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EDITORIAL PREFACE

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
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
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 will bear
the assigned index letter joined with num
bers beginning with 1 and running consecu
tively to the end of the part. When the parts
ultimately are assembled into volumes, no
renumbering of pages and figures is re
quired.

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 being undertaken
in a separate work, prepared under auspices
of a committee of the United States N a
tional 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
the Joint Committee on Invertebrate Paleon
tology representing the societies which have
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.

Vlll
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The subject of family and subfamily names
is reviewed brieRy 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 Uni
versity of Kansas, but sizable parts of this
program have also been carried forward in
Washington and London.

FORM OF ZOOLOGICAL NAMES

Many questions arise in connection with
the form of zoological names. These include
such matters as adherence to stipulations
concerning Latin or Latinized nature of
words accepted as zoological names, gender
of generic and subgeneric names, nomi
native or adjectival form of specific names,
required endings for some family-group
names, and numerous others. Regulation
extends to capitalization, treatment of par
ticles belonging to modern patronymics, use
of neo-Latin letters, and approved methods
for converting diacritical marks. The mag
nitude and complexities of nomenclature
problems surely are enough to warrant the
complaint of those who hold that zoology
is the study of animals rather than of names
applied to them.

CLASSIFICATION OF ZOOLOGICAL
NAMES

In accordance with the "Copenhagen
Decisions on Zoological Nomenclature"
(London, 135 p., 1953), zoological names
may be classified usefully in various ways.
The subject is summarized here with intro
duction of designations for some categories
which the Treatise proposes to distinguish
in systematic parts of the text for the pur
pose of giving readers comprehension of
the nature of various names together with
authorship and dates attributed to them.

CO-ORDINATE NAMES OF TAXA GROUPS

Five groups of different-rank taxonomic
units (termed taxa, sing., taxon) are dis
criminated, within each of which names are
treated as co-ordinate, being transferrable
from one category to another without

change of authorship or date. These are:
(1) Species Group (subspecies, species);
(2) Genus Group (subgenus, genus); (3)
Family Group (tribe, subfamily, family,
superfamily); (4) Order/Class Group (sub
order, order, subclass, class); and (5) Phy
lum Group (subphylum, phylum). In the
first 3 of these groups, but not others, the
author of the first-published valid name for
any taxon is held to be the author of all
other taxa in the group which are based on
the same nominate type and the date of
publication for purposes of priority is that
of the first-published name. Thus, if author
A in 1800 introduces the family name X
idae to include 3 genera, one of which is
X-us; and if author B in 1850 divides the
20 genera then included in X-idae into sub
families called X-inae and Y-inae; and if
author C in 1950 combines X-idae with
other later-formed families to- make a super
family X-acea (or X-oidea, X-icae, etc.);
the author of X-inae, X-idae and X-acea is
A, 1800, under the Rules. Because tax
onomic concepts introduced by authors B
and C along with appropriate names surely
are not attributable to author A, some
means of recording responsibility of Band
C are needed. This is discussed later in
explaining proposed use of ({nom. trans/.n

The co-ordinate status of zoological
names belonging to the species group is
stipulated in Art. 11 of the present Rules;
genus group in Art. 6 of the present Rules;
family group in paragraph 46 of the Copen
hagen Decisions; order/class group and
phylum group in paragraphs 65 and 66 of
the Copenhagen Decisions.

ORIGINAL AND SUBSEQUENT FORMS OF
NAMES

Zoological names may be classified accord
ing to form (spelling) given in original
publication and employed by subsequent
authors. In one group are names which are
entirely identical in original and subsequent
usage. Another group comprises names
which include with the original sub
sequently published variants of one sort or
another. In this second group, it is import
ant to distinguish names which are inad
vertent changes from those constituting
intentional emendations, for they have quite
different status in nomenclature. Also,
among intentional emendations, some are

ix
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acceptable and some quite unacceptable
under the Rules.

VALID AND INVALID NAMES

Valid names. A valid zoological name is
one that conforms to all mandatory provis
ions of the Rules (Copenhagen Decisi?~s,

p. 43-57) but names of this group ar,;. di~is
ible into subgroups as follows: (I) t~vtol

ate names" which as originally published
not only ~eet all mandatory requirements
of the Rules but are not subject to any so~t

of alteration (most generic and subgenenc
names); (2) "perfect names,".which ~s they
appear in o~iginal pu~lication (with or
without precise duplicatiOn by su~sequent

authors) meet all mandatory reqUirements
and need no correction of any kind but
which nevertheless are legally alterable
under present Rules (as in changing the
form of ending of a published class/order
group name); (3) "imperfect n~mes,"

which as originally published and With or
without subsequent duplication meet mand
atory requirements but conta~n ~efects s~ch

as incorrect gender of an. adjectival speci.fic
name (for example, Sptronema ~ecta m
stead of Spironema rectum) or incorrect
stem or form of ending of a family-group
name (for example, Spironemidae instead
of Spironematidae); (4) "transferred
names," which are derived by valid emend
ation from either of the 2nd or 3rd sub
groups or from a pre-existing transfer~ed

name (as illustrated by change of a family
group name from -inae to -idae ?,~ making
of a superfamily name); (5) tmproved
names" which include necessary as well as
some~hat arbitrarily made emendations
allowable under the Rules for taxonomic
categories not now covered by regulations
as to name form and alterations that are
distinct from changes that distinguish the
4th subgroup (including names derive?
from the 2nd and 3rd subgroups and pOSSi
bly some alterations of 4th subgroup
names). In addition, some zoo~ogical nam~s

included among those recogmzed as valid
are classifiable in special categories, while
at the same time belonging to one or more
of the above-listed subgroups. These chiefly
include (7) "substitute names," introduced
to replace invalid names such as junior
homonyms; and (8) "conserved names,"
which are names that would have to be re-

x

jected by application of the Rules except for
saving them in their original or. an altered
spelling by action ~f the InternatiOnal .Com
mission on Zoological Nomenclature in ex
ercising its plenary powers to this end.
Whenever a name requires replacement, any
individual may publish a "new name" for
it and the first one so introduced has pri
ority over any others; since newness is te~

porary and relative, the r~placement deSig
nation is better called substitute name rather
than new name. Whenever it is considered
desirable to save for usage an otherwise
necessarily rejectable name, an individual
cannot by himself accomplish the preserva
tion, except by unchallenged action taken
in accordance with certain provisions of the
Copenhagen Decisions; otherwise he must
seek validation through ICZN.

It is useful for convenience and brevity
of distinction in recording these subgroups
of valid zoological names to introduce Latin
designations, following the pattern of
nomen nudum, nomen novum, etc. Accord
ingly, the subgroups are (1) nomina inviol
ata (sing., nomen inviolatum, abbr., nom.
inviol.); (2) nomina perfecta (sing., nom.en
perfectum, abbr., nom. perf.);.(3) nomina
imperfecta (sing., nomen t~perfectum,

abbr., nom. imperf.); (4) nomina translata
(sing., nomen translatum, abbr., nom.
transl.); (5) nomina correcta (sing., nomen
correctum, abbr., nom. correct.); (6) nom
ina substituta (sing., nomen substitutum,
abbr., nom. subst.); (7) nomina conservata
(sing., nomen conservatum, abbr., nom.
conserv.).

Invalid names. Invalid zoological names
consisting of originally published names
that fail to comply with mandatory pro
visions of the Rules and consisting of inad
vertent changes in spelling of names have
no status in nomenclature. They are not
available as replacement names and they
do not preoccupy for purposes of the Law
of Homonomy. In addition to nomen
nudum, invalid names may be distinguished
as follows: (1) "denied names," which con
sist of originally published names (With or
without subsequent duplication) that do
not meet mandatory requirements of the
Rules; (2) "null names," which comprise
unintentional alterations of names; and (3)
"vain or void names," which consist of in-
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valid emendations of previously published
valid or invalid names. Void names do have
status in nomenclature, being classified as
junior synonyms of valid names.

Proposed Latin designations for the indi
cated kinds of invalid names are as follows:
(1) nomina negata (sing., nomen negatum,
abbr., nom. neg.); (2) nomina nulla (sing.,
nomen nullum, abbr., nom. null.); (3)
nomina vana (sing., nomen vanum, abbr.,
nom. van.). It is desirable in the Treatise
to identify invalid names, particularly in
view of the fact that many of these names
(nom. neg., nom null.) have been con
sidered incorrectly to be junior objective
synonyms (like nom. van.), which have
status in nomenclature.

SUMMARY OF NAME CLASSES

Partly because only in such publications
as the Treatise is special attention to classes
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 classes of names are indicated in bold
face type, whereas invalid ones are printed
in italics.

Definitions of Name Classes
nomen conservatum (nom. conserv.). Name other

wise unacceptable under application of the Rules
which is made valid, either with original or
altered spelling, through procedures specified by
the Copenhagen Decisions or by action of ICZN
exercising its plenary powers.

nomen correctum (nom. correct.). Name with
intentionally altered spelling of sort required or
allowable under the Rules but not dependent on
transfer from one taxonomic category to another
("improved name"). (See Copenhagen Decisions,
paragraphs 50, 71-2-a-i, 74, 75, 79, 80, 87, 101;
in addition, change of endings for categories not
now fixed by Rules.)

nomen imperfectum (nom. imperf.). Name that as
originally published (with or without subsequent
identical spelling) meets all mandatory require
ments of the Rules but contains defect needing
correction ("imperfect name"). (See Copenhagen
Decisions, paragraphs 50-1-b, 7l-I-b-i, 7l-1-b-ii,
79, 80, 87, 101.)

nomen invio1atum (nom. inviol.). Name that as
originally published meets all mandatory require
ments· of the Rules and also is uncorrectable or
alterable in any way ("inviolate name"). (See
Copenhagen Decisions, paragraphs 152, 153, 155
157).

xi

nomen negatum (nom. neg.). Name that as orig
inally published (with or without subsequent
identical spelling) constitutes invalid original
spelling and although possibly meeting all other
mandatory requirements of the Rules, is not cor
rectable to establish original authorship and date
("denied name"). (See Copenhagen Decisions,
paragraph 7l-1-b-iii.)

nomen nudum (nom. nud.). Name that as origi
nally published (with or without subsequent ident
ical spelling) fails to meet mandatory require
ments of the Rules and having no status in
nomenclature, is not correctable to establish orig
inal authorship and date ("naked name"). (See
Copenhagen Decisions, paragraph 122.)

nomen nullum (nom. null.). Name consisting of
an unintentional alteration in form (spelling) of
a previously published name (either valid name,
as nom. inviol., nom. perf., nom. imperf., nom.
transl.; or invalid name, as nom. neg., nom.
nud" nom. van., or another nom. null.) ("null
name"). (See Copenhagen Decisions, paragraphs
71-2-b, 73-4.)

nomen perfectum (nom. perf.). Name that as
originally published meets all mandatory require
ments of the Rules and needs no correction of
any kind but which nevertheless is validly alter
able ("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. trans!.). Name that is
derived by valid emendation of a previously
published name as result of transfer from one
taxonomic category 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
emendations having status in nomenclature as
junior objective synonyms ("vain or void name").
(See Copenhagen Decisions, paragraphs 71-2-a-ii,
73-3.)

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 homonyms,
a few senior synonyms classifiable as nom
ina negata or nomina nuda, and numerous
junior synonyms which include both objec
tive (nomina vana) and subjective (all
classes of valid names) types; effort to
classify the invalid names as completely as
possible is intended.
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NAME CHANGES IN RELATION TO
GROUP CATEGORIES

SPECIFIC AND SUBSPECIFIC 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 Rules (as
in changing originally published braggeri
to broeggeri) or elimination of a hyphen
(as in changing originally published cornu
oryx to cornuoryx does not require "nom.
correct." with it. Revised provisions for
emending specific and subspecific names
are stated in the report on Copenhagen
Decisions (p. 43-46, 51-57).

GENERIC AND SUBGENERIC 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. Revised provisions
for emendation of generic and subgeneric
names also are given in the report on
Copenhagen Decisions (p. 43-47).

Examples in use of classificatory designa
tions for generic names as previously given
are the following, which also illustrate
designation of type species, as explained
later.
Kurnatiophyllum THOMSON, 1875 ["K. concentri
cum; SD GREGORY, 1917] [=K.umatiophyllum
THOMSON, 1876 (nom. null.); Cymatophyllum
THOMSON, 1901 (nom. van.); Cymatiophyllum
LANG, SMITH & THOMAS, 1940 (nom. van.)).

Stichophyrna 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
mop/ax SMYTH, 1939 (nom. van. pro Stratophyl
/um); Stratiphyllum LANG, SMITH & THOMAS,
1940 (nom. van. pro Stratophyllum SMYTH) (non
Stratiphyllum SCHEFFEN, 1933)].

P1acotelia OPPLIGER, 1907 ["Porostoma marconi
FROMENTEL, 1859; SD DELAUBENFELS, herein]
[ P/akote/ia OPPLIGER, 1907 (nom. neg.)].

Walcottella DELAUB., nom. subst., 1955 [pro Rho
pa/icus SCHRAMM., 1936 (non FORSTER, 1856)].

Cyrtograptus CARRUTHERS, 1867 [nom. co"ect.
LAPWORTH, 1873 (pro Cyrtograpsus CARRUTHERS,
1867), nom. conserv. proposed BULMAN, 1955
(ICZN pend.)]

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

The Rules now specify the form of end
ings only for subfamily (-inae) and family
(-idae) but decisions of the Copenhagen
Congress direct classification of all family
group assemblages (taxa) as co-ordinate,
signifying that for purposes of priority a
name published for a unit in any category
and based on a particular type genus shall
date from its original publication for a unit
in any category, retaining this priority (and
authorship) when the unit 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 translata, 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
emendation 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 emendation. 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
the author of the superfamily as defined by
the Rules, for the latter is merely the
individual who first defined some lower
rank family-group taxon that contains the
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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
D'ORaIGNY, 18511

Superfamily ARCHAEOCTONOIDEA
Petrunkevitch, 1949

[nom. transi. PETRUNKEVITCH, herein (ex Archaeoctonidae
PETRUNKEVITCH, 1949»)

Superfamily CRlOCERATITACEAE Hyatt, 1900

[nom. Ironil. WRIGHT, 1952 (ex Crioceratitidae HYATT,
1900»)

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

Valid emendations 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 STREPTELASMATIDAE Nicholson, 1889

[nom. correct. WEDEKIND, 1927 (ex Streptelasmidae
NICHOLSON, 1889, nom. imperl.»)

Family PALAEOSCORPIIDAE Lehmann, 1944

[nom. correct. PETRUNKEVITCH, herein (ex Palaeoscorpionidae
LEHMANN, 1944, nom. imperl.»)

Family AGLASPIDIDAE Miller, 1877

[nom. correct. STj1iRMER, herein (ex Aglaspidae MILLER,
1877, nom. imperl.»)

Superfamily AGARICIICAE Gray, 1847

[nom. correct. WELLS, herein (ex Agaricioidae VAUGHAN &
WELLS, 1943, nom. transl. ex Agariciidae GRAY, 1847»)

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

It may happen that long-used family
group names are invalid under strict appli
cation of the Rules. In order to retain the
otherwise invalid name, appeal to ICZN is
needful. Examples of use of 110m. conserv.
in this connection, as cited in the Treatise,
are the following.

Family ARIETITIDAE Hyatt, 1874
[nom. C01rect. HAUG, 1885 (pro Arietidae HYATT, 1875), nom.

conserv. proposed ARKELL, 1955 (lCZN pend.»)

Family STEPHANOCERATIDAE
Neumayr, 1875

[nom. correct. FISCHER, 1882 (pro Stephanoceratinen NEU"
MAYR, 1875, invalid vernacular name), nom conserv. pro·

posed ARKELL, 1955 (ICZN pend.) 1

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. According to the Copen
hagen Decisions, the family-group name re
quires replacement only in the event that
the nominate genus is found to be a junior
homonym, 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.

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
place a much-used family-group name based
on the senior objective synonym by disin
terring a forgotten and virtually unused
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family-group name based on a junior objec
tive synonym because the latter happens to
have priority of publication is unsettling.
Conversely, a long-used family-group name
founded on a junior objective synonym and
having priority of publication is better con
tinued in nomenclature than a replacement
name based on the senior objective syno
nym. The Copenhagen Decisions (para
graph 45) take account of these considera
tions by providing a relatively simple pro
cedure for fixing the desired choice in
stabilizing family-group names. In conform
ance with this, the Treatise assigns to con
tributing authors responsibility for adopting
provisions of the Copenhagen Decisions.

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 subse
quent 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.

ORDER/CLASS-GROUP NAMES; USE OF
"NOM. CORRECT."

Because no stipulation concerning the
form of order/class-group names is given
yet by the Rules, emendation of all such
names actually consists of arbitrarily devised
changes in the form of endings. Nothing
precludes substitution of a new name for
an old one, but a change of this sort is not
considered to be an emendation. Examples
of the use of "nom. correct." as applied to
order/class-group names are the following.

Order DISPARIDA Moore & Laudon, 1943
[nom. correct. MOORE, 1952 (ex Disparata MOORE & LAUDON,

1943)]

Suborder FAVIINA Vaughan & Wells, 1943
[nom. correct. WELLS, herein (ex Faviida VAUGHAN &

WELLS, 1943)]

Suborder FUNGIINA Verrill, 1865
[nom. correct. WELLS, herein (ex Fungiida DUNCAN, 1884,

ex Fung.,e. VERRILL, 1865)]

TAXONOMIC EMENDATION

Emendation has two measurably distinct
aspects as regards zoological nomenclature.
These embrace (I) alteration of a name
itself in various ways for various reasons,
as has been reviewed, and (2) alteration of
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 necessary expan
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,
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© 2009 University of Kansas Paleontological Institute



or other assemblage of animals is incorpor
ated under or removed from the coverage
of a given zoological name. Inevitably asso
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. To
erect a signpost at such points of most sig
nificant change is worth while, 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 abbreviation
"emend." is employed to record various
sorts of name emendations, thus conflicting
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

DEFINITION OF NAMES

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
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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 [pro Callopora 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
assigned index number, as shown in the
following example.

Mysterium DELAUBENFELS, nom. subst. [pro Mys
trium SCHRAMMEN, 1936 (ref. 40, p. 60) (non
ROGER, 1862)] [*Mystrium 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:

Diplophyllum HALL, 1851 [non SOSHKINA, 19391
[*D. caespitosum].

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

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 (to), 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
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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 2 sorts of citations
are as follows:
Dip10trypa NICHOLSON, 1879 ["'Favosites petropoli-

tanus PANDER, 18301.
Chainodictyon FOERSTE, 1887 ["'C. laxum1.

If the cited type species is a junior synonym
of some other species, the name of this
latter also is given, as follows:
Acervu1aria SCHWEIGGER, 1819 ["'A. baltica

(="'Madrepora 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, but various modes of original
designation are not distinguished.

Original designation of type species. The
Rules provide that the type species of a
genus or subgenus may be recognized as an
original designation if only a single species
was assigned to the genus at the time of first
publication (monotypy), if the author of a
generic name employed this same name for
one of the included species (tautonymy), if
one of the species was named "typus," "typi
cus," or the like, if the original author ex
plicitly indicated the species chosen as the
type, or if some other stipulations were met.
According to convention adopted in the
Treatise, the absence of any indication as to
manner of fixing the type species is to be
understood as signifying that it is estab
lished by original designation, the particular
mode of original designation not being
specified.

Subsequent designation of type species;
use of "SD" and "SM." The type species
of many genera are not determinable 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 publishing
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 2
or more species as belonging to the genus
but did not designate a type species, then a
later "SD" designation is necessary. Ex
amples of the use of "SD" and "SM" as
employed in the Treatise follow.
Hexagonaria GURICH, 1896 ["'Cyathophyllum hexa
gonum GOLDFUSS, 1826; SD LANG, SMITH &

THOMAS, 1940].

Muriceides STUDER, 1887 ["'M. fragilis WRIGHT &
STUDER, 1889; SM WRIGHT & STUDER, 1889].

SYNONYMS

Citation of synonyms is given next fol
lowing record of the type species and if 2
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.
Ca1apoecia BILLINGS, 1865 ["'C. anticostiensis; SD

LINDSTROM, 1833] [=Columnopora NICHOLSON,
1874; Houghtonia ROMINGER, 1876].

Staurocyc1ia HAECKEL, 1882 ["'S. cruciata HAECKEL,
1887] [=Coccostaurus HAECKEL, 1882 (obj.);
Phacostaurus HAECKEL. 1887 (obj.)].

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

Lyopora NICHOLSON & ETHERIDGE, 1878 ["'Palaeo
pora? 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
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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.
consertJ. proposed BULMAN, 1955, ICZN pend.]
[*Fucoides s.>f't"a BRONGNIART, 1828 (=Grapto
lithus bryonoides HALL, 1858].

ABBREVIATIONS

Some authors' names and most strati
graphic and geographic names are abbrev
iated in order to save space. General prin
ciples for guidance in determining what
names should be abbreviated are frequency
of repetition, length of name, and avoid
ance of ambiguity. Abbreviations used in
this division of the Treatise are explained
in the following alphabetically arranged
list.

Abhandl., Abhandlungen
Abstamm., Abstammung
Abt., Abteilung, -en
Acad., Academia, Academie,

Academy
Accad., Accademia
Advanc., Advancement
Afhandl., Afhandling, oar
Afr., Africa, -n
Agric., Agriculture, -al
Akad., Akademie
Ala., Alabama
Alb., Albian
Algonk., Algonkian
Am., America, -n
Anis., Anisian
Ann., Annual, Annals
Antarct., Antarctica
Anz., Anzeiger
Apt., Aptian
Arch., Archiv, -es
Arct., Arctic
Arg., Argentina
Ariz., Arizona
Ark., Arkansas
Arsskr., Arsskrift
art., article, -s
Artinsk., Artinskian
Ashgill., Ashgillian
AsiaM., Asia Minor
Assoc., Association
Ad., Atlantic
Aus., Austria
Austral., Australia
Auvers., Auversian
Avd., Avdelning, oar
Bd., Band, Bande
Baj., Bajocian
Balcomb., Balcombian
Bait., Baltic
Barr., BARRANDE, JOACHIM
Bath., Bathonian
Bayer., Bayerischen
B.C., British Columbia
Befiird., Beforderung
Beil., Beilage
Beitr., Beitrag, Beitrage
Belg., Belgium, -que
Bih., Bihang
Bill., BILLINGS, ELKANAH

Abbreviations

Bio!., Biological
Blainv., BLAINVILLE, H. M. D. DE
Bodenforsch., Bodenforschung, -en
Boh., Bohemia
Biihm., Bohmischen
Bol., Bolivia
Bol., Boletim, -in
Boll., Bollettino
Braz., Brazil
Br.1., British Isles
Bull., Bulletin, -s
C., Central
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F2 Coelenterata

INTRODUCTION

By RAYMOND C. MOORE

As defined in this volume, the phylum
Coelenterata comprises all of the so-called
diploblastic lower invertebrates belonging to
the Eumetazoa, that is, the numerically and
structurally disparate groups named Cnid
aria and Ctenophora. Excluded are the Pori
fera or sponges, which are classified as struc
turally distinct from Eumetazoa and desig
nated as Parazoa. The coelenterates differ
from other Eumetazoa, all of which have
bilateral symmetry, in being characterized
by primary radial or biradial symmetry de
rived from the larval stage and retained
throughout ontogeny. Thus, the cnidarians
and ctenophores taken together are defin
able as radiate forms or Radiata (CUVIER,
1816; non LAMARCK, 1809), whereas remain
ing eumetazoans are the bilateral forms or
Bilateria. Another distinction is that among
the Radiata (or Coelenterata) no body cavi
ties exist between the outer cell layer (ecto
derm, epidermis) and inner cell layer (endo
derm, gastrodermis), for these layers are in
contact or connected by more or less struc
tureless substance of jelly-like nature termed
mesogloea; in most Bilateria, on the other
hand, such spaces are developed and on
account of this character they are often
termed Coelomata.

The Cnidaria are distinguished mainly by
possession of stinging capsules (nematocysts)
and are characterized by ability to move
their body parts muscularly. The Cteno
phora lack nematocysts and retain the
ciliary locomotion of the larval stage (plan
ula) but are relatively advanced in having
more definite organization of the digestive
system and in development of an aboral
sensory region. The common features and
differences of the 2 groups are appropriately
recognized by classifying them as subphyla
of the phylum Coelenterata.

The contributors to this Part of the
Treatise are not to be understood as com
mitted individually to features of classifica
tion which have been adopted for the vol
ume as a whole; this is my responsibility;
but each author is granted the privilege of
expressing his own views, and his conform-

ance to the general plan of systematic organ
ization of the text does not imply full en
dorsement necessarily. Some features of ar
rangement reflect effort on the part of the
editor to make clearly and readily distin
guishable the authorship of respective sub
divisions, several of which do not coincide
with ideal major segments adapted for place
ment in sequence conforming to zoological
classification.

OUTLINE OF CLASSIFICATION
A tabular summary of main divisions rec

ognized in the phylum Coelenterata is de
sirable near the beginning of the volume
and because a number of departures from
customary classification are introduced, these
call for some explanation.

First, decision to include ctenophores with
other radiate Eumetazoa in a single phylum
called Coelenterata and division of this as
semblage into 2 subphyla named Cnidaria
and Ctenophora is based on considerations
given in preceding paragraphs.

Next, the conclusion that the polypoid and
medusoid types of organization, instead of
representing a more or less unexplainable
"alternation of generations," constitute the
product of evolutionary differentiation in
which the polypoid form is a persistent
early-growth form and the medusoid a nor
mal adult type of coelenterate leads to inter
pretation of the medusoids as initial types of
Coelenterata. This is consonant with the
paleontological record, which includes nu
merous Lower Cambrian and even some
Precambrian medusoid fossils. Consequent
ly, the simplicity of hydroid forms is not
accepted as basis for placing them in first
position among various types of coelenter
ates. Precedence is assigned to early me
dusoids.

Main Divisions of the Coelenterata
Cnidaria (subphylum). Precam.-Rec.
Protomedusae (class). Precam.-Ord., ?Sil., ?Penn.

Brooksellida (order). Precam.-Ord., ?Sil., ?Penn.
Dipleurozoa (class). L.Cam.

Dickinsoniida (order). L.Cam.
Scyphozoa (class). Cam.-Rec.

Scyphomedusae (subclass). ?L.Cam., U./ur.-Rec.
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Stauromedusida (order). Rec.
Carybdeida. ?U./ur., Rec.
Coronatida. ?L.Cam., U./ur.-Rec.
Semaeostomatida. ?U./ur., Rec.
Lithorhizostomatida. U./ur.
Rhizostomatida. ?U./ur., Rec.
?Scyphomedusae incertae sedis. L.Carn.

Conulata (subclass). Cam.-Trias.
Conulariida (order). Cam.-Trias.
Conchopeltina (suborder). M.Ord.
Conulariina. Cam.-Trias.

Hydrozoa (class). Cam.-Rec.
Trachylinida (order). ?L.Cam., ?M./ur., U./ur.

Rec.
Trachymedusina (suborder). ?L.Cam., ?M./ur.,

L.Cret.-Rec.
Narcomedusina. U./ur.-Rec.

Hydroida (order). Cam.-Rec.
Gymnoblastina (suborder). ?Trias.-?Cret., Eoc.

Rec.
Calyptoblastina. Cam.-Rec.

Spongiomorphida. Trias.-/ur.
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FIG. 1. Geologic distribution of main divisions of Coelenterata (MOORE, n).
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Milleporina. U.Cret.-Rec.
Stylasterina. U.Cret.-Rec.
Stromatoporoidea. Cam.-Cret.
Siphonophorida. Ord.-Rec.

Calycophorina (suborder). Rec.
Physophorina. Rec.
Rhizophysaliina. Rec.
Chondrophorina. Ord.-Rec.

Anthozoa (class). M.Ord.-Rec.
Ceriantipatharia (subclass). Mio.-Rec.

Antipatharia (order). Mio.-Rec.
Ceriantharia. Rec.

Octocorallia (subclass). ?Sil., Perm.-Rec.
Stolonifera (order). Cret.-Rec.
Telestacea. Rec.
Alcyonacea. L.lur.-Rec.
Trachypsammiacea. Perm.
Coenothecalia. Cret.-Rec.
Gorgonacea. Cret.-Rec.

Scleraxonia (suborder). Cret.-Rec.
Holaxonia. Cret.-Rec.

Pennatulacea. ?Sil., Rec.
Sessiliflorae (suborder). ?Sil., Rec.
Subselliflorae. Cret.-Rec.
Incertae sedis. Sil.-Cret.

Zoantharia (subclass). Ord.-Rec.
Zoanthiniaria (order). Rec.
Corallimorpharia. Rec.
Actiniaria. Rec.
Rugosa. Ord.-Perm.

Streptelasmatina (suborder). Ord.-Perm.
Columnariina. Ord.-Perm.
Cystiphyllina. Ord.-DetJ.

Heterocorallia (order). Carbo
Scleractinia. M.Trias.-Rec.

Astrocoeniina (suborder). M.Trias.-Rec.
Fungiina. M.Trias.-Rec.
Faviina. M.Trias.-Rec.
Caryophylliina. lur.-Rec.
Dendroph'Ylliina. U.Cret.-Rec.

Tabulata (order). M.Ord,-Perm., ?Trias.-?Eoc.
Ctenophora (subphylum). Rec.

Geological distribution of the main divi
sions of coelenterates is shown graphically
in Figure 1.
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To the ancients, outstanding features of
the animals now collectively known as enid
arian coelenterates were their ability to sting
and resemblance of their growth forms to
those of plants, whence the names Acale
phae, Cnidae, and later Zoophyta. Eight
eenth-century workers noted their tentacles,
whence were derived the terms "polyps" and
Polypi (from their analogy with cuttlefish)
or Radiata (from their evident radial sym
metry). Early in the 19th century, their
characteristic gastrovascular cavity (coelen
teron) was seen to distinguish them from
other radiate animals such as echinoderms,
and hence the name Coelenterata was intro
duced. The Ctenophora, originally included
in the Coelenterata, have been separated as
a distinct phylum by many zoologists but
here are classed as a subphylum.

NATURE OF CNIDARIA
The Cnidaria are free-swimming or sed

entary animals, lacking definite head and
centralized nervous system, and having
fundamentally biradial structure, and a body
wall of 2 layers of cells, an outer ectoderm
and an inner endoderm, between which is
a primarily structureless layer, the meso
gloea. They are particularly characterized
by tentacles, and stinging or adhesive bodies
(nematocysts, Fig. 2). Within the body wall
is a single cavity, the coelenteron, acting as
a digestive tube with only a mouth open
ing, and complicated in some groups by
partitions or canals. Digestion is partly intra
cellular; the nervous system consists of a
diffuse network of cells (Fig. 3), and the
muscular system is simple. In sexual repro
duction the egg develops into an ovoid

ciliated larva (planula), which usually be
comes attached and grows into some type
of polyp. Asexual reproduction is by various
modes of budding. Cnidarians generally are
regarded as representative of the primitive
stock of metazoans characterized by ac
quired specializations.

The Cnidaria are remarkable for polymor
phism, signifying the variety of form that a
species may present. This includes 2 types,
polyp and medusa, derivable one from the
other. A polyp is sedentary, in shape an
elongated cylinder attached to or resting on
the substratum at the aboral end, with the
mouth and tentacles at the free (oral) end.
A medusa is a free-swimming, bowl-shaped
animal with marginal tentacles, a very short
oral-aboral axis, and great thickening of the
mesogloea. Dominance of the types varies in
the classes. Among Hydrozoa, both polypoid
and medusoid forms may occur in the same
species; the medusoid form preponderates
in the Scyphomedusae, and the class Antho
zoa is entirely polypoid (Fig. 4). Where both
polypoid and medusoid forms occur in a
species, the polyps reproduce only asexually,
budding off medusae that reproduce sexu
ally. The polyp may be regarded as a per
sistent larval stage and the medusa as the
completely evolved cnidarian.

ORIGIN AND EVOLUTION OF
CLASSES

The general evolutionary pattern of major
groups of Coelenterata is speculative, for it
is only hinted at in the structural series of
living forms and has found little or no con
firmation from the fossil record. The classi
cal picture of the origin and evolution of
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F6 Coelenterata

the phylum assumes (1) that the coelenter
ates are the nearest living representatives of
the ancestral stock of all other metazoan
groups and (2) that of the classes, the Hy
drozoa are most primitive structurally and
arose first. The more distant origin of the
phylum is thought to lie in a ciliated polar-

ized free-swimming bottom-feeder provided
with ectoderm and endoderm, largely be
cause all coelenterate groups possess a plan
ula larval stage having these attributes. This
hypothetical protocnidarian has been termed
metagastraea. Further developments fol
lowed one or the other of 2 theoretical lines.

anisarhiza
eurytele

amastigophore

mastigophore

FIG. 2. Types of nematocysts and their occurrence in main groups of coelenterates (nematocysts much en
larged) (HILL & WELLS, n).
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One theory (Fig. 5A) postulates that at
tachment of the metagastraea at its aboral
pole gave rise to a hydra-like polyp, from
which hydroid colonies arose by asexual
budding and that by development of poly
morphism, some polyps became modified
into medusae specialized for pelagic life and
sexual reproduction.

Difficulties arise with this assumption,
and many investigators consider more cred
ible the hypothesis that ancestral coelenter
ates were primitive medusae derived from
protocnidarians by development of tentacles
and resembling the actinula larva of living
Trachylinida (Fig. 5C). The hydrozoans
could have arisen from such medusae if
these first acquired the habit of asexual bud
ding and then developed a prolonged at
tached stage as a polypoid colony that pro
duced medusae by budding. This would ac
count for the asexual nature of hydrozoan
polypoids and the retention of a fully de
veloped medusa stage, and it points to
trachylines as the most primitive living coe
lenterates. The Scyphozoa (Scyphomedusae)
could have originated from the same trachy
linid actinula stage as the Hydrozoa by ex
ploitation of the medusoid condition, in
which the principal changes were develop-

FIG. 3. Nervous system of Hydra (reticulate con
nection of nerve fibers doubtful) (HADZI).

~------Anthozoa
emphasis on polypoids

------Hydrozoa
..,.., ......-~ polymorphism dom""i,;;;t' ......

/'~ '"
"," , ~..-. .....,

/ , ..- \ .......... ......,
///' ......... , . \ ' \ Scyphozoa "

,,/ ../,,/ .. ' .......• medusa ..... emphasis on medusoids "'...
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I .' .' "., ,
I I ..' '. ephyra \
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, 1/" Trac,hylina \ \
~ planula . \ I
~ : I
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\ \. ..•... actinUla~" SCYifPhistoma / "
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" .

'<~~>..,... I""''''''~ ~""" ~.. _ .._- I ."
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FIG. 4. Life cycles of main groups of coelenterates (HILL & WELLS, n).
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with skeletons, it provides no confirmation
of any of these speculative lines of develop
ment of the great classes. As pointed out sub
sequently, separation of the classes of Cni
daria probably was completed in the un
known time before beginning of the Cam
brian.

A skeleton, calcnic in some, aragonitic,
horny or chitinophosphatic in others, has
developed at different times in different
coelenterate lines, each being a secondary
development consequent on establishment
of the polypoid stage and not necessarily in
dicating relationship. This sporadic appear
ance of a major structural type seems to
characterize the coelenterates, among which
it has occurred in about half of the main
groups.

GEOLOGICAL IMPORTANCE
The living coelenterates are marine ex

cept for a few fresh-water hydroids, and
fossils are known only from marine sedi
ments. Although some soft-bodied forms are
known from rare fossil impressions left in
mud or sand, cnidarian fossils are domi
nantly the remains of groups with calcareous
skeletons; many orders lacking skeletons
are not known as fossils.

