345
admedial, 5345
adoral, 8111, 8273, 8345,8474,

5537
adoralia, 8498, 5509, 5537
adsteleal, 5577
adsteleal girdle, 5597
AetllOcystis, 5165, 8488
Aethocystites, 5165, 5488
affinities (of echinoderms), 843
Africa, 8144
Agelacrinidae, 5158
Agelacrinites, 5156
Agelacrinus, 5155
Agelacystida, 5156
Agmoblastus, 5301, 5302,8314,

5316,5318,5320,8338,8340,
8379, 8380, 391, 5394, 5407,
8409

Akadocrinus, 8456, 8462, 8465
8466, 8471-8473, 8480

Allanicytidiidae, 8547, 8561
Allanicytidium, 5511, 8541,

8547, 8562-5564
Allocystis, 8243
Allocystites, 8102, 8135, 8148,

8242, 8243

alternate, 8599
Ambolostoma, 8315, 8318, 8320,

8379, 8391, 8395, 8408, 8435,
8437,8439

ambulacra, 8117, 8323, '8468
ambulacral, 8111, 8273
ambulacral cover plate, 8111,

5328,5345
ambulacral field, 8345
ambulacral flange, 8345
ambulacral flooring plates, 8111
ambulacral groove, 8111, '8273,

8345
ambulaeral half-field, 8345
ambulacral plates, 8323
ambulacral ratio, 8345
ambulacral rim, 5345
ambulacral spine, 8330, '8345
ambulacral system, 520, 8101,

8272
ambulacralia, 8111
ambulacrum, 86, 8111, 8345, 5474
Amecystis, 8134, 8139, 8150,

8170,8193-8194,5199
Amorphocystis, 8229
Amorphocystites, 8165, 8229
Amphiodia, 872
Amphiophiura, 872
Amphipholis, 844, 872, 878
Amphiura, 822, 863, 872
Amphiuridae,872
Amphoracystis, 8148, 8242,

8252-8253
Amphoraea, 8165
AMPHORlDEA, 8156, 8157

8159,8163,5167,8250,8275,
8477,8566,8604-8605

ampulla, 824
Amygdalocystidae, 8155, 8278
Amygdalocystis, 8163, 5278
Amygdalocystites, 8163, 8269-

8270, 8271-8273, 5275-8276,
5278,8287,8477

Amygdalocystitidae, 8275, 8277-
8278

anal, 8474, 5583
anal area, 5345
anal cover plate, 5345
anal deltoid, 8315, S345
anal lobe, 8589
anal opening, 8345
anal oral plate, 8345
anal plate, 8345
anal pore, 8345
anal pyramid, 8111, 8274, 8345,

8474
anal sac, 8345
Anasterias, 878
Anatiferocystis, 8163, 8505-8509,

8511-8512, 8515, 8527-8528,

5546, 8555,8557
anephebic, 5345
ANGELIN, 8154
Angioblastidae, 8390,8407
Angioblastus, 8312, 8318, 8321,

8380,8391,5407,8408
anideltoid, 8315, 8345
anispiracle, 8345
anomalocystid plate, 8537
ANOMALOCYSTlDA,8555
Anomalocystidae, 8155,8157-

8159,8189,8555,8566
Anomalocystis, 8163, 8556
Anomalocystites, 8163, 8164,

8513,8546-8547,8555-8556,
8558-8559

ANOMALOCY5TITIDA, 8500,
8505, 8511, 8515, 8545, 8555

Anomalocystitidae, 8159, 8502,
8513,8546,8547,8555,8566

anomalocystitoid, 8595
Anomocystida, 8156, 8555
Anomocystis, 8163, 8164, 8556
antanal, 8583
Antedon, 817, 522, 864, 867,

879,8106
anterior, 8111, 8274, 8537
anterior ambulacrum, 8345
anterior margin, 8537
Anthoblastidae, 8390, 8409
Anthoblastus, 8318, 8320, 8381,

5391,8394,8410,8412,8414,
8416

Anthocystis, 8165, 8199
Anthocystites, 8165
anthus, 5345
antibrachial, 8583
anus, Sl1l, 8274, 8335, 5345,

8537,8592
anus separate, 8345
Apatopygus, 875
aperture, 8111
apex, 8345
Apiocystida, 8156
Apiocystinae, 8157-8158,8204
Apiocystis, 8206
Apiocystites, 8134, 8140, 8149

8151, 8154, 8170, 8205, 8206
Apiocystitinae, 8134, 8139-8140,

8149-5151, 8168, 8204, 8205
APODIDA, 877
apophysis, 8537
APORA,5154
APORITA, 8157, 8167, 8477
APORITlDAE, 8154, 8155
Arachnocystis, 8233
Arachnocystites, 8110, 8122,

8144,8150,8227,5233
Arachnoides, 875
Arbacia, 836, 873
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ARBACIOIDA, 573
Archaeocidaris, 573
Archaeocystida, 5156
Archaeocystis, 5164-5165
Archaeocystites, 5164, 5491
Archaster, 569
Archasteridae, 569
Archegocystis, 5104, 5108, 5135,

5147,5242-'5243
arginine phosphate, 566
Aristocystida, 5156
Aristocystidae, 5157-5159
Arutocyshden, 5250
Aristocystides, 5156
ARISTOCYSTlNEN,5155
Aristocystis, 590, 5252
Aristocystites, 545, 547, 588, 590,

596, 599, 5109, 5120, 5147
5148, 5242, 5250, 5252, 5543,
5578

Aristocystitidae, 547, 588, 590,
5109, 5119-5120, 5134-5135,
5145,5148,5151-5152, 5155
5157,5159,5163,5166,5168
5169,5242,5250

arm, '5111,5274,5582,5585
ARTICULATA, 567
Ascocrinus, 5165, 5483
Ascocystida, 5156, 5482
Ascocystidae, 5477, 5482
Ascocystis, 5164, 5483
Ascocystites, 5164, 5456, 5461-

5462, 5464-5465, 5468-5471,
5473, 5475-5477, 5483

Ascocystitidae, 5477, 5482
Asia, 5142, 5144
A5PIDOCHIROTIDA, 577
Asterial,5435
Asterias, 534, 571
asterid plane, 811
Asteriidae, 571
Asterina, 521, 544, 571
Asterinidae, 571
Asterite, 5435
Asteroblastida, 5127, 5130, 5134,

5136, 5148, 5152, 5162-5164,
5166,5168,5237,8258

Asteroblastidae, 590, 5101, 5129,
5136,5149,5152,5163,5166,
5168,8258,5388,5390

Asteroblastus, 586, 588, 590, 598,
5101-5102, 5104, 5115, 5128
5129,5136,5148,5151,5157,
5159, 5163, 5258-5260, 5389,
5390,5393

ASTEROCYSTIDA, 5156, 5158,
5258

Asterocystidae, 5158, 5258
Asterocystis, 129, 136, 5148,

5258-5259, 5260
A5TEROIDEA, 55, 56, 511, 531,

552, 562, 567
Asteropsis, 569
A5TEROZOA, 552, 556, 567
Astracrinidae, 5413
Astracrinites, 5413
Astriclypeus, 575
Astrochlamys, 572
Astrocrinidae, 5318, 5388, 5391,

Index

5394,5413
Astrocrinites, 5413
Astrocrinus, 5313, 5318, 5321,

5338, 5377, 5379, 5388-5389,
5391, 5394, 5413, 5415-5416

Astrocystites, 555, 5164, 5290,
5292

Astrocystitidae, 5292
Astropecten, 569
Astropectinidae, 569
Astrothorax, 572
ASTYLOPHORA,5605
asymmetry (of stylophorans)

8500
ATAVA,5477
Atelecystis, 5164, 5559
Ateleocystis, 5164, 5559
Ateleocystites, 5164, 5546-5547,

5558-'5559
Atelocystida, 5555
Atelocystis, 5164, 5559
attached arm, '5274
aulacophore, 5499-5500, 5528,

5530, 5532, 5537
aulacophore apophysis, 8537
aulacophore functions, 5534
aulacophore insertion, 5509, 5525
Auloblastus, 5301, 5302, 5312-

5313,5319,5321,5325-5326,
5340-5342, 5379, 5391, 5395,
5429-5431

auricularia, 531, 562
Australia, 5602, 5634
Australocystidae, 5547, '5561
Australocystinae, 5561
Australocystis, 5500, 5505, 5506,

5511,5547,5561
Austrocidaris, 544
Autoblastus, 5326
auxiliary plate, 5111
axial gland, 525
axial organ, 536
axial sinus, 518
axis, 5346
axocoel, 526
azygous basal plate, 5346

B ambulacrum, 5346
B radial, 5346
Bray, 5346
Baculocystites, 5148, 5242, 5254
Balanocystis, 5164
Balanocystites, 5164, 5498, 5505

5507,5509, 5511-5512, 5515,
5527, 554~ 8555, 5557, 5559

Barbieria, 5243, 5246
BARRANDE, 5155
basal, 538, 5101, 5111, 5274,

8309,8474
basal angle, 5346
basal circlet, '5346
basal periphery, 8346
basal plate, 5346
basalia, 5346
base, 5111, 8274, 5346
BASSLER, 5159, 5258, 5275, 5390
BASSLER & MOODEY, 5275
Basslerocystinae, 5555
Basslerocystis, 5500, 5506, 5507,

S639

5513,5515, 5540, 5559, 8560
BATHER, 55, 540, 547, 549, 852,

556, 590, 595, 597, 5101,
5120-5121, 5156, 5167, 5171,
5194, 5252, 5275, 5388-5389,
5393,5462,5521,5523,5525,
8530, 5543, 5565, 5574, 5576,
5578, 5583, 5589, 5591-5592,
5597, 5604, 5606

Batherocystidae, 5489
Batherocystis, 5164, 5457, 5458,

5460,5462,5468,5471,5473,
5489

Belemnocrinus, 5435
Belemnocystitidae, 5606, 5623
Belemnocystis, 5164, 5623
Belemnocystites, 5164, 5606, 5623
Belgium, 5143-5144, 5147
Belocrinus, 5319-5320, 5360,

5360,5365,5374,5377,5391,
5395, '5435, 8437-5438

Benthodytes, 5629
Benthopectinidae, 569
BERGOUNIOUX, 5163, 5258, 5390
BERNARD~ 5155
BERRILL, 565
BILLINGS, 5120-5121, 5268, 5270
Billingsocystis, 5164, 5272, 5276,

5282,8287
biochemistry (of echinoderms),

842
bipartite, 8111
bipinnaria, 531, 562
biradiates, 5604
Blastocystidae, 5158, 5296, 5389
Blastocystis, 5296
BLA5TOIDEA, 55, 551, 854,

5152, 5158, 5161, 5167, 5290,
5389-5390, 8398,8636

Blastoidocrinidae, 5388, 5390
Blastoidocrinus, 5290, 5294, 5296
blastoids, 56, 5297
blastoids (shape and size), 5301
Bockia, 5164, 5459, 5465, 5484,

5486
body wall (of echinoderms), 811
Bohemia, 5127, 5129, 5142-5145,

5147-5148,5595,5597,5602
Bohemiaecystis, 5503, 5511, 5519,

5521,5546,5550,5552
Bothriocidaris, 597, 5121
bourrelet, 5595
brachial, 5274
BRACHIATA, 5275, 5277, 5282
BRACHlAT A, 5156
brachiolar, 8474
brachiolar facet, 8346, 5474
brachiolar food groove, 8474
brachiolar groove, 5346
brachiolar pit, 8346
brachiolar plate, 8346
brachiolar sockets (of blastoids),

8328,8346
brachiolaria, 531, 534
brachioles, 5101, 8111, 8330,

8357,5470,8474
brachiole facet, 8112
brachioliferous plate, 8474
Brachyschisma, 5317-5318, 5321,
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5338, 5340, 5374, 5377, 5390
5391,5394,5407

Brachyschismatidae, 5318, 5391,
5394,5407

Brissidae, 575
Brissopsis, 575
Brissus, 517, 575
Britain, 5127, 5149
British Isles, 5149
Brockocystis, 5104, 5110, 5134,

5139-5140, 5150, 5170, 5205
5206

BROILl,5158
BUCH,VON,576,5152
Bulbocystis, 5135, 5147, 5242-

5243
Burma, 5127, 5141, 5145, 5148

5149

C ambulacrum, 5346
C radial, 5346
C ray, 5346
calcareous tissue, 512
Calix, 590, 598-599, 5108-5110,

5121,5135,5148,5165,5242,
5250,'5254

Callocystida, 5156
Callocystidae, 5157-5159, 5199
Callocystides, 5156, 5199
Callocystinae, 5157-5158, 5199
Callocystis, 5199
Callocystites, 595, 5103-5104,

5106,5117,5134,5140,5150,
5156,5165,5170,5173,5199,
5201

Callocystitidae, 598, 5104, 5108,
5117, 5122, 5131-5134, 5137,
5139, 5142, 5150-5152, 5155
5156,5159-5161,5166-5167,
5170,5199

Callocystitinae, 5134, 5140,
5150,5168,5199,5204

Calvasterias, 578
Calycoblastus, 5319-5320, 5325,

5336,5381, 5391, 5395, 5436,
5438-5440

calyx (of blastoids), 5301,5346
Camarocystidae, 5158
CAMERATA, 5478
Camptostroma, 550, 5627,5629-

5630
Camptostromatidae, 5630
CAMPT05TROMATOIDEA, 552,

5627
camptostromatoids, 5627
Campylostoma, 5120, 5135, 5148,

5242,5252,5254
Canada, 5595, 5599
Canadocystis, 5164, 5270, 5272-

5273, 5275-5276, 5279, 5281
canals (of blastoids), 5325
carapace, 5499, 5512
Cardiocystis, 5164, 5491
Cardiocystites, 5164, 5458, 5462,

5491
Cariocrinites, 5223
Carioo-inus, 5223
CARPENTER, 58, 5313
Carpenteroblastus, 5319-5320,

5336,5379,5391,5395,
5422-5423

Carpocystis, 5243
Carpocystites, 5147, 5242-5243,

5245
CARPOIDEA, 5151, 5158, 5167,

5275,5277,5496,5565,5566,
5605, 5636

"carpoids," 56, 547, 552, 5582,
5602

Caryocistites, 5229
Caryocrinidae, 5155, 5157-5159
Caryocrinides, 5156, 5221
Caryocrinites, 592-593,5101,

5107-5108,5110, 5119, 5132,
5140,5142,5149-5152,5154
5156,5161,5165,5167,5218,
5223-5224, 5227

Caryocrinitidae, 598, 5132, 5141,
5149-5150, 5152, 5155-5156,
5159,5161,5166,5168,5219,
5221,5225,5475

Caryocrinus, 5223
Caryocystidae, 5i58, 5228, 5229
Caryocystis, 5154, 5229
Caryocystites, 5108, 5110, 5135,

5143, 5150-5151, 5154, 5156,
5165,5194, 5227, 5229

CARYOCYSTITES, 5158, 5228
Caryocystitida, 591, 593-594,

596, 5115, 5117, 5120, 5127,
5130-5132, 5142, 5152, 5162,
5164, 5166-5167, 5169, 5227
5228, 5268, 5271

Caryocystitidae, 5109, 5117, 5129,
5131,5150,5152, 5158, 5162,
5168,5227,5229

CA55IDULOIDA, 575
CASTER, 5512, 5525, 5530, 5530,

5533,5540,5543,5546,5581
CASTER & EATON, 545, 5543, 5585
central, 5474, 5537, 5577
central canal, 5346
central plate, 538
centralia, 5498, 5509;

of eocrinoids, 5462, 5577;
of homosteleans, 5567

Ceramaster, 569
Ceratoblastus, 5301-5302, 5318,

5321,5381,5391,5394, 5413,
5415-5416

Ceratocystidae, 5548
Ceratocystis, 543, 5164, 5498,

5500, 5502-5505, 5508-5511,
5513, 5515-5516, 5518, 5525
5528, 5532, 5536, 5541-5542,
5544-5546, 5548-5549

CHAUVEL, 590-591, 596-597,
5120-5122,5525-5526,5528,
5530,5538,5543,5576

Cheirocrinidae, 591, 5104, 5117,
5129,5131-5133,5137,5149
5150, 5152, 5157, 5159, 5161,
5166-5167, 5169-5170, 5179,
5475

Cheirocrinus, 591-592, 598, 5104
5105,5110,5116,5119,5121,
5128-5129, 5132,5137-5138,
5150,5154,5170,5179-5182,

5183-5184,5462,5465,5475,
5477

CHIA,71
Chilocystis, 5165
China, 5127, 5129, 5137, 5142

5145,5147-5149
Chinianocarpos, 5500, 5505-5507,

5511-5512, 5515, 5520, 5523,
5533, 5541, 5545-5546, 5552,
5555

Chiridota, 577, 579
Chiridotidae, 577
Chirocrinidae, 5157-5159,5179
Chirocrinus, 5182
CHORDATA, 54
cicatrix, 5112
Cidaris, 573
Cidaroblastus, 5421
CIDAROIDA, 573
Cigara, 5164, 5465, 5473, 5492,

5578
ClNCTA, 553, 5565-5566, 5580-

5582, 5603-5604
circlet, 5112
circulation (of echinoderms), 540
circumesophageal ring, 5346
Citrocystis, 5165, 5233
CLADOCRINOIDEA,5478
CLADUS CARPOIDEA, 5582
CLARK, 569
CLARKE & WHEELER, 514
classification,

of blastoids, 5388
of cystoids, 5151, 5166
of eoerinoids, 5477
of paracrinoids, 5274

Clavaeblastus, 5416
CLINE, 5393
CLINE & BEAVER, 5382
CLINE & HEUER, 5317
Clypeaster, 575
CLYPEA5TEROIDA,575
Cnemidaster, 544
Codaster, 5171, 5302-5303, 5306,

5314,5316-5318, 5320, 5323,
5338,5340,5352,5359,5361,
5365, 5373, 5379, 5381-5382,
5391,5394,5407-5409

Codasteridae, 5158, 5318, 5388
5391,5394,5407

Codiacystis, 590, 597, 5102, 5104,
5109,5122,5134,5147,5242,
5245

Codonites, 5409
Codonoblastida, 5388
Coelocystis, 5134, 5140, 5150,

5170,5199,5201-5203
coelom, 535, 5112
coelom (of echinoderms), 518
Colobocentrotus, 575
Columbocystis, 5164, 5457,5460,

5462-5463,5465,5471,5477,
5485-5487

column, of blastoids, 5300, 5346;
cystoids, 5109, 5112, 5117;
eocrinoids, 5471, 5474; para
crinoids, 5273-5274

columnal, 5112, 5274, 5346,
5474
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columnar facet, SI12, S274
Comaroeystidae, S155, 5157,

5159, 5275, 5282
Comaroeystis, 5164, 5282
Comarocystites, 5164, 5270-5273,

5275-5276, S282, 5285,5477
Comarocystitidae, 5159, 5275,

5277, S282
COMATULlDA,567
compression, 5583
Compsoerinus, 5480
Compsonetra, 567
conjunct pore rhombs, 591
conjunct rhombs, 5116
Conosehisma, 5400
co-operculum, 5526, S537
Cordyloblastus, 5319, 5321, 5361,

5377,5385, 5391, 5395, 5439
5440, S446

C01<dyloerinus, 5220
CORNUTA, 553, 5496, 5498

5502,5505,5507,5509,5511,
5525, 5528, 5539, 5546, S547,
5581-5582,5603

CORONATA, 5158, 5389, 5390
Corylocrinus, 5132, 5141, 5150,

5218-5219,5220
Coscinasterias, 571
Cothurnocystidae, 5159, 5517,

5546, S548
Cothurnocystis, 543, 5164, 5496,

5501, 5503-5505, 5507, 5510
5511,5513,5515,5518,5521,
5524-5525, 5527-5528, 5540,
5542-5543,5546,S549

cothurnopores, 5518, 5523. 5525,
5537

cover plate, 5346, 5474, S537
cover plate lobe or ridge, S346
cover plate socket, 5328, 5346,

5474
Crataerina, 5245
Craterina, 5147, 5165, 5245
creatinine phosphate, 566
crenella, S346
Cribroblastus, 5319-5320, 5379,

5391,5395,5422,5424
Crinoeystis, 5164
Crinocystites, 5164
crinoid plane, 510
CRINOlDEA, 55, 550, 552, 555,