The oldest cnidarian recorded is a doubt
ful scyphomedusa from late Precambrian
rocks of the Grand Canyon in Arizona;
hydrozoans, scyphomedusae, and possibly
anthozoans occur sporadically in Cambrian
rocks; hydrozoan fossils, especially stromato
poroids, are more numerous in Paleozoic
than in Mesozoic or Tertiary strata; Scypho
medusae are rare throughout; anthozoans
became important in the Middle Ordovician,
and have retained their importance into Re
cent time (Fig. I).

Coelenterates live in all marine environ
ments today, although, like most animals,
they are more numerous on continental
shelves than elsewhere. Forms with skele
tons are sessile and benthonic but a few
horny hydrozoans attach themselves to float
ing weed. Forms with calcareous skeletons
seem on the whole to prefer a hard sub
stratum, but forms with horny skeletons
may attach themselves also on muddy bot
toms. Calcareous anthozoans and hydro-

zoans in the past, as today, are the most im
portant inhabitants of organic reef environ
ments; many of them act and have acted as
framework organisms; they are and have
been more prolific in warm waters than in
cold.

Phylum COELENTERATA Frey &
Leuckart, 1847

[Originally included Porifera and Ctenophora] [=Zoophyta
LINNE, 1758 (partim); Radiata LAMARCK, 1802 (partim);
Actinozoa DE BLAINVILLE, 1831 (partim); Nematozoa BBONN,
1831; NemalOphora HUXLEY, 1852 (partim) , Coelentera
LANKESTER, 1877; includes Cnidaria HAECKEL, 1881 (non
Cnidaires M.EDW.-H., 1857); Cnidarea DELAGE & HEROUARD,

1901; Enterocoela GRABAU, 1913 (non HUXLEY, 1875»)

Multicellular animals with biradial or ra
diobilateral symmetry; body wall with cells
arranged in 2 layers (ectoderm and endo
derm) connected by a structureless meso
gloea containing cells chiefly of ectodermal
origin; within the body wall is a single cav
ity (enteron) having a single opening
(mouth) for ingestion and egestion and
commonly being divided by radial folds and
partitions; digestion partly intracellular; ner
vous system comprised of a network of cells;
no respiratory, excretory, or circulatory sys
tems. Precam.-Rec.

Subphylum CNIDARIA Hatschek, 1888
[Actinozoa DE BLAINVILLE, 1830; non Cnidaires MILNE-EDWARDS

& HAIME, 1857 (==Anthozoa hie); nee Cnidaria VERRILL, 1865
(==Anthozoa hie); nee Cnidaria HAECKEL, 1881 (==Coe1en-

terata hie)]

Mainly distinguished by possession of
stinging capsules (nematocysts) and well-de
veloped muscular action. Commonly with
power of budding, by which either individ
uals or colonies may be formed; sexual re
production typically producing an ovoid
uniformly ciliated larva (planula); poly
morphism characteristic, chief types being
fixed cylindrical polyps and free cup-shaped
medusae; some groups with endo- or exo
skeleton of calcitic, aragonitic, horny or chit
inophosphatic nature.! Precam.(Algonk.)
Rec.

1 Includes 3 main classes (Hydrozoa, Scyphozoa, Antho
zoa) in addition to the 2 assemblages (Protomedusae, Dipleu·
rozoa) designated by CASTER and HARRINGTON & MOORE as
classes (p. F21, F24). The modern meaning of the term
Scyphozoa is quite different from the original usage (GorCE,
1887) I which embraced the Anthozoa and Ctenophora but
consistent use during many decades for the acraspedote
medusae supports retention of the name. As defined in the
Treatise J the Scyphozoa inel ude subclasses called Scyphome
dusae and Canulata (p. F28).
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CHARACTERISTICS OF
COELENTERATES

The phylum Coelenterata, preferably
termed Cnidaria after removal of the
sponges and ctenophores, exemplifies a
grade of animal structure characterized in
two important ways, (1) in being com
posed of tissues not constituted into organs,
and (2) in the arrangement of its parts on
a radially symmetrical plan (Fig. 6). The
body consists essentially of a solid wall in
closing a simple or more or less subdivided
central cavity (coelenteron) that is closed
at one end (aboral) and open by the mouth
at the other end (oral). The wall is com
posed of an outer epithelium (ectoderm or
epidermis), an inner epithelium (endoderm
or gastrodermis) bounding the central cav
ity or cavities, and an intermediate tissue
(mesogloea or mesenchyme) varying in
thickness and construction. Other tissues
present are a nervous network and strata of
muscular fibers; these occur between the
epithelia or at their bases.

The cnidarian body is constructed on the
radial plan; that is, all parts are symmetric-

ally arranged around the central oral-aboral
axis, and any plane through the body that
includes the whole of this axis will divide
the body into halves that are identical with
each other regardless of the direction of the
plane. Radial symmetry is generally believed
to be the original morphological plan of the
phylum; it is altered to biradial and bilateral
symmetry in many members of the class
Anthozoa, but such alteration is commonly
considered to be secondary (Fig. 7). In
biradial symmetry the parts are arranged
symmetrically not only with reference to
the oral-aboral axis but also with reference
to 2 planes at right angles to each other,
arbitrarily called sagittal and transverse
planes. The halves obtained by section
through the oral-aboral axis and the sagit
tal plane are identical with each other but
not identical with the halves obtained by
section through the axis and the transverse
plane although these are also identical with
each other. In bilateral symmetry parts are
arranged symmetrically with reference to
one plane only, the median sagittal plane.
A section along this plane in the anteropos
terior axis will yield identical halves, and
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this is not possible along any other plane of
section. Symmetry observed in coelenterates
is illustrated by diagrammatic transverse
sections (Fig. 8).

Other prominent structural features of
cnidarians are the tentacles and the nemato
cysts. The tentacles are long, slender, hol
low or solid extensions of the wall that sur
round the oral end in one or more cycles.
They are wanting in very few members of
the phylum. The nematocysts or stinging
capsules (not cells) are secreted bodies con-

taining a coiled thread (actually a tube)
that, under certain conditions of stimula
tion, is emitted to the exterior by turning
inside out. Such everted threads penetrate
prey and stupefy it by means of a toxic
fluid of unknown nature emitted from the
tip of the thread. All cnidarians are pro
vided with nematocysts which are in fact
diagnostic of the living members of the
phylum.

The phylum illustrates to a marked de
gree the phenomenon of polymorphism,

la

stem with
periderm
covering

exumbrellar ectoderm

pedal disc

Hydroid polyp
in longitudinal sectior

Hydrozoan medusa
in transverse section

2a
radial canals

Hydrozoan medusa

FIG. 6. Diagrams of coelenterate structure. I, Hydroid polyp; I a, pardy in longitudinal section showing
periderm-covered stalk with basal attachment and tentacle-encircled hydranth bearing the mouth and con
taining an undivided central digestive cavity (coelenteron); Ib, transverse section through hydranth (much
enlarged) showing cell layers. 2. Hydrozoan medusa; 2a, somewhat oblique and pardy sectional view of
umbrella-shaped body with pendent tentacles, the mouth being located at end of a tubular extension (manu
brium) at the summit of the vault on the concave surface; 2b, transverse section above end of the manu
brium. (Modified from L. H. HYMAN, Invertebrates: Protozoa through Ctenophora, McGraw-HilI, New
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s

s

s

2

FIG. 7. Symmetry in invertebrate animals. 1, Spherical symmetry. 2, Biradial symmetry, characterized by
lack of identity of halves produced by section along sagittal and transverse diameters. 3, Radial symmetry
of tetramerous type, characterized by identical nature of halves produced by section along any 2 diameters
at right angles to each other. 4, Bilateral symmetry, with differentiation of dorsal and ventral surfaces.
AO, perradius; BO, interradius; CO, adradius; SS, sagittal axis; TT, transverse axis (modified from L. H.

HYMAN, Invertebrates: Protozoa through Ctenophora, McGraw-Hili, New York).

which is to say, that it expresses itself in a
variety of morphologies that are, however,
reducible to 2 plans, the polypoid and the
medusoid. The polypoid cnidarian has a
columnar form, attached at the aboral end,
free at the oral end, which is directly en
circled by tentacles (Fig. 6). The interme
diate layer of the wall is relatively thin,
varying from a thin cement to a stratum of
connective tissue. The medusoid type, free
swimming, has the shape of a bowl or
saucer with tentacles around the rim and
mouth at the end of a tubular projection
depending from the center of the concavity
of the bowl (Fig. 6,2a). The intermediate
layer is here very thick, composed of a
gelatinous material, whence the common
name of jellyfish applied to medusoids. The
terms craspedote and acraspedote used with
reference to medusae refer to the presence

or absence of a circular muscular shelf ex
tending inward from the bowl edge.

The polypoid type exhibits a high degree
of asexual reproduction and tends to form
colonies fixed to a substratum (Fig. 9).
Such colonies require support and hence are
provided with some sort of skeleton, either
external or internal or both. The form and
nature of this skeleton varies in the different
groups of Cnidaria. The medusoid type is
solitary, although a few forms are capable
of budding off other medusae like them
selves, and, being free-swimming, hence
supported by the water, does not require
and among living forms is not provided
with any skeleton. Sexual reproduction
commonly results in the formation of a
swimming larva that in general settles and
develops into some variant of the polypoid
type. The medusoid type, when present in
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FIG. 8. Diagrammatic transverse sections of coelenterates illustrating symmetry. 1, Hydro~oan or scypho
zoan medusa, showing tetramerous radial symmetry. 2, Anthozoan. (~nemone) showmg hexamerous
biradial symmetry. 3, Anthozoan (octocoral) showing octamerous radlObilateral symmetry. AB, plane of

bilateral symmetry (HYMAN).

the life cycle, arises by asexual budding
from the polypoid.

The existing cnidarians are almost exclu
sively marine and widely distributed
throughout the oceans, although most
abundant on the continental shelves. The
polypoid types are benthonic, with the ex
ception of a few genuine pelagic forms be
sides others that habitually live attached to
floating seaweeds. The medusoid types are
pelagic, either neritic or oceanic, and some
are limited to the deeper waters of the
oceans.

CLASSIFICATION OF CNIDARIA
The Cnidaria (HATscHEK, 1888) may be

defined as radial, biradial, or radiobilateral
Metazoa composed of tissues, without defi
nite organs; parts organized around an oral
aboral axis, lacking cephalization; with one
internal cavity, the coelenteron, simple or
subdivided, closed aborally, open orally by
the mouth surrounded (with few excep
tions) by one or more circles of tentacles;
with nematocysts as a defensive and food
capturing device; solitary or colonial, fixed
or free-swimming; colonies produced by
budding processes, generally provided with
a skeleton; highly polymorphic, attached
phases polypoid, free-swimming phases me
dusoid; sexual reproduction generally with
a free larva that attaches to become a poly
poid type; almost exclusively marine; ?Pre
cambrian; Cambrian to Recent.

The Cnidaria are divided into 3 classes:!
Hydrozoa, Scyphozoa, and Anthozoa.

The Hydrozoa are polymerous or tetra-

1 See classification given on p. F2~F4 for main divisions of
Coelenterata which are recognized in this volume of the
Treatise .-EDlTOR..

merous radially symmetrical cnidarians, that
occur as polyps or medusae or both; coelen
teron simple or branched but not provided
with a stomodaeum, or with septal projec
tions or with nematocyst-bearing structures;
oral end of the polyp elongated into a manu
brium; medusa of the craspedote type with
out rhopalia.

The Scyphozoa are solitary acraspedote
tetramerous radially symmetrical medusae
or medusa-like polypoids in which the coe
lenteron is subdivided in larva or adult into
a central space and 4 interradial pockets by
4 projecting interradial septa; the coelen
teron is armed with nematocyst-bearing
tentacles (gastric filaments); the margin of
the medusae bears sense organs (rhopalia)
in the form of reduced and altered tentacles;
the life cycle includes a polypoid larva that
differs from a hydrozoan polyp in its tetra
merous symmetry and subdivision of the
coelenteron by 4 longitudinal septa and that
develops directly into the adult medusae or
gives off medusae by transverse fission.

The Anthozoa are exclusively polypoid
cnidarians with hexamerous, octamerous, or
polymerous biradial or radiobilateral sym
metry; the oral end is expanded radially
into an oral disc bearing hollow tentacles; a
stomodaeum is present, usually provided
with one or more siphonoglyphs; the coelen
teron is more or less subdivided by endo
dermal septa some or all of which are fas
tened to the stomodaeum; parts of septa not
fastened to the stomodaeum are edged with
a cnidoglandular filament; all traces of a
medusoid stage are absent; the members are
solitary or colonial and commonly provided
with skeletons.
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HYDROZOA
MORPHOLOGICAL FEATURES

The Hydrozoa typically occur as radially
symmetrical polypoid forms, either solitary
or colonial, mostly the latter. The ordinary
hydrozoan polyp consists of the attached
base, the slender erect stem or stalk, and
the elongated terminal expansion or hy
dranth that bears the mouth and tentacles.
Colonies arise by formation of stem buds
that grow out into branches and by basal
outgrowths (stolons) that send up new
stems; the latter develop terminal hydranths
and repeat the budding and branching
processes. These colonies are generally stif
fened and protected by an external skeleton
in the form of a chitinous tube. In the
orders Milleporina and Stylasterina, how
ever, the polyp colony occupies a massive
calcareous exoskeleton permeated by the
stems of the polyps in the form of tubes.
The living part of a hydrozoan colony is
hollow, containing a continuous coelenteron.
Hydrozoan polyps show a good deal of poly
morphism, often occurring in several types
within the same colony.

Many hydrozoans also have a medusoid
stage, budded off asexually to swim about
as a free medusa. In such case the polypoid
stage is wholly asexual and the medusa is
the sexual form, producing sex cells that
develop into the polypoid stage by way of
a free larva, termed planula. However, the
medusoid stage often shows more or less
reduction or abortion, finally being reduced
to an altered polyp (gonozooid) that pro
duces the sex cells directly. In one group of
Hydrozoa, the order Trachylina, on the
contrary, the polyp stage is greatly reduced
or absent and the free medusa dominates.

In the past, the hydrozoan life cycle that
consists of an asexual polypoid phase bud
ding off sexually reproducing medusae was
regarded as typical and was interpreted as
an alternation of asexual and sexual gen
erations (metagenesis). It is more consistent
with the facts about other invertebrate
groups and a more physiological interpreta
tion to regard the polypoid phase as a per
sistent juvenile stage that has continued to
multiply asexually, whereas the medusoid
phase is the definitive adult. It follows as a
necessary corollary to this interpretation that

FIG. 9. Hydroid colony of calyptoblastic type (Cam
panularia), illustrating sympodial growth (HYMAN).

the medusoid type is the original and prim
itive coelenterate.

DIVISIONS
The Hydrozoa are classified as follows: 1

Order Hydroida, the hydroids. Polypoid
generation well developed, solitary or colon
ial, mostly provided with a chitinous exo
skeleton; with free medusae or aborted
structures representing medusae present on
the polypoids; medusae provided with ocelli
or ectodermal statocysts or both.

Order Milleporina, the millepores. Hy
droid colony occupying the surface layer of
a massive calcareous exoskeleton with pores
through which the polyps protrude; polyps
dimorphic; protective polyps with capitate
tentacles; with free but degenerated medu
sae, formed in special cavities.

Order Stylasterina. Similar to Milleporina,
but protective polyps small, without ten
tacles; without free medusae; sex products
formed on aborted medusae in special cavi
ties.

1 See footnote. p. F13.
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Order Trachylina, the trachyline medusae.
Hydrozoa with only the medusoid stage
well developed; hydroid stage reduced or
wanting; sense organs of medusae are stato
cysts and tentaculocysts with endodermal
statoliths.

Order Siphonophora, the siphonophores.
Hydrozoa existing as floating or free-swim
ming highly polymorphic colonies without
skeleton, composed of an assortment of
polypoid and medusoid individuals attached
to a stem; without free medusae.

Order Chondrophora. Floating colonies
consisting of polymorphic members attached
to the underside of a disciform expansion;
with free medusae.

SCYPHOZOA
MORPHOLOGICAL FEATURES

The Scyphozoa or Scyphomedusae are
cnidarians primarily of the medusoid type
which reaches a climax in this class. They
have the same general appearance as the
medusae of the Hydrozoa but are common
ly much larger and of more complicated
construction. Like the hydromedusae, the
Scyphomedusae are based on a plan of tetra
merous radial symmetry; that is, their main
parts are arranged symmetrically in 4 or
some multiple of 4 around the central oral
aboral axis of symmetry. This axis, there
fore, falls at the intersection of 2 principal
(but identical) planes of symmetry crossing
at right angles. These 2 planes are those on
which the mouth angles and gastric pockets
lie. The 4 radii thus indicated are called
perradii and the 4 radii halfway between
them are termed interradii; when necessary,
radii halfway between adjacent per- and
interradii are referred to as adradii. There
are obviously 4 perradii and interradii but
8 adradii. Section along the 4 perradii or
the 4 interradii results in 4 morphologically
identical quadrants; this is the essence of
tetramerous symmetry.

The highly gelatinous body (bell or um
brella) varies in shape from a goblet or
trumpet to a dome, bowl, or saucer; it bears
tentacles on the margin at 4 or more radii
or in indefinite number, further compli
cated assemblages of sensory organs called
rhopalia. The bell margin is typically scal
loped on the plan of 4 and the tentacles and
rhopalia are definitely related to the scallops.

A rhopalium comprises an equilibratory
organ (tentaculocyst), chemoreceptive sen
sory patches, and in some Scyphozoa eye
spots. The scyphozoan bell lacks the velum
characteristic of the hydrozoan medusa, that
is, a circular muscular shelf extending in
ward from the bell margin, although a slight
indication of this structure is present in some
Scyphozoa. This difference leads to the
names craspedote medusae and acraspedote
medusae for hydro- and scyphomedusae,
respectively.

From the center of concavity of the bell
depends the beginning part of the digestive
tract in the form of a quadrangular tube
(manubrium) opening at its free end by
the 4-cornered mouth. The mouth corners,
commonly drawn out into frilly oral lobes or
arms, define the perradii. The manubrium
is lined with endoderm, not as earlier sup
posed with inturned ectoderm; hence, as in
the Hydrozoa, a pharynx or stomodaeum is
lacking in the Scyphozoa. The manubrium
leads into the general coelenteron located in
the substance of the bell; as characteristic
of the Scyphozoa, in contrast with hydro
zoan medusae, the coelenteron is subdivided
into a central stomach and 4 gastric pockets
located on the perradii produced by 4 parti
tions or septa projecting into the interior
along the interradii. As a further character
istic of Scyphozoa, the free edges of the 4
partitions bear numerous tentacle-like pro
jections, termed gastric filaments, that are
armed with nematocysts and participate in
the capture of prey. Definite gastric pockets
and interradial partitions are lacking in
adults of the higher orders of Scyphozoa,
being confined to the larval stages, but gas
tric filaments are invariably present. From
the periphery of the central stomach or its
pockets gastrovascular canals, commonly
much branched, are given off to the bell
margin where a ring canal mayor may not
be present.

Another distinctive feature of the Scypho
zoa, wanting in hydrozoan medusae, is the
presence between the bell margin and the
manubrium of a deep depression, the sub
umbrellar funnel, pushed into the partition
in each interradius. This fundamental fea
ture again is present in the adults of only
the lower orders, being confined to the
larval stage of the higher ones.
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Strong muscles, running in circular and
radial directions, are present; especially
noticeable is the coronal muscle, a strong
circular band on the subumbrellar side near
the periphery. By its contractions the bell
pulsates, enabling the medusa to swim and
keep afloat. The nervous system consists of
the usual plexus in the base of both epithel
ial layers, without cephalic concentration,
but ganglionic concentrations of nervous
tissue occur in connection with each rho
palium and these rhopalial ganglia are im
portant in controlling activities of the ani
mal.

REPRODUCTION

Adult Scyphozoa reproduce exclusively by
the sexual method; the gonads are borne on
the sides of the interradial partitions where
present, or in the floor of the stomach peri
phery. The early larva (planula) attaches
and develops into a polypoid type that re
produces extensively by asexual methods. It
differs considerably from the hydroid polyp
in having a trumpet-shaped body attached
by an adhesive basal disc and 4 subumbrel
lar funnels and 4 interradial partitions. It is
thus, like the adult, definitely tetramerous,
unlike the hydrozoan polyp. Consequently,
tetramerous radial symmetry is found to be
fundamental to the class Scyphozoa. The
scyphozoan polyp produces medusae by
transverse fission of its summit; such juve
nile medusae differ considerably from the
adult in appearance and gradually develop
the adult morphology.

OCCURRENCE AND
CLASSIFICATION1

As the Scyphozoa are devoid of skeletal
elements one would not expect any preser
vation as fossils. However, a few impressions
left by them in favorable situations exist.
The Scyphozoa are and always have been
exclusively marine.

The Scyphozoa or Scyphomedusae are de
fined as acraspedote tetramerous medusae or
medusa-like polypoids in which the coelen
teron bears the gonads and gastric filaments
armed with nematocysts; the coelenteron in
adult or polypoid young is subdivided by
4 interradial partitions into a central space
and 4 perradial pockets; the subumbrella is

1 See footnote, p. F13, and p. F27-F66.

indented by 4 interradial pits (subumbrel
lar funnels) sunk into the -partitions when
these are present; complicated marginal
sense bodies (rhopalia) are present; life his
tory includes a polypoid tetramerous young
provided with interradial septa and sub
umbrellar funnels; this develops directly
into the adult or gives off medusae by trans
verse fission. The class is divided into 4
orders:

Order Stauromedusae or Lucernariida.
Adult as a solitary attached polypoid with
goblet- or trumpet-shaped body, provided
with interradial partitions, subumbrellar
funnels, and 8 marginal groups of tentacles;
not represented as fossils.

Order Carybdeida or Cubomedusae. Free
medusae of cuboidal or quadrangular shape
with 4 tentacles or groups of tentacles at the
corners and 4 rhopalia between the corners;
tentacles borne on a flattened bladelike base,
the pedalium; with interradial gastrovascu
lar septa and subumbrellar funnels.

Order Coronatae. Free medusae with scal
loped bells, characterized by a circular coro
nal groove; tentacles borne singly on pe
dalia, alternating with rhopalia; with inter
radial partitions and subumbrellar funnels.

Order Semaeostomeae. Typical flat or
saucer-like free medusae with generally 8
or 16 rhopalia borne in niches between the
lappets; rhopalia alternating with one to
many tentacles; mouth angles drawn out
into long frilly lobes; interradial partitions,
gastric pockets, and subumbrellar funnels
wanting in the adult, but present in the poly
poid young.

Order Rhizostomeae. Tentacles wanting;
oral lobes branched into 8 thick gelatinous
arms that obliterate the mouth and contain
numerous small mouths; otherwise as in
Semaeostomeae.

ANTHOZOA
MORPHOLOGICAL FEATURES

The Anthozoa are strictly polypoid cnid
arians in which all trace of a medusoid stage
has been lost from the ontogeny. The broad
morphological alterations from the radial to
the tetramerous type already seen at work
in the hydrozoan medusa and in both
hydroid and medusoid phases of the Scypho
zoa are further evolved in the Anthozoa,
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resulting in biradial and radiobilateral types
of symmetry. Tetramerous symmetry easily
passes into biradial symmetry. Whereas in
tetramerous symmetry the 4 perradii have
identical ends and planes along them divide
the body into identical halves or quadrants,
in biradial symmetry the 2 ends of one pair
of perradii differ from the 2 ends of the other
pair of perradii. Consequently, a plane along
each pair of perradii will produce identical
halves but those from one pair will not be
identical with those from the other pair
(Fig. 8). The 2 pairs of perradii are arbi
trarily called sagittal and transverse axes.
Bilateral symmetry is easily derived from
either the tetramerous or the biradial type
by the development of unlikeness along the
sagittal axis.

The bilateral symmetry found in the An
thozoa is of the radiobilateral type, that is,
it retains features of radial symmetry in the
form of radiating partitions and hence is
clearly an alteration of radial symmetry. It
is therefore quite unlike the bilateral sym
metry of the true bilateral animals which
do not retain radial features, although pre
sumably derived from a radial ancestor. Con
sequently HADZI'S attempt to derive the
Anthozoa from the flatworms appears poor
ly founded. The symmetry of the majority
of the Anthozoa is best referred to as radio
bilateral.

The anthozoan polyp differs in several
ways from the hydrozoan polyp. It is rela
tively short and stout, with the oral end
flattened into a disc bearing a central mouth
encircled by one or more circlets of tentacles.
As foreshadowed in the Scyphozoa, the
coelenteron is no longer a simple cavity but
is divided up into chambers by longitudinal
partitions, the septa or mesenteries. The
mouth leads into the coelenteron by way of
an elongated pharynx or stomodaeum prob
ably lined by inturned ectoderm. ThIS opens
freely below into the general coelenteron.
Some of the septa just mentioned reach
from body wall to pharynx, hence are
termed perfect or complete septa; others that
do not reach the pharynx are termed imper
fect or incomplete. The free edges of all
mesenteries are provided with a sinuous
thickening called the septal filament armed
with glands and nematocysts that reminds
of the gastric filaments of the Scyphozoa. As
all septa have free edges basal to the pharynx

it is clear that all of the coelenteric cham
bers are in communication. The anthozoan
pharynx commonly bears one or more si·
phonoglyphs. These are flagellated grooves
by which water currents are directed into
the interior. The presence of the siphono
glyphs defines the sagittal axis, and the
m~uth is also commonly elongated in this
aXIS.

Another difference between the antho
zoan and hydrozoan polyp is the much
greater thickness of the intermediate layer
between the 2 body epithelia in the former.
This intermediate layer is invariably cellu
lar and consists of some form of connective
tissue. Thus, the standard concept of the
coelenterates as 2-layered animals fails with
regard to the Anthozoa and is best aban
doned as of no comparative morphological
value.

The anthozoan polyp may be solitary, in
which case it is usually temporarily attached
by a basal disc or other type of basal expan
sion. Most generally, however, anthozoans
are colonial and the colonies are then sup
ported by skeleton of varied nature, com
monly developed strongly. Further, as in
hydrozoan colonies, the polyps of anthozoan
colonies are often di- or polymorphic.

The muscular system is mostly well de
veloped, especially in the form of retractor
muscles along the septa by which the body
can be shortened quickly. The arrangement
of these retractor muscles is of great sys
tematic importance among the existing an
thozoans. The nervous system takes the
form of the usual network, not concentrated
into anything resembling a center. The sex
cells are produced along the septa and de
velop into a swimming larva of the planula
type that settles and develops directly into
a polypoid.

OCCURRENCE AND
CLASSIFICATION!

The Anthozoa are exclusively marine and
those with calcareous skeletons are well
preserved as fossils, furnishing, indeed, many
types no longer in existence.

The Anthozoa are divisible into 2 great
groups or subclasses, the Octocorallia with
octamerous radiobilateral symmetry and the
Zoantharia with various types of biradial or
radiobilateral symmetry.

1 See footnote, p. F13, and chapters on Anthozoa.
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SUBCLASS OCTOCORALLIA

The octocoral (or alcyonarian) polyp dif
fers from all other anthozoan polyps in sev
eral respects. It is provided with 8 pinnate
tentacles symmetrically arranged. The coel
enteron is subdivided by 8 complete single
septa that extend from the body wall to the
pharynx into 8 chambers, each of which
continues into a tentacle. The tentacles there
fore alternate with the septa. The pharynx
is provided with one siphonoglyph (or sul
cus) and the side of the polyp that bears the
siphonoglyph is arbitrarily termed ventral,
or better sulcal. On its sulcal face, that is,
the side toward the siphonoglyph, each sep
tum bears a strong longitudinal muscle
band, the retractor, by which the polyp can
be contracted and its oral end drawn into
the interior. The 8 symmetrically arranged
tentacles and septa confer on the alcyonarian
polyp a superficial appearance of octamerous
radial symmetry (whence the name Octo
corallia) but the presence of one siphono
glyph and the arrangement of the septal
muscles modify this symmetry in the direc
tion of bilaterality. There is but one plane
of symmetry, that which bisects the siphono
glyph, leaving 4 septa in one half and 4 in
the other.

Below the pharynx, the septa are free and
gradually diminish in breadth to the polyp
base, being finally reduced to mere ridges.
Generally, only the 2 asulcal septa, that is,
those opposite the siphonoglyph, reach the
base. The free septal edge is thickened into
a cord, the septal filament, mostly of diges
tive nature, but the filaments of the 2 asulcal
septa differ from the other 6, being heavily
flagellated and serving to create an upward
current, whereas at the siphonoglyph the
current runs inwards.

The existing octocorals are colonial. In
simplest groups, the colony runs over a sub
stratum in the form of single polyps erected
from a stolon or mat. Most Octocorallia,
however, occur as lobed or branching colo
nies in which only the oral part of the polyps
protrudes; the basal parts are imbedded in
a common flesh or coenenchyme and are
connected with each other by gastrodermal
(endodermal) tubes that permeate the coen
enchyme. New polyps arise as a bulge from
the gastrodermal tube, and this bulge then
sprouts tentacles and forms a mouth and

pharynx by epidermal invagination. The
coene!lchyme i~ c?vered ~xternally with epi
dermis and withm consists of a gelatinous
mesenchyme containing amoeboid cells.

The po,lyps mar be dimorphic, consisting
of 2 sorts, the ordmary polyps or zooids and
the siphonozooids. The latter are reduced
in ~ll ~tructures except the siphonoglyph,
whi.ch is strongly developed. The siphono
zOOlds do not feed but serve to drive a water
current through the colony.

The octocorallian (alcyonarian) colony is
supported by skeleton which is generally a
pro~uct of the cells of the mesenchyme, and
is either calcareous or horny in nature. It
may consist of separate calcareous spicules
or of spicules fused by a calcareous cement
or of amorphous calcareous substance or of
calcareous spicules coate.d by or united by
horn or of strands and lamellae of horn.

The nature of the skeleton more or less
determines the different orders. Four of the
6 o~ders h~re reco~nized are represented by
fOSSil remams, but m general the Octocorallia
are not of paleontological importance.

Order Stol~nifera. Polyps arising singly
from a creepmg base, not partly imbedded
in. a coenenchymal mass; may be provided
with warty calcareous spicules secreted by
the cells of the mesenchyme. The best
known member of this order is the red
organ-pipe coral (Tubipora), in which each
polyp is inclosed in a skeletal tube of fused
calcareous spicules. The ensemble of these
tubes resembles the pipes of a pipe-organ.
The tubes are further united at intervals by
trans.verse platforms. Curiously enough,
Tubtpora is not known as a fossil.

Order Telestacea. A small group, exempli
fied by Telesto, in which the colonies occur
as simple or branched stems arising from a
creeping base; not represented as fossils.

Order Alcyonacea. Comprises the fleshy
types of octocorals, known as soft corals,
in which the polyps are partly imbedded in
a common massive or lobed coenenchyme.
The skeleton consists of separate warty cal
careous spicules secreted by the cells of the
mesenchyme and commonly present in great
profusion; these spicules are scantily repre
sented as fossils.

Order Coenothecalia. Also a small group,
represented by fossils and by one existing
genus, the blue coral, Heliopora, with a
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massive calcareous skeleton composed of
fibers of aragonite fused into lamellae. The
skeleton contains numerous blind tubes at
right angles to the surface; these occur in 2
sizes, larger containing a polyp, and smaller
containing gastrodermal tubes, united in
side a thin superficial coenenchyme. As the
colony grows, the living parts are pushed
outward by the formation of transverse cal
careous partitions and hence only the peri
phery of the mass is alive.

Order Gorgonacea. Conspicuous colonial
animals of tropical and subtropical waters,
including the sea whips, sea feathers, sea
fans and other types collectively known as
gorgonians or horny corals. Typically, the
stems of gorgonians are supported by a
horny axial rod which is covered over by a
thin layer of coenenchyme containing the
usual warty calcareous spicules and bearing
the small or minute polyps. The red coral,
Corallium, differs from other gorgonians in
having a purely calcareous axis of cemented
spicules. Gorgonian spicules may be pre
served as fossils.

Order Pennatulacea. Fleshy colonies com
posed of the elongated body of the primary
axial polyp and of numerous secondary
polyps that spring laterally from the pri
mary polyp. The coenenchyme as in other
octocorals contains calcareous spicules that
may be scantily preserved as fossils.

SUBCLASS ZOANTHARIA
This subclass includes all existing Antho

zoa in which the number and arrangement
of the septa and number and structure of
the tentacles are otherwise than in the Octo
corallia. The group is therefore more vari
able in morphology than is the subclass
Octocorallia.

The cylindrical polyp is solitary or colon
ial and with or without a skeleton, here in
variably an exoskeleton, secreted by the
ectodermal surface of the animal. The oral
end of the polyp forms an oral disc bearing
hollow tentacles in one or more circlets or
in radiating rows or differentiated into oral
and marginal circlets. A well-developed
pharynx is present, usually provided with 1
or 2 siphonoglyphs but in some zoanthar
ians without them. The coelenteron is
divided into compartments by septa, of
which both the complete type reaching the
pharynx and the incomplete type not reach-

ing the pharynx are generally p!-"esent. The
septa are coupled, that is, in symmetrical
correspondence on the 2 sides of the plane
of symmetry that bisects the corners of the
elongated mouth. In most individuals the
septa are also paired, that is, occur in 2's
close together. Thus we get the terms exo
coel for the coelenteric chambers between
pairs of septa and endocoel for the narrow
chamber between the two members of a
pair. Each septum is provided upon one
face with a longitudinal retractor muscle
and the arrangement of these retractors is
of considerable importance among existing
anthozoans. Usually the retractors of paired
septa face each other, thus located on the
side towards the endocoel, except for the
pair of septa attached to a siphonoglyph
where the retractors are on the exocoelic
side. This fact distinguishes the septa of a
siphonoglyph, which therefore are called
directives. As in Octocorallia, the free edges
of the septa are provided with filaments of
glandular nature and also armed with nema
tocysts. Gonads are borne on the septa just
back of the filaments.

The arrangement of the septa varies in
the class but most commonly, as in anem
ones and stony corals, is hexamerous; that
is, the pairs of septa occur in cycles of 6 or
some multiple of 6. In a perfect hexamerous
zoantharian, there are 2 siphofioglyphs, one
at each end of the laterally flattened
pharynx, 6 pairs of complete septa, that is, 2
pairs of directives, and 2 nondirective pairs
(primaries) on each side; in the 6 exocoels
between the complete pairs occur 6 incom
plete pairs, also called secondaries; in the
12 exocoels so formed, 12 pairs of smaller
incomplete septa, or tertiaries, and so on.
As the animal grows, additional incomplete
pairs arise. The hollow tentacles are related
to the coelenteric chambers; typically there
is one tentacle to each exocoel and one to
each endocoel. Consequently the tentacles
occur in the same cycles as the coelenteric
chambers and increase in number with the
formation of new septa.

Where 2 siphonoglyphs are present, the
symmetry is of the hexamerous biradial
type and the plane of symmetry is that
which bisects the 2 siphonoglyphs. If but
one siphonoglyph is present, the symmetry
is radiobilateral.

The Zoantharia comprise 5 existing ord-
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ers, of which one is provided with calcare
ous exoskeleton and hence of great paleon
tological significance.

Order Actiniaria. This order includes the
sea anemones, familiar animals of the sea
shore, solitary polyps with a tentaculateoral
end commonly of great beauty. As this
group is devoid of skeleton it is not repre
sented in fossil form.

Order Zoanthidea. A small group of
mostly colonial forms, resembling small
anemones, but differing from the latter de
cidedly in septal arrangement and other
structural details. As the zoanthids lack
skeleton they are of no paleontological im
portance.