567, 5456, 5636
crinoids, 56
CRINOZOA, 553, 567,5478,

5583, 5636
cross section, S346
crown, S112
Cryptoblastus, 5319, 5321,5323,

5334-5336, 5359, 5361, 5365
5366,5374,5379,5387,5391,
5395, 5422

Cryptoerinidae, 5157-5158, 5477,
5487

Cryptocrinites, 5154, 5156, 5164,
5457, 5459-5460, 5462-5463,
5465, 5471, 5475, 5486, 5488

Cryptocrinitidae, 5159, 5477, 5487
Cryptoerintis, 5164, 5487
cryptodeltoid, 5315, 5317

Index

cryptodeltoiJ plate, 5346
Cryptopelta, 572
Cryptoschisma, 5318, 5321, 5351

5352, 5374, 5377,5391,5394,
S413, 5415, 5417

Crystal/oeystis, 5165,5233
Ctenodiscus, 569
ctenoid organ, 5532, S537
Cueumaria, 564, 577, 579
Cucumariidae, 577, 579
CUENOT, 5456
CUENOT & TErRY, 5636
Culcita, 517, 569
culmen, 5346
CYAMOlDEA, 5634, 5636
Cyathoeystidae, 5158
Cyc!oeystites, 5187
CYCLOCY5TOIDEA, 55, 552
Cyclocystoides, 5164
CYCLOlDEA, 5634, 5636
Cymbionites, 550, 5634, 5637
Cymbionitidae, 5634
CYSTASTEROlDEA, 5155
CYSTECHINOlDEA,5155
CYST/DEA, S157, S166, 5275,

5605
CYSTlDEAE,5166
CYSTlDEEN,5166
Cystoblastidae, 598, 5132-5134,

5137, 5139, 5152, 5157-5159,
5161,5166-5167,5170-5171

Cystoblastus, 586, 591, 598, 5101,
5108,5115, 5137, 5139, 5156,
5158-5159,5163,5167,5170,
5171-5174, 5176-5177, 5389,
5393

Cystoeidaris, 5155
CYSTOCRINOlDEA,5155
CYSTOCRINOlDES, 5155
CY5TOlDEA, 55, 552, 554, 586,

5152, S166, 5275, 5390, 5455,
5477,5636

CYSTOlDIA,5166
cystoids, 56, S85

D ambulacrum, S346
D radial, S346
Dray, S346
DACTYLOCHIROTIDA, 5630
Dactylocystidae, 590, 5104, 5136,

5145,5152,5157,5162,5166,
5168, 5234-S235, 5237-5238

Dactylocystis, 590, 597, 5104,
5136,5145,5156,5234, S257

Dagoneystis, 590, 5165, 5256
Dalejocystis, S542, 5547, S564
Decacystis, 5164, 5569, 5572,

5573-5575, 5581
Decaschisma, 5303, 5317-5318,

5321,5391,5394,5397, 5400
DEEcKE,5121
Dehmicystis, 5583, 5585, S589,

5591,5593,5605, S613, 5615
DELPEY,595
Deltoblastus, 5319-5320, 5336,

5342,5344,5361,5370,5372,
5380-5381,5391,5395,5430,
5432

deltoid, 5100, 5413, 5474

S641

deltoid body, 5346
deltoid crest, 5346
detloid head, 5347
del toid lip, 5347
deltoid plate, 5347
deltoid septum, S347
deltolancet suture, S347
Deltoschisma, 5312, S318, 5321,

5377, 5391, 5394, 5397, S400
demirhomb, 591, S112
DENDROCHIROTlDA, 577, 5630
Dendroeystidae, 5157, 5159,

5605-5606
Dendroeystis, 5164, 5608
Dendrocystites, 5164, 5584-5589,

5591,5592,5594-5601,5604
5606, 5609-5611

Dendroeystites, 5606
Dendrocystitidae, 5159, 5605

5606
Dendrocystoides, 5164, 5587

5592, 5597, 5598, 5600, 5605,
5610,5613-5614

Dentiblastus, 5319-5320, 5359,
5363,5365,5379, 5391,5395,
5422

depression, 5583, 5601
DEUTER05TOMIA, 5524
Deutoeystis, 5233
Detitoeystites, 5165, 5233
development (of blastoids), 5356
DEVIATA, 5275, 5277, 5497
Devonoblastus, 5319, 5321, 5330,

5337,5374, 5377, 5385, 5391,
5394-5395, 5438-5439, 5441

Diadema, 563, 573
DlADEMATOlDA,573
diameter, 5112
dichopore, 5112, S115
diehopores, 591
DlCHOPORITA, 591, 5157-

5158,5169
digestive system (of echino-

derms, 516
digestive tube, 536
digital, 5507, S537
Digitata, 553, 5565
Jimere, S577
Dipletiroeystis, 5165, 5194-5195
dipleurula, 560
dipleurula stage, 531
Diploblastidae, 5319, 5321, 5383-

5384,5391, 5419
Diploblastus, 5303, 5319, 5330,

5352,5379,5391,5395,S420
diplopore, S88, S112
DlPLOPORITA, 550, S54, S88,

597, 5119, S121, 5127, 5129,
5130, 5134-5135, 5144, 5152,
5154, 5156, 5158-5159, 5160,
5162, 5163-5164, 5166-5167,
S234, 5250, 5271

DlPLOPORITEN, 5154, 5234
Diploporitidae,5154-5155
DlPLOPORITlDEES, 5234
Dipteroblastidae, 5390, 5399
Dipteroblastus, 5302, 5303, 5318,

5320,5361,5381,5391,5394,
5399, S400
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direct development (of echino-
derms),877

disjunct deltoid, 8347
disjunct pore rhombs, 591
disjunct rhombs, 5116
distal, 5347, 8537, 8577, 5583
distal chamber, 5577
distal lateral lobe, 5589
distal lobe, 5589
distal region, 8534
dististele, 5593, 5601
distribution, of blastoids, 5385;

Homoiostelea, 5602; stylo
phorans, 5546

divided, 8112
"Doppelporen," 5154
dorsal, 8347
dorsal pole, 8347
dorsal region, 5347
dorsal sac, 520, 528
Doryblastus, 5319, 5321, 5337,

5379, 5391, 5395, 8443-5444
Dorycystites, 5165, 5254
double spiracle, 8397
DURHAM, 5627, 5631
DURHAM & MELVILLE, 558

E ambulacrum, 8347
E radial, 8347
E ray, 5347
earliest cystoids, 8127
Echinarachnius, 875
Echinaster, 571, 578
Echinasteridae, 571
echinid plane, 510
Echinidae, 574
Echinocardium, 575
echinochromes, 566
Echinocyamus, 522, 527-528
Eclzinocystidae, 5155
Eclzinocystis, 5164, 5488
Echinocystites, 5164, 5487
echinoderm ontogeny (of

echinoderms), 860
ECHINODERMATA, 53, 55
Echinodiscus, 525
Echinoencrininae, 5157, 5184
Echinoencrinites, 891, 5107,

5128-5129, 8133, 5139, 5150,
5154,5156,5165,5170,5185
8187,5189,5192

Echinoencrinitidae, 598, 8104,
5129,5131-8134,5137,8149
5150,5152,5157,5159, 5161,
5166,5168-5170,8184-5185

Echinoencrinus, 187
ECHINOIDEA, 55, 56, 531, 550,

852,558,560, 873-574
Echinometra, 575
Echinometridae, 575
Echinopluteus, 573
echinopluteus, 531, 560
Echinosphaera, 5154, 5233
Echinosphaeridae, 5157-5159
Echinosphaerites, 586, 590, 594,

596, 598, 5102, 5106-5108,
5115,5117,5119-5121,8127
5129,5131,5136,5143-5144,
5149,5150-5152,5154-5156,

5165,5227,5233
Echinosphaeritidae, 5117, 5120,

5129,5131,5142,5150,5152,
5155-8156, 5158-5159, 8162,
5166,5168,5231

ECHlNOSPHAERITIDEN,5156
Echinosphaeritidh,5156
Echinosphora, 5233
Echinostrephus, 575
Echinothrix, 573
ECHINOZOA, 551, 857, 573, 583
Echinus, 517, 522
ecology (stylophorans), 8541
ectoneural system (of echino-

derms),515
Edrioasteridae,8158
EDRIOA8TEROIDEA, 55, 552,

858,5158,5636
edrioasteroids, 56
EDRIOBLA5TOIDEA, 55, 552,

855,5151, 8290, 8393, 5396
edrioblastoids, 5289
EICHWALD,5154
Elaeacrinus, 5317, 5319-5321,

5335-5336, 5377, 5391, 5395,
5432,5435

ELA5IPODIDA, 577
EleaC1-inus, 8432
Eleutheroblastidae, 5434
Eleutheroblastus, 5438
Eleutherocrinidae, 5389, 5390,

5434
Eleutherocrinus, 5158,5302-5303,

5313,5319,5321,5326,5330,
8361,5365,5377,5379,5388,
8391,8395,5396,5438,5439,
5441

ELEUTHEROZOA,551
eleutherozoans, 5603
Ellipticoblastus, 5319, 5321,

5379, 5391, 8395, 5443-5444,
5445

Encope,575
Encrinia, 5435
Encrinites, 5435
endoskeleton, 54
endoskeleton (of echinoderms),

538
England, 5129, 8142-5143, 5147
Enneacystis, 5165, 5223
Enopleura, 5164
Enoploura, 5104, 5501, 5506

8509,5512,5515,531,5533,
5540-5542,5546-5547,5560,
5564

Enoplourinae, 5555
ENTEROPNEU5TA, 54, 5524
entoneural system (of echino-

derms), 816
Eocrinidae, 5477, 5487
EOCRINOIDEA, 55, 550, 552,

854, 5151, 5275, 5455, 8478,
5565

Eocrinus, 5165, 5477-5478
Eocystida, 8156, 5157, 5159
Eocystidae, 5155
Eocystis, 8164-5165, 5493
Eocystites, 8164, 5455, 8493
Eocystitidae, 8159

ephebic stage, 5347
epibasales, 5509
epicentrals, 5498
epideltoid, 5315, 8347
epidermis, 511
epineural canal, 515
epispires (of eocrinoids), 8465,

8474
epistomal, 5537
epistomalia, 5509, 5537
epitheca, 596, 8112, 8274
equator, 5347
Erinocystis, 591, 598,8121,

5128-5129,5133,8139,5170,
5186,5188-5189,8190

esophageal ring, 8347
Esthonocystis, 5237
Estonia, 5127-8129, 5141-5145
Estonocystidae, 5158, 5235
Estonocystis, 597, 5104, 5136,

5145,5234,8237
ETHERIDGE & CARPENTER, 8344,

5388
EUBLASTIDA, 8389, 8416
EUBLASTOIDEA, 8388, 5390,

5398
Euchino-Encrinites, 8187
Eucidaris, 573
Eucystidea, 5156
Eucystidh, 5155
Eucystis, 590, 597, 8108, 5109,

5135,5147,5149,5151,5165,
8242, 5245, 8247

EUCYSTOIDEA,5155
Etlmorphocystidae, 5159, 5238
Eumorphocystis, 5135, 5145-

5146,5151,5234,5238,8239
Europe, 5140, 5142-8144, 5148-

5149,5602
EURYALINA,572
EUSTELEA, 5275, 5277
Eutretocystis, 5128-5129, 5133,

8139, 517~ 5187,8191
Evastercias, 571
Evichinus,574
evolution, of blastoids, 8392;

Homoiostelea, 8602; stylo
phorans, 8545

exothecal, 8112, 5274
extension plane, 5499, 8583
extensiplane, 5499, 8537, 5577,

5583
external epithelium, 51/

faces, 5583
FAY, 555, 5391, 5393
FAY & REIMANN, 5330
FEDOTOV, 525
FELL, 551, 556, 560, 565-866
Fellaster, 575
Fibularia, 575
FI55ICULATA, 5158, 5190,

8318, 5389-5390, 5392-5393,
8399

fissiculate, 8347
flexion, 534
FOERSTE, 8110, 5268, 5270, 5275,

5477
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Foerstecystis, 5164, 5477, 485,
5487

food-groove, 5347, 5474
FORBES, 99, 5100
FORCIPULATIDA, 571
Fox, 565
frame (framework), 5537, 5577
France, 5143, 5147-5149, 5594,

5602
free arm, 5274
Fromia, 569
Fungocystida, 5156
Fungocystis, 5239
Fungocystites, 5136, 5145-5146,

5238-5239
fused basal plate, 5347
fused hydrospire plate, 5347

Galatheathuria, 5629
GALLOWAY & KASKA, 5301, 5582
GARRIDO & BLANCO, 515
gastrulation, 526
GEKKER, 553, 587, 5107, 5194,

5589, 5595, 5601
GEMELLlPORA, 5154, 5234
genital organs, 536
genital sinus, 518
genitals, 538
geographic distribution, of

blastoids, 5385; cystoids, 5136;
stylophorans, 5546

Germany, 5129, 5147, 5149, 5602
gerontic stage, 5347
GILL & CASTER, 5533, 5581,

5583,5591,5593,5595,5605
Girvan, 5602
Girvanicystidae, 5605, 5614
Girvanicystis, 5585- 5586, 5588-

5589, 5591-5593, 5595, 5597,
5602, 5605,5614,5617-5618

GISLEN, 543, 5523, 5525, 5539,
5543, 5576, 5636

Glaphyrocystis, 5115, 5133,5139,
5150,5170,5188, 5190-5191

Globoblastus, 5301, 5303, 5306
5308,5312-5314,5319,5321,
5323-5326, 5328, 5330-5335,
5337, 5339-5340, 5344, 5352
5353,5357,5361,5365,5369,
5372-5374, 5379, 5391, 5395,
5443-5444,5445

glossal, 5507, 5537
glossary of morphological terms,

blastoids, 5345; cystoids, 5111;
eocrinoids, 5474; homosteleans,
5577; paracrinoids, 5273; stylo
phorans, 5537

Glyptocystida,5156
Glyptocystidae, 5157,5169
Glyptocystidea, 5169
Glyptocystinae,5157-5158
Glyptocystis, 5154,5169
Glyptocystites, 591, 5103, 5104,

5107, 5115-5117, 5120-5121,
5125, 5154, 5156, 5169-5171,
5173,5275

GLYPTOCY5TITIDA, 591, 595,
599-5100, 5104, 5106-5107,
5110,5114-5117,5120, 5122-

Index

5123, 5127, 5130-5133, 5136,
5137,5152, 5154-5155,5160
5164, 5166-5167, 5169-5171,
5174,5178,5219,5271

Glyptocystitidae, 5117, 5122,
5132-5134, 5137, 5139, 5152,
5156-5157, 5161, 5166-5167,
5169-5170

Glyptosphaera, 597, 5154, 5235
Glyptosphaerida,5156
Glyptosphaeridae,5157-5159,

5235
Glyptosplweridds, 5234-5235
Glyptosphaerites, 588, 590, 5103

5104, 5106-5108, 5128-5129,
5135,5145,5154-5156, 5234
5235,5238

Glyptosphaeritida, 5127, 5130,
5134-5136,5144,5152,5162,
5164,5166,5168,5234,5237

Glyptosphaeritidae, 590, 5104,
5129,5135-5136,5144,5152,
5155-5156, 5159, 5162,5166,
5168,5234-5235,5238

Glyptosplweritides,5156
Glyptosphora, 5235
Gogia, 5165, 5459, 5462, 5465,

5470-5471,5473,5477-5478
Gomphocystidae, 5155, 5157

5159, 5240
Gomphocystis, 5240
Gomphocystites, 5103-5104, 5108,

5136,5145,5150,5234,5240
Gomphocystitidae, 5104, 5136,

5145, 5150, 5152, 5155-5156,
5159,5162, 516~ 516~ 523t
5240

Goniasteridae, 569
Goniocidaris, 579
Gonocrinites, 5165, 5187
Gonocrinus, 5154, 5187
gonopore, 5106, 5109, 5112,

5273-5274, 5474, 5498
Gorgonocephalidae, 572
Gorgonocephalus, 572
Granaster, 578
Granatoblastida, 5389, 5390
Granatoblastidae, 5158, 5388,

5421
Granatocrinidae, 5319, 5391,

5394, 5421
Granatocrinites, 5421
Granatocrinus, 5301-5302, 5312,

5315,5319-5320, 5379, 5391,
5395, 5421, 5423

granulostriations, 5347
GREGORY, 543
growth gradients, 579
growth patterns (of blastoids),

5377
Grt/ben,5523
gut, 5112
GYLLENHAAL, 586, 597, 5106,

5152
Gyrocystidae, 5566, 5580
Gyrocystis, 5164, 5566, 5569,

5572, 5573-5575, 5580

HADDING, 5120, 5121

S643

Hadroblastus, 5318, 5320, 5337,
5359,5361,5374,5377,5379,
5381, 5391, 5394, 5399, 5400

HAECKEL, 5152,5156
half-rhomb, 5112
HALL,5110
Hallicystis, 5134, 5139-5140,

5150,5170,5200,5205,5209
haplopore, 595, 5112
Haplosphaeronis, 5135, 5147,

5149,5151,5165,5242,5246-
5247

HAPL020A,5634
HARRINGTON & MOORE, 5627
HECKER, 587, 5107, 5194, 558~

5595, 5601
Heckericystis, 5489, 5583, 5588

5589, 5591, 5595, 5599, 5601,
5605,5611,5613

HEIDER, 531, 549
height, '5112, 5583
Helicoplacoidea, 55, 552, 557
Heliocidaris, 574, 575
Heliocrinites, 594, 5110, 5127-

5129,5131,5142-5143, S149
5151,5154,5165,'5229

Heliocrinum, S229
Heliocl-inus, 5154, 5229
Heliocystis, 5229
Heliopirum, 5165, 5229
hemal system (of echinoderms),

524,536
Hemiaster, 579
Hemicosmites, 593, 5101, S108,

5127, 5132, 5141, 5150, 5154,
5156,5161,5165,5187,5202,
5218-5219, 5224

HEMICOSMITES, 5158,5219
HEMIC05MITIDA, 591, 593,

599-5101, 5115, 5117, 5130
5132, 5141, 5152, 5154-5155,
5161-5162, 5164, 5166-5167,
5169,5219,5227

Hemicosmitidae, 5132,5140-5141,
5150, 5152, 5158, 5161, 5166,
5168,5219,5225-5226

Hemicystida,5156
Hemieuryalidae, 572
Henricia, 571
Hesperocystis, 5137, 5139, 5171,

5177
Heteroblastus, 5302-5303, 5319,

5320,5379, 5391, 5395, 5422,
5425-5426

Heterocentrotus, 575
heterocrinoidal plane, 510
Heterocystidae, 5158,5226
Heterocystis, 5107, 5226
Heterocystites, 5142, 5218,5226
Heterocystitidae, 5132, 5142,

5152,5158,5166,5168,5226
Heterometra, 567
Heteroschisma, 5303, 5317-5318,

5321, 5335, 5338, 5340, 5363,
5374, 5377, 5391, 5394, S408
5409, 5411

heterostele, 5585
HETEROSTELEA, 5158, 5565,

5605
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H exalacystida, 8156
Hexalacystis, 8165,8219
Hippasteria, 869
Hippocystis, 890, 8148, 8242,

8250, 8252, 8254
HIsINGER, 8152
hold fast, 8274
Holocystida,8156
Holocystidae,8155
Holocystis, 8254
Holocystites, 8115, 8135, 8148

8149, 8151, 8156, 8165, 8242,
8252, 8254

Holothuria, 877
holothurian plane, 810
Holothuriidae, 877
HOLOTHUROIDEA, 85, 86,

831,850,852,858,862,876
holothuroids, 86, 814
HOMALOZOA, 851, 852, 867,

8636
homalozoans, 8495
homocrinoidal plane, 810
Homocystis, 8183
Homocystites, 8123,8132,8137