Order Antipatharia. Also a small group,
known as the black or thorny corals. They
form slender branching plantlike colonies,
having, like gorgonians, a hornlike skeletal
axis covered with a thin coenenchyme bear-

ing the small polyps. The type of skeleton
is not readily preservable and hence this
group has few fossil representatives.

Order Ceriantharia. The cerianthids ap
pear like long cylindrical anemones but dif
fer from these in having the tentacles differ
entiated into smaller oral and larger mar
ginal sets and in an entirely different ar
rangement of septa all of which are perfect.
reaching the pharynx. The soft body with
out skeleton is naturally not preservable in
a fossil state.

Order Scleractinia. Zoantharians with
hexamerous symmetry and calcareous hard
parts; they are described in detail in a later
section.

Extinct Orders. The extinct Rugosa, Het
erocorallia, and Tabulata, are not discussed
here because they are described in other sec
tions of this volume.

FIG. 10. Reconstruction of Brooksella showing morphology of external features and nature of internal
structures (HARRINGTON & MOORE, n).
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By H. J. HARRINGTON and R. C. MOORE
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The class Protomedusae was introduced
by CASTER in 1945 to accommodate the pe
culiar Cambrian medusoid remains de
scribed by W ALCOTT in 1896 under the
names Brooksella and Laotira, referred by
him to the class Scyphomedusae. These re
mains, preserved in cherty nodules 1 to 10
cm. in diameter-the famous "star cobbles"
of the Middle Cambrian Conasauga shale
of Coosa Valley, Alabama-show great var
iability in external shape. The simplest and
most symmetrical specimens are subellip
soidal bodies displaying swollen, melon-like
radial segments, sharply defined by deep
radial grooves. The number of segments is
highly variable, between 4 and 15 or more,
and though some specimens display tetra
merous symmetry, many others have an
odd number of segments, 5 or 7 being com
mon. The segments or lobes are usually ir
regular and those of the presumed upper or
exumbrellar surface are typically wider than
the corresponding ones of the lower surface.
In addition, supplementary lobes are seen
in many specimens, intercalated between
the principals, usually inserted between the
narrower subumbrellar segments. WALCOTT
offered the plausible suggestion that the
supplementary lobes acted as additional oral
arms. Appendages interpreted as true oral
arms, normally 4 or 5, are preserved on the
subumbrellar side of a few specimens.

WALCOTT'S reconstruction of the internal
structure, based both on exfoliated speci
mens and polished sections, shows a central,
disc-shaped aboral stomach giving rise to
radial canals, one in each lobe, and to ver
tical axial canals connecting the stomach
with a smaller, disc-shaped ventral cavity
("buccal stomach"). This cavity gives rise
to radial canals, one in each oral arm, which
appear to open to the exterior in a single
ostiole at the distal extremity of the arms
(Fig. 10). Gonads have not been recog
nized. Probably they were located in the
central axis of the body below the aboral
stomach.

The peculiar and highly variable lobation
of the body, and particularly the presence of
supplementary incomplete lobes, is a char-

acteristic of primary importance which dis
tinguishes the class from all other Coelen
terata. Such features as lack of marginal
tentacles and absence of central mouth,
which W ALCOTT regarded as indicating a
rhizostomatid alliance, were in all probabil
ity developed independently and have no
phylogenetic significance.

The class Protomedusae seems restricted
to the late Proterozoic and early Paleozoic.
In addition to the Middle Cambrian forms
originally described by WALCOTT, remains
assignable to this class are now known from
Algonkian rocks of Arizona, Upper Cam
brian strata of Wyoming and Lower Ordo
vician beds of Sweden and France. A ref
erence to Laotira sp. from the Pennsylvanian
of Sinai Peninsula, Egypt, by COUYAT &
FRITEL, has never been substantiated by fig
ures or descriptions.

Class PROTOMEDUSAE Caster,
1945

Highly variable, primitive Coelenterata,
with bodies swollen into radial pouches di
vided by deep sulci, commonly with incom
plete supplementary lobes intercalated be
tween principals; marginal sensory organs
and tentacles absent; central stomach aboral,
discoidal, giving rise to simple radial canals,
one in each lobe, and to vertical axial canals
connecting stomach with ventral cavity; ring
canal absent; central mouth absent; oral
arms 4 or ?5, each with mesial canal spring
ing from ventral cavity and with ?single
ostiole at distal end. Precam.(Algonk.), M.
Cam.-Ord., ?Penn.

Order BROOKSELLIDA Harrington
& Moore, nov.

Characters of class. Precam.(Algonk.),
M.Cam.-Ord., ?Penn.

Family BROOKSELLIDAE Walcott, 1898

Body ellipsoidal to discoidal, deeply lobate
with 4 to 15 or more irregular melon-like
segments; exumbrellar lobes wide, fused at
mid-field, continued ventrally on subum-
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Brooksello

FIG. II. Precambrian and Cambrian species of Brookulla from North America. I, B. cambria, M.Cam., Ala.;
Ia,b, exumbrellar views, XI; Ic, subumbrellar view, Xl (WALCOTT). 2, B. a/ternata, M. Cam., Ala.; 2a,d,
exumbrellar views; 2b,e-g, subumbrellar views; 2c, side view; allXI (WALCOTT). 3, B. canyonensis,

Precam., Ariz.; holotype, X I (VAN GUNDY).
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brella in narrow bands fused centrally; sup
plementary lobes, when present, seemingly
fused internally along axial region of body.
Precam.(Algonk.}, M.Cam.-Ord., ?Penn.
BrookseUa WALCOTT, 1896 [nom. conurll. proposed

HARRINGTON 8< MOORE, 1955 (ICZN pend.)] [·B.
alurnata (=Laotira cambria WALCOTT, 1896)]
[?=Staurophyton MEUNIER, 1891 (·5. bagnolm
sis), L.Ord., Fr.; Laotira WALCOTT, 1896]. Char
acters of family. Pr~cam.(Algonk.) , M.Cam.-U.
Cam., USA; Ord., Swed.-?Fr.; ?Pmn., Egypt.-
FIG. 11,2. ·B alurnata, M.Cam., Ala.; 2a-c, ex
umbrellar, subumbrellar, and side views; 2d,e, ex
umbrellar and subumbrellar views of another
specimen; 2f, oral arms of 3rd specimen; 2g, sub
umbrellar view of 4th specimen; all Xl (WAL
COTT).--FIG. 11,1; 12,1. B. cambria (WALCOTT),
M.Cam.-U.Cam., USA (type of Laotira) (11,1, M.
Cam., Ala.; 12,1, U.Cam., Wyo.); 11,la,b, ex
umbrellar views of 2 specimens, Xl; 11,1, subum
brellar view, X 1 (WALCOTT); 12,1, exumbrellar
impression, XO.65 (CASTER).--FIG. 12,2, ?B.
cambria (WALCOTT), L.Ord., Fr. (type of Stauro
phyton bagnol~nsis MEUNIER); X 1 (MEUNIER)
--FIG. 11,3. B. canyon~nsis BASSLER, Precam.
(Algonk.), Ariz.; holotype, X 1 (VAN GUNDY).-
FIG. 12,3. B. silurica (VON HUENE), Ord., Swed.;
holotype, X 1 (VON HUENE).
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Ord., Fr.; exumbrellar view, X 1 (MEUNIER). 3. B.
silurica, Ord., Swed.; holoJype, X 1 (VON HUENE).

© 2009 University of Kansas Paleontological Institute



F24 Coelenterata-Dipleurozoa

DIPLEUROZOA

By H. J. HARRINGTON and R. C. MOORE

The class Dipleurozoa was introduced (1)
to accommodate some very distinctive Low
er Cambrian fossils from southern Australia
described by SPRIGG in 1947 under the gen
eric name Dickinsonia. They are excep
tionally neat impressions of small to me
dium-sized discoidal bodies of elliptical out
line resembling a medusoid umbrella with
radiating segments and marginal tentacles,
but characterized by marked bilateral sym
metry and differentiated extremities. A short
median furrow along the main axis of the
elliptical body gives off numerous simple,
diverging lateral segments, shorter and
more numerous at one extremity of the
ellipse. The margin is scalloped into very
short, rounded lappets, each bearing a sim
ple tentacle (Fig. 13).

SPRIGG suggested that the remains could
represent a new and extinct class of Coelen
terata or that, on account of their bilateral
symmetry, they may belong in the Siphono
phorida. Though bilateral symmetry is a
common feature among the siphonophores,
there is nothing to suggest that the remains
under consideration represent the float or
pneumatophore of a colonial coelenterate.
The impressions indicate that the living ani
mal had a consistent gelatinous body more
or less homogeneous in structure, compar-

able to the bells of the medusae. One speci
men shows what are here regarded as ten
tacles springing out from the marginal lap
pets; these structures were interpreted by
SPRIGG as chitinous radii, but their relation
to the marginal lappets makes this view very
implausible and strengthens the case for
tentacles. These same relations-each ten
tacle springing out from the mesial part of
a lappet make it highly improbable that
they could represent submarginal dactylo
zooids of a colonial coelenterate comparable
to the living genera Velella or Porpita.

Dipleurozoans seem to be restricted to the
Lower Cambrian and are known exclusive
ly from South Australia.

Class DIPLEUROZOA Harrington
& Moore, 1955

Primitive, specialized Coelenterata with
bell-shaped body of elliptical outline, dis
playing marked bilateral symmetry and dif
ferentiated extremities; median furrow
along main axis of elliptical body giving
off numerous flat, simple, diverging lateral
segments separated by narrow grooves
reaching periphery; margin scalloped into
very short lappets, each bearing simple ten
tacle. L.earn.

Dickinsonia

FIG. 13. Dickinsonia spriggi HARRINGTON & MOORE, oblique view (reconstr.) showing slighdy scalloped
margin with narrow lobes each bearing a short filiform tentacle. The bilateral symmetry and differentiation

in character of the axial extremities are depicted, approx. X 1 (HARRINGTON & MOORE, n).

© 2009 University of Kansas Paleontological Institute



Dipleurozoa F25

Order DICKINSONIIDA Harrington
& Moore, 1955

Characters of class. L.earn.

Family DICKINSONIIDAE Harrington &
Moore, 1955

Body elliptical to ovoid in outline; median
longitudinal furrow giving off 70 to 140

FIG. 14. Dickinsoni costata SPRIGG, from Lower Cambrian of South Australia; la, X1.25; 1b, XO.9; 1c,
X 1 (SPRIGG).
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FIG. 15. Dickinsonia minima SPRIGG, from Lower Cambrian of South Australia; la, XO.8; lb,c, X I
(SPRIGG).

FIG. 16. Dickinsonia spriggi HARRINGTON & MOORE, from Lower Cambrian of South Australia, holotype.
© 2009 University of Kansas Paleontological Institute
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simple diverging lateral segments; segments
at one extremity (?anterior) of elliptical
body more numerous, narrower and less
oblique than at opposite (?posterior) end.
L.Carn., S.Austral.

Dickinsonia SPRIGG, 1947 [·D. costata]. Characters
of family. L.Cam., S.Austral.--FIG. 14,1. ·D. cos
tata; la, holotype, XO.9; 1b, another specimen,
X 1.25; Ie, 3rd specimen, Xl (SPRIGG).--FIG. 15,
1. D. minima SPRIGG; la, holotype, XO.8; 1b, an
other specimen, Xl; 1c, 3rd specimen, Xl
(SPRIGG).--FIG. 16. D. spriggi HARRINGTON &

MOORE; holotype, X 1 (SPRIGG).
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Class SCYPHOZOA Gotte, 1887
[emend. HAECKEL, 1891, excluding Anthozoa, Ctenophora)

Mostly tetramerous (Fig. 17) free-swim
ming or attached Cnidaria lacking hard
parts or protected by a thin chitinophospha
tic periderm and typically characterized by
presence of 4 interradial endodermal septa
associated with longitudinal muscles of ecto
dermal origin and in some extinct forms
with mineralized septa in this position.
Carn.-Rec.

The Scyphozoa are exclusively marine
coelenterates which include both attached

(polypoid) and free-swimming (medusoid)
forms. Among living representatives of the
class, medusoids are overwhelmingly the
more prominent, but fossils which here are
assigned to the Scyphozoa mostly lack any
obvious resemblance to modern free-swim
ming types. This generalization is depend
ent on revised classification that recognizes
the widely distributed, not rare fossils called
conulariids as belonging to the Scyphozoa,
for otherwise the statement would be untrue
and one could only say that the paleon
tological record of Scyphozoa is lamentably
small. It becomes necessary to give reasons
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Subclass SCYPHOMEDUSAE
Lankester, 1881

Mostly tetramerous medusae and medusa
like polypoids, termed acraspedote because
lacking true veil, although some possess a
very similar structure (velarium); coelen
teron in larva or adult partly divided by 4
interradial endodermal septa; except in a
few groups, subumbrella indented by 4 deep
ectoderm-lined funnels in position of the
interradial septa and associated with longi
tudinal muscles of ectodermal origin; mar
gin bearing reduced tentacles or rhopalia
(tentaculocysts with endodermal statoliths);
mesogloea cellular, containing fibers and
loose amoeboid cells; polypoid larva (scy
phistoma) with tetramerous symmetry de
fined by 4 septa dividing coelenteron, larva
growing directly into adult or producing
medusae by transverse fission. Cam.-Rec.

Subclass CONULATA Moore &
Harrington, nov.

Mainly tetramerous cone-shaped to elon
gate pyramidal or subcylindrical organisms
bearing a thin chitinophosphatic periderm
which commonly bears transverse and longi
tudinal markings but may be smooth, some
bearing an attachment disc at the pointed
aboral extremity but in part probably living
unattached; oral end may be protected by
inward bent edges of periderm; oral margin
with tentacles at least in some forms and
probably in all. M.Cam.-Trias.

jellyfishes, that is, the nonveiled (acraspe
dote) types. The older name, Acraspeda
(GEGENBAUR, 1856), has not gained favor in
spite of its appropriateness. In the classifi
cation adopted in the Treatise, the most
generally accepted name, Scyphozoa, is rec
ognized for the class and at the same time
Scyphomedusae is employed in its custo
mary taxonomic application but defined as
a subclass. Another subclass named Conu
lata is introduced to contain extinct organ
isms which now are assigned position in
the Scyphozoa; this subclass is divided into
orders, one of which comprises the Conu
lariida. Diagnoses of the class and subclasses
are given here as a basis of the discussion
which follows; systematic descriptions of
lower-rank divisions are reserved for sec
tions devoted to Scyphomedusae and Conu
lata.

interradial
plane af symmetry

2
perradial

plane of symmetry

FIG. 17. Planes of symmetry in Scyphozoa. 1,2, Sub
umbrellar views of a stauromedusid and a semaeo
stomatid showing position of perradial and inter
radial planes of symmetry; planes or lines halfway
between these planes are termed adradial (modified
from L. H. HYMAN, Invertebrates: Protozoa through

Ctenophora, McGraw-Hill, New York).

interradial perradial
plane of symmetry

for adding the long-extinct much-debated
conulariids to the scyphozoans; also, the
addition inevitably affects some names and
their application.

During several decades zoologists have
employed either or both of the names Scy
phozoa and Scyphomedusae, introduced by
HAECKEL (1891) and LANKESTER (1877),
respectively, as applied to the so-called true
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FIG. 18. Oblique view of subumbrellar surface of a modern scyphomedusan (Cyanea, order Samaeostoma
tida), showing prominent oral arms and areas of grouped tentacles; body parts are symmetrically repeated
around the bell. Cyanea arctica attains a diameter of 2 m. or more, being distinguished as the largest
known coelenterate (after L. H. HYMAN, Invertebrates: Protozoa through Ctenophora, McGraw-Hill,

New York).

DISTINGUISHING CHARAC
TERSOFSCYPHOZOA

The outstanding feature of the Scyphozoa
is strong development of tetrameral radial
symmetry throughout life from larval to
adult stages and in both polypoid and medu
soid states. The body is divisible into identi
cal quadrants by either of 2 sets of planes
which intersect at right angles along the
axis extending from center of the mouth to
the aboral pole (Fig. 17). One set of such
planes of symmetry can be placed so as to
pass through the mouth arms or laterally
outstretched angles and internally to divide
each of 4 gastric pouches into halves; by
definition these planes are termed perradial.
The other set of planes of symmetry belongs
halfway between the perradial planes so as

to pass through inner angulations of the
mouth and coincide with septa that bound
the gastric pouches; these planes are desig
nated as interradial. Any radial line or struc
ture located halfway between adjacent per
radial and interradial planes is called adra
dial but none of these define symmetry. In
nearly all scyphozoans body parts are sym
metrically repeated around the longitudinal
axis in the number of 4 or multiples of 4
(Figs. 17, 18); a very few forms having
scyphozoan attributes otherwise exhibit a
hexameral plan and constitute exceptions.

BASIS FOR CLASSIFICATION
The recognition of divisions assigned

rank of subclasses within the Scyphozoa, as
indicated by the diagnoses just given, needs
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FIG. 19. Transverse sections of a Silurian conulate
(1, Eoconularia loculata, X 15) and a modern
scyphomedusan (Craterolophus thetys, XI) show
ing similarity in development of bifurcate inter
radial septa formed of chitinophosphatic substance
in the fossil but of soft tissue (endoderm) in living

genera (KIDERLEN).

which hardens into a chitinous substance,
although the free-swimming adult lacks
chitinous external parts.

The Conulata are characterized by a chit
inophosphatic thin periderm that covers and
protects the soft parts. Excepting some
forms which are considered to represent an
antecedent evolutionary stage, they exhibit
fundamental tetrameral symmetry and in
terradial septal structures which are inter
preted as identical in relationship to ecto
dermal infolding and musculature observed
in modern Scyphomedusae. This is illus-

stalk----l~

10

FIG. 20. Longitudinal and transverse sections of
Haliclystus (Stauromedusida), Rec., showing ecto
derm-lined funnels located in positions of the inter
radial septa; the longitudinal section is partly
through an interradius (at left) and partly through
a perradius (at right) (modified from L. H. Hy
MAN, Invertebrates: Protozoa through Ctenophora,

McGraw-Hill, New York).

explanation. The conclusion that conulariids
are coelenterates having closest affinities
with scyphozoans is not new. KIDERLEN

(1937) may be credited with marshaling
most clearly the evidence of structural re
semblances of conulariids and living scypho
zoans which points to placement of both in
proper phylogenetic relationships.

The Scyphomedusae, as defined to com
prise living types of Scyphozoa and a very
few extinct jellyfishes which have nearly
identical structural features, are distin
guished primarily by features of tetrameral
symmetry which include partial compart
mentation of the coelenteron by 4 inter
radially placed septa associated in some
orders with deep funnel-shaped infolding of
ectoderm in the oral region and develop
ment of longitudinal ectoderm-derived mus
culature that is so placed as to cause bifur
cation of the septa. The scyphomedusan
polypoid becomes anchored by a secretion

ectoderm
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trated by transverse sections of representa
tives of the Conulata and Scyphomedusae
(Fig. 19). The forked pattern of the septa
that project into the interior of Conularia
loculata exactly corresponds to the bifur
cated septa of living scyphomedusans such
as Cratclolophus and Haliclystus (Fig. 20,
lb).

COMPARISON OF SCYPHOME
DUSAEANDCONULATA

The body form of polypoid scyphozoans
ranges from slender subcylindrical through
steep-sided conical or pyramidal shapes to
trumpet-like and relatively low broadly
flared types. The medusoid form may be
goblet-shaped with length greater than
width, broadly rounded, cuboid, or low
saucer-shaped. Some Scyphozoa live in fixed
position throughout life, being attached to
seaweed or other foreign objects or the sea
bottom by a chitinous secretion. Others are
attached temporarily and able to re-attach
the body to some support. A large majority
of the living scyphozoans are free-swim
ming, movement being effected by muscu
lar pulsations of peripheral parts of the
jellyfish dome or bell.

MUSCULATURE

Musculature is almost wholly ectodermal.
Especially noteworthy is the occurrence of
longitudinal muscles that run along the
interradial septa; these also are ectodermal
and are associated in many living scypho
zoans with very deep funnel-shaped infold
ings of the ectoderm that extend from the
surface near the mouth to vicinity of the
aboral pole (Fig. 20). Similar longitudinal
muscles are inferred to have characterized
the Conulata, serving for inward pull on
interradial edges of the periderm in order
to close the aperture and, according to
BOUCEK (1939), possibly functioning like
the coronal muscles of modern Scyphome
dusae for pulsatory swimming movements.
Existence of such scyphozoan-type muscula
ture in the Conulata rests on the wholly
plausible but hardly provable interpretation
of the median line and associated internal
ridge or septum of conulariids as the place
of longitudinal muscle attachment which
was steadily shifted in adapertural direc
tion during growth of the animal (Fig. 43).

The interradial pOSitIOn of the septa and
their inwardly bifurcate form in many Scy
phomedusae are matched by the interradial
placement of peridermal septa in many
Conulata, at least one fossil form (Conularia

2

FIG. 21. Development of tentacles in ontogeny of a
stauromedusid polyp (Haliclystus) , showing (1-5)
successive stages with 0, 4, 8, and 16 tentacles (after
L. H. HYMAN, Invertebrates: Protozoa through

Ctenophora, McGraw-Hili, New York).
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loculata) from Silurian rocks showing
clearly marked inward bifurcations of these
septa (Fig. 19,1). Taken in conjunction
with other evidence, this similarity strongly
supports classification of the Conulata
among the Scyphozoa.

TENTACLES

Both Scyphomedusae and Conulata bear
tentacles. In many genera of the scyphome
dusans these are evident in larval or poly
poid stages of growth (Fig. 21) but greatly
reduced or lacking in adults; in others they
are well developed throughout life, being
either hollow or solid, strongly muscled and
generally armed with abundant stinging

cells (Fig. 18). In stauromedusid polyps, for
example, at first 2 tentacles appear, then 4,
8, 16, and so on; the first 4 tentacles are de
veloped in perradial position and the next
4 interradially (Fig. 21). Adult Staurome
dusida may have hundreds of tentacles
grouped on 8 adradial lobate extensions of
the oral surface (Fig. 17,1). The occurrence
of tentacles at the apertural margin in Conu
lata is hardly open to doubt, but traces of
these are actually preserved, so far as known,
only in some specimens of Conchopeltis, of
Middle Ordovician age from New York
(Fig. 22). Originally described as a gastro
pod, this form is proved by its clearly de
fined tetrameral symmetry and possession of

FIG. 22. Conchopatis alt"nata WALCOTT, Middle Ordovician (Trenton), from Trenton Falls, N.Y., X 1.5,
an unusually broad low conulariid with very thin periderm, apical view of specimen in Cornell University
collections showing terminal parts of several tentacles that project beyond margin of the aperture. Another
somewhat smaller specimen (not figured) also exhibits preservation of tentacles (J. W. WELLS photograph).
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Scyphomedusae-Conulata
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FIG. 23. Reconstructions of conulariids showing inferred number and location of tentacles, based on linear
thickenings of the periderm interpreted to originate from attachment of tentacle muscles. la,b, Conularia
cambria, X 1, and 2a,b, Archaeoconularia fecunda, XO.7, are represented in attached position; 3ap, Exo
conularia consobrina, XO.7, is depicted as a free-swimming medusoid, its apical extremity sealed over by

a transverse diaphragm (schott) (KIDERLEN).

peripheral tentacles to belong with the
Scyphozoa. KIDERLEN (1937) has made re
constructions of tentacles arranged around
the aperture of various types of Conulata,
basing interpretation partly on peridermal
traces such as longitudinal lines and fur
rows presumed to mark locations of tentacle
muscle attachments; these reconstructions
are very reasonable, especially in view of
their correspondence to successive stages in
tentacle development among modern Scy
phomedusae (Fig. 23).

PERIDERM
The nature of the periderm of typical

Conulata deserves attention. On first con
sideration, skeletal parts consisting predomi
nantly of calcium phosphate seem utterly
foreign to the Coelenterata, for all well-de-

termined members of the phylum either
lack hard parts entirely or only possess abil
ity to secrete calcium carbonate or a chitin
ous substance. This consideration, however,
is merely negative and not at all decisive.
Modern stauromedusids may have a fixed
attachment formed by chitin. The absence
of phosphatic mineral salts associated with
the chitin formed by some Scyphozoa and
other kinds of living coelenterates does not
rule out classification of extinct organisms
as coelenterates merely because, like the
Conulata, they are shown to be character
ized by a chitinophosphatic covering. De
finitive testimony must be of another sort.
Accordingly, examination with open mind
admits readily the possibility of recognizing
a kind of coelenterate which differs from
others in this character. It may be noted in
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3b
FIG. 24. Conulate specimens indicating flexibility of
the periderm. 1, Exoconularia pyramidata, M.Ord.,
Czech., XO.7, showing indented but unfractured
periderm (KIDERLEN). 2, E. consobrina, V.Ord.,
Fr.(Normandy) , X I; apertural end with corner
obliquely sectioned showing that the periderm is
folded on itself as well as bent inward to effect
closure of the aperture (KOWALSKI). 3a,b, Archaeo-

passing that statoliths secreted by living
Scyphozoans are composed of calcium sul
phate and calcium phosphate.

The chief observational features relating
to the periderm of Conulata are its com
position, extreme thinness, indication of
original flexibility at least in areas adjacent
to the aperture, evidence of its wholly ecto
dermal origin, variety of generally very fine
external markings, nature of attachment and
structural adaptation for freedom from at
tachment. Each of these will be reviewed
briefly.

Composition. Study of the periderm of
several species belonging to conulate genera
as seen in thin sections or polished sections
has established the presence of microscopic
laminae parallel to the surface. They consist
of chitin, chitinophosphatic substance of
seemingly variable phosphatic content, and
essentially pure calcium phosphate. The
minerals phosphorite and kolophanite have
been reported (BOUCEK & ULRICH, 1929).
Published analyses of chemical composition
show figures such as 66.6 and 70.9 per cent
CaP04 for Ordovician species, and a re
cently made analysis of peridermal frag
ments from a Pennsylvanian conulariid in
dicates approximately 96 per cent CaP04

(indefiniteness being due to extremely min
ute quantity). Reddish to purplish brown,
bluish gray, and white coloration of well
preserved specimens is interpreted to signify
original pigment because the colors have
been observed to show correlation with spe
cific characters and to be independent of
the matrix in which specimens occur.

Thinness. The periderm of individuals
belonging to the Conulata is thin, in some
species as little as 0.056 to 0.070 mm. in
thickness. Averages of the minimal and
maximal measurements of periderm thick
ness of 7 species (maxima including thick
ened areas at angles) are 0.23 and 0.37 mm.,
respectively, and the average represented by
these figures is 0.30 mm. This thinness ac
cords with use of the term periderm for the
protective covering of Conulata, rather than
exoskeleton or shell.

Flexibility. The flexibility of the conulate
periderm is attested by the common occur-

conl/laria slateri, M.Ord., Scot., X I; oblique and
apertural views showing plication of periderm

(REED).
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renee of distorted but unbroken fossils.
Some are merely flattened, whereas others
show irregular indentations crossing the
periderm without sign of associated frac
tures (Fig. 24,1). The inwardly bent aper
tural edges of many conulariids, some show
ing a complicated pattern of infolding along
creases, furnish patent evidence of periderm
flexibility in this region, for no specimens
have been found that show sign of hinge
ment or seam in positions of abrupt bend
ing (Fig. 24,2,3). Furthermore, it is clear
that the location of apertural inflections of
the periderm must have shifted progressive
ly away from the apex as growth added to
length. Generally this growth seems to have
been at nearly constant rate and although
some specimens give indication (by irregu
larities in crowding of external features) of
periodic halts or slower growth rates from
time to time, none of these is associated
with trace of localized prolonged periderm
bending back and forth. Hence, it is safe
to assert that in spite of the appearance of
rigidity given by specimens having relative
ly coarse transverse ribs, the periderm of
Conulata was flexible.

Ectodermal origin. The chitinophosphatic
protective covering of conulariids was not
secreted by endodermal layers of the body
as might be possible if soft tissues extended
over its outer surface. Rather, it was built
from the outside inward and evidently,
therefore, a product of secretion by ectoder
mal cells. Proof of this consists of the man
ner in which the exterior surface on any side
of the conulariid furnished a place of attach
ment for inarticulate brachiopods, small
edrioasteroids, other conulariids, and the
like (Fig. 25). The nature of the scars clear
ly indicates that the host conulariid was
alive when its periderm became a fixation
site for other invertebrates, for the covering
left behind by a dead conulariid would be
incapable of localized distortion required to
fit the shape of the attached organism. Thus,
there is small room for doubt as to the truly
external nature of the periderm. It follows
that surface markings such as transverse
ribs, tubercles, and like features are initial
products of ectodermal secretion as growth
in the apertural region proceeds, the smooth
interior and inwardly built peridermal septa
being the result of continued secretion by

FIG. 25. Exterior of the conulate periderm as place
of anchorage for other organisms. 1. Conularia con
tinens, M.Dev., N.Y., Xl; specimen with 2 small
attached inarticulate brachiopod shells and scar left
by a much larger inarticulate (HALL). 2, C. un
dulata, M.Dev., N.Y., Xl; specimen also showing
attachment scars on 2 faces (HALL). 3. Agaacrinites,
an edrioasteroid, on a specimen of Exoconularia

consobrina, M.Ord., Czech., Xl (BARRANDE).
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FIG. 27. Smoothly rounded proximal extremity of
unattached conulariids. 1, Anaconularia anomala,
M.Ord., Czech., X I (BARRANDE). 2. Exoconularia
consobrina, M.Ord., Czech., Xl (BARRANDE). 3,
E. pyramidata, V.Ord., Fr. (Normandy) , X I

(KOWALSKI).
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which may have fine radial striae on its
lower or proximal surface and bear a pair
of rings that define the margins or marginal
impressions of an inner and outer inverted
bowl above the disc (Fig. 28). The disc and
bowls probably were not held in place by
sucker-like action but by relatively firm ce
mentation of the chitin to the substratum,
thus paralleling the chitinous attachment of
some modern stauromedusans which cannot
move about after place of growth is deter
mined by early fixation. The inverted bowls
or cups of the conulariid attachment doubt
less served a buttressing function.

FIXATION
Discovery of numerous young conulariids

in attached position and study of their mode
of attachment (RUEDEMANN, 1898) throws
interesting light on what was probably the
prevailing mechanism for fixation of Conu
lata in early growth stages. This consists of
a minute subcircular chitinophosphatic disc

the ectoderm of chitinophosphatic deposits.
The laminated structure and local deflection
of the laminae to join with internal septa
accord with this interpretation (Fig. 26).
The ectodermal nature of the periderm and
septa has special significance in connection
with the correlation of Conulata with Scy
phomedusae, because a common distin
guishing character of the latter is deep in
vagination of the ectoderm layer in positions
of the 4 septa and development of ectoder
mal muscles that interrupt or divide the
septa.

FIG. 26. Localized thickening of conulate periderm.
1a, Transvt!rse section of Cunoconularia sp., Dev.,
S.Am.(Bol.), Xl, showing unusual inward growth
of periderm at mid-line of faces and at corners; 1b,
one of these thickenings showing laminated struc-

ture, x50 (KNoD).
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Scyphomedusae-Conulata F37

FIG. 28. Attachment of conulariids. 1-7, Sphenothallus angustifolius, M.Ord., N.Y.; 1, adult with several
young individuals fixed to its periderm, some clearly showing fixation discs but generally with only the
linear thickenings at corners of their periderm preserved, X2; 2-4, fixation discs, 4 showing longitudinal
section, X 10; 5,6, juvenile individuals, 5 showing lappet-like distal prolongation of faces and 6 showing
aperture closed by inbending of these lappets, X8; 7, hololYpe of S. angustifolius consisting of several
individuals flattened to leaflike form, one (upper left) with attached young specimens, X 1 (all after

RUEDEMANN).

UNATTACHED MODE OF LIFE

That many conulariids, if not most of
them, were not attached during adult stages
is indicated by the frequently observed oc
currence of a rounded smooth apical end of
mature-sized fossils. The smooth surface,
convex toward the apex, is the exposed part
of secondarily secreted periderm joined peri
pherally to the 4 side walls in the manner
of a nautiloid septum (Fig. 27). Because
longitudinal ridges or walls directed radially
inward occur in some conulariids and are
termed septa, the curved transverse peri
dermal structure is called diaphragm (c/oi
son, Fr.; Schott, Ger.). The uniform adapical
convexity of the diaphragm, its smooth con
fluence with the lateral walls, and common
occurrence not far from the original apex
indicate that secretion of a diphragm was
not for the purpose of closing off an open
end produced by accidental injury but a

normal adaptation for breaking free from
an early-life anchorage (Figs. 24,1; 27).
Fracture of the flexible, elastic periderm is
unlikely and unless resorption and weaken
ing of a band of the side walls were effected
as an antecedent to breaking free and build
ing the diaphragm, it is difficult to under
stand how the change from attached to free
living took place. In any case, no recorded
observations support the conjecture that
free-living conulariids lay inertly on the sea
bottom, resting on any of their 4 sides; in
stead, it seems reasonable to postulate a free
swimming medusoid existence, as illustrated
by a reconstruction drawn by KIDERLEN

(1937) (Fig. 23, 3a). The possibility of in
creased buoyancy by development of a small
gas chamber next to the apical diaphragm
is worthy of mention, although the thin
periderm of the conulariids surely could be
carried without much trouble by the animal
in swimming.
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F38 Coelenterata--Scyphozoa

In comprehensive view of the characters
found to distinguish the conulariids and
allied forms on the one hand and modern
Scyphomedusae on the other, association of
all them in the class Scyphozoa seems most
appropriate. Accordingly, they are so classi
fied here. Distinctions that serve to separate
the Conulata from the Scyphomedusa:: are
as far-reaching, however, as their resem
blances are important. This is taken into ac
count in defining each group as a subclass.
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Scyphomedusae-Morphology

MORPHOLOGY

F39

The Scyphomedusae are solitary, free
swimming animals consisting of a gelatin
ous bell either cuboidal or pyramidal, gob
let,- trumpet-, dome-, bowl-, or saucer-shaped,
typically displaying tetramerous symmetry,
though in some cases arranged upon an
hexameral plan. They range in size from a
few to 50 cm. in diameter, but some species
may attain dimensions of 2 m., being the
largest known coelenterates.

The upper, aboral or convex side of the
bell is termed exumbrella; the lower, oral
or concave side is known as subumbrella.
In the Coronatida, the exumbrellar surface
is subdivided by a horizontal circular groove,
the coronal groove (Fig. 30). The margin
of the bell is usually scalloped into lappets
and may bear a velarium, analogous to the
velum of the hydrozoan medusae, but aris
ing as an extension of the subumbrella.
From the center of the subumbrella there
hangs down a short, quadrangular tube, the
manubrium, typically opened at its lower
extremity in a 4-cornered mouth. The mouth
angles are commonly drawn into short oral
lobes, but in the Semaeostomatida they ex
tend into long, curtain-like projections,
called oral arms (Figs. 18,33). In the Rhizo
stomatida the edges of the long, frilled,
branched oral lobes, termed mouth arms,
fuse so as to obliterate the mouth opening
but contain instead hundreds or thousands
of minute suctorial mouths or ostioles. The
4 corners of the mouth or the 4-branched
mouth arms mark off the 2 main planes of
tetramerous symmetry. The 4 umbrellar
radii, placed 90° apart, upon which lie the
4 corners of the mouth, are termed perradii;
the 4 radii at 45° position between the per
radii are called interradii; and those located
midway between these are called adradii.