8138, 8150-8151, 8170, 8179,
8181,8182-8183

HOMOI08TELEA, 85, 850, 851,
8477, 8496, 8581-8582, 8603,
8605

HOM08TELEA, 85, 850, 851,
8477, 8496, 8565-8566, 8579,
8581-8582,8603-5604

HUDSON, 855
Hybocystidae,5155
hydrocoel, 526
hydrodynamics (of blastoids),

8369
HYDROPHORIDEA, 8158, 8166,

8390, 8456
hydropore, 828, 8106, 8109,

5112, 5273, 8274, 8474, 8498
hydroporic canal, 528
hydrospiralia, 5396
hydrospiralium, 8347
hydrospiralium cleft, 8347
hydrospire canal, 8347
hydrospire cleft, 8314, 8347
hydrospire field, 8347
hydrospire fold, 8334, 8347
hydrospire plate, 5314
hydrospire pore, 8314, 8338, 8347
hydrospire slits, 8337, 8347
hydrospire tube, 8347
hydrospires, 5320, 8333, 8347
HYMAN, 865-566
Hymenaster, 871, 878
Hyperoblastus, 8302, 5318, 8321,

8326, 5330, 8331, 8359, 8374,
8377, 8391, 8394, 8399, 8401

hypocentrals, 8498
Hypocrinus, 5156
hypodeltoid, 8315, 5347
hyponeural sinus, 818-'519
hyponeural system (of echino-

derms),816

lealia, 572
Indoblastus, 8318, 8321, 5359,

8379,8381, 8391, 8394, 8408,
5411

inferior, 8537, 8577
inferior face, 8498, 8537, '5577
inferolateral, 8537
infracentral, 8537,8577,8592
infracentralia, 8498, 8511, 8537,

8577
infralaterals, 5100, 8113, 8474
infundibulum, 5527, 8537
Inglandocrinus, 5225
inner cover plate, 8347
inner marginal groove, 5537
inner side plate, 8347
integument, 8113, 8274
interambulacra, 86
interambulacral, 8113, 8347
interambulacrum, 8113
intercalation, 8113
interdeltoid suture, 8347
interhydrospiralium, 8347
interhydrospire space, 8347
internal, 8347
internal epithelium, 811
internal marginal grooves

(stylophorans), 8530, 8537
interradial, 8347, 8474
interradial suture, 8348
interrays, 86
intersphenoids, 5574
inward, 8348
lowacystidae, 5605, 8620
lowacystis, 5164, 5585, 5588-

8589, 8591-5593, 5595, 8599
8600, 5'602, 5606, 8620, 8622

Ireland, 8144
Irregulares, 8388
Irregularia,8157-8158
Isometra, 867, 879

JACKSON, 8604
JAEKEL, 58, 853, 854-856, 886,

8101, 8105-5109, 5117, 8156,
5163,8167,5171-8172,8227,
8275, 8277, 8389, 8455, 8475,
8477,8523, 8530, 8534, 8566,
8581-5582,5585,8604.

Jaekelocystis, 891, 5103-8106,
8108,5117,8134,8140,8150,
8169-5170,8206,8209

JOYSEY, 8382
JOYSEY & BREIMER, 5320
Juglandocrinus, 8132, 5142,

8150,8218,8225

KESLING, 885, 8214
KESLING & MINTZ, 8110, 8119
KIESLINGER, 8627
Kinzers Formation, 5629, 8631
KIRCHNER, 515
KIRK, 891, 596-597, 8110, 5120-

5122, 8540
Kirkocystidae, 5539, 8555
Kirkocystinae, 8555
Kirkocystis, 8164, 8546, 8555
KLEIN, 85
KOKEN, 5156

Labidoplax, 877

lacunar system (of echino-
derms),824

Laganum, 875
Lagarocyshs, 8165
LAGYNOCY8TIDA, 8545, 8553
Lagynocystidae, 8546, 8554
Lagynocystis, 5164, 8504-8508,

8511, 8513, 8515, 8523-5528,
8532-5533, 8539-8542, 5546,
8555-8556

lamellate organ, 8537
lamellipore, 8519, '5521, 8537
lamina, 8274
lancet, 8323
lancet plate, 8348
lancet-side plate suture, 8348
lancet stipe, 8348
Lapillocystis, 8493
Lapillocystites, 888, 898, 5164,

8473, 8493
Larites, 5164
larvae (of echinoderms), 829
larval forms (of echinoderms),

864
larval taxonomy, 867
lateral, 5100, 8113, 8274, 8348,

8474
lateral branches, 8113
lateral canal, 8348
lateral depression, 8538
lateral food-groove, 8348
lateripores, 5520, 8521, 8525,

8538
left anterior ambulacrum, 8348
left axocoel, 535
left hydrocoel, 535
left posterior ambulacrum, 8348
left side, 8538, 8577
length, 8348
length-width ratio, 8348
Lepadocrinites, 5134, 8211
Lepadocrinus, 8211
Lepadocystis, 887, 893, 8104,

8107-8108, 8110, 8116-8117,
5119,8122,8124,8134,5139
8140, 8150, 8165, 8170, 8205,
8207,8210

Lepidocalix, 886, 897, 8122,
8148,5242,8254

Lepidocoleus, 8507
Lepidocystidae, 8634
Lepidocystis, 550, 5164, 5477,

8631,8632,8634
LEPIDOCY8TOIDEA, 8631
lepidocystoids, 8631
Lepocrinites, 8103, 5110, 5122,

8140, 8149-8\51, 8154-8156,
8170,8204-5205,8211

Lepocrinus, 8211
Leptasterias, 871
Leptocystis, 891-892, 8128-8129,

8132, 8137-8138, 8150, 8170,
8179,8181-8184

Leptosynapta, 577, 579
Leptychaster, 878
Leucophthalmus, 8165, 5233
LEVIN & FAY, 8384
Lichenocystis, 8481
Lichenoidae, 8477,8481
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Lichenoides, 5164, 5455, 5460,
5465-5469, 5471, 5475-5476,
5478,5481

Lichenoididae, 5477,5481
limb,5348
Linckia, 569
Lingulocystidae, 5490
Lingulocystis, 5164, 5456, 5458,

5461-5462, 5468-5469', 5471,
5477,5490

Lipsanocystis, 5108, 5134, 5150,
5169-5170,5200,5205,5212

locomotion (of echinoderms), 539
Lodanella, 5164
longitudinal section, 5348
Lophoblastus, 5319, 5320, 5361,

5369, 5377, 5379, 5391, 5395,
5430-5431,5433

LOVEN, 58,511
Loven plane, 510
Lovenia, 575
Lovenicystis, 593, 5107-5108,

5134, 5140, 5150, 5169-5170,
5205,5213

lower face, 5538
Luidia, 563, 569
Luidiidae, 580
lumen, 5113,5348
Lysocystis, 5164, 5488
Lysocystites, 5165,5487-5488
Lytechinus, 573

M plane, 58
MACHAERIDIA, 55, 551, 552,

5636
Macrocystella, 5164, 5456, 5475,

5484
Macrocystellidae, 5157, 5159,

5475,5477,5483,5493
MACROPHREATINA,567
madreporic vesicle, 518, 520, 528
main axis, 5538, 5577
main food-groove, 5348
Malocystida, 5156
Malocystidae, 5157, 5159,5275,

5277, 5477
Malocystis, 5164, 5278
Malocystites, 164,5272,5275

5278,5477
Malocystitidae, 5159, 5275, 5277,

5477
"mamelon," 5526
MARCUS, 565, 567
marginal, 5474, 5538, 5577
marginal appendages, 5507
marginal frame, 5592
marginal grooves, 5572, 5577
marginalia, of eocrinoids, 5462;

of homosteleans, 5567, 5577;
of stylophorans, 5498, 5502,
5538

MARCINATA, 5565, 5580
Martasterias, 571
MATSUMOTO, 553, 5389
medial, 5348
median canal, 5348
median groove, 5348, 5538
median layer, 511
median pit, 5348

Index

median plane, 5538
median ridge, 5348
Mediaster, 569
Meekocystis, 5165, 5210
Megacystis, 5154, 5254
Megacystites, 5165, 5254
MECAPLACTA, 5156
Mellita, 575
Meoma, 575
MERKER,515
mesenchyme, 512
mesistele, 5593, 5599
Mesites, 597,5155, 5156, 5165,

5260
MESITlNEN,5155
MESOBLASTlDA, 5389, 5399
Mesoblastus, 5303, 5319, 5321,

5326, 5336, 5359, 5361, 537~
5391,5395,5424,5426

Mesocystidae, 5129, 5136, 5152,
5156-5159, 5163, 5166, 5168,
5260

Mesocystis, 590, 5103, 5128
5129,5136,5148,5165,5260

Mespilia, 573
Metablastus, 5312, 5319, 5321,

5337, 5377, 5379, 5391, 5395,
5416,5418-5419

metamorphosis, 563; of echino-
derms,531

Metasterocystis, 5128-5129, 5136,
5148,5258-5259

metephebic, 5348
Microblastus, 5313, 5316-5318,

5320,5338, 5380, 5391, 5394,
5401-5402

Microcystites, 5165
MICROPLACTA, 5156
Microthele, 577
migrations, 5148
MILLER, 5155
Mimocystis, 5484
Mimocystites, 5164, 5455, 5456,

5460-5462, 5464-5465, 5468
5469,5474,5484

Minervaecystidae, 5605, 5606
Minervaecystis, 5586-5589, 5591

5596, 5599-5600, 5604-5606,
5607

Mitra, 5409
MITRATA, 553, 5496, 5498

5500,5502,5505,5507,5511,
5525, 5528, 5545-5546, 5550,
5581,5585, 5603

Mitrocystella, 543, 5505-5506,
5509, 5511, 5512, 5514-5516,
5521-5522, 5526-5527, 5530
5531, 5533, 5540, 5543, 5546,
5552-5553

Mitrocystida, 5551
Marocystidae, 5551
Mitrocystis, 5164, 5551
Mitrocystites, 5164, 5497, 5501,

5505-5516, 5518, 5520-5523,
5526-5527, 5530-5531, 5533,
5540, 5546-5547, 5550-5551,
5553,5579

MITROCY5TITIDA, 5500, 5545
5546, 5551

S645

Mitrocystitidae, 5520, 5538,5547,
5551, 5565

mode of life, of homosteleans,
5577; of stylophorans, 5539

Moira, 575
MOLPADIDA,577
Monadoblastus, 5303, 5319, 5320,

5336, 5379,5391,5395,5424
5426

Monamphiura, 572
Monoschizoblastus, 5319, 5320,

5334,5379,5391,5395,5425,
5427, 5428

montidisjunct pore rhombs, 591
MOODEY, 5390
MOORE, 5100, 5159, 5171, 5415,

5475
Morocco, 5136, 5147, 5148
morphology, of blastoids, 5300;

cystoids, 588; edrioblastoids,
5289; eocrinoids, 5456; homo
steleans, 5567; homoiosteleans,
5585; parablastoids, 5293;
paracrinoids, 5270; stylophor
ans, 5496

MORTENSEN, 562, 569, 573, 575,
578

mouth, 5113,5274,5538
of blastoids, 5335, 5348

MULLER, 560, 586, 597, 5121
multidisjunct rhombs, 5116
multidisjunct pore rhombs, 591
muscle fiber, 511
Myeinocystites, 5165, 5623
Myriotrochidae, 577

Nannoblastus, 5302, 5303, 5318,
5321, 5338, 5381, 5391, 5394,
5409,5411

Narrawayella, 5165
neanic stage, 5348
Neocystis, 5165
Neocystites, 5165
Neoplatycrinus, 5361
Neoschisma, 5318, 5320, 5338,

5340,5380,5391,5394, 5401,
5402

Neoschismidae, 5390, 5399
nepionic stage, 5348
nervous system, of blastoids,

5341; echinoderms, 515
NEUMAYR,5155
Nevada, 5594, 5602
Nevadaecystis, 5500, 5505, 5510-

5511,5518,5524,5528,5541,
5545-5546, 5549-5550

NICHOLS, 5523
NISSEN, 515, 5357
Nodoblastus, 5319, 5320, 5337,

5377,5379,5391,5395,5420.
5421

North America, 5127-5129, 5140
5141,5143-5145,5148-5149,
5151,5602

Norway, 5127, 5128, 5144, 5147
Notoblastus, 5312, 5318, 5320,

5361,5379,5381,5391,5394,
5402-5403

Notocrinus, 567, 579

© 2009 University of Kansas Paleontological Institute



S646 Echinodermata-Crinozoans-Homalozoans

Nucleoblastidae, 8158, 8388-8389
8432 '

Nucleocrinidae, 8319, 8389-8391,
8394, 8432

Nucleocrinus, 8171, 8302, 8303,
8312,8314-8315,8317,8319
8321,8377,8385,8391 8395
8432,8434 "

Nudechinus, 873
Nullamphiura, 872
nutrition, of echinoderms, S39;

of stylophorans, 8541
Nymphaeoblastidae, 8390, 8399
Nymphaeoblastus,8301-8302

8318,8321,8377,8379,83'87,
8391,8394,8402-8403

oblique anterior grove, 8538
obverse, 8583
OEGOPHIURIDA,871
OLIGOPHREATINA,867
Oltvamdae, 8432
Olivanites, 8432
ontogeny, of blastoids 8352·

cystoids, 8114; echi~oderm~
826,.860; stylohorans, 8538 '

OOCyStIS, 8132, 8142, 8150
8218,8225 '

operculum, 8577
Ophiacantha, 872
Ophiacanthidae, 872
Ophiactidae, 872
Ophiactis, 872
Ophidiaster, 869
Ophidiasteridae, 869
Ophiocanopidae, 871
Ophiocanops, 871, 880
OphlOceres, 872
Ophiochondrus, 872
OPHIOCI8TIOIDEA, 85, 852, 858
OphlOcoma, 872
Ophiocomidae, 872
Ophiocomina, 872
Ophioconis, 872
Ophioderma, 864
Ophioderrnatidae, 872
Ophiolebella, 872
Ophiolepis, 872
Ophiomages, 872
Ophiomitrella, 872
Ophiomyxa, 872, 878
Ophiornyxidae,871
OPHIOMYXINA 871
Ophionereididae, 872
Ophi<;lllereis, 872
Ophionotus, 872
Ophiopluteus, 831, 872
ophiopluteus, 862
Ophioscolex, 872
Ophiosteira, 872
Ophiothricidae, 872
Ophiothrix, 863, 872 878
Ophio~alfa, 872 '
Ophiozonella, 872
Ophiura, 863, 872
OPHIURIDA, 872
Ophiuridae, 872
OPHIUROIDEA 85 86 831

860, 87 I ", ,

Ophiurolepis, 872
opposite, 8599
oral, 8113, 8274, 8348 8474

8538 "
oral-anal axis, 8583
oral crest, 8348
oral groove, 8348
oral hood, 8348
oral opening, 8348
oral plate, 8113,8274
oral pole, 8113, 8274
oral projection, 8113
oral pyramid, 8348
oral ring canal, 8348
oral spine, 8348
oral water ring, 820
Orbiblastus, 8319, 8320, 8361,

8365, 8379, 8391, 8395 8432
8433 "

Orbitremites, 8303, 8319, 5321,
5323, 5326, 5333, 8334, 5352,
5357, 5379-5382, 8391, 5395
8430,5443-8445 '

Orbitremitidae, 5319 8389-539 I
8445 ' ,

Oreasteridae, 869
orientation of blastoids 8307·

eocrinoids, 8457; hom~iostele:
ans, 8582; homosteleans 8568'
stylophorans, 8499 ' ,

orifice, 8113
orifices of eocrinoids, 8465;

homosteleans, 8572
ornament of blastoids, 8306,

5314; homoiosteleans, 8592;
stylophorans, 5502

ornamentation, 8113, 8274
oro-anal aXIS, 5538
Orocystis, 8231
Orocystites, 8143, 8150, 8227

8229,8231 '
Orophocrinidae, 8158, 8318,

8389,8391,5394.8409
Orophocrinus, 5301, 5302, 8318,

8320,5325,5326,8330 5337
5338,5340,8352,8357: 5361;
5363, 8365-8367, 8369, 8370,
5373,5377, 8379, 8387, 8391,
8394,8409,8413,8414,8416

Ottawacystites, 8278
outer cover plate, 8348, 8474
outer side plate, 8348
outward, 8348
Ovocystis, 890, 8165, 8257

paarige Gruben, 8521
Pachycalix, 898, 8110, 5121,

8148,8242,8252,8254,8255
paired spiracle, 8348
Palaeocucumaria, 8630
Palaeocystida, 8156 8481
Palaeocystis,8482 '
Palaeocystites, 8165, 8455, 8461-

8463, 8465, 8467-8468 8475
8480-8482 "

Palaeocystitidae, 8481
Palamphora, 8165
paleoecology, of b1astoids 8382·

cystoids, 8119 "
Paleosphaeronites, 8128, 8135,

8145,8246,8248
palingenesis, 8604
Palmacystis, 8165, 8247
Pandelia, 572
PANNING, 815
papilla, 8113
PARABLASTlDA, 8158, 5389
PARABLA8TOIDEA, 85, 852,

855,8299,8389-8390 8393
parablastoids, 8293 '
Paracentrotus, 828, 874
Paracodaster, 8301-8302, 8316,

8318,8320,8380,8391 8394
8409,8412 "

PARACRINOIDEA, 85, 852,
854,8151,8159,5167 8275
8277, 8477 "

paracrinoids, 8268
Paractocrinidae, 8477
paradeltoid plate, 8348
paradeltoids, 8315
Paranacystidae, 8547, 8552
Paranacystis, 545, 8502, 8508,

8513, 8528, 8542, 8546 8552
8554 "

PARCYSTlDEA,5156
Parechinus, 874
Pareocrinus, 8461, 8493
parephebic, 8349
parietal septum, 8113
paripore, 8520, 8523, 8525 8538
Parorthocrinus, 8636 '
PARSLEY, 8484, 8606
PARSLEY & CASTER, 8593, 8600
Patma, 871
Patiriella, 871
PAXILL051NA 869
pectinated rhom'bs, 591
pectinirhombs, 891, 8113, 8116
Pectmura, 572, 578
pedicellariae, 812
PEDlCELLATA, 5154
Pelagothuria, 5629
PELMATOZOA, 851, 5159,

8167, 5604, 5636
pelrnatozoans, 5603
Peltocystidae, 8553
Peltocystis, 8165, 8500, 8504,

8506-8509, 5511-5512 8531,
8545-8546, 8554-8555 '

pelvic angle, 8349
pelvis, 8349
Pentablastidae, 5409
Pentablastus, 8318, 8320, 8325,

5326, 8338, 8352, 5356, 8374,
8379,8391,8394,8411,8413
5414,8416,5442

Pentaceraster, 569
Pentactaea, 550
Pentactaea, 8165
Pentacystida, 8158, 8292
pentaradial symmetry, 835
Pentatrematites, 8435
Pentephyllidae, 8389, 5390, 5413
Pentephyllum, 5158, 8318, 5321,

8379,8388,5391,5394 8416-
5417 '

Pentetrematites, 8413
Pentremidae, 5434
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Pentremite,5435
Pentremitella, 5417
Pentremites, 5171, 5299, 5301,

5303,5305,5309,5313,5315,
5319-5320, 5323, 5325-5326,
5328, 5330-5335, 5336, 5340
5342, 5344, 5352-5356, 8359,
5361, 5367, 8369-8370, 8374,
8379-5380, 5382, 5384, 5386
8388, 5391, 5393, 8395-5396,
5435,5437-8438

Pentremitida, 8389, 5390
Pentremitidae, 5158, 5319, 5388

8391,8394,5396,8434
Pentremitidaea, 8434
Pentremitidea, 8317-8318, 5321,

8338,5377,8391,5394,5413
Pentremitidia, 5413
Pentremoblastus, 8317,8319,

8321,5379,5391,5395,5438
8439,5442

perianal sinus, 818
Peridionites, 545, 550, S634,

5635-8637
Peridionitidae, 8634
periesophageal sinus, 818
peripharyngeal sinus, 818
periphery, 8349
peripore, 8113
periproct, 8113, 8119, 8274, 8474,

8538
periproctal, 8113
periproctal sinus, 818
peristome, 8113, S119, 8274,

8349, 8474
peristomial covering plate, 8113,

8274,8474
perivisceral spaces, 818
Peronella, 875
oerradial, 56
Petaloblastus, 8319, 5321, 8379,

5391,8395,5439,8441
Phacocystis, 8165,8218
Phaenoblastus, 5318, 5320, 5362,

5379,8387,8391,8394,5402,
5403

Phaenoschisma, 5302,8318,8320,
5340, 8374, 5379, 8391, 8394,
8397, 8400

Phaenoschismatidae, 8318, 5391,
8393, 5394, 8396, 8399

Phaenoschismidae, 5390, 8399
PHANEROZONIDA, 569
phosphagens, 842, 866
photography (of cystoids), 8126
Phrixometra, 879
PHRYNOPHIURIDA,871
Phyllacanthus, 873, 8496-8497,