The manubrium leads aborally into a gas
tric cavity which typically contains 4 soft
tissue partitions or septa, projecting along

the interradii part way into the interior;
these septa divide the cavity into a central
stomach and 4 perradial stomach pouches.
The free inner edge of the septa bear nu
merous tentacle-like gastric filaments. The
septa are absent in the adult Semaeostoma
tida and Rhizostomatida, but commonly
present in their scyphistoma larvae. The
stomach pouches give rise to radial canals,
which may be numerous and branched, lead
ing to a ring canal running along the bell
margin. In the orders Stauromedusida,
Carybdeida and Coronatida, the subumbrel
lar surface bears 4 deep interradial, funnel
like pits, the subumbrellar funnels, which
probably aid in respiration. In the Stauro
medusida, Carybdeida and Coronatida, the
gonads are borne on both sides of the gastric
septa as elongated bodies projecting into the
stomach pouches; the total number of
gonads is 8, 2 in each pouch. In the Semaeo
stomatida and Rhizostomatida, which lack
septa, the gonads (usually 4) occur in the
floor of the gastric pouches.

Tentacles and sensory organs arise from
the bell margin, usually to the number of 4
or of some multiple thereof. The tentacles
are borne either between sensory organs, in
niches between lappets, on the lappets, or
on the subumbrellar surface. Tentacles may
be solid or hollow, single or in clusters, and
may be very numerous; they are absent in
the Rhizostomatida. In the Carybdeida and
Coronatida they are borne on gelatinous
basal expansions, the pedalia. The sensory
organs or rhopalia are located either on the
sides of the bell, on pedalia, or in niches be
tween lappets; they are essentially tenta
culocysts acting as organs of equilibrium. In
many genera they are provided with ocelli,
sensitive to light. Nematocysts are abund
antly distributed on the tentacles, oral lobes,
oral arms, and mouth arms.

DISTRIBUTION
Twelve genera of fossil medusae are now

assigned to the Scyphomedusae, but with 4
exceptions, the reference to this subclass is
somewhat tentative and provisional. Two
doubtful, very imperfectly known genera of
uncertain family relationships have been de-

scribed from the Lower Cambrian of South
Australia. The remainder are mostly Upper
Jurassic forms from Solnhofen, Germany,
and species from Upper Cretaceous and
Eocene strata of Italy, Albania, Poland, and
Greece.
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CLASSIFICATION

The number of fossil genera in each cate
gory is tabulated after the corresponding
taxa. A question mark preceding a numeral
(as ?9) indicates number of tentatively re
ferred genera.

Main Divisions of Scyphomedusae
Scyphomedusae (subclass) (4+?9). ?L.Cam., U.

Jur.-Rec.
Stauromedusida (order). Rec.

Tesseranthidae. Rec.
Eleutherocarpidae. Rec.
Cleistocarpidae. Rec.

Carybdeida (order) (?1). ?U.Jur., Rec.
Carybdeidae (? 1). ?U./ur_, Rec.

Coronatida (order) (1+?4). ?L.Cam., U.Jur.-Rec.
Periphyllidae (1). U.Jur.-Rec.

Periphyllinae. Rec.
Paraphyllininae (1). U./ur.-Rec.

Ephyridae. Rec.
Atorellidae. Rec.
Collaspididae (?4). ?L.Cam., ?U./ur., ?U.Cret.,

?Eoc., Rec.
Semaeostomatida (order) (2). ?U./ur., Rec.
Pe1agiidae. Rec.
Cyaneidae. Rec.
Ulmariidae. Rec.
?Semaeostomitidae (1). U.Jur.
?Eulithotidae (1). U.Jur.

Lithorhizostomatida (order) (1). U.Jur.
Rhizostomitidae (1). U./ur.

Rhizostomatida (order) (? 1). ?U.Jur., Rec.
Cassiopeidae. Rec.
Cepheidae. Rec.
Catostylidae. Rec.
Leptobrachiidae (?l). ?U.Jur., Rec.
Rhizostomatidae. Rec.
Archirhizidae. Rec.

?Scyphomedusae incertae sedis (2). L.Cam.

FIG. 29. Carybdeida: Quadrimedusina quadrata,
Jur., Ger.; holotype, XO.7 (HUCKEL).

Order CARYBDEIDA Claus, 1886
["om. corrat. MAYEB, 1910 (pro Charybdeida CLAU', 1886)]
[=Mar<upialidae L. AGASSIZ, 1862; Cubomedu'ae HUCKLE,

1880]

Bell cubical with interradial angles and
perradia1 sides; margin without lappets; vel-

simple perradial stomach pouches; and
Cleistocarpidae CLARK, 1863, sessile medusae
with 4 perradial stomach pouches divided
into 2 spaces. Twelve genera known, in
cluding Lucernaria O.F.MuLLER, 1776, and
Haliclystus CLARK, 1863. Stauromedusida
are inhabitants of cold seas; sessile forms
found in bays and coastal waters.

Order STAUROMEDUSIDA
Haeckel, 1880

[nom. (orr~(t. HAUINGTON & MOORE, herein (pro Stauromc
du,ae HKL., 1880)] [=Lucernaridae JOHNSTON, 1847 (p.rtim);

Lucernaria CLARK, 1863]

Bell pyramidal-conical, flaring at oral end
into broad concave subumbrella, tapering
aborally into stalk, commonly attached to
objects by aboral apex; margin usually with
8 adradial lobes bearing tentacles, common
ly hollow, knobbed and in clusters; rhopalia
absent or replaced by 8 anchors with ocelli
or lithocysts; 4 long interradial septa; 4
large and deep subumbrellar funnels typical
ly present; mouth cruciform, simple. Rec.

Genera belonging to this order are classi
fied into 3 families, none of which contains
known fossil representatives. They are: Tes
seranthidae HAECKEL, 1880, pelagic, free
swimming medusae without lobes and with
solid, nonknobbed tentacles; Eleutherocarpi
dae CLARK, 1863, sessile medusae with 4

SYSTEMATIC DESCRIPTIONS

Subclass SCYPHOMEDUSAE
Lankester, 1881

[=Acra,peda GECENBAUR, 1856; Scyphozoa HAECKEL, 1891
(p.rtim)]

A diagnosis of this subclass appears in a
preceding section which states distinguish
ing features of the Scyphozoa and discusses
division of the class into subclasses Conu
lata and Scyphomedusae (p. F27-F38). ?L.
Cam., U.Jur.-Rec.
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Stauromedusida-Carybdeida-Coronatida F41

FIG. 30. Coronatida: Periphylla hyaeinthina, one of
the most common living members of the order,
found in deep waters of all oceans. It has a purple
bell with 16 lappets at the margin, 12 bearing ten
tacles (L. H. HYMAN, Invertebrates: Protozoa
through Ctenophora, McGraw-Hili, New York).

arium present; 4 interradial hollow tentacles,
single or in clusters, bordered by spatuli
form pedalia; 4 perradial knob-shaped rho
palia located within niches upon sides of
bell; 4 interradial septa; subumbrellar fun
nels absent; mouth cruciform, simple; oral
lobes very short. ?U.fur., Rec.

Inhabitants of the warmer waters of all
present oceans, found mostly in the open sea
but also swarming in harbors and bays.

Family CARYBDEIDAE Gegenbaur, 1856
Characters of order. ?U.fur., Rec.

Carybdea PERON & LESUEUR, 1809 [-C. marsupialis].
Rec. Other living genera: Procharybdis HAEcKEL,
1880; Tamoya F. MULLER, 1859; Tripedalia Co
NANT, 1897; Chiropsalmus L.AGAsslz, 1862; Chiro
dropus HKL., 1880.

?Quadrimedusina HARRINGTON & MOORE, 1955
[-Medusites quadratus HAECKEL, 1869]. Subum
brellar impression of square outline, with rounded
angles; margin entire; submarginal groove pres
ent ( ?ring canal) ; central area with 4 radial
grooves (?perradial canals) reaching submarginal
groove at mid-distance between angles; resulting
quadrants with single, large subcircular marking.
U./ur., Ger.--FIG. 29. -Q. quadrata (HAECKEL);
holotype, XO.7 (HAECKEL).

Order CORONATIDA Vanhoffen,
1892

[nom. correct. HARIlINCTON &: MooR.E, herein (pro Coronatae
VANHoFFEN,18921 [=Discomedusae HAECKEL, 1866 (partim):

Coronata MAA', 1903 (non JAEKEL, 1918) 1
Bell conical, dome-shaped or discoidal;

umbrella divided by horizontal coronal
groove; margin cleft into lappets alternating
with pedalia; 4 to 32 rhopalia and 4 to 32
solid tentacles borne by alternating pedalia;
4 subumbrellar funnels; mouth cruciform,
simple; manubrium short. ?L.Cam., U.fur.
Rec.

Living forms are typical inhabitants of
the deeper parts of the ocean but surface
forms in warmer waters are also known
(Fig. 30).

Family PERIPHYLLIDAE Claus, 1886
[=Peromedusae HAECKEL, 1880 (partim) I

Coronatida with 4 rhopalia, 4 or more
lappets and 4 or more pedalia bearing ten
tacles. U.fur.-Rec.

Subfamily PERIPHYLLINAE Claus, 1886

[nom. transl. BIGELOW, 1909 (ex Periphyllidae CLAUS, 1886) I

Rhopalia interradial; tentacles 4 to 28; lap
pets 8 to 32. Rec.
Periphylla STEENSTRUP, 1837 [-Po hyacinthina].

Rec. Other living genera: Pericolpa HAECKEL,
1880; Periphyl/opsis VANHOFFEN, 1900; Nauphon
topsis FEwKEs, 1885.

FIG. 31. Coronatida: Epiphyl/ina distincta, V.Jur.,
Ger.; holotype, X3 (KIESLINGER).
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Subfamily PARAPHYLLININAE Maas, 1903
[nom. Ir.nsl. BIGELOW, 1909 (~r Paraphyllinidae MMs, 1903) 1

Rhopalia perradial; lappets 16; tentacles
12 (4 interradial, 8 adradial). U.Jur.-Rec.
Paraphyllina MAAS, 1903 [·P. inurmedia]. Rec.

Only living genus.

Epiphyllina KIESLINGER, 1939 [pro Paraphyllitts
MAAS, 1906 (non HYATT, 1900)] [·Paraphyllites
distinctus MAAS, 1906]. Mid-field smooth; pedalia
16, wide, rhombic, alternating along periphery
wilh 16 narrow crescentic lappets; tentacles 12, 4
carried by interradial, 8 by adradial pedalia. Dif
fers from Paraphyllina in having 8 crescentic ad

6

Lorenzinia

2b

5

3

le

Camptastroma Bossaenia

FIG. 32. Coronatida: L.Cam.-Eoc. fossil forms. I, Lorenzinia apenmmca, ?Cret.-Eoc., Eu.; la, holotype,
XI; lb-e, other specimens, all XO.7 except Ie, XO.5 (GoRTANI and others). 2, L. carpathica, Eoc., Eu.;
!a, holotype, XO.5; 2b-2d, other specimens, XO.7, XO.5 (ZUBER and others). 3, L. kulczynskii, Eoc., Pol.;
holotype, XO.7 (KUZNIAN). 4, Cannostomites multicirratus, V.Jur., Ger.; holotype, XO.2 (KIESLINGER).
5, Camptostroma roddyi, L.Cam., Pa.; holotype, XI (RUEDEMANN). 6, Bassaenia moreae, V.Cret., Greece;

holotype, XO.5 (RENZ).
© 2009 University of Kansas Paleontological Institute
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radial gonads placed 45° apart instead of grouped
in pairs on both sides of the 4 interradii. U./ur.,
Ger.--FIG. 31. "E. distincta (MAAS); holotype,
X3 (KIESLINGER).

Family EPHYRIDAE Haeckel, 1880
[e.. Ephyra HKL., 1880 (=Palephyra HKL., 1880») [=Ephyri·

dae+Linergidae HKL., 1880: Ephyropsidae CLAUS, 1883)

Coronatida with 4 perradial and 4 ihter
radial rhopalia; 8 or more tentacles and 16
or more lappets. Rec.

Although Ephyropsites jurassicus VON
AMMON, 1906, from Solnhofen, formerly
was placed in this family, probably it is an
exumbrellar impression of Rhizostomites
admirandus (Lithorhizostomatida); accord
ingly, no fossil representatives of the family
are now recognized.
Palephyra HAECKEL, 1880 ["P. antigua] [=Ephyra,

Zonephyra HKL., 1880]. Rec. Other living genera:
Nausithoe KOLLIKER, 1853; Linuehe EscHscHoLTz,
1829.

Family ATORELLIDAE Vanhoffen, 1902
Coronatida with 6 rhopalia. Rec.

Atorella VANHOFFEN, 1902 ["A. subglobosa]. Rec.
Only known genus.

Family COLLASPIDIDAE Haeckel, 1880
[nom. correct. HARRINGTON & MOORE, herein (pro Collaspidae
HKL., 1880, e.. Collasp;s HKL., 1880=Atolla HKL., 1880);
HAECKEL'S term Collaspidae was accepted as family name by
MAYER, 1910, and having priority, is valid according to
Copenhagen Decisions (1953)] [=Atollidae BIGELOW, 1909)

Coronatida with more than 8 sense organs
alternating with an equal number of ten
tacles; lappets twice as numerous as ten
tacles. ?L.Cam., ?U./ur., ?U.Cret., ?Eoc.,
Rec.
Atolla HAEcKEL, 1880 ["A. wyvillei] [=Collaspis

HKL., 1880]. Rec. Only living genus.
?Lorenzinia GABELLI, 1900 ["L. apenninica]. Body
discoidal, convex; mid-field smooth, concave; mar
gin with 16 to 24 prominent, outstretched, elon
gated subrectangular lobes (?pedalia), sharply
separated from each other, raised at proximal end.
?Cret., Italy; Eoc., Italy-Cyprus-Pol.-Albania. This
problematic "form genus" may be a coronatid
medusa. Abundant impressions with II to 13 ir
regular lobes, found associated together in some
Eocene strata of Guipuzcoa, Spain, have been re
ferred to L. apenninica but actually they belong
to a different problematic organism which is not
a medusoid.--FIG. 32,1. "L. apenniniea, Eoc., Eu.;
la, holotype, Italy, XI (GORTANI); lb,c, other
specimens from Italy, XO.7, XO.5; (lb, SIMON
ELLI; Ie, AGRISANI; ld, specimen from Greece,
XO.7 (MITZOPOULOS); Ie, specimen from Cyprus,
XO.7 (RENz).--FIG. 32,2. L. carpathica (ZUBER),
Eoc., Eu.; 2a, holotype. Pol., XO.5 (ZUBER); 2b, an-

other specimen from Poland, XO.7 (KUZNIAR);
2c,d, specimens from Albania, XO.5 (SAXL).-
FIG. 32,3. L. kulczynskii (KUZNIAR), Eoc., Pol.;
holotype, XO.7 (KUZNIAR).

?Bassaenia RENZ, 1925 ["Lorenzinia (B.) moreae].
Impressions consisting of an external ring of 22
separated, elliptical protuberances and an internal
ring with an equal number of separated, smaller
knobs in the radii of the larger ones. U.Cret.,
Greece. (There is no apparent reason to regard this
problematic form as a "subgenus" of Lorenzinia,
as done both by RENZ and KIESLINGER. Its assign
ment to the Collaspididae is very questionable.)-
FIG. 32,6. "B. moreae; holotype, XO.5 (RENZ).

?Cannostomites MAAS, 1902 ["C. mttlticirratus].
Bell with strongly developed ring muscle; mar
ginal lappets numerous (? 136), somewhat irregu
lar; tentacles relatively short, one at each notch be
tween lappets; mid-field with large central
?stomach of circular outline, truncating 4 wide
radial bands (?oral arms); quadrants between ra
dial bands bearing reniform depression adjacent
to ?stomach, regarded as gonads. Known by a
single subumbrellar impression. U./ur., Ger.-FIG.
32,4. "C. multicirratus; holotype, XO.2 (KIES
LINGER).

?Camptostroma RUEDEMANN, 1933 ["C. roddyi].
Body discoidal, outline elliptical due to distortion,
upper side strongly convex, underside concave;
upper side with large, circular, convex, rugose
mid-field, separated by deep annular groove from
outer ring of numerous (?52 to 60) moderately
long, narrow radial lobes, commonly somewhat
curved near distal extremity; lobes and underside
with tiny rounded spots in a polygonal network
of fine lines. RUEDEMANN interpreted the rugosity
of the mid-field as due to a reticulate meshwork
of tiny spicules surrounding round pores and
monticules, and that of the lobes and underside
as due to a polygonal network of small platelike
spicules. Accordingly, he regarded the fossil as a
colonial hydrozoan. Accepted here is the view of
KIESLINGER, who interpreted the rugosity as due
to shrinkage of a gelatinous mass during dessica
tion and placed the genus among the coronatids.
L.Cam., Pa.; L.Ord., Ger.--FIG. 32.5 "C. roddyi,
L.Cam., Pa.; holotype, X I (RUEDEMANN). [Other
species: ?C. germanieum HUNDT, L. Ord. (Trema
doc), Ger.; known from single, very obscure im
pression.]

Order SEMAEOSTOMATIDA
L.Agassiz, 1862

[nom. correct. HARRINGTON & MOOJ.E, herein (pro Semaco·
stomae L.AGASSIZ, 1862) 1 [=Semostomae HAECKEL, 1880: Dis
comedusae HKL., 1880 (partim); Semaeostomata VANHOFFEN,

1888; Semaeostomae MAAS, 1907)

Bell discoidal, without coronal furrow
and without pedalia; margin cleft into lap
pets; tentacles hollow, arising from sub
umbrella, lappets or niches between lappets;
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FIG. 33. Semaeostomatida: Pelagia, a leading mod
ern representative which inhabits open oceans; oral
arms long (L. H. HYMAN, Invertebrata: Protozoa

through Ctenophora, McGraw-Hill, New York).

rhopalia typically 8 or 16, arising from
niches between lappets; radial septa absent;
mouth central, simple, with the 4 perradial
angles developed into large gelatinous oral
arms. ?U./ur., Rec.

Semaeostomatids are inhabitants of coastal
waters of all oceans in all latitudes, com
monly occurring in great numbers.

Family PELAGIIDAE Gegenbaur, 1856

Semaeostomatida with 8 or 16 rhopalia (4
perradial, 4 interradial, and when present,
8 adradial); 8 or more tentacles arising from
niches between lappets; 16 to 64 lappets;
simple lenticular stomach giving rise to com
pletely separated, radiating pouches; ring
canal absent; gonads occupying 4 interradial
folds in wall of subumbrella; mouth cruci
form. Rec.
Pelagia PERON & LESUEUR, 1809 ["Medusa noctiluca

FORSKAL, 1775]. Rec.--FIG. 33. Pelagia sp. (Hy·
MAN). Other living genera: Chrysaora PERON &
LESUEUR, 1809; Dactylometra L.AGASSIZ, 1862;
Kuragea KISHINOUYE, 1902; Sanderia GOTTE, 1886.

Family CYANEIDAE L.Agassiz, 1862
Semaeo.stomatida with 8 or 16 rhopalia;

tentacles In 8 or 16 clusters or arising dif
fusely in a wide annulus from subumbrella;
stomach giving rise to radiating peripheral
pouches and these to numerous branching
n.onanastomosing blind canals in lappets;
nng canal absent; gonads in 4 complexly
folded interradial outpocketings of wall of
subumbrella; oral arms curtain-like. Rec.
Cyanea PERON & LESUEUR, 1809 ["Medusa capillata

LINNE, 1746]. Rec. (Fig. 18). Other living genera:
Desdemona L.AGASSIZ, 1862; Drymonema HAECKEL,
1880; Patera LESSON, 1843.

Family ULMARIIDAE Haeckel, 1880
[nom. correct. HARRINGTON & MOORE, herein (pro Ulmaridae
HAECKEL, 1877, ex Ulmaris HKL., 1880 =Discomedusa CLAUS,
1877); HAECKEL'S term Vlmaridae was accepted as family name
by MAYER, 1910, and having priority, is valid according to
Copenhagen Decisions (1953) I [=Flosculidae + Vlmaridae

HKL,,-18801

Semaeostomatida with 8 or 16 rhopalia;
lappets 32 to 64; tentacles 24 to numerous;
radial canals simple or branched, some anas
tomosing; ring canal present; gonads 4, in
terradial; oral arms curtain-like. Rec.
Discomedusa CLAUS, 1877 ["D. lobata] [=Ulmaris,

Umbrosa HAECKEL, 1880]. Rec. Several other liv
ing genera, including Aurellia PERON & LESUEUR,
1809, and Phacellophora BRANDT, 1835.

?Family SEMAEOSTOMITIDAE
Harrington & Moore, nov.

[=Lithosemaeiden HAECKEL, 1874 (invalid vernacular name
not based on generic name) I

Bell with numerous (? 112) lappets and
an equal number of tentacles; stomach giv
ing rise to 4 perradial pouches; radial canals
16, simple (4 perradial, 4 interradial, 8 ad
radial); ring canal present; gonads 4, inter
radial; oral arms 4, very long. U.Jur.
Semaeostomites HAECKEL, 1874 ["S. zitteli]. Ten-

tacles simple, arising from niches between lappets;
gonads large, centrifugal; 16 subtriangular adradial
markings between distal ends of stomach pouches
and gonads; mouth opening indistinct. Known
from single specimen. U.!ur., Ger.--FIG. 34. "S.
zitteli; holotype, X 1.2 (WALCOTT).

?Family EULITHOTIDAE Kieslinger,
1939

[=Eulithoten HAECKEL, 1869 (invalid vernacular name) I
Bell dome-shaped, with 16 lappets, 8 clus

ters of tentacles and 8 rhopalia; gonads 16;
oral arms 4, short. U.Jur.
Eulithota HAECKEL, 1869 ["E. fasciculata (=Soln

hofenistomites stechowi KUHN, 1839, obj.)]
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Semoeostomites

FIG. 34. Semaeostomatida: S~ma~ostomilt!f zitteli, U.Jur., Ger.; ho!otype, X 1.2 (WALCOTT).
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FIG. 35. Semaeostomatida: Eulithota fasciculata,
subumbrdlac surface (reconstr.), XO.7 (HAECKEL).

[=Solnhofenistomites KUHN, 1938 (obj.)]. Ten
tacles in 8 dusters arising from niches between
lappets; knob at base of each duster interpreted as
rhopalium; radial canals 16; gonads crescentic;
mouth opening indistinct (?cruciform); faint in
dication of 4 simple, short oral arms. Known from
single specimen. V.lur., Ger.--FIG. 35. ·E. fasci
culata; subumbrellar surface (reconstr.), X 0.7
(H,\ECKEL).

Order LITHORHIZOSTOMATIDA
von Ammon, 1886

[nom. Iransl. et correct. HAlllllNGTON &: MOOa.E, herein (ex
Li'horhizo"omcac VON A.UION. 1886) I

Bell dome-shaped, with 16 lappets, 8 clus
lappets; rhopalia 8 (4 perradial, 4 inter
radial); tentacles short, ?ramified, in 8 clus
ters, arising from exumbrellar surface; pe
dalia absent; gonadic sacs 4, reniform to
subtriangular, with individual opercula;
ring canal present; ring muscle powerful;
mouth cruciform, functional, with nonfunc
tional secondary branches; oral arms absent.
V·fur.

This order is introduced to accommodate
the famous Solnhofen Rhizostomites ad
mirandus which, since HAECKEL'S original
description, has commonly been referred to
the order Rhizostomatida. The presence of
a functional cruciform mouth (Fig. 36,2),
absence of mouth arms and presence of 8
clusters of tentacles precludes reference to
the Rhizostomatida without a drastic and
unwarranted redefinition of this order. The
clusters of tentacles, borne by the exum
brella, cannot be homologized with the ten
taculiform extensions of the marginal lap-

pets of Lobonema MAYER, the only known
rhizostomatid with such organs. None of
the excellently preserved specimens shows
traces of oral arms. Long mouth arms, how.
ever, are present in Leptobrachites trigono
brachius, known from a single laterally com
pressed specimen from Solnhofen and re
garded by KIESLINGER as a crushed individ
ual of R. admirandus. There is nothing,
however, to support this view, as practically
the only features that can be distinguished
in the poorly preserved specimen are the
mouth arms (8 according to HAECKEL, 5
according to BRANDT). None of the diagnos
tic characters of R. admira'ldus are dis
played. CASTER suggested that R. admiran-

-dus could be a trachylinid medusa, inter
preting as exumbrellar the impressions re
garded by all other authors as subumbrel
lar. When all the Solnhofen material orig
inally described as belonging to different
genera and species but shown by KIESLINGER
to be different "preservation aspects" of R.
admirandus is taken into account, CASTER'S
ingenious interpretation does not resist a
critical analysis.

Family RHIZOSTOMITIDAE Harrington
& Moore, nov.

Characters of order. V.fur.
Rhizostomites HAECKEL, 1866 [·R. admirandus

(=R.? lithographicus HKL., 1866; Hexarhizites
insignis HKL., 1870; Myogramma speciosurn MAAs,
1902; M. speciosissimum VON AMMON, 1908; Ephy
ropsites jurassicus VON AMMON, 1908] [=Hexarhi·
zites HKL., 1870; Myogramma MAAs, 1902; Ephy
ropsites v. AMMON, 1908]. (1) SUBUMBRELLAR 1M'
PRESSIONS OF SPECIMENS WITH RADIAL MUSCLES RE
LAXED (type of Rhizostomites admirandus). Mouth
cruciform, functional (Fig. 36,2), each branch bi
furcating into nonfunctional adradial grooves
which give rise to 4 insert interradial lobes (form
ing an "iron-cross") and 4 exsert intercalary tri
angular perradial lobes; central portion of each
lobe (insert and exsert) swollen into a low,
rounded knob; oral arms absent; mouth area
framed by rugose ring bearing 4 pads, one at
distal end of each of the 4 interradial lobes; pads
reniform to subtriangular, with inner concentric
marking (?gonadic sacs and opercula); central
area surrounded by annular zone, smooth adcen
trally, concentrically striated along outer half, sep
arated by sharply marked narrow band (?ring
canal) from outer annular zone (ring muscle)
which is concentrically striated; margin circular,
deft into 128 short, round lappets with 8 deeper
perradial and interradial notches bearing small
knobs regarded as rhopalia. (2) SUBUMBRELLAR
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IMPRESSIONS OF SPECIMENS WITH RADIAL MUSCLES

CONTRACTED (type of Myogramma spuiosum).
Differs from preceding in having pinnatisected
marking (contracted radial muscles) in rings
around mouth area; margin of bell contracted into
8-lobed rosette disclosing the tentacles borne by
exumbrella. (3) EXUMBRELLAR IMPRESSION OF

SPECIMENS WITH RADIAL MUSCLES RELAXED (type of
Ephyropsit~s jurassicus). Central area circular,
smooth, separated by sharp narrow ring from an
nular zone bearing 16 radial lobes (8 large, sub
trapezoidal, 8 narrower, parallel-sided) marked off
by fine raised striae and incompletely split by a
less conspicuous radial line; each sublrapezoidal
lobe bears a cluster of ?ramified tentacles located
at Y, the distance from center of umbrella to peri
phery; each smaller lobe bears, at approximately
same location, a short transverse stria from which

Rhizostomites

springs outward a pair of short radial lines. (4)
EXUMBRELLAR IMPRESSION OF SPECIMENS WITH RA

DIAL MUSCLES CONTRACTED (type of Myogramma
sp~ciosissimum). Differs from preceding in having
pinnatisected radial markings ending at boundary
of central area which is not sharply defined; the
16 principal radial striae continue onto this area
for half the distance to center and gradually dis
appear leaving a central smooth mid-field. (5)
Haarhizitu insignis, known from a single im
pression, is regarded as the subumbrellar surface
(radial muscles relaxed) of an abnormal individ
ual with 12 oral lobes. U.lur., Ger.--FlGs. 36-39.
·R. admirandus; 36,1, subumbrellar surface, radial
muscles relaxed, XO.28; 36,2, ibid., another speci
men, X0.58 (both from BRANDT); 37, ibid., a 3rd
specimen, X0.37 (WALCOTT); 38,1, ibid., a 4th
specimen, XO.3; 39,2, ibid., a 5th specimen, XO.5

2

FIG. 36. Lithorhizostomatida: Rhizostomitu admirandus, U.Jur., Ger.; 12, specimens showing subumbrellar
surface with radial muscles relaxed, XO.28, X0.52 (BRANDT).
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both from VON AMMON); 39,1, subumbrellar sur
face, radial muscles contracted ("M. spt:eiosum"),
X0.33 (MAAS); 38,2, exumbrellar surface, radial
muscles relaxed ("E. jurassicus"), XO.7; 38,3, ex
umbrellar surface, radial muscles contracted ("M.
spt:eiosissimum"), XO.17 (both from VON AMMON).

Order RHIZOSTOMATIDA euvier,
1799

[nom. corr~ct. HARRINCTON & MOORE, h~rcin (pro Rhizostomae
CUVIER, 1799)] [=Rhizostomidae ESCHSCHOLTZ, 1829; Rhizo
stom~a(a L.AcASSIZ, 1862j Rhizoslomata VANHOFFEN. 1888]

Bell dome-shaped or discoidal, without
coronal furrow, without pedalia and with
out marginal tentacles (except in Lobonema
MAYER, in which the lappets are prolonged
in tentaculiform organs) ; margin cleft into 8
or more lappets; rhopalia 8 or more; central
mouth absent; numerous ostioles borne upon
8 adradial, fleshy, branchlike mouth arms

Rhizostomites

which arise from center of subumbrella.
?U./ur., Rec.

Rhizostomatids are inhabitants of tropi
cal seas and the majority of genera confined
to the warm waters of the Indo-Pacific re
gIOn.

Family CASSIOPEIDAE Claus, 1883
[=Rhizoslomata pinnata VANHOFFEN I 1888; Arcadomyaria

MAAS, 19031. .

Rhizostomatida with 8 linear, pinnately
or complexly branching mouth arms. Rec.
Cassiopea PERON & LESUEUR, 1809 [·Me-dusa andro

me-da FORSKAL, 1775] [=Po/yclonia HAECKEL,
1880]. Rt:e. Other genus: Tore-uma HKL., 1880.

Family CEPHEIDAE Claus, 1883
[=Chaunostomidae CLAUS, 1883; Rhizo5tomata dichotoma

VANHOFFEN, 1888; Radiomyaria MAAs, 1903]

Rhizostomatida with 8 separate mouth

FIG. 37. Lithorhizostomatida: Rllizostomitu admirandus, U.Jur., Ger.; subumbrellar surface, radial muscles
relaxed (WALCOTT).
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FIG. 38. Lithorhizostomatida: Rhizostomites admirandus, U.Jur., Ger.; 1, subumbrellar surface, radial
muscles relaxed; 2, exumbrellar surface, radial muscles relaxed, XO.7; 3, exumbrellar surface, radial

muscles contracted, XO.l7 (VON AMMON).
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FIG. 39. Lithorhizostomatida: Rhizostomitt:s admirandus, V.Jur., Ger.; 1, subumbrellar surface, radial
muscles contracted, X0.33 (MAAS); 2, subumbrellar surface, radial muscles relaxed, XO.5 (VON AMMON).
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arms the lower end of which give rise to 2
expanded leaflike side walls, the outer edges
of which give rise to secondary branches and
bear frilled ostioles; scapulets absent. Rec.
Cephca PERON & LESUEUII., 1809 [·M~dusa octostyla

FORSKAL, 1775] [=Stylorhiza HAECKEL, 1880;
N~trostoma, Halip~tasus SCHULTZE, 1898; Miera
stylus, Pmrhiza KISHINOUYE, 1902]. R~c. Other
living genera: Polyrhiza, Cotylorhiza L.AGASSIZ,
1862.

Family CATOSTYLIDAE Claus, 1883
[=Lychnorhizid•• CLAUS, 1883: Rhizostom.,. tripl.r. + R.
trigona VANHOFFEN. 1888; RhizoSlomata triptera Mus, 1903]

Rhizostomatida in which the lower parts of
the 8 separate mouth arms are 3-winged or
Y-shaped in cross section, being expanded
in a ventral and 2 dorsal lamellae; frilled
ostioles borne upon the 3 lamellae; scapu
lets absent. Rec.
Catostylus L.AGASSIZ, 1862 [·C. mosaicus] [=Rha
copilus, L.AGASSIZ, 1862; Toxoclytus L.AGASSIZ,
1863; Cramb~ssa HAECKEL, 1869; Loborhiza VAN
HOFFEN, 1888]. R~c. Several other genera, includ
ing Versura HKL., 1880; Lychnorhiza HKL., 1890;
Lobon~ma MAYER, 1910.

Family LEPTOBRACHllDAE Claus, 1883
[=RhizoSlom... lorifa. VANHOPFEN, 1888)

Rhizostomatida with very elongate, nar
row, lashlike mouth arms; lower parts of
arms 3-winged in cross section; ostioles de
veloped upon and near the angles; upper
parts of mouth arms very short and partially
fused to arm disc by a series of arches span
ning from one arm to another. ?U./ur., Rec.
Leptobrachia BRANDT, 1838 [·Rhizostoma l~ptotus

CHAMISSO & EYSENHARDT, 1821] [=uonura
HAECKEL, 1880]. R~c. Other living genera: Thy
sanostoma L.AGASSIZ, 1862; Lori/era HKL., 1880.

?Lc:ptobrachitc:s HAECKEL, 1869 [.L. trigonobrach
ius (=P~lagiopsis l~uckarti BRANDT, 1871, obj.)].
[=Pelagiopsis BRANDT, 1871 (obj.)]. Based on
single, obscure specimen from Solnhofen. Bell
dome-shaped; margin cleft into lappets; pedalia
and tentacles absent; mouth arms very long. Ac
cording to HAECKEL there are 48 lappets and 8
3-sided prismatic mouth arms. BRANDT accepted
only 10 lappets and 5 mouth arms. VON AMMON
regarded the fossil as a laterally crushed specimen
of Rhizostomltes admirandus, a view opposed by
CASTER, U./ur., Ger.--FIG. 40.•L. trigonobrach
ius; holotype, XO.3 (BRANDT).

Family RHIZOSTOMATIDAE Claus, 1883
[nom. 'O"~ct. HAUINGTON & MOOIE, herein (pro RhizoSlO.
mid•• CLAUS, 1883») [=Slomolophid•• CLAUS, 1883: Rhizo.

stom." sc.pul... VANHOFFEN, 1888)

Rhizostomatida in which each of the 8
mouth arms bears a pair of wing-shaped

outgrowths (scapulets) which arise from
dorsal side of each arm near its point of
origin from arm disc; frilled ostioles devel
oped upon upper and outer sides of scapu
lets and upon lower parts of mouth arms.
Rec.
Rhizostoma CUVIER, 1799 [·R. pulmo] [=Pilema

HAECKEL, 1880]. R~c. Other living genera: Eupi
lema, Rhopilema HKL., 1880; Stomolophus L.
AGASSIZ, 1862.

Family ARCHIRHIZIDAE Haeckel, 1880
[=Rhizos,om.,. simplici. VANHOPFEN, 1888)

Rhizostomatida with 8 simple, separate,
unbranched mouth arms; 16 radial canals
give rise to side branches; ostioles without
appendages, on ventral side of mouth arms.
Rec. Family of doubtful validity because
represented by 3 living genera seen only by
HAECKEL.

Archirhiza HAECKEL, 1880 [·A. primordialis]. R~c.

Other living genera: Haplorhiza, Cannorhiza HKL.,
1880.

FIG. 40. Rhizostomatida: uptobrachit~s trigono
brachius, V.Jur., Ger.; holotype, XO.3 (BRANDT).