8501, 8503, 5509-5511, 5513
5518,5521-8522, 8525, 5527,
5529, 8546, 8550

Phyllocystis,5165
Phyllophorus, 879
Phylloporidae, 877
phylogeny, of blastoids, 8392;

echinoderms, 843, 864, 579;
homosteleans, 8578; homoio
steleans, 8602; stylophorans,
8542

Index

PHYM050MATOIDA, 573
physiological features (of

blastoids), 8340
physiology (of echinoderms), 839
piece, 8113
Pilocystites, 588, 598, 8165,

8473,8493
pinnular, 8274
pinnule, 8113, 8274, 8349
Pirocystis, 5240
Pisaster, 571
Placoblastus, 8302, 5303, 5312,

5319-8321, 8326, 5330-5332,
8336,5374,5377,8391, 8395,
8434-5436

Placocystella, 8165, 5547, 5559,
8561,8564

placocystid plate, 8512
PLACOCYSTlDA,8555
Placocystida, 5555
Placocystidae, 8555
Placocystinae, 5555
Placocystis, 5165, 5560
Placocystites, 843, 5165, 5496,

8500-5501, 5504, 8506-8509,
8512-8513, 5515, 8522, 5543,
8547,8560-5561,5564

Placocystitidae, 5555
plastron, 5499
Platasterias, 867, 580
plate, 8113,8274
PLATYA5TERlDA, 569
Platyctenida, 8636
Platycystidae, 5155
Platycystis, 5165, 8288
Platycystites, 8165,8288
Pleurocystida, 5156
Pleurocystidae, 8157-8159
PLEUROCYSTlDEN, 5155, 8193
Pleurocystidh,5156
Pleurocystis,5194
Pleurocystites, 895, 8102, 8104,

8107, 81l5, 5120-8122, 5134,
8137-5139, 5150, 5156, 5165,
5170, 8193-8194, 8195-8196,
8198-8199,5275,8595

Pleurocystitidae, 598, 5117, 5132
5134, 5137-8139, 8149-5150,
5152,5155,8159,8161,5166
8167,5170,5193

Pleuroschisma, 5301-8302, 8318,
5321,8330,5337,5377,5391,
8394, 8402, 5404

PUCATA,5477
pluteus, 560
podia, 521
POGONOPHORA, 54
polar axis, 5349
Polycosmites, 5131, 5142, 8150,

5161,8194,8226,8227
POLYCOSMITES, 8158, 5227
Polycosmitida, 591, 594, 51l5,

5130-8131,8142,5152,8161,
8164,8166-5167,8169,5227

Polycosmitidae, 5150, 5152, 5158,
5161,5166,5168, 8227

Polydeltoideus, 5303, 5317-8318,
5320-5321,8337,5374,8377,
5391,5393-5394,5404-8405

S647

Polyptychella, 8165,8493
Pomocystida, 5156
Pomocystis, 5145, 8165, 5247
Pomonites, 8145, 5165, 5243
Pomosphaera, 8145, 8165, 8247
Pontaster, 569
Porania, 571
Poraniidae, 871
Porcellanasteridae, 569,880
pore, 8113, 8274, 8349
pore canal, 8113
pore furrow, 8349
pore rhombs, 891,8113, 8115
pore slit, 8114
pore structures (paracrinoids),

8270
Porenrauten, 5154
Poroblastus, 8302, 5319, 8320,

8336, 5379, 5391, 8395-5396,
8425, 5427-8428

Portugal, 5143
posterior, 8114, 8274, 8538
posterior margin, 8538
preservation (of Homoiostelea),

8602
primary side plate, 8349
primary side plate suture, 8349
primordial plane, 811
Prionocidaris, 813
Proctocystis, 81l5, 8128-8129,

8133,8139,8170,8186,8189,
819l

profile, 8349
Promachocrinus, 844
Proteocystida, 8156
Proteocystis, 8248
Proteocystites, 8135, 8147, 8155,

8242-8243,8245,8248
Proteroblastus, 8165, 8237
PROTOBLASTlDA,8389
PROTOBLASTOlDEA, 8258,

8389, 8390
Protocrinidae, 8157-8159, 8238
Protocrinites, 890, 8104, 8108

8109, 51l7, 51l9-8121, 8128
8129, 8145-8146, 5149, 8151,
8154,8155-8157,8234,8238

Protocrinitidae, 890,5104, 8120,
8129,5135,8145-8146,8151
8152,8155, 8157, 8159, 8162,
8166,5168,5234,8238

Protoerinus, 897,8154, 8238
Protocystis, 8165
Protocystites, 8165, 8493
Protocystites, 5165
proximal, 8349, 8538, 8577, 8583
proximal region, 8532
proximal tumescence, 8591
proxistele (of Homoiostelea),

8594
proxistele insertion, 5598
Prunocystis, 5191
Prunocystites, 5133, 8139, 8150,

5154,5170,5188,5191
Psammechinus, 874
Pseudaristocystis, 590, 5109,

5148, 8165, 8242,525~
5252, 8256

Pseudocentrotus, 873

© 2009 University of Kansas Paleontological Institute



S648 Echinodermata-Crinozoans-Homalozoans

Pseudoerinida, 8156
Pseudocrinites, 891, 8103, 8104,

8108,8116-8117,8134,8140,
8150-8151,8154,8165,8169
8170,8214,8215,8218

Pseudoerinus,8218
Psilaster, 869
Psolidae, 877
Psolidium, 877
Psoloeystis, S165
Psolus, S77, S79
Pteraster, S71, S78
Pterasteridae, 871
Pterotoblastus, S302, S303, S312,

8317-S318, S320, 8370, S380,
S39:, S394, 8409, S412

Ptychoblastus, S319, 8320, 8379,
S391, S395, S427-S428

Ptychocosmites, S132, S142, S150,
S218, S225

Pycnopodia, 871
Pyramiblastus, S319, 8321, 8330,

S363, S367, S379, 8391, S395,
8427,S429

pyriform, 8349
Pyroeistis, S240
Pyrocystites, S136, S145, S150,

S234, 8240

QUENSTEDT, S154

radalia, 8349
radial, S6, S100, 8114, '8313,

S349,8474
radial body. S313, 8349
radial canal, 8349
radial circlet, 8349
radial-deltoid relationships

(blastoids), S306
radial limb, 8313, S349
radial lip, 8349
radial plate, S349
radial ridge, S114
radial sinus, S349
radial symmetry, S4
radial water canals, S20
radiodeltoid suture, S349
RADIOLATA, 8158, S389
ray, 86
REDUCTA,8477
REED,896
REGNELL, 850, 854, 886, 895,

S97, 8100, 8106, 8121-S122,
8136, 8149, S159, S167, 8250,
S268, 8275, S277, 8390, 8456,
8477

Regnellieystidae, 8238
Regnellicystis, 8136, 8145, 8234,

8238, 8240
Regulaecystis, 8134, 8138-S139,

8150, S170, 8193-S194, S197
8199

REGULARES, 8388
REGULARIA, 8157-S158, 8169
reproductive systems (of

echinoderms), '825
respiration, of echinoderms, 841;

of stylophorans, 8541

Revalocystis, S104, 8136, 8145,
8234,8237

reverse, 8583
Rhabdopleura, 850
Rhenocystis, S165, 8500, 8506,

8509,8512,8541,8547,8560
Rhipidocystidae, 8473, 8489
Rhipidocystis, 853, 8165, 8457,

8458, 8462, 8468, 8470-8471,
8477,8488-8489

rhomb-free area, 8114
RHOMBIFERA, 850, 854, 888,

891, 895, 898, 8115, 8119,
8127, S129, 8130-8132, 8135,
S137, 8152, 8154, SI56-S160,
8164, 8166-S167, 8169, S275,
8292

Rhombifera, 887, S93, 8139,
8161, 8170, 8177, 8178

RHOMBIFERI, 8154-8155, 8169
Rhombiferidae, 898, 8132-8134,

8137, S139, 8152,8154, 8161,
S166, 8168,8170, 8177

Rltombiporitidae,8169
Rhopaloblastus, S319, 8321,

8337,8356, 8359, S361, 8369,
8380-8381, 8391, 8395, S438,
8442-8443

Rhopalocystidae, 8481
Rhopalocystis, S457-8458, 8460

8463, 8465, S468, 8469, 8475,
8481, 8636

Rhopalodinidae, S77
right, 8538
righ t adoral orifice

(stylophorans), 8515, 8538
right anterior ambulacrum, S349
right axocoel, 835
right hydrocoel, S35
right posterior ambulacrum, 8349
right side, S577
ROBISON, 8456
ROEMER, 8388
root, '8349
rotations, 835
RUEDEMANN, 8627
RUNNSTR!1SM, 849
Russia, 8129, 8141-8142, 8144
Rutroclypeidae, 8605, 8616
Rutroclypeus, 8585, 8588-8589,

8591-8592,8595, S601, 8605,
8616,8619

Saeeoblastus, 8417
8agittoblastus, 8317, 8318, 8320,

8337,8338, 8379, 8380, 8391,
8394, '8409, 8412

salenian plane, 810
8almacis, 873
8AY, 8152
8candinavia, 8148
8chizaster, 879
Schizoblastidae, S319, 8391,

8394,8427
8chizoblastus, 8303, 8306, S319,

8320, 8334-S336, S340, S361,
8369-S370, 8377, S379, 8391,
8395,8427,8430

Seltizoeystinae,8158

8chizocystis, 898, 8104, 8133,
8139, S170, 8185-8186, 8190,
8191

Schizotremites, 8302, 8319,
8321,8377,8379,8391,8395,
'8416,8420

8CHMIDT, 815, S163, 8636
Schuchertocystis, 8165, 8272,

8276,8282,8287
8CHULTZ, 815
Seolioeystidae, 8157-S159, 8184
Scoliocystis, 8128-8129, 8133,

8170, S187-8188, S190-8191
Seoloeystis, 8488
8cotiaecystidae, 8502, 8519, '8550
8cotiaecystis, 8502-8504, 8507,

S511, 8513, S519, S521, 8546,
8550, S551

Scotland, S128, 8129, S144, 8602
sculpture, 8114
scutula, 8526, 8538
SCYPHOZOA, S627
secondary side plate, 8349
segmentation, 826
Seitenporen, S521
septum (stylophorans), 8528,