?SCYPHOMEDUSAE INCERTAE
SEDIS

Pseudorhopilema SPRIGG, 1949 [·P. chapmani].
Based on isolated impressions interpreted as sub
umbrellar mid-field. Mid-field slightly convex,
with central groove giving rise to system of dicho
tomously branched primary, secondary and ?tertiary
grooves, regarded as gastric canals at base of
mouth arms. L.Cam., S.Austral.--FIG. 41,1. ·P.
chapmani; holotype XO.7 (SPRIGG).
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Pseudorhiz05tomitcs SPRIGG, 1949 [·P. hoU/chini].
Based on isolated impressions interpreted by SPRIGG
as subumbrellar mid-field. Mid-field convex, with
cruciform grooves, each branching simply once:
slight suggestion of secondary dichotomous branch-

FIG. 41. Scyphomedusae incertae sedis: Lower Cam
brian fossils from South Australia. 1, Pseudorno
pilema chapmani; holotype, XO.7 (SPRIGG). 2,
Pseudorhizostomites sp.; 2ap, specimens, X 0.9
(SPRIGG). 3, Pseudorhizostomites hoU/chini; holo-

type, XO.7 (SPRIGG).

ing at end of one or more of 8 subradial grooves.
L.Cam., S.Austral.--FIG. 41,3. ·P. hoU/chini;
holotype, XO.7 (SPRIGG).--FIG. 41,2. P. sp.:
2a,b, XO.9 (SPRIGG).
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A diagnosis of the subclass Conulata, ac
companied by discussion of characters which
are considered to support classification of
this extinct group of invertebrates as a divi
sion of the Scyphozoa, has been given in
the section entitled "Scyphozoa." Here, at
tention is directed to characters of the single
order (Conulariida) that at present is as
signed to the subclass. The conulariids are
a varied but relatively stable assemblage
having well-defined morphological attri
butes. We exclude from Conulata and also
from Coelenterata fossils classed as belong
ing to the Serpulitidae, although KIDERLEN
(1937) and some other authors have inter
preted the chitinophosphatic, generally
somewhat compressed elongate tubes with
thickened longitudinal rods incorporated in
the periderm as a simple type of early conu
late, that is, close relative of the Conulariida.
HOWELL (1949) has pointed out that Serpu
lites BLUMENBACH, 1803, introduced as a
name for Mesozoic fossils found near
Hanover, Germany, is clearly distinct from
Serpulites in the sense used by MURCHISON
(1839) for designation of Silurian fossils,
this application of the name (erroneously
attributed to MACLEAY) being ascribable

clearly to MURCHISON. For Paleozoic fossils
which have been referred to Serpulites (as
S. angustifolius, S. gracilis) HOWELL has
published the new generic name Tubele!
loides. This genus and the Middle Cambrian
forms called Urotheca MATTHEW, 1899 (non
COCTEAU &; BIBRON, 1843), renamed Tubul
ella by HOWELL (1949), and various others
(as Coleoprion, Coleolus, etc.), are con
sidered to be worms and not at all sugges
tive of any known kinds of coelenterates.
This conclusion certainly is acceptable in the
light furnished by contemplation of such
an attenuated threadlike form as Tubulella
flagellum (MATTHEW) (see HOWELL, 1949,
pi. 1, fig. 10).

Order CONULARIIDA Miller &
Gurley, 1896

[nom. co"ect. MOORE, in MOORE, LALICKER. & FISCHEI, 1952
(pro Conularida MILLER & GUP.LEY, 1896) I

Characters of subclass. M.Cam.-L.Trias.

MORPHOLOGY
The periderm of conulariids typically has

a steep-sided pyramidal form. From an at
tachment disc (appareil fixateur, Haft
scheibe) (Fig. 27), the 4 sides or faces of the

(Explanation of Fig 42, continued from facing page.)
surface, at right mold of opposite face on matrix, enlarged (17·).8, Diconularia clavus, M.Sil., Eng.; trans
verse rows of tubercles at corner, X 10 (29·). 9, Conularia cribristriata, M.Dev., N.Y.; facial ornament,
X 10 (20·). 10, C. continens, M.Dev., N.Y.; facial ornament, X 10 (20·). 11, C. africana, Dev., S.Am.
(Bol.); middle part of face, X5 (KNOD·). 12, Pseudoconulana dalecarliae, Sil., Swed.; part of face, XIO
(21·). (Note: Inasmuch as conulariid specimens are illustrated both with apertural extremity directed up
ward and downward, presumably corresponding to orientations in attached and free-swimming conditions,
respectively, no arbitrary orientation of figured specimens is adopted here and where the direction toward

the aperture is not self-evident, this is indicated by an arrow.)
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FIG. 42. Morphological features of Conulariida. 1, Paraconularia tub"ieosta, L.Carh., Eng., Xl (32°). 2,
Archaeoeonularia fuunda, M.Ord., Czech.; 2a,b, corner and facial view~, Xl; 2e, transverse section, Xl;
ld, part of face, X4 (170 ).3, A. insignis, M.Ord., Czech.; part of face showing prominent mid-line and
corner furrows, Xl (17 0 ).4, Paraconularia warthi, Perm., India; 4a. corner view, Xl; 4b,e, corner and
mid-line of face, enlarged (33 0 ). 5, P. tmuistriata, Perm., India; face, Xl (33°). 6, P.? la~tJigata, Perm.,
India; face, Xl (33 0 ). 7, Exoconularia ~xquisita, M.Ord., Czech.; facial ornament, part of left showing

(Continu~d on facing pag~.)
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F56 Coelenterata-Scyphozoa

pyramidal form diverge toward the aper
ture with angles between them measuring
normally about 90 degrees. The corner
angles typically are furrowed by a groove,
but in some genera this interfacial hollow
is not developed (Fig. 42). This part of the
periderm commonly is somewhat thickened
and experience indicates that characters of
the corner region have special significance
in classification of conulariids (SINCLAIR,

1952).
Along the mid-line of each face is a more

or less distinct longitudinal furrow, ridge,
or pigmented line that divides the face into
halves; this line is a prominent feature of
many fossils, being accentuated by offsets in
transverse ridges or rows of tubercles on
the faces (Fig. 42,5,6) and by development
internally of a longitudinal ridge or sep-

tum (Fig. 19). The strength and mode of
expression of this facial mid-line (ligne
pan'etale, Mittellinie) has classificatory
importance secondary to that of periderm
corner characters. The central part of each
half of a face may bear a distinct longitudi
nal line (lateral line, Seitenlinie) which is
interpreted by KIDERLEN (1937) to be the
trace of tentacular muscle attachment, and
close to the mid-line on either side may be
another pair of lines (Nebenlinien) which
mark the position of septal ridges on the
interior of the periderm, as in Metaconu
laria (Fig. 42,2a,b).

The surface of the faces somewhat rarely
is smooth, except for cross wrinkles. Gen
erally, very fine to moderately coarse trans
verse ribs or rows of tubercles extend from
corners of the periderm to the mid-line, be-

musculature

musculature

musculature

FIG, 43. Apertural region of conulariids showing types of closure by inward bending of the flexible peri
derm. la-c, Plicated closure, characterized by evenness of apertural margin with sharp folds extending
inward from corners, diagrams showing closed, pardy open, and widely open positions. 2a-c, Triangular
lappet type of closure, distinguished by adapertural extensions of faces that fit neady together when puIled
inward, showing closed, partly open, and widely open positions. 3a-c, Lobate lappet type, like 2a-c except
for shorter and marginaIly curved form of lappets. Inferred musculature for closing aperture is shown in

lb, 2b, 3b (28n).
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Conchopeltina F57

ing confluent or offset in position at the
mid-line (Fig. 42). These transverse mark
ings tend to slope or curve adaperturally
more or less strongly. Interspaces may be
devoid of markings or crossed by closely
spaced barlike ridges; especially in forms
having well-developed tubercles or pustules
along the ribs or in transverse rows, these
tend to be connected from row to row across
the interspaces. In Pseudocotlularia, accen
tuation of longitudinal arrangement of
tubercles gives predominance of it over
transverse features of surface sculpture (Fig.
42,12). Characters of the sculpture usually
are reliable for discrimination of species,
but they have subordinate value for differ
entiation of genera.

The aperture of conulariids may be par
tially or entirely closed by inward bending
of distal parts of the faces. Three types of
closure are distinguished, one consisting of
plication of the transversely nearly straight
apertural margin (Fig. 43,la-c), and the
others consisting of inbending of lappet
like triangular or semicircular extensions of
the faces (Fig. 43,2a-c, 3a-c). Although
many fossils show characters of apertural
closure, the extreme thinness of this obvious
ly very flexible part of the periderm, pos
sibly more chitinous than phosphatic, may
account for .::ommon lack of preservation.

A smoothly rounded, adapically convex
diaphragm (Schott, cloisotl) constitutes the
proximal extremity of some specimens which
have broken free from an earlier attached
location (Fig. 28).

CLASSIFICATION
Division of the Conulariida into at least

2 groups assigned rank as suborders is jus
tified by present knowledge. These consist
of nearly all described forms in one assem
blage, here termed Conulariina, and Con
chopeltis representing the other. This gives
rise to highly disparate divisions, as must
be recognized, yet distinction which sets
Conchopeltis well removed from other CODU

lariids seems necessary. Whether morpho
logical characters of Conulariella are like
wise different enough from those of com
mon types of conulariids to call for placing
it in a separate suborder is doubtful.
The classification adopted here is essentially
that proposed by SINCLAIR in 1952. Data

recorded in the systematic descriptions on
stratigraphic and geographic distribution of
genera are subject in varying degree to addi
tions and corrections, because thorough
study of specimens and the literature has
not been possible in the time allotted for
preparing this section. A summary of supra
generic divisions now recognized in the
Conulata and the recorded stratigraphic
range of each is given in the following tabu
lation. Numbers of genera defined at pres
ent are indicated.

Main Divisions of Conulata

Conulata (subclass) (20). M.Cam.-L.Trias.

Conulariida (order) (20). M.Cam.-L.Trias.

Conchopeltina (suborder) (1). M.Ord.

Conchopeltidae (1). M.Ord.

Conulariina (suborder) (19). M.Cam.-L.Trias.

Conulariellidae (1). M.Cam.-L.Ord.

Conulariidae (17). V.Cam.-Perm.

Conulariinae (9). V.Cam.-Perm.

Paraconulariinae (4). M.Ord.-L.Perm.

Ctenoconulariinae (4). M.Ord.-M.Dev., ?L.
Miss.

Conulariopsidae (1). L.Trias.

Suborder CONCHOPELTINA
Moore & Harrington, nov.

Broad low conical forms with strong tetra
meral symmetry, periderm very thin and
presumably consisting mainly of a chitinous
substance (no calcium phosphatic minerali
zation observed); numerous tentacles along
apertural margin which lacks any sign of
inward bending to effect closure. M.Ord.

Family CONCHOPELTIDAE Moore &

Harrington, nov.

Characters of suborder. M.Ord.

Conchope1tis WALCOTT, 1876 ["'C. alternata]. Faces
gently convex with broadly lobate margins, sep
arated laterally by wide and shallow interfacial
furrows; width of cone approximately 3 times
greater than height; surface of periderm marked
by faint wavy growth lines concentric with mar
gin and sharply defined fine radial striae. M.Ord.
(Trenton.), N.Y., Minn.--FIGs. 22, 44. "'C. alter
nata, N.Y.; 22, specimen with tentacles preserved,
Cornell Univ. coli., X 1.5 (34n); 44,1a,c, internal
and external molds of holotype, XO.9; 44,lb, side
view of holotype, XO.9 (23"').
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F58 Coelenterata-Scyphozoa

Suborder CONULARIINA Miller &
Gurley, 1896

[nom. transl. et corucl. MOORE & HARRINGTON, herein (ex
Conularida MILLER & GURLEY. 1896) 1

Steeply pyramidal, generally 4-sided forms
with thin chitinophosphatic periderm, faces
bearing faint to strong transverse lirae or
ribs more or less curved adaperturally and
continuous or offset along mid-line of faces,
which may be defined as a furrow or ridge
or pigmented line or which is not evident

FIG. 44. Conchopeltina: Conchopeltidae (p. F57).

10

1b mmmml~l~!~!mm~mmmm~mmmlmm~mmm~mm~
Conuloriello

FIG. 45. Conulariina: Conulariellidae (p. F58).

at all; interfacial corners rounded or de
pressed in a more or less accentuated groove;
apex with fixation disc, at least in well-pre
served young specimens; aperture partly or
entirely closable by inwardly bent edges of
faces. M.Cam.-Trias.

Family CONULARIELLIDAE Kiderlen,
1937

Flattened trumpet-shaped forms with rec
tangular cross section having 2 opposite
sides several times longer than others; aper
ture straight-sided, without sign of inward
bending of faces; faces marked by transverse
ribs that do not curve adaperturally; with
out mid-lines on faces or internal septa; in
terfacial corners grooved. M.Cam.-L.Ord.
Conulariella BOUCEK, 1928 (·Conularia robusta

BARRANDE, 1867). Differs from Conularia and
other Conulariidae in rectilinear transverse ribs
on faces and from several genera in absence of
internal longitudinal ridges (septa). M.Cam.-L.
Ord., Eu.--FIG. 45,1. ·C. robusta (BARRANDE),

Czech.; lap, side and transv. sec., X 1 (la, 18·;
1b, 28n).

Family CONULARIIDAE Walcott, 1886
Steep-sided pyramidal forms, mostly with

quadrangular cross section, faces generally
marked by evident transverse lirae or ribs
which are deflected adaperturally in crossing
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the face but longitudinal sculpture may
dominate or the surface may be smooth ex
cept for small wrinkles; angles at corners
typically thickened somewhat, with or with
out distinct furrow; mid-line of faces de-

fined by narrow groove or ridge that in
some genera corresponds to internal septa
and it may be accompanied by 1 or 2 dis
tinct longitudinal lines on either side, or
mid-line may not be distinguishable as

Mesoconulorio

Conulorio

Mesoconuloria

5b

Conulorio

Mesoconuloria Mesoconulario Archaeoconularia

FIG. 46. Conulariina: Conulariidae (p. F60-F61).
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F60 Coelenterata-Scyphozoa

morphological feature; aperture closable by
inward bending of facial periderm and api
cal extremity may consist of smoothly
rounded diaphragm (Schott). V.Cam.
Perm.

Subfamily CONULARIINAE Walcott, 1886
[nom. transl. SINCLAIR., 1952 (e-x Conulariidae WALCOTT,

1886»)

Corners of periderm indented by longi
tudinal furrow which does not interrupt
tramverse sculpture and is not accompanied
by distinct thickening. V.Cam.-Perm.
Conularia SOWERBY, 1821 [·C. quadrisulcata (=C.
sowerbyi DE BLAINVILLE, 1825; C. cancel/ata SAND
BERGER, 1847) (non C. quadrisulcata SLATER,

Diconuloria

Metaconularia

1907=C. tubericosta SANDB., 1847)] [=Plectoco
nularia BOUI':EK, 1939 (obj.)]. Transverse ribs well
defined, closely spaced, finely tuberculate, with
interspaces crossed by bars or striae; facial mid-line
not marked surficially by groove or ridge nor pro
duced internally as septal ridge. V.Cam.-Perm.,
world-wide.--FIG. 23,la,b, C. cambria WALCOTT,
U.Cam., N.Am.; reconstr., XI (22·).--FIGs. 25,
1.. 42,10. C. continens HALL, M.Dev., N.Y.; 25,1,
specimen with attached inarticulate brachiopods
and attachment scars, XI (20·); 42,10, facial or
nament, X 10 (20·).--FIG. 25,2. C.undulata
CONRAD, M.Dev., N.Y.; specimen with attachment
scars of brachiopods, XI (20·).--FIG. 42,9. C.
eribristriata HALL, M.Dev., N.Y.; facial ornament,
X 10 (20·).--FIGs. 42,11 .. 46,1. C. africana SAL
TER, Dev., S.Am.(Bol.-Brazil); 42,11, facial orna-

Metaconularia

FIG. 47. Colunariina: Conulariidac: (p. F61).
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FIG. 48. Conulariina: Conulariidae (p. F62).

linear elevations; aperture closed by extensions of
facial periderm in form of triangular lappets. M.
Ord.-U.Sil., Eu.-N.Am.--FIG. 47,3. -M. aspersa
(LIND.), U.Sil.(Ludlov.), Eng.; la, aperture closed
by triangular lappets, XI; lb, side of another lar
ger specimen, Xl (32-).--FIG. 47,4. M. soli
taria (BARRANDE), M.Ord., Czech.; 4a,b, flattened
specimen, XI, and detail of surface, enlarged
(17-) .

Exoconularia SINCLAIR, 1952 [-Conularia exquisita
BARRANDE, 1867]. Faces with accessory longitudi
nal lines varying in position in different species,
surface bearing transverse rows of pustules. L.Ord.
U.Ord., Eu.-N.Am.--FIG. 42,7; 47,5. -E. ex-

ment, X5 (KNOD-); 46,1, side view, Xl (19-).
--FIG. 46,3. C. niagar~sis HALL, M.Sil., Ind.; 3a,
side view of mold, Xl; 3b, surface ornament, en
larged (20-).--FIG.46,2. C. congregata HALL, U.
Dev., N.Y.; surface ornament, X 10 (20-).

Arcbaeoconularia BOUCEK, 1939 [-Conularia in
signis BARRANDE, 1867]. Small to medium-sized,
periderm very thin, faces with prominent median
groove and adapertural part extended as acute
triangular lappet that may be bent inward for
closure of aperture; surface marked by fine trans
verse threads gently arched adaperturally and
crossed by faint longitudinal striae; apical dia
phragm observed in some species. L.Ord.-Sil., Eu.
N.Am.--FIGs. 42,3; 46,8. -A. insignis (BAR
RANDE), Ord., Czech.; 42,3, type, Xl; 46,8, part
of face, X2 (17-).--FIG. 24,3a,b. A. slateri
(REED), U.Ord.(Ashgill.), Scot.; 3a,b, side and
apertural views showing closure by infolded peri
derm, Xl (29-).--FlGs. 23,2a,b; 42,2a-d. A te
cunda (BARRANDE), Ord., Czech.; 23,2a.b, reconstr.,
XO.7 (22-); 42,2a-c, side views and transv. sec.,
Xl; 42,U, part of face, X4 (17-).

Mesoconularia BOUCEK, 1939 [-Conularia tragilis
BARRANDE, 1867]. Faces showing more or less dis
tinct mid-line but no secondary longitudinal lines,
transverse ribs distinct. L.Dev.-Penn., Eu.-Afr.-N.
Am.-S.Am.--FIG. 46,5. -M. tragilis (BARRANDE),
L.Dev., Czech.; 5a,b, side views of 2 specimens,
Xl; 5c, part showing corner groove and trans
verse ribs, enlarged (17-).--FIG. 46,4. M.
ulrichana (CLARKE), Dev., Brazil (Parana) ; Xl
(l9-).--FIG. 46,6. M. roeperi (MILLER & GUR
LEV), Penn., Pa.; XO.7 (27-).--FIG. 46,7. M.
globosa (SLATER), L.Carb., Eng.; specimen with
apical diaphragm, Xl (32-).

Diconularia SINCLAIR, 1952 [-Conularia micronema
MEEK, 1871]. Corners simple, with furrow or not
furrowed; faces bearing close-spaced transverse
ribs marked by prominent subcircular pustules;
mid-line more or less defined on surface and gen
erally associated with low septal ridge on inner
side of periderm. M.Ord.-Penn., N.Am.-Eu.-
FIG. 47,2. -D. micronema (MEEK), L.Miss., Ohio.;
2a, holotype, Xl; 2b, another specimen with peri
derm infolded for closure of aperture, X2 (26-).
--FIGS 42,8; 47,1. D. clavus (REED), M.Sil.,
Eng.,; 42,8, ornamentation, X 10; 47,la,b, corner
and side views, Xl; 47,lc, aperture showing in
wardly bent rounded lappets, Xl (all 29-).

Metaconularia FOERSTE, 1928 [-Conularia aspersa
LINDSTROM, 1884]. Corners with rather incon
spicuous shallow furrow; periderm of faces very
thin, surface marked by nearly horizontal trans
verse rows of minute granules which also may be
aligned vertically; mid-line of faces inconstantly
marked by faint groove or not defined externally,
on inner side enclosed by a pair of well-developed
septal ridges which in compressed specimens may
distort outer surface so as to produce longitudinal

/

1b

I
I
I

I
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Pseudoconulorio

FIG. 49. Conulariina: Conulariidae (p. F63-F64).

quisita (BARRANDE), M.Ord., Czech.; 42,7, orna
ment, enlarged; 47,5a,b, side view, X I, and part
of surface showing rows of tubercles, enlarged
(17-).--FIGs. 24,1; 28,3. E. pyramidata
(HOENINGHAUS), M.Ord., Czech.; 24,1, distorted
but unbroken specimen indicating flexibility of
periderm, XO.7 (22); 28,3, specimen with
schott, Xl (25).--FIGS. 23,3; 24,2; 25,3. E.
consobrina (BARRANDE), M.Ord.-U.Ord., Czech.
Fr.; 23,3, reconstr. of free-swimming medusoid
adult, XO.7 (22-); 24,2, apertural region with

oblique section showing infolded periderm, X I
(25-); 25,3, part of surface with attached edrioas
teroid (Agdaerinitu), XO.75 (22-).

Anaconularia SINCLAIR, 1952 [-Conu/aria anomala
BARRANDE, 1867]. Corners without trace of fur
rows, being elevated in rounded or sharp ridge.
M.Ord., Eu.--FIGs. 28,1; 48,1. A. onomala
(BARRANDE), M.Ord., Czech.; 48,10,b, side view
and transv. sec., Xl (17-). 28,1, specimen with
schott, Xl (17-).

Palaenigma WALCOTT, 1886 [-pro Tetrodium
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SCHMIDT, 1874 (non DANA, 1846)] [·Tetradium
Ulrangeli SCHMIDT, 1874]. L.Ord., Eu.

sima BAIUlANDE, 1867]. Faces with mid-line de
fined by low but distinct ridge but without acces-

lb

Paraconularia

FIG. 50. Conulariina: Conulariidae (p. F65).
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ing of closely spaced longitudinal rows of vertically
elongate tubercles. Sil., Eu.-N.Am.--FIG. 49,1.
·P. grandissima (BARRANDE), Czech.; lap, side

view of 2 specimens, Xl (17·).--FIG. 49,2.
P. dal~carlia~ HESSLAND, Swed.; 2ap, part of sur
face, X15, XlO (21·).

5b

Ctenoconulorio

50

5c

Conulorino

7d

o
3d

3b

...,
3c

Climoconus

2

Colloconu1orio

FIG. 51. Conulariina: Conulariidae (p. F65).
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Subfamily PARACONULARllNAE Sinclair, 1952

Corners of periderm sharply inflected,
with surface sculpture interrupted at corner
furrows, transverse ribs in alternating or op
posed positions along edges of furrows. M.
Ord.-L.Perm.
ParaconuJaria SINCLAIR, 1940 [-CorlUlaria inaequi
costata DEKoNINCK, 1883]. Transverse ribs mod
eralely strong, faintly tuberculate, abruptly bent
adapenurally at their terminations on edges of cor
ner furrows; mid-line on faces indicated only by
slight deflection of ribs along it. M.Sil.-L.Carb.,
Eu.-N.Am.--FtG. 50,1. -P. inaequicostata
(KON.), L.Carb(Tournais.), Belg.; 1a-c, Xl and
enlarged (24-).--FIG. 50,2. P. blairi (MILLER
& GURLEY), L.Miss.(Kinderhook.) , Mo.; Xl
(27-).--FIG. 50,6. P. tubericosta (SANDBERGER),
L.Carb., Eng.; X 1 (form identified by SLATER as
Conularia quadrisulcata) (SLATER).--FIG. 50,3.
P. tenuistriata (M'Coy), Perm., India; Xl (33-).
--FIG. 50,4. P. irregularis (KON.), L.Carb.
(Vise.), Belg.; Xl (24-).--FIG. 50,5. P. worthi
(WAAGEN), Perm., India; 5a,b, Xl (33-).--FIG.
50,7. P. laetJigata (MORRIS), Perm., India; 7a,b,
Xl; 7c,d, enlarged (33-).

CaUoconularia SINCLAIR, 1952 [-C. strimplei].
Transverse ribs low and crowded, joined by longi
tudinal bars in interspaces. Penn., N.Am.-- FIG.
51,6. -C. strimplei, U.Penn. (Missourian) , Okla.;
6a,b, Xl (31-).

EoconuJaria SINCLAIR, 1943 [-Conularia loculata
WIMAN, 1894]. Rather small, corner furrows with
slightly thickened periderm; mid-line of faces not
strongly marked but internally a thin distally bi
furcate septum reaches far into interior; surface
smooth except for cross wrinkles. M.Ord.-M.Sil.,
Eu.-N.Am.--FIG. 19,1. -E. loculata (WIMAN),
M.Sil., Gotl.; transv. sec. showing bifurcate inter
radial septa, X 15 (35-).

Neoconularia SUGIYAMA, 1942 [-Conularia rec
tangularis HAYASAKA, 1920]. Faces flat and smooth
except for transverse irregular wrinkles, without
sign of mid-line; cross section rectangular (known
only from steinkerns). L.Perm., Japan.

Subfamily CTENOCONULARllNAE Sinclair, 1952

Corners more or less furrowed and
strengthened by internal carinae or other
thickening of periderm. M.Ord.-M.Dev.,
?L.Miss.
CtenoconuJaria SINCLAIR, 1952 [-C. obex]. Very

slender, with shallow corner furrows marking
position of strong internal carinae; mid-line of
faces marked by interruption of transverse ribs,
which comprise internal as well as external eleva
tions of periderm due to localized thickening, ribs
interrupted at margins of corner furrows, with
pustulose crests but unlike Conularia s.s., inter-

I
2b

FIG. 52. Sphenotha/lus angustijolius (p. F65).

spaces lack cross bars. M.Ord.-M.DetJ., ?L.Miss.
--FIG. 51,5. -C. obex, M.Ord.(Blackriveran),
Minn.; 5a,c, X2.5; 5b, X7 (41-).--FIG. 51,
4. ?C. greenei (MILLER & GURLEY). L.Miss.(Keo
kuk), Ind.; Xl (27).

Climaconus SINCLAIR, 1952 [-Conularia quadrata
WALCOTT, 1879]. Small forms with square to
rectangular cross sections; faces with strong smooth
transverse ribs that along mid-line meet in op
posed or alternating position, mid-line appears ex
ternally as ridge with adaperturally diminished
height in each interspace and having straight or
zigzag appearance, not associated with internal
septal ridge; corner furrows may have transverse
wrinkles. M.Ord.-U.Ord., N.Am.-Eu.--FIG. 51,
2. -C. quadratus (WALCOTT), M.Ord., N.Y.; X2

(31-).--FIG. 51,1. C. batteryensis (TWENHOFEL),
U.Ord., Que.; X2 (31-).--FIG. 51,3. C. bottni
cus (HOLM), M.Ord., Swed.; 3a,d, X 1.5; 3b,c,
X3 (31-).

Conularina SINCLAIR, 1942 [-Conularia triangulata
RAYMOND, 1905]. Slender; faces with mid-line ex
pressed as low ridge flanked by shallow depres
sions that form low ridges internally; transverse
section triangular or quadrangular; surface marked
by fine transverse striae crossed commonly by fine
oblique folds near shoulders of corner furrows.
M.Ord., N.Am.--FIG. 51,7. -C. triangulata
(RAYMOND), Vt.; 7a-d, X2; 7e, X7.5 (31-).

Sphenothallus HALL, 1847 [-So angustijolius; SD
MOORE & HARRINGTON, herein (=Conularia gracile
HALL, 1847») (=Hallotheca BOUC':EK, 1936 (obj.);
Glyptoconularia SINCLAIR, 1952 (type, Conularia
gracilis HALL, 1847)]. Corners strengthened by
pronounced thickening of periderm and faces with
mid-line produced inward as carina; surface with
longitudinal ornamentation. M.Ord., N.Am.-
FIG. 27,7; 52,1,2. -S. angustijolius, N.Y.; 27,7,
holotype, Xl; 52,1, young individual attached to
adult, X2 (30-); 52,2a,b, holotype of Conularia
gracilis, X 1, and ornament, enlarged (20-).
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Family CONULARIOPSIDAE Sugiyama,
1942

Corners of pyramid raised, lacking fur
rows; faces marked by coarse sinuous longi
tudinal ridges and by widely spaced trans-

verse folds which may be adventitious. L.
Trias.

Conulariopsis SUGIYAMA, 1942 [·C. quadrata].
Characters of family. L. Trias., Japan.
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HYDROZOA-GENERALFEATURES
By DOROTHY HILL and J. W. WELLS

F67

GENERAL NATURE AND TYPES OF
HYDROZOA

Hydrozoans are either polymorphic, with
both polypoid and medusoid forms, or mon
omorphic and medusoid. Their symmetry is
tetramerous or polymerous and radial
any 2 diameters at right angles dividing the
animal into similar halves. Their coelen
teron is without a stomodaeum or gullet,
and it is not divided by projecting ridges or
partitions. The mesogloea does not contain
cells that have wandered in from either ecto
derm or endoderm. Tentacles may be hol
low or solid and sex cells ripen in the ecto
derm. The oral end of the polyp is elon
gated, and characteristic of the hydrozoan
medusoid is the velum or shelf on the inner
rim of the umbrella. Exoskeletons occur in
some orders and these are either horny or
calcareous.

The class may be divided into 7 orders
(Trachylinida, Hydroida, Spongiomorphida,
Milleporina, Stylasterina, Stromatoporoidea,
Siphonophorida) which differ in degree of
polymorphism and relative importance of
the polypoid and medusoid generations. The
trachylinids, regarded by some as the most
primitive, are medusae, which as a whole
lack a polypoid generation; if one is present,
it is minute and attached. The siphono
phorids, like the trachylinids, never develop
a skeleton but they exhibit marked poly
morphism. Because of the diversity of modi
fied medusoid or polypoid individuals of
several kinds which compose the swimming
or floating siphonophorid colonies, they are
regarded commonly as the most specialized
group of hydrozoans, although some zoolo
gists consider the polypoid and medusoid
kinds to be below the grade of individuals
and thus interpret the siphonophorids as
the most primitive coelenterates.

Among hydroids the polypoid generation
is dominant and usually colonial; the polyps
may bud off free medusae, or there may be
structures resembling abortive medusae. In

the milleporines and stylasterines, which
secrete calcareous skeletons, the polypoid
colonies have 2 kinds of retractile polyps,
whereas the very small medusae perish after
a few hours of life during which sex cells
are shed. The stromatoporoids and spongio
morphids are extinct orders, but they also
seem to have comprised colonies of polyps.

The graptolites, which formerly often
were classed as an extinct group of hydro
zoans, now are considered to be hemichor
dates allied to the living pterobranchs.

Hydrozoans with calcareous skeletons are
invariably sessile benthonic forms, which
seem to flourish better in warm than cold
waters. Milleporines and stylasterines are
common in Tertiary and Recent reef en
vironments, and the stromatoporoids were
characteristic of many Paleozoic and Meso
zoic organic reefs. Siphonophores and
trachylines are floaters and swimmers, as
are the medusoid generations of other ord
ers. The hydroids, being dominantly poly
poid, are mostly sessile, and are either ben
thonic or attached to floating weeds. Most
are colonial; a few, such as Hydra, are soli
tary. The latter genus and a few medusoid
hydroids are unusual in that they live in
fresh water.

Class HYDROZOA Owen, 1843
[Originally included hydroids only; extended by HUXLEY,
1859, to include siphonophores and trachylines but not mille
porines] [=Anoecia HUXLEY, 1852; Ectocarpen a.RU.TWIG &
R.HERTWIG, 1879 (.sine Ctenophora); Aphacellae LENDENFELD,
1884; Hydromedusae ZITTEL, 1900 (non VOGT, 1851); Hydro-

zoaria DELAGE & HEROUARD, 1901]

Coelenterates with tetrameral or poly
meral radial symmetry; polymorphic, with
both polypoid and medusoid forms, or ex
clusively medusoid; enteron without stomo
daeum or nematocysts, and not divided by
projecting ridges and partitions; mesogloea
noncellular; sex cells ripening in the epider
mis; oral end of polyp elongated into a hy
dranth; medusae almost invariably with
velum; exoskeleton, if present, generally
chitinous, rarely calcareous. L.Cam.,-Rec.
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TRACHYLINIDA

By H. J. HARRINGTON and R. C. MOORE
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The hydrozoan medusae are all morpho
logically alike, but important differences in
their ontogenetic development divide them
into 2 natural groups, the Trachylinida and
the medusae of the Hydroida. The trachy
linids are characterized by a reduction or ab
sence of the polypoid generation, having
typically a planula-actinula-medusa life his
tory. In many genera the tentacles of the ac
tinula larva become those of the medusa,
and as the bell margin continues to grow
after the tentacles have become fully de
veloped, they are "left behind," deeply
rooted in the jelly-like mesogloea and
springing from the exumbrellar surface of
the bell. Though the trachylinids and the
medusae of the Hydroida have sense organs
structurally similar, the lithocysts of the
former contain endodermal lithocytes and
statoliths and are, therefore, not comparable
with the ectodermal sense organs of the
latter. The trachylinids are best regarded as
medusiform actinulae which are not homol
ogous with the medusae of the Hydroida,
having attained independently a medusi
form appearance. Their ontogenetic develop
ment indicates that they are the most primi
tive of living coelenterates.

MORPHOLOGY
The trachylinid medusae are solitary,

free-swimming animals of small to moder
ate size, consisting of a gelatinous bell simi
lar to that of the Scyphomedusae (Fig. 53).

As in that subclass, the upper side of the
body is termed exumbrella, while the lower
side is termed subumbrella. The margin of
the bell may be either circular or scalloped
into lappets. An extension of both the ex
umbrella and the subumbrella, known as
velum, forms a muscular annular band
partly closing the subumbrellar concavity.
From the center of the subumbrella there
hangs down a cylindrical or quadrangular
tube, the manubrium, which in some gen
era may be found at the end of a long pro
jection of the subumbrella, called pseudo
manubrium, containing extensions of the
radial canals. The manubrium opens at its
lower extremity into a mouth and leads
aborally into a central gastric cavity or
stomach. The manubrium is absent in the
Narcomedusina where the mouth opens
directly into the capacious stomach. The
gastric cavity is typically outpocketed into
4, 8, or 16 radial stomach pouches. These
give rise to radial canals, commonly 4, 6, or
8, leading into a circular ring canal running
along the margin of the bell which, in its
turn, may give rise to numerous blind cen·
tripetal canals extending toward the sum
mit of the bell. In some genera, however,
the ring canal is absent and the radial canals
have blind distal ends. The gonads occur
either in folds or pendent sacs beneath the
radial canals or in the floor of the stomach
pouches.
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FIG. 53. A living trachylinid, Olindias, of the sub
order Trachymedusina, showing inverted bowl
shaped form and extended manubrium (pseudo
manubrium) at the center of the under (subum
brellar) surface. In addition to long pendent
tentacles distributed around the margin, relatively
stiff shorter ones project upward (L. H. HYMAN,
Invertebrates: Protozoa through Ctenophora, Mc-

Graw-Hill, New York).

The tentacles, of the same or greater num
ber than the radial canals, commonly spring
from the exumbrellar surface and may bear
adhesive discs near their tips. The endoder
mal core of the tentacles normally continue
into the jelly as tentacular roots, and the
ectoderm of their inner faces may extend
on the exumbrella to the bell margin form
ing thick bands, the peronia, which divide
the margin into lappets. The otoporpae are
tracts similar to the peronia, located on the
exumbrellar side above the lithocysts. Ocelli

are generally absent but lithocysts (organs
of equilibrium) of endodermal origin are
commonly present, located between the ten
tacle bases and of the same or greater num
ber than the radial canals. Nematocysts
(netding or stinging organs) are abundant
ly distributed on the tentacles, peronia, oto
porpae, bell margin and, in certain forms, in
streaks ascending the exumbrella.

The radial canals, tentacles, sense organs,
gonads, and other structures are typically
arranged upon a plan of tetramerous sym
metry. The 4 main radii, corresponding to
the 4 basic radial canals and tentacles, are
termed perradii; the 4 radii at 45° position
between the perradii are called interradii;
those located midway between perradii and
interradii are known as adradii.

DISTRIBUTION
Very few fossil records of unquestionable

trachylinid medusae are known. These be
long in the genus Kirklandia from the
Lower Cretaceous of Texas and Germany.
In addition, 7 genera are now tentatively
placed in this order, 5 of them having uncer
tain family relationships. With the exception
of a Lower Cambrian form from South Aus
tralia, they are European genera ranging in
age from Middle Jurassic to Early Creta
ceous.

CLASSIFICATION
The number of fossil genera in each of

the following categories is tabulated after
the corresponding taxa. A question mark
preceding a numeral (as ?7) indicates num
ber of genera tentatively classified.

Main Divisions of Trachylinida
Trachylinida (order) (l+?7). ?L.Cam., ?M.Jur.,

U.Jur.-Rec.
Trachymedusina (suborder) (l+?I). ?L.Cam.,

?M.Jur., U.Jur.-Rec.
Olindiadidae. Rec.
Petasidae. Rec.
Limnocnididae. Rec.
Pectyllididae. Rec.
Kirklandiidae (I). ?M.Jur., L.Cret.
Trachynematidae (? I). ?L.Cam., Rec.
Geryoniidae. Rec.

Narcomedusina (suborder) (?I). ?U.Jur., Rec.
Solmariidae. Rec.
Cuninidae (? I). Rec.
Aeginidae. Rec.

?Trachylinida incertae sedis (5). L.Cam.-L.Cret.

© 2009 University of Kansas Paleontological Institute



F70 Coelenterata-Hydrozoa

SYSTEMATIC DESCRIPTIONS

Order TRACHYLINIDA Haecke1,
1877

[nom. co"ect. PUME, 1936 (pro Trachylinae HKL., 1877)]

Hydrozoid medusae having sense organs
consisting of statocysts and tentaculocysts of
ectodermal origin; tentacles usually inserted
above bell margin, springing from exum
brellar surface; with reduced or absent poly
poid generation, commonly developing from
actinula larvae either directly or by budding.
?L.Cam., ?M.Jur., U.Jur.-Rec.

Living trachilinids are inhabitants of the
open ocean of world-wide distribution, more
frequent in warmer seas than in cold waters.
Exceptions are 2 fresh-water genera (Fig.
53).

Suborder TRACHYMEDUSINA
Haeckel, 1866

[nom. correct. HARRINGTON & MOORE, herein (pro Trachyme·
dusae HKL., 1866)] [=Trachomedusae HKL" 1879]

Margin of bell entire, not cleft into lap
pets; radial canals 4, 6, or 8; gonads com
monly developed upon radial canals; ten
tacles usually solid. ?L.Cam., ?M.Jur., L.
Cret.-Rec.

Family OLINDIADIDAE Haeckel, 1879
[nom. CO"e<t. HARRINGTON & MOORE, herein (pro Olindiadae

HKL., 1879)]

Some or all tentacles projecting from sides
of bell above margin, not grouped in clus
ters, with adhesive discs; gonads linear, sac
like or folded upon the 4 or 6 radial canals.
Rec.
Olindias F.MuLLER, 1861 ["0. sambaquiensis].
Ree.--FIG. 53. O. sp., Bermuda (HYMAN). Sev
eral other living genera.

Family PETASIDAE Haeckel, 1879
Tentacles without adhesive disc; radial

canals 4; gonads linear or saclike; lips 4.
Rec.
Petasus HAECKEL, 1879 ["P. atallus). Ree. Several

other living genera, including the fresh-water
Craspedaeusta LANKESTER, 1880.

Family LIMNOCNIDIDAE Mayer, 1910
Tentacles numerous, hollow, not in clus

ters, without adhesive disc; lithocysts nu
merous, on exumbrellar side of velum; ra
dial canals 4 or 6; gonads diffuse in ecto
derm of stomach wall; mouth round. Rec.

Lirnnocnida GUNTHER, 1893 ["L. tanganjieae].
Rec. Only known genus (fresh-water).

Family PECTYLLIDIDAE Haeckel, 1879
[nom. correct. HARRINGTON & MOORE, herein (pro Pectillidae
HKL., 1879) I [ex Pectyllis HKL., 1879 (=Ptychogastr;a ALL-

MAN, 1878)1 [=Ptychogastridae MAYER, 1910]

Numerous more or less isolated clusters
of tentacles, some with adhesive disc; nu
merous free lithocysts; radial canals 8;
stomach 8-lobed; lips 4. Rec.
Ptychogastria ALLMAN, 1878 ["P. polaris (=Pee
tyllis aretiea HAECKEL, 1879)] [=Peetyllis, Peetiss,
Peetanthis HKL., 1879]. Ree. Only known genus.

Family KIRKLANDIIDAE Caster, 1945
Subumbrellar mid-field lobate, typically

with 8 adradial sulci bifurcating near periph
ery, originating 4 perradial and 4 inter
radial large, petalate insert lobes (stomach
pouches) and 8 adradial, smaller, triangular
exsert lobes; radial canals 8 (4 perradial, 4
interradial), each with bulging outpocketing
genital sac containing paired gonads; mouth
quadrate, functional; manubrium very
short; oral arms absent; peripheral area im
perfectly known; ?tentacles ?8, rodlike, cov
ered with ovate pustules (?nettling struc
tures); exumbrellar mid-field typically with
8 radiating shallow sulci. ?M.Jur., L.Cret.
Kirklandia CASTER, 1945 ["K. texana]. Characters

of family. ?M.Jur., Ger., L.Cret., USA.--FIG.
54,1. "K. texana, L.Cret., Tex.; la, holotype, sub
umbrellar surface; 1b, paratype, subumbrellar
surface; Ie, subumbrellar surface of another speci
men; 1d, paratype, exumbrellar surface; Ie, side
view of another specimen; all XO.75; If, ?nettling
structures of tentacle, X3.5 (CASTER).--FIG.
55. ?Kirklandia sp., M.Jur., Ger.; 1, subumbrellar
surface; 2, ibid., another specimen, both Xl
(LORCHER).

Family TRACHYNEMATIDAE
Gegenbaur, 1856

[nom. correct. HARRINGTON lit MOORE, herein (pro Trachynemi
dae GEGEN., 1856)] lex Trachynema GEGEN., 1856 (=Rho

paloncma GEGEN., 1856)1 [=Ag1auridae HAECKEL, 1879J

Tentacles without adhesive disc; radial
canals 8, simple; ring canal simple. ?L.
Cam., Rec.
Rhopalonema GEGENBAUR, 1856 ["R. lIelatum

(=Traehynema ciliatum GEGEN., 1856)]
[=Traehynema GEGEN., 1856; Calyptra LEUCKART,
1856]. Ree. Numerous living genera.

?Beltanella SPRIGG, 1947 ["B. gilesi]. Exumbrellar
impression circular; outer ring (?velum) con-
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centrically striated, narrow; inner field (?stomach)
large, circular, with 2 central concentric grooves
(?oral structures); intermediate annular zone
crossed by 4 paired grooves 90' apart (?radial can
als), with 2 evenly spaced circular markings in
each quadrant (?gonads); ring canal and tentacles
absent. L.Cam., S.Austral. SPRIGG compared the
only known impression with the living genus
Rhopalon~ma.--FIG. 56. ·B. gil~si; la, re
construction of umbrella with section removed,
X 0.5; 1b, diagrammatic sketch of subumbrellar
surface, XO.55 (SPRIGG); 2, holotype, X0.55
(SPRIGG).

(,

I;
~ 1,.'

Family GERYONIIDAE Eschscholtz, 1829
Radial canals 4 or 6; gonads Bat, ex

panded, leaflike; stomach upon gelatinous
peduncle; ring canal giving rise to blindly
ending centripetal canals. Rec.
Geryonia PERON & LESUEUR, 1809 [·G. probosd
dalis]. R~c. Other living genus: Liriop~ LESSON.
1843.

Suborder NARCOMEDUSINA
Haeckel, 1879

[nom. correct. HAUINCTON & MooI.E, herein (pro Narcome
dusae HilL., 1879) I

Kirklondio

FIG. 54. Trachymedusinaa: Kirklandia texana, L.Cret., Tex.; la-e, XO.75; II, X3.5 (CASTER).
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FIG. 55. Trachymedusina: ?Kirklandia sp., M.Jur..
Ger.; subumbrellar side of 2 specimens, XI

(LaRCHER).

Margin of bell scalloped by peronia;
gonads borne in floor of stomach. ?U.Jur.,
Rec.

Family SOLMARIIDAE Haecke1, 1879
[nom. corr~ct. HARlllNGTON & MOORE, herein (pro Solmaridae

HKL., 1879) I [=Peganthidae HAECKEL, 1879]

Stomach circular, simple, without stomach
pouches; saccules may arise from subum
brellar floor of stomach; all other parts of
gastrovascular system lacking. Rec.
Solmaris HAECKEL, 1879 [·S. godeffroyi]. Rec.

Other living genus: Pegantha HKL., 1879.

Family CUNINIDAE Broch, 1929
Central stomach giving rise to simple, un

divided pouches; marginal scallops, peronia
and tentacles of same number (8 or more)
as pouches. ?U./ur., Rec.
Cunina ESCHSCHOLTZ, 1829 [·C. globosa]. Rec.
Other living genera: Solmissus, Cunoctantha
HAECKEL, 1879.

?Acalepha BEYRICH, 1849 [.A. deperdita]
[=Craspedonites HAECKEL, 1865 (obj.); Trachy
nemites HKL., 1869 (obj.)]. Subumbrellar irn-

pression with 2 smooth concentric outer rings, in
ner rosette with 8 radial segments and central cir
cular area; oral arms absent; tentacles ?absent.
HAECKEL interpreted the central area as stomach
and mouth, the groove along the periphery of
rosette as ring canal, the internal outer ring as the
umbrellar margin and the external ring as a fur
row in the matrix. BRANDT regarded the 2 outer
rings as annular folds in the umbrella developed
during entombment and the inner structure as a
central stomach of circular outline giving rise to
!l undivided stomach pouches. MAYER accepted

10

Beltonello
FIG. 56. Trachymedusina: Beltanella gilesi, L.Cam.,
S.Austral.; 1, section and subumbrellar side (re

constr.); 2, holotype, X0.55 (SPRIGG).

© 2009 University of Kansas Paleontological Institute



N arcomedusina F73

Acrospedites

Acalepha

FIG. 57. Narcomedusina: Acalepha deperdita, V.Jur.,
Ger.; 2 specimens, XO.7, XO.25 (HAECKEL, WAL

COTT).

BRANDT'S interpretation and compared the fossils
with the living genus Cunoctantha. V.fur., Ger.
--FIG. 57. • A. deperdita; 1, plaster impression,
according to HAECKEL, XO.7 (HAECKEL); 2, plas
ter impression of a different specimen, according
to BRANDT, XO.25 (WALCOTT).

Family AEGINIDAE Haeckel, 1879
[=Cunanthidae HKL., 1879)

Central stomach giving rise to bifurcate
pouches; 2 or 4 pouches between successive
tentacles. Rec.
Aegina ESCHSCHOLTZ, 1829 [·A. citrea]. Rt:c. Sev

eral living genera, including Aeginopsis BRANDT,
1836, and Solmundella HAECKEL, 1879.

?TRACHYLINIDA INCERTAE SEDIS
Acraspedites HAECKEL, 1869 [·Medusius antiquus

HKL., 1865]. Subumbrellar impression with 2
smooth, concentric outer rings, large circular cen
tral area and 2 intermediate rings with 8 radial

lobes. HAECKEL interpreted the central area as
stomach and mouth surrounded by 8 gonads (in
ner lobes), the radial grooves marking off the 8
outer lobes as radial canals, the periphery of the
outer lobes as the subumbrellar margin cleft into
8 lappets and bearing a ring canal, the internal
outer ring as a fold of the umbrella developed dur
ing entombment, and the external ring as a fur
row in the matrix. Accepted here is the view of
CASTER, who regarded the 8 larger lobes as
stomach pouches separated by narrow sulci (not
radial canals), bearing genital sacs (inner lobes).
V.fur., Ger.--FIG. 58. ·A. antiquus (HAECKEL);
holotype, X0.375 (HAECKEL).

Atollites MAAS, 1902 [.A. zitteli]. Body discoidal,
of circular outline; mid-field with small, circular,
smooth depression (?mouth), encircled by slightly
convex annular zone crossed by 12 to 14 raised,

FIG. 58. Incertae sedis: Aeraspedius antiquus, V.Jur.,
Ger.; holotype, X0.375 (HAECKEL).
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narrow radial bands (?radial canals); external
zone with 12 to 14 pyriform lobes, wider and
thicker at periphery, sharply separated by deep
radial sulci, some pardy split by supplementary
radial grooves. Both MAAS and KIESLINGER re
garded Atol/ius as a collaspidid scyphomedusa. As
here interpreted, the remains represent the central

subumbrellar area of a trachylinid medusa dis
playing 12 to 14 radial canals bearing centrifugal
genital sacs. L.Cret., Ger.--FIG. 59. eA. zitteli;
holotype, X 1.5 (M.u.~).

Ediacaria SPRIGG, 1947 [eE. flindersi (=TateafUI
inflata SPRIGG, 1949; Cyclomedusa radiata SnIGG,
1949] [=Tateana SPRIGG, 1949]. (1) SUBUM-

Ediocorio

FIG. 60. Incertae sedis: Ediacaria flindersi, L.Carn., S.Austral.; 1, holotype, XO.7; 2-5, exurnbre1lar im
pressions of other specimens assigned to other genera and species by SPRIGG but here referred to E.

flindersi, XS.I, XS.3, XU, XI.3 (SPRIGG).© 2009 University of Kansas Paleontological Institute
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FIG. 61. Incertae sedis: Jurassic trachylinids. 1, Hydrocraspedota mayri, U.Jur., Ger.; Ia,b, holotype and
young specimen, X0.35; Ie, subumbrellar surface and tentacles (reconstr.), XO.25 (KOLB). 2, Palaeo
semaeostoma geryonides, M.Jur., Ger.; holotype and another specimen, XI, XO.5 (VON HUENE, KIESLINGER).

BRELLAR IMPRESSION (type of E. flindersi). Circu
lar; margin ?entire, without notches; outer an
nular zone with numerous radial grooves, irregu
larly distributed, of unequal length and depth,
some bifurcating centripetally, crossed by few ir
regular concentric rugae; intermediate annular
zone somewhat inflated, with few, indi~tinct radial
grooves; imperfectly separated from central mid
field by annular groove; mid-field with ?ring of
?8 small circular knobs (only 4 displayed) and
asymmetrical triangular lobe attached to center and
spreading outward. (2) EXUMBRELLAR IMPRESSION
(type of Tateana inflata and of Cyclomedusa radi
ata). Circular, with circular central area (?stom
ach) marked by one or several concentric grooves
and wide outer ring with numerous radial grooves,
irregularly distributed and increasing in number
toward periphery by implantation and bifurcation,
crossed by several coarse concentric rugae. SPRIGG
interpreted the radial grooves as radial canals, the
outermost concentric ruga as epimarginal ring
canal, the triangular lobe in the subumbrellar mid
field as a flattened manubrium, and the small cir
cular knobs as outpocketing genital sacs. As here
interpreted, the outer annular zone of the subum
brellar surface represents the impression of a
velum with numerous radial shrinkage furrows
due to desiccation during entombment, the ?8

central knobs are regarded as centripetal gonads
(?located upon radial canals, traces of which may
be represented by the radial grooves of the inter
mediate zone), and the triangular lobe as the
impression of a flattened, campanulate manu
brium. Tateana inflata and Cyclomedusa radiata
are here regarded as exumbrellar impressions of
Ediaearia flindersi. L.Cam., S.Austral.--FIG. 60.
-E. flindersi; 1, holotype, XO.7; 2, exumbrellar
impression (type of Tateana inflata) , X8.1; 3,
another exumbrellar impression (type of T. in
flata) , X8.3; 4, exumbrellar impression (type of
Cyclomedusa radiata), XLI; 5, another exumbrel
lar impression (type of C. radiata) , X 1.3 (SPRIGG).

Hydrocraspcdota KOLB, 1951 [-H. mayriJ. Margin
circular, entire; velum narrow, with 600 to 800
fine radial striae (?impressions of statocysts);
gonads 4, elliptical, perradial, centrifugal (ob
served only in adult specimens); mid-field with
central quadrate mouth, short manubrium and 4
perradial reniforql impressions of mouth tentacles,
each with whirl-like bunch of raised striae at both
ends; marginal tentacles ?not preserved. KOLB
compared the impressions with the living fresh
water genus Craspedaeusta. U.fur., Ger.--FIG.
61,1. -H. mayri; la, holotype, mature individual,
XO.3; Ib, young individual, X0.35; Ie, recon
structions of subumbrellar surface, mature in
dividual, XO.25 (KOLB).
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Palaeosemaeostoma RUGER, 1933 [pro Medusa WAG
NER, 1932 (non LINNE, 1758) 1 [·Medusina gery
onides VON HUENE, 1901 (=Medusa gorgonoides
WAGNER, 1932)]. Body depressedly convex; ?sub
umbrellar surface with rosette of 11 or 12 pillowy
sectors sharply defined by deep, narrow grooves;
center of disc with depressed circular (?mouth)

area encircled by sharp, raised narrow collar; lo
bation extending around border of disc; ?exum
brellar side with central hollow stem. M.lur., Ger.
--FIG. 61,2. ·P. geryonides (V.HUENE); 2a,
holotype, X 1 (VON HUENE); 2b, another speci
men, XO.5 (KIESLINGER).
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The medusae of the Hydroida obviously
do not constitute a separate order of Coelen
terata, as they represent the completely
evolved, sexual generation sprung by bud
ding from the asexual polyps. However, the
hydroid generation from which many me
dusae presumably came has not been def
initely identified. Moreover, the hydroid and
medusoid generations may evolve inde
pendently in such manner that very similar
medusae are budded from quite different
hydroid types and vice versa. These diffi·
culties make it necessary to use a special
classification for the medusae of the Hy
droida side by side with that developed for
the hydroids, and it must be apparent that
the medusoid classification becomes impera
tive and unavoidable when the correspond
ing polyps are unknown. The alternative
would be to classify such medusae as in·
certae sedis within the Hydroida until their
polyps are identified, but it must be obvious
that in this case the fossil medusae would
remain forever in such a category.

MORPHOLOGY
The medusae of the Hydroida are mor

phologically similar to the trachylinids, con
sisting of a gelatinous bell typically dome-,
bowl., or saucer-shaped (Fig. 62). As in the
trachylinids, the upper side of the bell is
termed exumbrella, the lower side being
known as subumbrella. The margin of the
bell is always circular and unscalloped. A
velum is typically present, as well as a FIG. 62. Calyptoblastina: Thaumantias maeotica,
manubrium, which in some genera is found Rec., x5 (MAYER).
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at the end of a long pseudomanubrium. As
in the trachylinids, the manubrium opens at
its lower end in a mouth and leads aborally
into a central gastric cavity or stomach. The
stomach gives rise to radial canals, typically
4 or some multiple thereof, leading into a
circular ring canal running along the mar
gin of the bell. The gonads are found either
encircling the manubrium or upon the ra
dial canals.

The bell margin bears tentacles, typically
4 or some multiple thereof. In some genera
they are very numerous, while in others only
2, 1, or none are developed. The tentacle
bases commonly bear ocelli sensitive to light,
and the subumbrellar side of the velar base
may bear statocysts (sense organs of equili
brium) of ectodermal origin. Nematocysts
are abundantly distributed on the manu
brium, bell margin, exumbrella, and ten
tacles.

The medusae of the Hydroida usu~lly dis
play marked tetramerous symmetry. The
terms perradii, interradii, and adradii are
used in the same sense as applied to the
Trachylinida.

DISTRIBUTION

Fossil medusae of the Hydroida seem ex
ceedingly rare. None has been unquestion
ably identified as belonging in this order
and only 2 forms, one from the Lower Cam
brian of South Australia, the other from
the Upper Pennsylvanian of Nebraska, are
here tentatively classified as such.

CLASSIFICATION

The medusae of the Hydroida have re
ceived collective designations which, of
course, have no status in coelenterate classi
fications, being synonyms of other widely
used terms. The name Hydromedusae, em
ployed by MAYER in 1910, as well as the

older names Cryptocarpae ESCHSCHOLTZ,
1829, Gymnopthalmae FORBES, 1848, and
Craspedota GEGENBAUR, 1856, are compre
hensive designations covering all the non
scyphozoan medusae and, therefore, include
the Trachylinida, here classed separately.
The more restricted term Leptolinae
HAECKEL, 1879, on the other hand, is ex
actly equivalent to the order Hydroida and
the 2 recognized suborders of Leptolinae
(Anthomedusae HAECKEL, 1879, and Lepto
medusae HAECKEL, 1866) are the exact
counterparts of the suborders Gymnoblastina
and Calyptoblastina, respectively, of the
Hydroida. Clearly, then, both classifications
are equivalent down to the level of sub
orders, and it is only in the taxa of family
and lesser rank that important differences
appear. It is debatable which of the 2 paral
lel classifications should be regarded as the
natural one and receive preference, but the
fact that the medusoid classification applies
to completely evolved sexual forms while
the hydroid classification is based on asexual
polyps regarded as persistent larval stages,
suggests that the former deserves the prior
ity currently given to the latter.

The number of known fossil genera in
each category is recorded after the corre
sponding taxa. The question mark (as ?2)
indicates tentative classification.

Main Divisions of Hydroid Medusae
Hydroida (Leptolinida) (order) (?2). L.Cam.,

?Penn., Rec.
Gymnoblastina (Anthomedusina) (suborder) (?I).

?Penn., Rec.
Sarsiidae. Rec.
Cladonematidae. Rec.
Oceaniidae (?I). ?Penn., Rec.

Calyptoblastina (Leptomedusina) (suborder) (? I).
?L.Cam., Rec.

Thaumantiadidae (?I). ?L.Cam., Rec.
Eucopidae. Rec.
Aequoreidae. Rec.

SYSTEMATIC DESCRIPTIONS

Medusae of the Order HYDROIDA
[=Leptolinae HAECKEL, 1879)

Veiled medusae developed through alter
nation of generations from Gymnoblastina
or Calyptoblastina hydroids; tentacles grow
outward from bell margin after bell has de-

veloped; ocelli and otocysts, when present,
of ectodermal origin. ?L.Cam., ?Penn., Rec.

The medusae of the Hydroida are inhabi
tants of coastal waters, rarely seen in the
open ocean far from land, for they cannot
maintain themselves in situations unsuited
to the growth of their hydroids.
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Medusae of the Suborder
GYMNOBLASTINA

[=Oceanidae GEGENIAUR, 1856 (partim): An'bomedusae
HAEcKEL, 1879]

Medusae with gonads in the ectoderm of
the manubrium; marginal otocysts and sen
sory clubs absent. ?Penn., Rec.

Family SARSIIDAE Forbes, 1848
[nom. co"~ct. HAIUlINGTON &: MooJ.E, herein (pro Sarsiadae

FOR"s, 1848)] [=Codomidae HucKEL, 1879]

Gonads ringlike, encircling the manu
brium; radial canals 4 to 6, simple; tentacles
simple; mouth without oral tentacles and
without prominent lips. Rec.
Sarsia LESSON, 1843 res. tubulosa]. Rec. Numerous
other genera.

Family CLADONEMATIDAE Gegenbaur,
1856

[~om. correct. HAnINGTON II< MooRE, herein (pro Cladone
midae GECENIAUr., 1856)]

Marginal tentacles feathered or branched;
radial canals 4 or more, simple or branched;

FIG. 63. Gymnoblastina: Crucimedusina walcotti,
U.Penn., Nebr.; la,b, subumbrellar and exumbrellar

sides of holotype, X0.34 (BARBOUR).

gonads ringlike, encircling stomach or segre
gated upon interradial and adradial sides
of manubrium or developed in brood pouch
above stomach. Rec.
Cladonema DUJARDIN, 1843 [ec. radiatum]. Rec.

Several other living genera.

Family OCEANIIDAE Eschscholtz, 1829
Marginal tentacles single or in clusters;

simple; gonads 4 or 4 pairs, isolated upon
interradial or adradial sides of stomach;
mouth with 4 lips. ?Penn., Rec.
Oceania PERON & LESUEUR, 1809 (sensu KOLLIKER,

1853) [eo. armata KOLLIKER, 1853]. Rec. Nu
merous other genera.

?Crucimedusina HARRINGTON & MOORE, 1955
[Medusina walcotti, BARBOUR, 1914]. Bell pyra·
midal-conical; subumbrella slightly concave, quad
rangular in outline, with interradial rounded
angles and perradial concave sides; mouth cruci
form, large; exumbrella pyramidal-conical, with
4 rounded ridges meeting at apex and 4 slightly
concave sides; surface marked by concentric rugae.
V.Penn., Nebr. The fossils may be compared with
the living genus Bougainvillia LESSON, 1836.-
FIG. 63. ec. walcotti (BARBOUR); 2a,b, holotype,
subumbrellar and exumbrellar views, X34 (BAR'
BOUR).

Medusae of the Suborder
CALYPTOBLASTINA

[=Lep,omedusae HAECKEL, 1866]

Medusae with gonads upon radial canals;
lithocysts, when present, of ectodermal
origin. ?L.Cam., Rec.

Family THAUMANTIADIDAE
Gegenbaur, 1856

[nom. corr~ct. HAllllNCTON &: MookE, herein (pro Thauman·
'iadae GECENIAUR, 1856)] [=Canno,idae HAECKEL, 1879]

Lithocysts present; gonads upon or ex
tending outward over radial canals, not con
fined exclusively within walls of stomach.
?L.Cam., Rec.
Thaumantias ESCHSCHOLTZ, 1829 (sensu MAYER,

1910) [eLaodiua cellularia A.AGASSIZ, 1865]. Rec.
--FIG. 62. T. maeotica, Rec.; x5 (MAYER).
Numerous other genera.

?Protodip1eurosoma SPRIGG, 1949 rep. wardi]. Ex
umbrellar impression circular; outer ring (?velum)
concentrically striated, wide; mid-field large,
circular, with ovoid, unevenly constricted lobate
central area (?stomach) and irregularly developed
radial grooves (?radial canals) branched non
dichotomously; primary grooves strong, reaching
submarginal groove (?ring canal), giving rise to
shorter grooves by branching near base. L.Cam.,
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FIG. 64. Calyptoblastina: Protodipleurosoma wardi,
L.Carn., S.Austral.; holotype, XO.8 (SPRIGG).

S.Austral. SPRIGG compared the fossil with the
living genus Dipleurosoma BOECK, I 866.--FIG.
64. -P. wardi; holotype, XO.8 (SPRIGG).

Family EUCOPIDAE Gegenbaur, 1856

Lithocysts present; radial canals less than
8; gonads developed upon radial canals. Rec.

Eucope GEGENBAUR, 1856 (non L.AGAsslz, 1862)
[-Thaumantias globosa FORBES, 1848]. Rec. Nu-
merous other genera.

Family AEQUOREIDAE Eschscholtz, 1829

Otocysts present; radial canals 8 or more.
Rec.

Aequorea PERON lot LESUEUR, 1809 [-A. forskalea].
Rec. Several other genera.
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HYDROIDA
MORPHOLOGY

The solitary hydroid polyp, divisible into
the attached base, stalk, and main body re
gion or hydranth, is attached either by a
pedal disc or by rootlike holdfasts <Fig. 6).
In colonial forms, stolons or rhizomes ex
tended over the substratum, as either a
branching or anastomosing tangle, the an
choring hydrorhiza being fused into a peri
dermal mat with peridermal spines project
ing up among the polyp bases; from this
arises either the hydrocaulus (or main stalk)
(Figs. 9, 65) of an arborescent colony, or
the subequal single stalks (caulomes) of a
matlike colony. The hydrocaulus is usually
simple but may be fascicled (polysiphonic)
(Fig. 66), that is, covered by stolons from
the hydrorhizae or by branches from below.
Four types of budding occur: (1) hydrorhi
zal, in which polyps spring singly from
stolons of the hydrorhiza or mat or from a
group of parallel stolons projecting vertically
as a bundle (rhizocaulome); (2) mono
podial with terminal hydranths (Fig. 67),
giving rise in many gymnoblasts to racemose
branching in which the stems of all buds

have a growing point just below the ter
minal hydranth for production of one new
hydranth; (3) monopodial with terminal
growing points (Fig. 68), in higher calypto
blasts with tip of the hydrocaulus and of
each branch a growing point, just behind
which new zooids appear; and (4) sympo
dial (Fig. 69), the hydranth stems in lower
calyptoblasts having no growth zone, each
successive bud overlapping its parent hy
dranth so as to produce cymose branching.

Stolons, caulomes, and hydrocaulus of
many forms are enclosed in a chitinous or
in some forms a calcareous periderm trans
versely wrinkled near branching points.
This is the only part known fossilized. In
tubularian gymnoblasts, the periderm does
not cover any part of the hydranth or gonads
(Fig. 6,la), but in calyptoblasts, a chitinous
cuplike hydrotheca (Fig. 70) may protect
the hydranth and a gonotheca the gonads;
where protective zooids of different size and
shape from the hydranths are developed,
dactylothecae, usually much smaller than
the hydrothecae, form over them. These
thecae are marked off from the stems by a
constriction or shelf (diaphragm) of peri
derm. The hydrothecae may be sessile and
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may be closed by a lid (operculum) with
one to 4 parts.

The medusoids of the Hydroida are small
animals without periderm and therefore un
likely to be found as fossils. They differ
from the Scyphozoa but resemble the si
phonophores and trachylines in having a
velum or inner shelf around the rim of the
umbrella. They are solitary and free-swim
ming, with form of a gelatinous bowl- or
bell-shaped umbrella from whose rim and
concave subumbrellar surface the principal
parts depend (Fig. 6, 2a). Most of them

FIG. 65. A gymnoblastic hydroid colony, Euden
dr;um, showing monopodial growth with terminal
hydranths (L. H. HYMAN, Invertebrates: Protozoa

through Ctenophora, McGraw-Hili, New York).

A

FIG. 66. Structures in hydroid colony growth. A,
Eudendr;um, with simple type of fascicled stem
composed of parallel stolons. B, Plumular;a, with
complicated type of fascicled stem, with true hydro
caulus in center encircled by stolons (L. H. HYMAN,
Invertebrates: Protozoa through Ctenophora, Mc-

Graw-Hili, New York).

have perfect tetrameral radial symmetry.
From the center of the subumbrellar sur
face hangs the manubrium, which is a
cylindrical or quadrangular tube opening
directly into the gastrovascular cavity
and bearing the mouth. The manubrium
commonly is surrounded by a ring of ten
tacles heavily loaded with nematocysts at
their outer ends. The gastrovascular cavity
contracts into 4 radial canals (in some
forms, into 6 or 8 radial canals), which
radiate to the margin and open into a ring
or marginal canal. The margin is unscal
loped and bears most of the tentacles and
sense organs, the tentacles being usually in
multiples of 4. The base of each tentacle is
commonly enlarged into an ocellar bulb,
bearing an ocellus or other sensory patches
such as statocysts.

DISTRIBUTION
Living hydroids are almost exclusively

marine, occurring typically in littoral and
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FIG. 67. Monopodial type of hydroid colony with
terminal hydranths, Pennaria (L. H. HYMAN, In
vertebrates: Protozoa through Ctenophora, McGraw-

Hill, New York).

shallow offshore waters, but some, like the
plumularians, go down to depths of 550
fathoms or more. Most prefer a hard sub
stratum but some are adapted to soft bot
toms, and many of these are found down
to 2,750 fathoms. The colony form is sus
ceptible to environmental changes. The
group is most abundant in temperate and
cold zones. The hydroid medusae are typi
cally pelagic and planktonic animals of the
shore and shallow seas. All are strictly car
nivorous. Only a few of the many families
are known as fossils.

Gymnoblastine hydroids are known
doubtfully from Jurassic strata of the Medi
terranean region and certainly from the
Cretaceous and Tertiary of Europe. Fossils
assigned to this suborder are also found in
Lower Cambrian rocks of Australia. Caly
ptoblastines are recorded from the Middle
Cambrian and Lower Ordovician of Vic
toria, Upper Cambrian of Texas, Middle
Ordovician of Virginia and New York, and

Middle Devonian of Michigan, as well as
from Mesozoic and Tertiary rocks.

Order HYDROIDA Johnston, 1836
[=Sertulariens AUDOUIN & M.·EDWAllDS in LAMAR.CK, 1828;
Exoarier RAPP, 1829 (parlim); Nudibrachiata FARRE, 1837;
Polypiaria GUY, 1840; Hydrozoa OWEN, 1843; Hydroidea
DANA, 1846; Hydraria M.EDw.-H., 1850; Diplomorpha CARUS,

1863 (parlim)]

Polypoid generation dominant, the few
solitary species nude; colonial genera with
exoskeleton generally horny, weakly cal
careous in some; budding off free medusae
or with structures resembling abortive me
dusae. Medusae velate, with ocelli and ecto
dermal statocysts. Cam.-Rec.

The order includes 3 suborders: Eleu
theroblastina, Gymnoblastina, and Calypto
blastina, all defined by ALLMAN, 1871; of
these the few Eleutheroblastina are solitary,
naked forms (Hydra) and are not found
fossil.

FIG. 68. Monopodial type of hydroid colony with
terminal growing points, Plumularia (L. H. HY·
MAN, lnt'ertebrates: Protozoa th1"01Igh Ctenophora,

McGraw-Hill, New York).
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FIG. 69. Branch end of Halecium showing sym
podial growth (L. H. HYMAN, Invertebrates: Pro
tozoa through Ctenophora, McGraw-Hill, New

York).

Suborder GYMNOBLASTINA
Allman, 1871

[=Tubularina EHR., 1834; Atheeata HINCK', 1868; Antho
medusae HKL., 18961

Colonial; hydranths without hydrothecae;
gonophores naked; exoskeleton of hydro:;
rhizae and caulomes horny, or in some cal
careous. Free medusae tall, bell-like, with
ocelli but lacking statocysts; gonads borne
on the manubrium. ?Trias., ?!ur., ?Cret.,
Eoc.-Rec.

Family HYDRACTINIIDAE Agassiz, 1862
[nom. correct. HINCK', 1868 (ex Hydraetinidae AGASSIZ, 1862)]
[Incl. ?Syringosphaeridae DUNCAN, 1879 (as order); ?HeIer·
astrididae FRECH, 1890; ?Ellipsactinidae POLJAK, 1936; ?Heter-

astridiidae KUHN, 1939]

Encrusting, caulomes rising from a chit
inous or calcareous mat of tangled hydro
rhizae with periderm; caulomes in vertical
tubes in the peridermal mat. ?Trias., ?!ur.,
?Cret., Eoc.-Rec.
Hydractinia BENEDEN (1841, genus caelebs), 1844

[·Alcyonium echinatum FLEMING, 1828] [=Echi
nochorium HASSALL, 1841; Synhydra QUATRE
FAGES, 1843; Synhydre BENEDEN, 1844; Hydrac
tinea ALLMAN, 1864; ?Kerunia MAYER-EYMAR,
1899 (symbiotic with hermit crab); Cyclactinia,
Poractinia VINASSA, 1901; ?Hydrocorella, lanaria,
Hydrissa STECHOW, 1921; ?Hydroconophora,
Hydrokerion GREGORY, 1931]. Periderm horny or
calcareous; encrusting mat laminated and with
spines projecting upward among the polyp bases
so as to leave pores in the mat; commonly en
crusting gastropod shells. ?lur.-?Cret., Eu.; Eoc.-

Rec.--FIG. 71,1. H. echinata (FLEMING), Rec.,
Eu.; la, colony on shell occupied by hermit crab,
X I; 1b,c, transv. secs. of chitinous spine protrud
ing from base of colony, near base and summit of
spine (chitin oblique shaded), X50; ld, long.
sec. of spine showing proximal part of hydranths
developed from coenosarc covering spine, X37.5
(ALLMAN); Ie, long. sec. of part of base, X30 (9).