8538
SERIOLATA, 8158, 8234
SERTl,8154
side food-groove, 8349
side plate limb, 8349
side plate suture, 8349
side plates, 8325, 8349
sides, 8583
Sigmaeystis, S164, 8279
sillons lateraux, S530
sillon pMoneulaire, 8525
sillon transversal, 8528
8INCLAIR, 895, S116, S119
Sinclairocystis, 8165, S272-S273,

S276, S281
Sinocystis, S90, 896, SIlO, S148,

8165, 8242, 8252, S254, 8257
sinus, 8349
sinus edge, 8349
sinus flange, '8349
skeleton, 8114, 8274
8MITH, S78
SOLUTA, S53, S581-S583, 8603,

8605
Solasteridae, 871
80MA8TEROIDEA, 85, S52, S67
somatic plates, 8592
somatocoel, S26, 836
Spatangidae, 875
8PATANGOIDA,875
8patangus, 875
8PENCER, S45,856, 8523
8permacystis, '8564
8phaerechinus, 873
Spltaeroeystis, S201-8202
8phaerocystites, 8115, 8117, 8134,

8140,8150,8170,8199,8202.
8204

Spltaeronidae,8157-8159
Sphaeronis, 897, 8154, S243
SPHAERONITA, 8158, 8240
8phaeronites, 888, 890, 897,

898, 8102, 8104, 8108, 8128,
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S135, S145, S146, S149, S151
S152, S154, S156, S241-S243

Sphaeronitida, S104, S120, S127,
S130, S134-S136, S145, S152,
S156, SI62-S164, S166, S168,
8240, S242

Sphaeronitidae, S90, S109, S134
S135, S145, S147, S152, S155
S156, SI58-S159, S163, S166,
S168, S240, S241-S242, S250

SPHAERONITIDEN, S155,
S240-S241

SPHAERONITINEN, S155
Sphaeroschisma, S318, S320,

S381, S391, S394, S404-S405
sphenoids, S574
spinal, 8538
SPINULOSlDA, S71
spiracles, S335, S349
spiracular cover plate, S349
spiracular plate, 8349
spiracular slits (of blastoids),

S314, S337, 8349
SPIRACULATA, S158, S190,

S319, S389-S390, S392-S393,
S396, 8416

spiraculate, 8349
spongy body, 821
spongy ring, S21
Springerocystidae, 8486
Springerocystis, S165, S477,

S485, 8486
STAINBROOK, S119
Staurocystinae, S134, S140, S150,

SI57-S158, S168, S215,S217
Staurocystis, S134, S140, S150,

S170, S217, S227
Staurosoma, S165
Steganoblastidae, S158, S292
Steganoblastus, S292
Stegophiura, S72
STEINMANN, SI55
stele of Homoiostelea, S582, S585,

S593; of homosteleans, S574,
8577

STELLEROlDEA, S5, S50, S52,
S67

stem, 8349
stem cavity, 8349
STENURlDA, S71
Stephanamphora, S165
Steplzanoblastidae, S158
Sterechinus, S74
stereom, S12, SI14, S502
stereome, S349
stereotheca, 8114, S274
sterols, S42
Stichocystidae, S152, S158,

SI66,SI68, S227
Stichocystis, S94, S13I, 8142,

SI49,SI50, S227
Stichopodidae, S77
Stichopus, S77
STOMOCHORDA, S4
Stomopneustes, S73
stone canal S20, S28
stratigraphic distribution,

of blastoids, 8385;

Index

of cystoids, 8126, S153, S166;
of stylophorans, S546

Stribalocystis, S225
Stribalocystites, S132, S141, S150,

S218, S222, S224, 8225, S226
Strobilocystis, S134, S214
Strobilocystites, S93, S107, S108,

SilO, SI18-SI19, S140, S150,
S160, SI69-S170, S204-S205.
S214, S361

stroma, S12, S350
Stromatocystites, S578, S633
Strongyloblastus, S319, S320,

S336, S377, S391, S395, S430,
S432-S433

structural features (of blastoids),
S306

Strybalocystis, S225
stylocone, S499, S533, S538
Styloconus, S533
Styloid, S533
STYLOPHORA, S5, S50, 51,

S495, S496, S547, S581-S583,
S592, S603

subanal, S538, S593
subanalia, S512, S538
subbasal plate, S350
subdeltoid, S315, S317, S350
subepithecal, SI14
sublancet plate, S350
subradial plate, S350
Sucocystis, S580
sugar loaf, S592
summit, S350
summit plates (of blastoids),

S331,5350
Sundablastus, S313, S318, S321,

S380, S391,S394, 5405, S406
superdeltoid, S315, S317, S350
superior, S577
superior face, S498, S538, S577
supplementary basal plate, S350
supracentral, S512, S538, S577,

S592
supracentralia, S498, S511, S538
supraradial, S474
suranal, S593
suranal facet, S577
suranal margin, S577
suranal plate, S577, S592
suranal process, S577
suroral, S577
sutural pores, of eocrinoids,

S465, S474; stylophorans,
5518, S538

suture, S114, S274, S350
Sweden, S127, S128, 5141-S144,

S147-S148
Sycocystes, S187
Sycocystida, S156
Sycocystis, 5188
Sycocystites, S165, SI87
symmetry, 6; of eocrinoids, S457;

of Homoiostelea, 5582
symmetry plane, S538, S577, S583
Synallactidae, S77
Synaptidae, S77, S79
Synaptula, S77, S79
Syringocrinidae, S605, 8619

S649

Syringocrinus, S165, S585, S589,
S591-S593, S595, S600
S601,5605, S621, S620

Taeniogyrus, S77
tail, S585, S601
Tanaoblastus, S319, S321, S335,

5336, S379, S391, S395, 8427,
S429

tangential pore canal, Sll4
tangential section, S350
Taxiporitidae, S154, SI69
techniques (blastoids), S350
techniques (of cystoids), SI22
tectal, 8538
tegmen, SI14
Temnopleuridae, S73
TEMNOPLEUROlDA, S73
Temnopleurus, S73
Temnotrema, S73
TERMIER & TERMIER, S95, S97,

SIlO, SI20-S122, S145, S636
Tetracystida, SI58
Tetracystidae, SI57
Tetracystis, S134, S140, S150,

5170, S204, S205, S213,8214
Tiaracrinus, S156, SI65
Thaumatoblastus, S302, S303,

S313, S314, S318, S321,5325,
S335, 8359, S379, S381, 5390,
S391, S394, S405, 8406

theca, S350, 8538, 8577;
of cystoids, S98, 8114;
eocrinoids, S458, 8474;
Homoiostelea, S582, S585,
S588; paracrinoids, 5272, S274

thecal canals (of blastoids), S338
thecal growth, 5114
thecal openings, of blastoids,

5335; cystoids, S98
thecal orifices (stylophorans),

S512
thecal plate, S274
thecal plates (of cystoids), 898,

SI14
thecal pores (of cystoids), S88
THECOIDEA, S158
thickness, SI14, S583
Tholocystis, S90, S102, S104,

S135, S147, S149, S242, 8249
Thuriocystis, S165
Thyone, S77, S79
Thyonepsolus, S77
Tiaracrinidae, S157
Tiaracrinus, S156, S165
Tiedemann's bodies, 521
Utige," S583, S585
Timoroblastus, S302, S303, S318,

S321, S359, S370, S374, S380,
5391, S405-S406

Toxopneustes, S73
Toxopneustidae, S73
Trachelocrinus, S165, S493
transverse anterior groove, 8538
transverse channel, 8538
transverse section, S350
Trematocystis, 590, S99, S135,

SI48,S242, S252, 8258
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TRICATl,8154
Tricoelocrinus, 8303, 8312-8313,

8319,8321,8379,8391,5395,
5417-8418

Tricosmites, 8132, 8141, 8150,
8218,8221

Trigonocystis, 8165, 8580
1'rimerocystis, 8104, 8165, 8215

8218
1'rinemacystis, 8165, 8233
1'rionoblastus, 8408
tripartite, 8114
Tripneustes, 873
1'rochocysddae, 8565, 8580
1'rochocystis, 8165, 8580
Trochocystites, 8165, 8544, 8565-

8567, 8569-8576, 8578, 8580
Trochocystites, 8165, 8580
Trochocystitidae, 8565, 8566,

5580
Trochocystoides, 8165, 8566,

8573,8580
Trochodota, 877
Troosticrinidae, 8319, 8391,

8394,8396,8416
Troosticrinus, 8302, 8303, 5314

8315,8317,8319,8321, 8326,
8330,8337,8379,8391,8395,
5416,8418-8419

Troostoblastida, 5388, 8390

Troostoblastidae, 8158, 8388-
8389,8416

Troostocrinidae, 8389-8390, 8416
1'roostoerinus, 8416
Trophodiscus, 869
Tropiometra, 867, 879
trunk, 8350
tube feet, 821
Turrilepas, 8502

UBAGHS, 887, 8456, 8532, 8582,
8594

UBrscH, VON, 811
Ulrichocystis, 8143, 8227, 8229,

8231
umbo, 8114
underlancet (of blastoids), 8325,

8350
uniradiates, 8604
"unnamed solutan," 8605
upper face, 5538

VALVATlNA,869
VARICATA, 8275, 5277
vault, 5350
vault-pelvis ratio, 8350
ventral, 8350
ventral pole, 8350
ventral region, 8350
vertebraIs, 538

vestibule, 535
Victoria, 5602
Victoriacystis, 5512, 5515, 5533,

8542,8547,5560,8561
virgalia, 857
vitellaria, 531

WAAGEN, 5606
WACHSMUTH, 8388
Wales, 8142-5143,5146-5147
WANNER, 8163,5258,342,5389-

5390, 5393
water vascular system, 54, 518,

520; of blastoids, 8341
Wellerocystis, 8165, 5273, 5276,

8278
WHEELER, 815
WHITEHOUSE, 545, 552,8634,

8636
width, 5350

Xystridura, 534

YAKOVLEV, 5101, 5171, 5462,
5475

ZITTEL, VON, 5154, 8456
zygal, 5528, 5538
Zygocrinidae, 5389-5390, 5413
Zygocrinus, 8158, 5413
zygous basal, 5350
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