?Cycloporidium PARONA, 1909 [·C. tubi/orme]. U.
Cret. (Cenom.) , Italy.

?Ellipsactinia STEINMANN, 1878 [·E. ellipsoidea].
Hemispherical or elliptical; thick, finely tubercu
late laminae with few, irregular connections.
Trias.-Cret., Eu.-Afr.--FIG. 71,2. ·E. ellipsoidea,
V.Jur., Aus.; 2a, part of surface, X8; 2b,c, median
sec. Xl, XIO (14). '

?Heterastridium REUSS, 1865 [·H. conglobatum;
SD DIENER, 1921] [=Stoliczkaria, Syringosphaera
DUNCAN, 1878]. Spherical or nodular, commonly
with minute cephalopod shell as nucleus; laminae
and pillars finely perforate, the perforations of
successive laminae lying above one another, form
ing fine, radial unwalled tubules (?dactylopores);
with large radial cylindrical unwalled, discontinu
ous tubes ( ?gastropores, ?gonopores) ; without
tabulae; surface tuberculations markedly stellate
with skeletal tissue below them much thickened
but not astrorhizal. GERTH has suggested that these
forms were pelagic. Trias., Eu.-Asia-Timor.-
FIG. 72. [·H. conglobatum] [=H. pachystylum

~,;::..~__stomach region

F-----hydrotheca

~--shelfof hydrotheca

FIG. 70. Calyptoblastine hydranth, Obelia, with
single filiform circlet of tentacles (L. H. HYMAN,
Invertebrates: Protozoa through Ctenophora, Mc-

Graw-Hill, New York).
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FRECH], V.Trias., Aus.; a,b, transv. and long sees.,
x5 (STEINMANN).

?Philippinactinia YABE & SUGIYAMA, 1939 [·P.

Ie
Hydractinia

hasimotoi]. Oligo., Philip.
?Stromactinia VINASSA, 1901 [·S. triassica]. V.
Trias., Carpath.

Ellipsactinia

FIG. 71. Hydractiniidae. la-e, H. echinata, Ree., showing living colony, X I, and sections of chitinous skele
ton, enlarged. 2a-c, E. ellipsoidea, U.Jur., surface enlarged, and sections.
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3
Archoeocryptolorio

20 2b
Archoeoontennulorio

Archoeolofoeo

FIG. 73. Calyptoblastina. la,b, A. longicornis, M.
Cam., colony, X2.5, and gonotheca, X 12.5. 2a,b,
A. byersi, M.Dev., X2. 3, A. skeatsi, M.Cam.,

X2.5.

Family UNCERTAIN
Archaeocryptolaria CHAPMAN, 1919 (·A. skeatsi;

SD D. THOMAS, herein]. Hydrocaulus slender,
more or less erect or slightly flexuous. Hydro
thecae cylindrical or elongate-conical, narrowing
very slightly toward base; adnate or attached to
hydrocaulus for some distance; aperture circular,
lip slightly everted. Periderm chitinous, coarsely
wrinkled or scaly. Gonothecae elongate pyriform
and incurved to axis. M.Cam., Vict.-Tasm.; U.
Cam., Tex.; M.Ord., Va.--FIG. 73,3. •A.
skeatsi; M.Cam., Austral., X2.5 (10).

Archaeolafoea CHAPMAN, 1919 (·A. longicornis].
Hydrocaulus slender, flexuous, with few lateral
branches. Hydrothecae long conical, narrowing
slightly toward base, apertures circular; borne
equally on sides of hydrocaulus and branches at
angles of 15 to 50 degrees. Periderm transversely
wrinkled. Gonothecae small, elongate pyriform.
M.Cam., Viet.-Tasm.-N.Y.; U.Cam. (Lancefield.),
Viet., Ord., N.Y.--FIG. 73,1. ·A. longicornis,
M.Cam., Vict.-Tasm.; la, colony, X2.5; Ib, gono
theca, X12.5 (10).

Protohalecium CHAPMAN & THOMAS, 1936 (·P.
hallianum]. Hydrocaulus short, repeatedly branch
ing, with shallow hydrothecae on stalks. M.Cam.,
Viet.-Tasm.

Sphenoecium CHAPMAN & THOMAS, 1936 (·Spheno
thallus filicoides CHAPMAN, 1917; SD D. THOMAS,
herein]. Hydrocaulus with short stipe or pedicle
with wedge-shaped hydrothecae arranged radially
or serially. M.Cam., Vict.-Tasm.

Palaeokylix EISENACK, 1932 (·P. chitinosus]. Slen
der chitinous pipes with irregular swellings; simply

Hydranths provided with hydrothecae;
gonophores enclosed in gonothecae; enclos
ing periderm may be chitinous; free me
dusae bowl- or saucer-shaped, usually with
statocysts and gonads borne on radial canals.
Cam.-Rec.

Several fossil forms have been described
that may pertain to this suborder, but they
cannot safely be referred to any living fam
ily.

[=Sertulariadae FLEMING. 1828; Sertularina EH.... 1834; The
caphora HINCKS. 1868; Leptomedusae HAECKEL. 1866 (often

used for calyptoblastean medusae) I

FIG. 72. Hydractiniidae. la,b, H. pachystylum, U.
Trias., sections, X5.

Suborder CALYPTOBLASTINA
Allman, 1871

Heterostridium

ANTHOMEDUSAE

The medusoid generations of Gymno
blastina, many of which are not correlated
reliably with known polypoids, are collec
tively designated Anthomedusae. The
fossil record of the group is treated in sec
tions of this volume entitled "Medusae of
the hydroids" and "Medusae incertae sedis
and unrecognizable forms."
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FIG. 74. Spongiomorphidae. Ia,b, S. acyclica, Trias., sections, X4. 2a-c, H. stromatoporoides, Trias., ex
terior, X2, and secs., X4. 3a-d, S. styli/era, Trias.; 3a, Xl; 3b,c, X2; 3d, X6.

branching, ending in short wide theca (6). Ord.,
Bait.

Palaeotuba EISENACK, 1934 ["P. polycephala]. Hy
drocaulus dichotomously branching, branches
widening gradually to terminal thecae (6). Ord.,
Bait.

Cylindrotheca EISENACK, 1934 ["C. profunda].
Hydrocaulus simply branched, with long cylindri
cal theca (6). Sil., Czech.

Mesokylix EISENACK, 1935 ["M. hydra]. Hydro
caulus branched, thecae shallow, wide terminal
cups (6). M./ur., Ger.

Archaeoantennularia DECKER, 1952 ["A. byersi].
Branches radiating in all directions from central
axis, which consists in part of large gonangia and
in part of hydrothecae. M.Dev., Mich.--FIG. 73,
2. "A. byersi; X2 (11).

?Kristinella RICHTERS, 1913 ["K. monilifera]. Cret.,
Ger.

LEPTOMEDUSAE
The term Leptomedusae refers to the

medusoid generations of Calyptoblastina,
many of which are not correlated with their
polypoid generation. Tentatively classed
with Leptomedusae is Protodipleurosoma
SPRIGG, from Lower Cambrian rocks of
South Australia. Reference to this and other
medusoid fossils is contained in sections of
Part F entitled "Medusae of the hydroids"

and "Medusae incertae sedis and unrecog
nizable forms."

SPONGIOMORPHIDA
MORPHOLOGY

The spongiomorphs seem to be more
closely allied to the stromatoporoids than
to any other group. When first described,
they were referred to the scleractinian corals
on account of the apparent grouping of 6
vertical pillars (?trabeculae) about a 7th.
They possess none of the real characters of
anthozoan skeletons, however, whereas all
their characteristic features are found with
in the Hydrozoa. Thus, their vertical pillars
and concentric retiform laminae are found
in the hydractinians and stromatoporoids,
and they lack the ?gastropores of the
sphaeractiniids and possess ?astrorhizal
structures not found in the hydractinians.
They might be referred to the Stromato
poroidea, although the regular astrorhizal
structures are somewhat more specialized
than in that group. They are characteristic
of the Triassic, particularly of warm waters
of the Tethys. They have also been recorded
from the Jurassic of Japan and northern
Africa.
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Order SPONGIOMORPHIDA
Alloiteau, 1952

Stromatoporoid-like hydrozoans in which
stellate ?astrorhizal vertical tubules may
develop from the radial grouping of 6 verti
cal pillars about a 7th. Trias.-Jur.

Family SPONGIOMORPHIDAE Frech,
1890

Massive, radial pillars dominant, united
by annular thickenings or by horizontal
bars, which may merge to form concentric
but perforate laminae; latilaminae not de
veloped; 6 pillars may be grouped starwise
as a vertical, tubular, astrorhizal space
around a 7th; tabulae may be developed.
Trias.-Jur.
Spongiomorpha FRECH, 1890 ["S. acyclica; SD

DIENER, 1921] [=Heptastylopsis FRECH, 1890].
Horizontal bars not merged to form concentric
laminae; tabulae numerous. Trias., Eu.-Asia-N.
Am.-N.Afr.--FIG. 74,1. "S. acyclica, Eu.; 1a,b,
tang. and radial sees., X4 (12).

Heptastylis FRECH, 1890 ["H. stromatoporoides].
Horizontal bars merged to form wdl-devdoped
concentric laminae; no tabulae; with stellate
?astrorhizal groupings of pillars. Trias., Eu.-N.
Am.; lur., Japan-N.Afr.--FIG. 74,2. "H. stro
matoporoides, Trias., Eu.; 2a, exterior of side,
X2; 2b,c, tang. and radial sees., X4 (12).

Stromatomorpha FRECH, 1890 ["S. styli/era; SD
DIENER, 1921] [=Cylicopsis LEMAITRE, 1935].
Vertical pillars thickened ringwise at regular in
tervals, the rings of neighboring pillars united by
porous concentric laminae. Trias., Eu.-N.Am.; lur.,
Asia-N.Afr.-FIG. 74,3. "S. styli/era, Trias., Eu.;
3a, exterior, Xl; 3b,c, radial surfaces, X2; 3d,
transv. sec., X6 (12).

GENERA OF UNCERTAIN
SYSTEMATIC POSITION

Ddheidia DOLLFUSS, 1898 ["Tubipora proxima].
Oligo., Belg.

Graptogeitonia RUEDEMANN, 1934 ["G. adherens].
Ord., N.Y.

Jillua KRUMBECK, 1913 ["I. tubi/era]. Encrusting
hydrorhiza of unknown hydrozoan. V.Trias., E.
Indies.

Lovcenipora GIATTINI, 1903 ["L. vinassai]. V.
Trias.-Iur., Eurasia.

Plumalina HALL, 1858 ["Filicites? plumaria HALL,
1843]. V.Dev.(Senecan), N.Y.

Rhizostromella PARONA, 1909 ["R. appenina]. V.
Cret.(Cenom.), Italy.

Roseopordla SPRIESTERSBACH, 1935 ["R. rhenana].
Dev., Ger.

Stoliczkiella CARTER, 1888 ["S. theobaldi]. ?Cret.,
Karakorum.

Tarrichnium WANNER, 1938 ["T. balanocrini].
Traces of hydrorhizae of unknown hydrozoans in
crinoid columns. Mio., E.Indies.

GENERIC NAMES REFERRED
TO HYDROZOA BUT BELONG

ING TO OTHER GROUPS
Aphrostoma GURICH, 1906 (alga or stromatolite),

L.Carb., Bdg.
Aprutinopora PARONA, 1909 (bryozoan), Cret.,

Italy.
Bradyzoum KUHN, 1939 (Foraminifera) [=Bradya

STACHE, 1873 (non BOEK, 1873)]. V.Cret., Eu.
Chondrostroma GURICH, 1906 (alga or stromatolite),

L.Carb., Bdg.
Cladocoropsis FELIX, 1907 (alga), V.lur., Jugo

slavia.
Corynoides NICHOLSON, 1867 (graptolite), Sil.,

Scot.
Cylindrohyphasma STEINMANN, 1878 (?sponge),

M.Carb., Moscow.
Malacostroma GURICH, 1906 (alga or stromatolite),

L.Carb., Bdg.
Marinduqueia YABE & SUGIYAMA, 1939 (?sponge),
Eoc., Philip.

Millarella CARTER, 1888 (?Parkeria) , V.Cret.;Eng.
Palaeocoryne DUNCAN & JENKYNS, 1869 (bryozoan),

Miss., Scot.
Parastroma DOUVILLE, 1927 (rudistid), V.Cret.,

Cuba.
Parkeria CARPENTER, 1870 (Foraminifera), Cret.,

Eng.
Porosphaera STEINMANN, 1878 (sponge), Cret.,

Eu.
Ptychostroma GURICH, 1906 (alga or stromatolite),

L.Carb., Bdg.
Spongiostroma GURICH, 1906 (alga or stromatolite),

L.Carb., Bdg.
Thalamospongia D'ORBIGNY, 1850 (probably

sponge) [=T halamosmilia DE FROMENTEL, 1860;
Thalaminia STEINMANN, 1878; Thalamina WAAGEN
& WENTZEL, 1887]. lur.-L.Cret., Fr.

Thaumatostroma WEISSERMEL, 1926 (stromatolite),
Eoc., SW.Afr.

Websteria M.EDw.-H., 1850 (bryozoan), Eoc., Eng.
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INTRODUCTION

The Milleporina and Stylasterina, which
now are recognized as groups of hydrozoans
that secrete a calcareous skeleton, were clas
sified among scleractinian Anthozoa before
the structure of their soft parts became
known. The affinity of Millepora with hy
droids was first demonstrated by AGASSIZ
(1) in 1858 and similarly that of the stylas
terines by MOSELEY (30, 31) about 20 years
later. For a long time the 2 groups were con
sidered to be so closely allied as to warrant
classifying them together in an order called
Hydrocorallina but HICKSON (18, 19) de
fined the Milleporina (1901) and Stylas
terina (1906) as independent orders distinct
from other hydrozoans. The structure of
the soft parts, however, indicates that each
may find a place among the hydroids. Thus,
BROCH'S (8) classification of the Hydroida
assigns the groups with a calcareous skele-

1 The author is much indebted to RAYMOND C. MOORE for
editorial assistance in preparing this chapter.

ton to the suborder Athecatae, arranging
the Milleporidae into the section Capitata
containing forms with short capitate ten
tacles that bear a terminal knob, and the
Stylasteridae into the section Filifera con
taining forms with elongate tapering fili
form tentacles. Both divisions include nu
merous families that lack calcareous hard
parts. Recent tendency is to recognize the
Hydroida, Milleporina, and Stylasterina as
separate orders of hydrozoan polyps (23).

The Milleporina differ from the Stylas
terina not only in shape of the tentacles but
also in the manner of their sexual reproduc
tion, for milleporines produce free-swim
ming medusae, whereas sexual individuals
of the stylasterines are reduced to gono
phores.

According to current definition, the Mille
porina incorporate 2 family assemblages that
probably are not at all closely allied; these
are the Milleporidae and Axoporidae. In

© 2009 University of Kansas Paleontological Institute



Milleporina F91

conol system ot surface

dactyla%ooid in vertical section

T
medusa

conal system degenerating in lower layers

FIG. 75. Diagrammatic sketch of part of a Mi/lepora colony showing soft parts and structure of hard parts,
enlarged (41 mod.).

1939, KUHN (26) included 4 genera (Mille
pora, Milleaster, Axopora, Diamantopora)
in the Milleporidae, no other family being
then recognized. The dimorphic polyps of
Millepora are enclosed in tubular cavities of
the colonial skeleton, which are differen
tiated as gastropores and dactylopores, both
lacking axial structures. Milleaster seems
not to be significantly different. The genus
Axopora is characterized by the occurrence
of gastropores that bear an axial column
(gastrostyle) and by absence of dactylo-

pores. The presence of gastrostyles is a
feature suggesting the Stylasterina, but gen
era of this order have both gastropores and
dactylopores. The structure of Diamanto
pora and Axoporella resembles that of Axo
pora. These genera comprise a group that
probably deserves the rank, of a separate
order, distinct from both the Milleporina
and Stylasterina, but for the present they
are classed as a family (Axoporidae) of the
Milleporina (5,6).

Order MILLEPORINA Hickson,
1901

MILLEPORINA

MORPHOLOGICAL FEATURES
SOFT PARTS

Gastrozooids short, cylindrical, with 4
short tentacles; dactylozooids elongate, with
5 to 7 tentacles; tentacles capitate; sexual
generation of free-swimming medusae. U.
Cret.-Rec.

Recent species of the genus Millepora are
the only available forms for description of
the soft parts of Milleporina. These show
that the living part of colonies (coenosarc)
is restricted to superficial layers where gas-
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FIG. 76. Growth forms of Mil/epora illustrated by
distal parts of colonies belonging to Recent species:
A, M. alcicornis LINNf, W. Indies; B, M. tenera
BOSCHMA, Molluccas; C, M. dicnotoma FORsKAL, Red

Sea; all Xl (35n).

tropores and dactylopores have fonned their
most recent tabulae (Fig. 75). In this area
an intricate meshwork of minute canals
occupies small pores that extend between
trabeculae of the skeleton, tissue of the canal
system being alive near the surface of the
colony but degenerating in layers below the
most recently secreted tabulae.

Two kinds of polyps occur in tubular open
ings perpendicularly to the surface of a
colony, gastrozooids lodged in relatively
large cavities termed gastropores, and dac
tylozooids situated in somewhat narrower
tubes called dactylopores (Fig. 75 shows
hardly perceptible difference in width of
gastropores and dactylopores). Both types
of polyps connect with the canal system at
their bases. The gastrozooids are short cy
lindrical polyps· provided with 4 capitate
tentacles (round knob at tip) that surround
a short conical hypostome with central cir
cular mouth. The dactylozooids are ar
ranged in circular rows with 5 to 7 individ
uals around a gastrozooid, fonning what is
termed a cyc1osystem. Where the polyps are
unusually crowded, arrangement in cyclo
systems becomes obscured and only the pres
ence of numerous small pores (dactylo
pores) associated with fewer large pores
(gastropores) can be discerned. The dactylo
zooids are long slender mouthless polyps,
which bear 5 to 7 short capitate tentacles.
The sexual individuals occur in the upper
part of special pores (ampullae) consisting
of rounded cavities in which sexual gen
eration produces small medusae that even
tually become free-swimming. These are
hydromedusae of reduced structure, for they
lack velum, tentacles, and radial canals. The
sexual cells develop on the manubrium,
which is a tubular projection of the mouth.

HARD PARTS

Colonies of Millepora commonly build
large variously shaped calcareous structures,
which are upstanding where growth condi
tions are favorable but laterally extended
incrustations where the environment is un
favorable. Some species secrete broad solid
plates, whereas others produce branching
fonns with pointed or rounded tips (Figs.
76A,C) or laterally compressed broad tips
(Fig. 76B), all branching mostly in a single
plane to form fan-shaped colonies.
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The surface of the calcareous skeleton
shows numerous small subcircular or irregu
larly polygonal openings of gastropores sur
rounded by the slightly smaller apertures of
dactylopores of similar shape (Fig. 77,1b).
The outline of these pores locally is definite
ly stellate in colonies of various species (Fig.
77,la). Gastropores and dactylopores may be
arranged in cyclosystems, as described pre
viously, or such a pattern may not be evi
dent. The coenosteum between the pores
appears very finely porous because of the
very minute cavities between trabeculae
composing the skeleton, as well shown in
sections (Fig. 77,lc).

The rounded cavities occupied by am
pullae are rare in Millepora, although they
are known in many different species (2,3).
Generally these openings are greater in
width than height and are covered by part

of the skeleton that rises slightly above sur
rounding areas of the surface. The reticu
late mass of trabeculae overlying an ampulla
has a characteristic shape in each species.
Colonies of Mi/lepora are dioecious, for the
relatively small male ampullae and slightly
larger female ampullae are confined to dif
ferent colonies.

The genus Mi/leaster incrusts gastropod
shells or grows in subramose colonies (Fig.
77;2). Relatively large subrounded pores
(gastropores) confluent with the surface are
surrounded by more numerous smaller stel
late orifices (dactylopores) located at the
summit of tubercle-like elevations and by
many minute rounded openings (cavities be
tween trabeculae) that lack raised margins.
In at least one species (M. interglacialis
RICHARDS), however, the stellate pores are
not elevated.

gastropore

Milleaster2

gastropore dactylopore ampulla

... 1b If{ • ....., ,.•,;&", ..... \..~.~,\ ...".',,',!i ..' ,."...'.,U ' \ ,,'_-,-.
~::) , ...'.... r;.;.··..'(l;-::")\"~ ..,>•••~:~. t} \'; nO ":);··;-;·:.... ;/.r.: ;; f / ...~:.~:;.~f1 ....~..r! ~ :.....

Millepora

FIG. 77. Milleporidae. la, M. camplanata, Rec., X36. lb,c, M. tenera, Rec., X20. 2, M. inerustans, Mio.,
X8.
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The skeleton of Axopora contains only
one kind of pores, seemingly gastropores,
which are regularly distributed circular or
somewhat polygonal openings (Fig. 78,1b).
The central part of these pores contains a
longitudinally grooved pillar (gastrostyle),
which seems to be built by several firmly
united parallel rods (Figs. 78,1b,2).

In Diamantopora, the style is described
as solid, without longitudinal grooves (Fig.
78,4), and in Axoporella it bears numerous
small spines, like those of the gastrostyles
in Stylasterina (Fig. 78,3).

OCCURRENCE
Modern species of Millepora are found

commonly on coral reefs, generally at depths
not exceeding 30 m., which seems to be
correlated with dependence of the colonies
on symbiotic unicellular algae (zooxanthel
lae) that need light for their processes of
assimilation.

Among many fossils assigned to Mille
pora, HICKSON (17) judges that few really
belong to the genus. BOSCHMA (5) concludes
that M. tornquisti BOSCHMA [=M. cylin
drica TORNQUIST (non REUSS)], from Eocene
rocks of Madagascar, can be recognized al-.
most surely as a species of Millepora, and
the reported occurrence (34) of M. alcicor
nis LINNE in Pleistocene deposits of the
Canal Zone can be accepted. Possibly the
form described as M. parva NIELSEN, from
the Danian at Faxe, Denmark, also belongs
to the genus, but this is not certain.

SYSTEMATIC DESCRIPTIONS
Family MILLEPORIDAE Fleming, 1828
[nom. corr6ct. AGASSIZ. 1858 (pro Milleporadae FLEMING.

1828) ]

Colonial skeleton with gastropores asso
ciated with smaller more numerous dactylo
pores; gastrostyles and dactylostyles lack
ing. U.Cret.-Rec.
Millepora LINNE, 1758 [·M. alcicornis; SD M.EDW.

H., 1850] [=Palmipora BLAINV., 1830]. Colony
arborescent, composed of upstanding plates, or
incrusting. Gastropores and dactylopores circular

to irregularly polygonal at orifices, exceptionally
stellate; walls not extended above surface; 5 to 7
dactylopores commonly arranged around each
gastropore forming indistinct cyclosystems. Am
pullae in the coenosteum forming litde or no
bulge at the surface, covered by somewhat loose
textured plates. U.Cret.{Dan.}-Rec.--FIG. 77,
lb,c. M. tenera BOSCHMA, Rec.; lb, surface of speci
men from C.Pac. (Yap) showing 2 cyclosystems
and 2 ampullae, X20; lc, long. sec. of specimen
from E.Indies, X20 (35·).--FIG. 77,la. M. com
planata LAMARCK, Rec., W.Indies; surface showing
stellate pores, X36 (35·).

Milleaster ULR., 1904 [·M. incrustans]. Colony in
crusting, some with a few short branches. Gastro
pores with irregularly circular apertures, walls not
raised above surface; dactylopores with star
shaped orifices on summits of papillae; cyclosys
terns not evident. Ampullae unknown. Mio.
Pleisto.--FIG. 77,2. ·M. incrustans, Mio., Md.;
surface, X8 (35·).

Family AXOPORIDAE Boschma, 1951
Gastropores with distinct gastrostyle,

dactylopores lacking. Eoc.-Oligo.
Axopora M.EDw.-H., 1850 [·Geodia pyriformis

MICH., 1847]. Colony incrusting, forming lumpy
protuberances or arborescent. Gastropores with
circular opening; gastrostyles longitudinally
grooved. Ampullae unknown. Eoc.-Oligo.--FIG.
78,la,b. A. solanderi (DEFR.), Eoc., Fr.; la, col
ony, Xl; lb, surface, X20 (la, 38; lb, 35·).-
FIG. 78,2. A. michelini DUNCAN, Oligo., Eng.;
long. sec. of gastropore, enlarged (37).

Diamantopora WEISSERMEL, 1913 [·D. lotzi]. Like
Axopora but gastropores with irregularly poly
gonal apertures and gastrostyles without longitudi
nal grooves. Eoc.--FIG. 78,4. ·D. lotzi, Eoc.,
S.Afr.; transv. sec. showing gastropores and canals
of coenosteum (black), and gastrostyles and trabe
culae (white), X20 (35·).

Axopore1la BOSCHMA, 1954 [·A. kolostlaryi]. Like
Axopora but gastrostyles bearing many small
spines. Eoc.--FIG. 78,3. ·A. kolostloryi, Eoc.,
Hung.; gastrostyle fragments, X 100 (35·).

GENERA ERRONEOUSLY ASSIGNED
TO MILLEPORINA

Arachnopora WOODS, 1878.
Millestroma GREGORY, 1898.
Milleporidium STEINM., 1903.
Promillepora DEHORNE, 1920.
Thaumatostroma WEISSERMEL, 1926.

form tentacles or lacking tentacles; dactylo
zooids small finger-shaped, without ten
tacles; sexual generation by gonophores that
remain attached to colony. U.Cret.-Rec.

STYLASTERINA

Order STYLASTERINA Hickson &

England, 1905
Gastrozooids short cylindrical, with fili-
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MORPHOLOGICAL FEATURES
COLONIAL FORM

The shape of stylasterine colonies exhibits
great differences. Some species are incrust
ing, others subramose with short lumpy
branches, and still others have an arbores
cent form with very many slender branches.
Some colonies are bushy, with branches ex
tending in all directions, and many are fan
shaped, with branches disposed chiefly or
wholly in a single plane. In these last-men
tioned flabelliform colonies, slight differ
ences in the nature of the opposite nearly
flat surfaces serve to distinguish one as an
terior (generally somewhat concave) and
the other as posterior (mostly gently con
vex). In some genera cyclosystems are con
fined to the anterior surface of the colony
and in others they tend to be more numer-

Axoporo

gostropore gostrostyle

ous on this surface. The ampullae occur in
greater number on the posterior surface and
in some species they are restricted to this
surface. An irregularly bushy shape charac
terizes some colonies in which a polychaete
worm occupies a tube formed by thin layers
of the stylasterine skeleton; nearly all known
specimens of Conopora display these fea
tures, but a few colonies that lack an asso
ciated worm have a fairly regular flabelli
form shape.

SOFTPARTS
The coenosarc generally extends more

deeply below the surface of stylasterine gen
era than in Millepora. It consists chiefly of a
complicated network of canals that connect
with the gastrozooids, dactylozooids, and
ampullae. The canals have a membranous
wall consisting of an outer (ectoderm) layer

gostropore with gostrostyle

3b

2 Axoporello 4
Axoporo Diomontoporo

FIG. 78. Axoporidae. la,b, A. solanderi, Eoc., X I, X20. 2, A. michelin~, Oligo., enlarged. 3a-c, A. kolos
varyi, Eoc., gastrostyle fragments, XIOO. 4, D.lotzl, Eoc., X20.
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Errino

Coelenterata--llydrozoa

egg with nucleus

Distichoporo

FIG. 79. Longitudinal sections of gonophores showing structure. A, Male gonophore of Errina, X 160. E,
Female gonophore of Distichopora, X 160.

and an inner (endoderm) layer, which are
joined to corresponding parts of the polyps
and ampullae.

The gastrozooids are hydroid polyps of
simple structure having a short cylindrical
shape and a conical domelike hypostome
that bears a round or four-cornered mouth
at the top. A single whorl of filiform ten
tacles occurs at the base of the hypostome.
The tentacles lack globular extremities dif
ferentiated from the stalklike lower part and
thus are not capitate. Some stylasterine
species possess long tapering tentacles (Fig.
84,1b) and others have short stubby ones
(Fig. 81,1b), among which a few show
slightly swollen extremities, although none
are really capitate; in the gastrozooids of
some genera tentacles are lacking.

The dactylozooids in all Stylasterina con
sist of polyps that have undergone strong
reduction. They lack tentacles and indeed
are themselves like simple tentacles; evi
dently they perform a tentacular function.
The dactylozooids of Pliobothrus are simple
elongate-conical mouthless bodies that are
attached basally to the bottom of dactylo
pores. Those of Sporadopora differ only in
being joined sideways to the lower part of
dactylopores. In Errina and Errinopsis one
side of the dactylozooids is attached to the
median part of a grooved spine, leaving a
free finger-shaped part that projects out
ward from the grooved spine (Fig. 84,1b).
The dactylozooids of Paraerrina re
semble those of Errina in shape, adhering

to one side of the dactylopore and attached
also to the dactylostyle. The free extremity
of dactylozooids, as well shown in genera
of the Stylasterinae (Fig. 81,1b), projects
inward toward the center of the cyclosystem.

The gonophores of the Stylasterina are
sexual individuals that remain attached to
the colonies. Most species are dioecious,
some colonies bearing only male gonophores
and others having only female ones, but
both types have been observed in a single
colony of Distichopora and Stylaster. The
gonophores develop in separate cavities (am
pullae) and their highly simplified structure
suggests that they belong to the styloid type
of hydrozoan polyps with the endoderm en
larged into a spadix. The spadix may bifur
cate or be divided into several parts, the top
portion bearing the genital cells that in the
male develop into sperm cells (Fig. 79A)
and in the female into egg cells (Fig. 79B).
The spadix and genital cells are covered by
a layer of ectoderm, around which is an
other ectoderm layer that envelops the
whole gonophore and covers the ampulla
in a position next beneath the calcareous
wall of the ampulla. Eggs are fertilized
within the ampullae, developing there into
planulae, which are larvae consisting of a
solid inner mass of endoderm covered by
a layer of ectoderm. After an ampulla has
fulfilled its function, the cavity becomes
filled by coenosteum traversed by the canal
system as in adjacent parts of the skeleton.
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HARD PARTS

The skeleton secreted by stylasterine col
onies is distinctly harder than that of mem
bers of the Milleporina and it has narrower
pores between the calcareous elements. The
somewhat brittle coenosteum of the mille
porines is composed of trabeculae that are
not closely joined, and the surface of col
onies appears opaque. The surface of most
colonies of the Stylasterina is more or less
glossy.

The gastropores normally are tubes of
cylindrical shape, which (as in Stylaster)
may widen in funnel-shaped manner near
the orifice. Fairly commonly they are di
vided by a girdle of inwardly projecting
spines or a calcareous ridge into a proximal
"ventral chamber" (or gastrostyle chamber)
and a distal more or less flaring open cham
ber (Fig. 80,2) with margins not pro
nouncedly elevated above the general sur
face of the colonial skeleton or, less com
monly, with a raised lip on one side directed

Stylaster

Stylaster

dactylopore --------L.~~

5

Allopora

2

FIG. SO. Stylasteridae. 1, S. rosstls, Rec., XS. 2, S. dcnsicatllis, Rec., X9. 3, S. microstriattls, Rec., X 10.
4, S. mooraboolcnsis, Mio., XS. 5, A. norvcgica, Rec., X6 (p. F99-FI00).
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toward the apex of the colony (Figs. 84,la;
85,2a,b). Some gastropores (as in Plioboth
rus and Sporadopora) show the presence of
tabulae.

The dactylopores are tubular openings in
the skeleton narrower than the gastropores,
and like the gastropores, they tend to widen
toward the orifice. In some genera (as
Astya), the dactylopores form a very regu
lar circular row of openings around a gas
tropore, but in others arrangement is less
definite. The margins of dactylopores may
be even with the surface of the colony or
they may be raised as small papillae (Fig.
85,lb), and some are characterized by pro
jection of a grooved spine that represents
upward continuation of the dactylopore
(Fig. 83,lb; 84,lc).

Gastrostyles, which are axial structures
projecting upward from the floor of gastro
pore tubes, occur in many genera of the
Stylasterina but are lacking in others. On
their entire surface they bear small spines.

An axial structure in dactylopores of
many genera, consisting of a longitudinal
row of spicules, is designated as a dactylo
style.

Arrangement of gastropores and dactylo
pores in cyclosystems, with a varying num
ber of dactylopores grouped around a gastro
pore, is an important structural character
of stylasterine colonies. Radially arranged
ridges between the dactylopores (pseudo
septa) give the cyclosystems of some Styla
sterina the appearance of the calice of a
scleraetinian coral. Cyclosystems may be
scattered indiscriminately over the whole
surface of the colony (as in Allopora,
Stylantheca, Conopora) or may tend to be
more abundant on the anterior surface than
the posterior surface. In Stylaster, cyclosys
terns are chiefly or entirely restricted to lat
eral surfaces of the branches; in Congrego
pora they tend to show a linear arrange
ment on the branches; in Stenohelia, Cryp
thelia (except C. trophostega FISHER), and
Astya, they are almost confined to the an
terior surface of the colony. Although the
cyclosystems generally are circular in out
line, they may be distinctly oval with longer
axis disposed longitudinally (as in Stylaster
bellus) or transversely (S. gemmascens)
with respect to the branches or horseshoe
shaped (Figs. 80,3,4). The pores of Disticho-

pora are disposed in lines, rather than cycla
systems, a median row of gastropores being
flanked on each side by a row of dactylo
pores (Fig. 83,2b).

The characters of ampullae are various.
In Stylaster they occur normally on the pos
terior surface as well as on the anterior sur
face of the colony, although in some species
they are concentrated on a single surface.
The ampullae are more or less spherical
cavities in the skeleton, generally with a
roof that forms a well-marked bulge on the
surface of the colony (Figs. 80,1-4), but
expression of their occurrence in this man
ner may be very weak or even lacking en
tirely if the ampullae are buried completely
in the coenosteum. The covering roof may
have a smooth outer surface or it may be
marked by ridges, tubercles, or spines. A
small opening in the basal part or on the top
can be observed in some ampullae. Those
enclosing female gonophores are generally
much larger than ampullae that serve for
lodgment of male gonophores. Each sort
occurs singly or in clusters and ampullae
may be closely packed in the coenosteum be
tween cyclosystems (as in Stylantheca).

OCCURRENCE
Recent species of Stylasterina are known

to live in shallow waters, especially in the
tropics, but they occur also in deeper seas
(for example, Crypthelia to a depth of
2,745 m.). They are known from nearly all
parts of the world, including the northern
Atlantic and Pacific and waters adjacent to
Antarctica.

The oldest fossils that are referred def
initely to the Stylasterina occur in Upper
Cretaceous (Danian) rocks of northwestern
Europe. These include 7 genera and sub
genera (Conopora, Astya, Errina, Inferio
labiata, Pliobothrus, Sporadopora, Congrego
pora) , of which all but the last-named
range to Recent. Species of 3 genera make
first known appearance in Tertiary strata,
Stylaster and Distichopora occurring in the
Eocene and Allopora being recorded from
the Oligocene. Eight genera seem to be con
fined to the Recent.

SYSTEMATIC DESCRIPTIONS
Family STYLASTERIDAE Gray, 1847
Characters of the order. U.Cret.-Rec.
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Subfamily STYLASTERINAE Gray, 1847

It/om. trat/sl. STECHOW, 1921 (ex Styla'tetidae GRAY, 1847) I

Pores arranged in distinct cyclosystems.
U.Cret.(Dan.)-Rec.
Stylaster GRAY, 1831 [-Madrepora roua PALLAS,

1866; SD M.EDw.-H., 18S0] [=Cyclopora VER
RILL, 1866 (non RAF., 18IS); Deontopora HALL,
1893; Eustylaster BROCH, 1914]. Colony arbor
escent, generally f1abelliform, branches slender,
rarely coalescent. Cyclosystems on young branches
alternating on left and right sides but a few on flat
surfaces in older parts of colonies. Gastropores
more or less cylindrical, commonly with gastro-

style chamber and bearing a gastrostyle; each sur
rounded by 6 to 18 dactylopores, which bear dacty
lostyles. Ampullae scattered singly or grouped in
clusters on the flat surfaces, where they form sub
hemispherical bulges or rarely are not elevated
above the surface. Eoc.-Rec.--FIG. 80,1. ·S.
roseus (PALLAS), Rec., W.Indies; colony with fe
male ampullae, XS (3S·).--FIG. 80,3. S. micro
striatus BROCH, Rec., Japan; part of branch, X 10
(35-).--FIG. 80,4. S. mooraboolensis (HALL),
Mio., Vict., Austral.; part of branch, X8 (35·).

Allopora ERR., 1834 [-A. oculina (=Millepora nor
vegica GUNNERUS, 1768)] [=Cryptaxis REUSS,
186S (non LOWE, 185S); Cryptaxiella KUHN,

10 Stylontheco

Crypthelio

Stylontheco

Alloporo

Alloporo

40

Stenohelio

Stenohelio

FIG. 81. Stylasteridae. 1a,b, S. porphyra, Rec., X30. 2, C. affinis, Rec., X2. 3a,b, A. verrilli, Rec., X30.
4a,b, S. profunda, Rec., X6 (p. FI00).
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1939]. Colony with rather thick branches, arbor
escent, flabelliform, lobed, or forming lumpy in
crustations. Cyclosystems scattered on all surfaces.
Structure as in Stylaster. Ampullae buried in coe
nosteum, with little or no swelling at surface,
rarely hemispherical. Oligo.-Rec.--FIG. 80,5. "A.
norvegiea (GUNNERUS), Rec., Norway; part of
branch, X6 (35").--FIG. 81,3a,b. A. verrilli
DALL, Rec., N.Pac.; 3a, surface view of cyclosys
tem, X30 (40); 3b, long. sec., X30 (40).

Stenohelia KENT, 1870 ["Allopora maderensis
JOHNSON, 1862]. Colony arborescent, flabelliform,
branches slender, not coalescent. Cyclosystems as
in Stylaster but all directed toward anterior surface.
Gastropores surrounded by 8 to 12 dactylopores.
Ampullae hemispherical, prominent, on posterior
surface, commonly in groups behind cyclosystems.
Rec.--FIG. 81,4a,b. S. profunda MOSELEY, Rec.,
Kermadec I.; 4a.b. posterior and anterior surfaces,
X6 (35").

Stylantheca FISHER, 1931 ["5. porphyra]. Colony
encrusting. Like Allopora in structure but cyclo
systems generally with 3 to 7 gastrostyles; 8 to 12
dactylopores around gastropores. Ampullae in
coenosteum, not bulging surface. Rec.--FIG. 81,
la,b. "5. porphyra, Rec., N.Pac.(Calif.); la,b,
cyclosystems with 8 dactylostyles around 4 gas
trostyles and 10 dactylozooids around 4 gastro
zooids, X30 (40).

Crypthelia M.EDw.-H., 1849 ["C. pudiea] [=End
helia M.EDw.-H., 1849; Endohelia (nom. van.),
Cryptohelia M.EDW.-H., 1857]. Colony flabelliform,
branches slender, rarely coalescent. Cyclosystems
only on anterior surface (except in C. trophostega
FISHER) partly covered by marginally adherent lid;
gastropores without gastrostyles, surrounded by 10
to 25 dactylopores without dactylostyles; ventral
chamber of gastropore separated by diaphragm
with circular opening. Ampullae in coenosteum
near cyclosystems or in lid, commonly marked by
distinct swellings. Rec.--FIG. 81,2. C. afJinis
MOSELEY, Rec., W.Indies; part of branch, X2
(31).--FIG. 82,la. C. stenopoma HICKSON &

ENGLAND, Rec., E. Indies; upper view of cyclo
system, X21 (42).--FIG. 82,lb. C. paehypoma
HICKSON & ENGLAND, Rec., E.Indies; oblique view
of cyclosystem, X21 (42).

Conopora MOSELEY, 1879 ["C. tenuis]. Colony
branching irregularly, rarely flabelliform, not coal
escent. Cyclosystems generally on all sides but in
flabelliform types on anterior surface; 3 to 16
dactylopores around gastropore, interconnecting
with lower part of gastropore; no gastrostyles or
dactylostyles. Ampullae subhemispherical swellings,
mostly on surface turned away from cyclosystems.
U.Cret.(Dan.}-Ree.--FIG. 82,2e. C. major
HICKSON & ENGLAND, Rec., Mauritius; part of
branch with cyclosystems and ampullae, X9 (36).
--FIG. 82,2a. "C. tenuis, Rec., Mauritius; long.

sec. of cyclosystem showing openings to dactylo
pore in lower part of gastropore, X 19 (36).-
FIG. 82,2b. C. pauciseptata BROCH, Rec., Antarct.;
3 cyclosystems on anterior surface of stem, X 15
(35").

Astya STECHOW, 1921 [pro Astylus MOSELEY, 1879
(non LAPORTE, 1836)] ["Astylus subviridis MOSE
LEY, 1879]. Colony flabelliform, branches slender,
not coalescent. Cyclosystems all directed toward
anterior surface; about 20 dactylopores around
gastropore, which has ventral chamber separated
by diaphragm with crescentic opening. No gastro
styles or dactylostyles. Ampullae in circular rows
around cyclosystems on anterior surface, surface
slightly bulged. U.Cret.( Dan.}-Ree.--FIG. 82,3.
"A. subviridis (MOSELEY), Rec., SW.Pac.; part of
branch, X3 (44).

Congregopora NIELSEN, 1919 ["C. nasi/ormis].
Colony arborescent to flabelliform. Cyclosystems on
all sides of branches, tending to linear arrange
ment; 2 or 3 dactylopores united with a gastro
pore, forming 3-cornered opening surrounded by
slightly raised wall, other isolated dactylopores
scattered over surface. No gastrostyles or dactylo
styles. Ampullae seemingly hemispherical. U.Cret.
(Dan.}.--FIG. 82,4a-e. "C. nasi/ormis, Dan.,
Denm.; 4a, colony, Xl (45); 4b,c, parts of
branches, X6, X8 (35").

Subfamily DISTICHOPORINAE Stechow, 1921

Pores in linear rows, with median row of
gastropores flanked on each side by a row
of dactylopores. Eoc.-Rec.
Distichopora LAMARCK, 1816 ["Millepora violaeea

PALLAS, 1766]. Colony flabelliform, with branches
generally flattened antero-posteriorly. No cyclo
systems, pores being arranged in rows at lateral
margins of branches or rarely (D. irregularis
MOSELEY) on flat surface of branches also; pores
deep; gastropores with long gastrostyle, dactylo
styles absent. Ampullae forming slight to hemi
spherical bulges on anterior and posterior surfaces,
generally in clusters or united in solid mass. Eoc.
Rec.--FIG. 83,2a. "D. violacea (PALLAS), Rec.,
"South Sea"; colony with many ampullae, Xl
(39).--FIG. 83,2b. D. serpens BROCH, Rec., SW.
Pac.; side view of branch, X20 (36).

Subfamily ERRININAE Hickson, 1912
[nom. correct. SncHow, 1921 <ex Errinina HICKSON, 1912) I

[=Sporadoporidae GREGORY, 1930]

Pores not in distinct cyclosystems; if in
linear rows, gastropores are somewhat wide
ly separated from dactylopores. V.eret.
(Dan.)-Rec.
Errina GRAY, 1835 ["Millepora aspera LINNE, 1767]

[=Labiopora MOSELEY, 1879]. Colony arborescent,
flabelliform to irregular bushy, branches generally
not coalescent. Pores not arranged in distinct cyclo-
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FIG. 82. Stylasteridae. la, C. stenopoma, Rec., X2I. 1b, C. pachypoma, Rec., X2I. 2a, C. tenuis, Rec.,
XI9. 2b, C. paueiseptata, Rec., XI5. 2c, C. major, Rec., X9. 3, A. subviridis, Rec., X3. 4a-c, C. nasi/armis,

Dan., Xl, X6, X8 (p. FIOO).
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Distichopora

doctylopore gostropore

~:l~~~,
.-:-~ :~.:..

lb Errina (Errina) Distichopora
2b

FIG. 83. Stylasteridae. la, E. (E.) novaezelandiae, Rec., ca. X1.2. lb. E. (E.) antarctica, Rec., X16. 2a, D.
violacea, Rec., XL 2b, D. serpens, Rec., X20 (p. FI00-FI02).

systems; gastropores with well-developed gastro
style, not surrounded by a wall. Dactylopores
without dactylostyles. Ampullae embedded in
coenosteum or making slight to hemispherical
bulge at surface. V.Gret.( Dan.)-Rec.
E. (Errina) [=Euerrina BROCH, 1942]. Dactylo

pores at base and in groove of a grooved spine
with opening directed toward base of colony,
some dactylopores without spines scattered over
surface. V.Gret.(Dan.)-Rec.--FIG. 83,la. E.
(E.) novaezelandiae HICKSON, Rec., N.Z.; colony,
slightly enlarged (41).--FIG. 83,lb. E. (E.)
antarctica (GRAY), Rec., Antarct.; side of part of
branch, X 16 (30).

E. (Inferiolabiata) BROCH, 1951 [*Errina labiata
MOSELEY, 1879] [=?Lepidopora POURTALES,
1871; Acanthopora MOSELEY, 1876 (non ORB.,
1849); Spinipora MOSELEY, 1879 (non AGASSIZ,
1846); Labiata BROCH, 1942 (non FABRICIUS,

1823)]. Grooves of grooved spines turned toward
top of branches. Some species (uLepidopora")
have gastropores with lip at lower margin present
both on anterior and posterior surfaces of colony;
dactylopores in a continuous line on lateral mar
gins of branches and scattered among gastropores.
V.Gret.(Dan.)-Ree.--FIG. 84,la. E. (/.) glabra
(POURTALEs), Rec., W.Indies; anterior surface of
branchlet, X6 (46).--FIG. 84,lb,c. E. (I.)
echinata MOSELEY, Rec., S.Atl.; lb, gastrozooid
and 4 dactylozooids with connecting canals,
X15; Ie, side of part of branch, X7 (both 44).

Errinopora FISHER, 1931 [*Errina pourtalesii DALL,
1884] [=Protoerrina BROCH, 1935]. Colony den
dritic or flabelliform. Cyc10systems rarely distinct,
with 5 to 7 dactylopores around a gastropore,
dactylopores commonly scattered irregularly among
gastropores, which are not surrounded by wall;
dactylopores with grooved spines, groove oriented
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FIG. 84. Stylasteridae.la, E. (1.) glabra, Rec., X6. lb,c, E. (l.) echinata, Rec., X15, X7. 2a,b, P. decipiens,
Rec., XI, X20. 3a, E. styli/era, Rec., X5.5; 3b, E. pourtalesii, Rec., X 15 (p. FI02-FI04).
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variously. Gastrostyles and dactylostyles present,
latter prolonged in grooves of spines. Ampullae
form slight swellings or hemispherical bulges at
surface. Rec.--FIG. 84,3a. E. stylifera (BROCH),
Rec., Okhotsk Sea; side of part of branch show
ing cyclosystems, X5.5 (36).--FIG. 84,3b. *E.
pourtalesii (DALL), Rec., NE.Pac.(Calif.); side of
part of branch, X 15 (40).

Paraerrina BROCH, 1942 [*P. decipiens]. Like Er
rinopora but gastropores and dactylopores sur
rounded by low wall only in young branches,
opening flush with surface in older parts of colony;
no grooved spines. Ampullae form slight swellings
to hemispherical bulges. Rec.--FIG. 84,2a,b. *P.
decipiens, Rec., Mauritius; 2a, colony, Xl (36);
2b, end of branchlet, X20 (36).

Errinopsis BROCH, 1950 [*E. reticulum]. Like Er
rina but flabelliform, branches strongly coalescent,
forming a network. Ampullae in coenosteum, not
forming bulges at surface. Rec.--FIG. 85,4. *E.
l'eticulum, Rec., Antarct.; part of colony, Xl
(36).

Phalangopora KIRKPATRICK, 1887 [*P. regularis].
Colony flabelliform, branches not coalescent. Gas
tropores generally in single row on anterior and
posterior surfaces of branches, with feebly de
veloped lip at lower margin; dactylopores in linear
row on lateral margins of branches and scattered
among gastropores. Gastrostyles and dactylostyles
absent. Ampullae form hemispherical bulges on
flat sides of colony. Rec.--FIG. 85,2a,c. *P.
regularis, Rec., Mauritius; 2a,b, anterior surface
and lateral view of part of branch, X 12; 2c, part
of colony, X 1.5 (both 43).

Pliobothrus POURTALES, 1868 [*P. symmetricus;

SD KUHN, 1928]. Colony ramose, more or less
regularly flabelliform, with flattened cylindrical
branches. Gastropores without wall or gastrostyle;
dactylopores opening at top of round tubercles,
without dactylostyles. Ampullae in coenosteum, not
visible externally. U.Cret. ( Dan.)-Rec.--FIG. 85,
la,b. *P. symmetricus, Rec.,N.Ad., W.Indies; la,
colony, Xl (36); lb, part of branch, X6 (46).

Sporadopora MOSELEY, 1879 [pro Polypora MOSE
LEY, 1876 (non M'Coy, 1844)] [*Polypora dicho
toma MOSELEY, 1876]. Colony consisting of stout
vertical stems with some irregular branches, more
or less flabelliform, flattened in anterior-posterior
direction. Gastropores and dactylopores opening
nearly flush with surface; gastrostyles present,
dactylostyles absent. Ampullae in coenosteum, not
bulging at surface. U.Cret.(Dan.) .-Rec.--FIG.
85,3a. *S. dichotoma (MOSELEY), Rec., S.Ad.;
part of colony, XO.5 (44).--FIG. 85,3b. S.
mortenseni BROCH, Rec., SW.Pac.(N.Z.); part of
branch, X20 (36).

?Steganopora HICKSON & ENGLAND, 1905 [non
Steginopora ORB., 1853] [*S. spinosa (?=Plio
bothrus spinosus, fide BROCH, 1942)]. Branch cir
cular, tapering toward end. Gastropores opening
flush with surface, dactylopores with orifice at top
of long narrow tube; gastrostyles and dactylostyles
absent. Ampullae hemispherical. Rec.

GENERA ERRONEOUSLY ASSIGNED
TO STYLASTERINA

Aphyllacis REUSS, 1872.
Cylindropora WOODS, 1880.
Leptobothrus HALL, 1893.
Palassopora GREGORY, 1930.

REFERENCES
Publications cited in the following list are judged to be most helpful in furnishing addi

tional information concerning the milleporines and stylasterines and in offering a guide to
more extensive literature. The index numbers enclosed in parentheses in the column at left
are employed in the text for identification of the publications.

Agassiz, Louis (6) 1954, De familie Axoporidae: Versi. K.
(1) 1858, The animals of Millepora are hydroid Nederi. Akad. Wetensch. (Amsterdam), v.

acalephs and not polyps: Am. Jour. Sci. Arts., 63, p. 99-103, fig. 1-2.
ser. 2, v. 26, p. 140-141. Broch, Hj.

(7) 1914, Stylasteridae: Danish Ingolf Exped., v.
Boschma, H. 5 5 7 5 I 6 fi,no. ,2 p., p., g.

(2) 1948, The species problem in Millepora: (8) 1924, Hydroida: in KUKENTHAL, WILLY,
Zooi. Verh. Mus. Leiden, no. 1, 115 p., 15 Handbuch der Zoologie, de Gruyter & Co.
pI., 13 fig. (Berlin & Leipzig), v. 1, p. 422-458, fig.

(3) 1950, Further notes on the ampullae of Mille- 381-421.
pora: Zooi. Meded. Mus. Leiden, v. 31, p. (9) 1936, Untersuchungen an Stylasteriden
49-61, pI. 1-6, fig. 1-3. (Hydrokorallen), Teill: Skr. Norske Viden-

(4) 1951, Notes on Stylasterina (Hydrocorallia): skapsakad. (Oslo), Mat.-Naturv. KI., 1936,
Proc. K. Nederi. Akad. Wetensch. (Amster- no. 8, 103 p., 13 pI., 32 fig.
dam), ser. C, v. 54, p. 451-458, fig. 1-2. (10) 1942, Investigations on Stylasteridae (hydro-

(5) 1951a, Notes on Hydrocorallia: Zool. Verh. corals): Same, 1942, no. 3, 113 p., 6 pI.,
Mus. Leiden, no. 13, 49 p., 2 pI., 6 fig. 38 fig.

© 2009 University of Kansas Paleontological Institute



Stylasterina F105

Pliobothrus

Pliobothrus

Phalangopora

Sporadopora

Phalangopora

doctylopore

3b
Sporadopora

FIG. 85. Stylasteridae. la,b, P. symmetricus, Rec., XI, X6. 2a-c, P. regularis, Rec.; 2a,b, X 12; 2c, X 1.5.
la, S. dichotoma, Rec., XO.5. lb, S. mortenseni, Rec., X20. 4, E. reticulum, Rec., XI.
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INTRODUCTION

Stromatoporoids are an extinct group of
organisms, exclusively colonial in mode of
growth, which secreted a calcareous skele
ton having the form of irregular rounded
masses, relatively thin sheetlike expansions,
and branched or unbranched subcylindrical
structures. Some individual colonies exhibit
thickness of more than 1 m. and width
ranging to nearly 2 m. Others are small,
with greatest dimensions less than 1 cm.
Fossils recognized as belonging to the group
are distributed from Cambrian to Cretace
ous, but they are most abundant in some
Silurian and Devonian formations, where
they may be important reef-builders. Most
stromatoporoids show a tendency to split in
layers parallel to the surface of the colony,
and they break less readily and evenly in
directions transverse to these layers. The
surface of some colonies is very smooth and
devoid of visible markings, whereas that of
others is characterized by presence of many

small moundlike elevations. These monti
cules, called mamelons, may be regular or
very irregular in distribution, and they may
bear radially diverging small channels
which subdivide outward.

Biological placement of the stromato
poroids is not firmly established, as indi
cated by the fact that various authors have
suggested their assignment among algae, for
aminiferal protozoans, sponges, hydrozoans,
some other branch of the coelenterates, and
even bryozoans. Conceivably, they represent
an independent phylum of invertebrates, not
known by students of living animals, but
this seems unlikely. The consensus of spe
cialists is that the stromatoporoids are coel
enterates which may be segregated as an
order of hydrozoans or treated as a class
somewhat closely related to the hydrozoans.
They are designated here as an order of the
Hydrozoa.

MORPHOLOGY

GENERAL FEATURES OF THE
SKELETON

FORM OF COLONIES

The skeletal form of stromatoporoid col
onies is variable-massive, laminar (sheet
like), and dendroid (Fig. 86,1-3)-and as
with corals, form of growth may be in
fluenced by environment, although this is
not always easy to determine. Some genera
and species, nevertheless, are distinguished
by their adoption of a massive growth habit
or a laterally expanded laminar form. The
dendroid colonies generally have been
judged to belong to a special group unre
lated to the others, some authors going so
far as to exclude them from stromatoporoids
altogether. The main reason for this some
what strange interpretation is the presence
in dendroid forms of a prominent axial
canal, which is construed to be restricted to
these dendroid colonies, but in fact it corre
sponds to structures very common in mas
sive and laminar stromatoporoids; these are
the axial canals of astrorhizae, to be de
scribed. As noted in the discussion of classi
fication, almost every family of stromato
poroids contains one or more dendroid

growth forms directly allied to a massive
genus. Although the validity of generic dis
tinction of some of these related forms is
doubtful, they are provisionally recognized
as separate.

Stromatoporoid colonies generally are
free, but some form incrusting growths on
other organisms or are intergrown zonally
with them, especially where stromatoporoids
occur with massive and laminar tabulate
corals or less commonly with dendroid tabu
lates like Trachypora (Fig. 87). A more in
timate sort of association is observed with
the fasciculate tubular organism known
since 1841 under the name of Caunopora
PHILLIPS, which really is a Syringopora
(Fig. 88). Such intergrowth is found only
in Paleozoic rocks to which this commensal
tabulate is restricted; it has not the taxo
nomic value supposed by BARGATZKY (1881)
when he introduced the generic name Dia
pora, because it is found in various genera
(as Clathrodictyon, Stromatopora, Stroma
toporclla, Actinostroma, and Roscnclla).

SIZE

The size of colonies is a notably variable
character, although it may have some bear-
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FIG. 86. Stromatoporoid colonies, showing some features of growth form and structure. 1, Stachyodes
verticillata (M'CoY), Dev., Ger., a ramose form, X 1.5 (50·). 2, Clathrodictyon variolare (ROSEN), SiL,
Est., showing prominent mamelons on surface and latilaminae in section of colony, Xl (50·). 3, Actino-

strom clathratum NICH., M.Dev., Eng., basal surface of colony showing many lamellae, XO.5 (50·).

ing on definition of a species or even of a
genus. For instance, Actinostroma is dis
tinguished by commonness of colonies hav
ing unusually large size, whereas Clathro
dictyon and Stromatoporella generally are
represented by rather small laminar colon
ies. Mesozoic stromatoporoids generally are
diminutive, as compared with Paleozoic
forms.

FIG. 87. Longitudinal section of Trachypora eircu
lipora KAYSER, a tabulate coral, encrusted by
Stromatoporella sp., M.Dev.(Givet.), Belg., X6

(49·).

SKELETAL STRUCTURE
CHIEF ELEMENTS

The underside of a colony, whether
stalked or not, may be covered by an epi
theca. The main mass of a colony consists
typically of transverse elements, termed
lamellae and vertical ( radial) elements,

c c

FIG. 88. Intimate intergrowth of a stromatoporoid
(Stromatopora hiipschii) with the tabulate coral
Syringopora, M.Dev., Ger., long. sec., X 12. Tubes
of the coral, which generally have been described as
Caunopora, are marked by "C" on the figure (49n).
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FIG. 89. Part of stromatoporoid colony (Stromato
pora polyostiolata. M.Dev., Ger.) characterized by
unusually prominent mamelons with openings of

astrorhizal canals at their summits, X 1.5 (50·).

termed pillars. Lamella, which signifies a
diminutive thin sheet or fine lamina, is em
ployed for the microscopic transverse layers
of stromatoporoids. The upper surface of
various species belonging to different gen
era bears more or less prominent rounded
or pointed elevations, termed mamelons,
and at the center of these is the opening of
an astrorhizal axial canal which trends sub
vertically downward from the surface (Fig.
89). The astrorhizae, which comprise star
shaped systems of outwardly branching
canals, are clearly defined (Fig. 90) or not
discernible, according to whether the sur
face corresponds to a stage within a lamella
or between successive lamellae in building
the colonial skeleton. In like manner and
depending on the particular structure of the
colonial skeleton (coenosteum), general

FIt;. 90. Stellate pattern of surficial laterally ex
tended branches of astrorhizal canals, seen on
slightly weathered specimen of Stromatoporella
ei/eliensis (BARGATZKV), M.Dev., Ger., Xl (50·).

ornamentation of the surface is tuberculate
or reticulate.

The coenosteum of stromatoporoids is es
sentially trabecular in structure. In most
forms, the skeletal elements consist of well
differentiated lamellae and pillars approxi
mately perpendicular to each other (Fig.
91,1), but in some the skeleton has an open
or close reticulate texture formed by undif
ferentiated elements (Fig. 91,2).

LATILAMINAE

Vertical growth of some colonies proceeds
in a periodic manner which results in build
ing fairly regular, moderately thick com
posite sheets having lateral continuity.
These layers, consisting of several individ
ual lamellae, split apart readily along their
interface contacts; they are termed latila-

Actinostroma

2 Stromatopora

FIG. 91. Lamellae and pillars of stromatoporoid
skeleton shown by longitudinal sections. 1, Actino
stroma clathratllm NICH., Dev., Eng., X 18, with
thin lamellae and relatively stout pillars (50). 2,
Stromatopora concentrica GOLDF., M.Dev., Belg.,
X3, with less regular structure of pillars, X3 (49·).
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Stromatopora

FIG. 92. Latilaminae. 1, Naturally fractured segmenl
)f colony of Stromatopora concentrica GOLDF., M.
Dev., Ger., showing clearly marked thick layered
;tructure denoting latilaminae, Xl (50). 2, Longi
:udinal section of Actinostroma devonense LE
:OMPTE, V.Dev., Bdg., showing pillars and lamellae
IDd indicating hiatus in growth between successive
latilaminae (boundaries marked by "L") , X3

(49n).

minae (Fig. 92,1). The presence of
latilaminae is not confined to any par
ticular species or genus, but they are best
illustrated by some colonies of Stromatopora
~onccntrica. Latilamination occurs in stro
matoporoids composed of reticulate tissue,
1S well as in those having well-differen
tiated skeletal elements. Among the latter,
vertical pillars generally are restricted to an
individual latilamina, but it happens that
>ome extend without interruption across
boundaries of these layers. Boundaries be
tween latilaminae may be marked by in
:reased density or consolidation of the
lamellae, by localized intensification of pig
ment, by a change in structure, such as re
placement of reticulate tissue in the upper
part of zones of Stromatopora conccntrica
by well-defined pillars or by greater de
velopment of astrorhizae at the base of
zones.

A structure which sometimes is confused

with this regular latilamination is an irre
gular zonation produced by more or less ex
tensive interruptions in growth, such as are
common in tabulate corals. These interrup
tions are indicated by changes in orienta
tion of skeletal elements and astrorhizal
systems, and not uncommonly also by inter
calation of a thin layer of sediment (Fig.
92,2).

The origin of latilamination has not yet
been explained precisely or satisfactorily.
Generally, it is thought to denote periodic
halts in growth, or alternating acceleration
and retardation of growth. The very regu
lar periodicity which characterizes it is not
observed in all stromatoporoid colonies of a
given deposit.

2 Atelodictyon

FIG. 93. Meshes of lamellae as seen in tangential
sections. 1, Actinostroma devonense LECOMPTE, V.
Dev., Bdg., showing ddicate rodlike horizontal de
ments enclosing subtriangular open spaces, some
what resembling structure of a hexactinellid sponge,
X12 (49·). 2, Atelodictyon fallax LECOMPTE, M.
Dev., Bdg., showing irregular vermiform pattern

of opemngs in lamella, X 12 (49·).
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Actinostroma

2 Clathrodictyon

FIG. 94. Structure of lamellae and pillars. 1, Actino
stroma intertextum NICH., M.SiJ., Eng., showing
uneven spacing of lamellae, X 10 (52). 2, Clathro
dictyon fastigiatum NICH., SiJ., Eng., tang. sec. in

plane of lamella, X30 (50).

LAMELLAE

As compared with the layers termed lati
laminae, the lamellae are very thin, for very
many of them occur within a single latila
mina; also, lamellae are evident in numer
ous species of stromatoporoids which lack
latilamination. Each lamella consists of a
calcareous fibrous network which intersects
or impinges on pillars, or separates two
contiguous stages of pillars. In genera such
as Actinostroma, the meshes of the lamellar
network have polygonal form resembling
the arrangement of siliceous spicules of
some hexactinellid sponges (Fig. 93,1); in
others, the meshes are partly open on one
or more sides, making a meandriform pat
tern as in Atelodictyon (Fig. 93,2), or a
vermiculate design,' as in Clathrodictyon
(Fig. 94,2); by thickening, the network be
comes a nearly continuous compact sheet

which here and there is pierced by pores, as
in Stromatoporella. Among some forms,
especially of Silurian age, the meshes of the
lamellae join the pillars at variable levels
(Fig. 94,1), but in a large majority of
species, the lamellae maintain nearly con
stant levels so as to define regular floors or
platforms, arranged one above another (Fig.
91,1). In genera such as Actinostroma,
Atelodictyon, and Syringostroma, the lamel
lae generally are very thin, but in Hermato
stroma, Stromatopora, Stromatoporella, and
others, they are relatively thick. An evolu
tionary trend toward thickening of lamellar
structures seems to exist in some lines, as
among Syringostromatidae, but variation in
thickness may be influenced by ecologic fac
tors or it may reflect specific differences.

In many genera, lamellae disappear local
ly or generally. This gives rise to more or
less uninterrupted tabular-bearing interpil
lar spaces extending vertically or sinuously
through parts of a colony. Numerous au
thors have interpreted such structures in
correctly as zooidal tubes.

Lamellae are homogeneous in some gen
era (Fig. 92,2), but cross sections of them
in others reveal a dark axial line which has
led some authors to conclude that the
lamellae are bipartite (Fig. 95,1,2). This
axial line may be light, instead of dark, as
a result of bleaching. TRIPP (1932) con
siders such structure to be a fundamental
character, because it offers resemblance to
some living athecate hydroids. The pre
sumed bifoliate stromatoporoid lamellae are
interpreted by him as the combined roof of
one layer and floor of the next following
layer, and this he terms the "closed type"
(Stromatoporella, Clathrodictyon). Simple
unipartite lamellae, interpreted as having
had only a coenosarc cover, represent the
so-called "open type" (Actinostroma, Stro
matopora, Parallelopora). Distinction of
these two types lacks the definiteness sup
posed by TRIPP, for axially divided lamellae
occur in some specimens of Actinostroma
and invariably are present in its Mesozoic
descendants, Actinostromaria (Fig. 95,1).
Moreover, proposed classification on this
basis disregards important relationships in
dicated by other characters. The dark axis
actually is a microstructural feature con
sisting of aligned centers of calcification,
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2 Stromatoporella

FIG. 95. Structure of lamellae and pillars. 1, Actino
stromaria stellata CHALMAS, U.Cret.(Cenoman.), Fr.,
showing dense axial line in pillars and lamellae,
long. sec., X 12 (49n). 2, Stromatoporella pertabu
lata LECOMPTE, U.Dev.(Frasn.), Belg., long. sec.
showing thin clear axial line in several lamellae,

X12 (49·).

and the term "primary lamella" frequently
applied to it, like "secondary cover" for
clear tissue enclosing it, manifestly lacks
histological significance. The existence of
an axial canal, as inferred by NICHOLSON

(1886), is not supported by observation, for
the dark axis does not represent a passage
way filled by sediment but is a concentra
tion of carbonaceous pigment within cal
careous substance which is identical to the
enclosing clear secretion.

PILLARS

The radial or vertical skeletal elements of
the stromatoporoid coenosteum in many
species are termed pillars. They are classed
as continuous if they extend through a
number of interlamellar spaces, or discon
tinuous pillars may falsely suggest existence

of continuous pillars, as commonly in Her
matostroma and Syringostroma, but exami
nation shows clearly that the pillars are in
terrupted by the lamellae (Fig. 96). Exist
ence of an axial canal in the pillars, which
has been reported in some genera, is as un
founded as that in lamellae; the annular ap
pearance of pillars in tangential sections of
some species (as Stromatoporella) is pro
duced by invagination of a lamella in the
plane of the section, for the lamellae may
be bent sharply around extremities of the
pillars.

RETICULATE TISSUE

Stromatoporoids classed as having reticu
late coenosteal structure are distinguished
by lack of well-differentiated lamellae and
pillars, for the transverse and radial skeletal
elements tend to be intergrown intimately.
The reticulate tissue is of two types, one
characterized by greater distinctness of
transverse elements, and the other by domi
nance of the radial or vertical elements, but
there are also intermediate forms which are
not referable definitely to either type.

In the type species of Clathrodictyon, the
transverse and radial elements join without
break in continuity to form horizontally
elongated vesicles having sufficient regular
ity of arrangement in successive layers to
provide an appearance of lamellation (Fig.
97). This sort of structure, which may be
called subreticulate, grades through an in
termediate series into types having lamellae
and pillars more and more sharply distinct
but without loosening of their close bond-

FIG. 96. Structure of lamellae and pillars. Longi·
tudinal section of Hermatostroma schluteri NICH.
Dev., Ger., showing interruption of pillars by lamel·

lae, X12 (49n).

© 2009 University of Kansas Paleontological Institute



F114 Coclcnterata-Hydrozoa

FIG. 97. Structure of lamellae and pillars. Pattern
sh0:-vn by longitudinal section of Clathrodictyon
veslculosum NICH. tot MURIE, M.Sil.(Clinton.), Ohio,

XI5 (20).

ing together. Transverse sections of the ver
tic.al elements of specimens belonging to
this group commonly exhibit a vermiculate
~ppearance (Fig. 94,2). Stromatopora, and
10 lesser degree some forms of Paralielo
p'ora, show network meshes elongated ver
tically and more or less disarranged, so that
lamellation is not discernible; chambers be
t",:een the verti~al elements are traversed by
thm tabulae (Fig. 88). The reticulate tissue
of these forms also is not strictly definable
as a structural type distinct from that char
acterized by well-differentiated lamellae and
pillars, for in Stromatopora concentrica the
reticulate tissue develops typical pillars in
upper parts of the latilaminae, and in other
species of this genus, skeletal elements are
clearly. separate and mutually perpendicular.
. Stra~ght or curved thin oblique partitions
10 honzontal chambers are observed in all
types of tissue. These partitions are inter
preted as astrorhizal septa, because the ex
tent of their occurrence is correlated with
degree of ramification exhibited by astra
rhizae.

Thickening of skeletal structures is so
great in some colonies, that the chambers
are consid~r~bly re~uced in size and nearly
closed. ThiS IS espeCially common in Stroma
t~porella and most pronounced in S. ob
ltterata.

ASTRORHIZAE

Structural features. The most remarkable

structures of the stromatoporoids are the
features named astrorhizae by CARTER

( 1880). At the surface of the coenosteum
an astrorhiz:,- consists of a stellate system of
furrows which lack walls of their own' the
furrows spread radially from a cir~ular
openi~g which is located typically on the
summit of a mamelon or less commonly on
~ts flank and they tend to branch proceed
109 ?utwardly (Figs. 89, 90). A central
op.enmg seems to be lacking in the astra
rh~zae of some Silurian and Mesozoic species.
Distally the furrows ramify into the normal
network of the coenosteum and become
confluent with neighboring systems (Fig.
98,1a); laterally also they communicate free
ly with chambers of the coenosteum. Among
forms having interpillar tabulate chambers
these spring upward from lateral canals of
astrorhizae, and they may join different
levels of such canals (Figs. 98,lb,2). The
whole structure of the coenosteum is in fact
in close relation with the radiation and
ramification of astrorhizal canals.

In many stromatoporoids, the astrorhizae
are superposed exactly at each lamellar
stage, so that the center of any astrorhizal
system is occupied by a vertical canal ex
tending from base to summit of the colony,
or through one or more latilaminae, or
through some lesser thickness (Fig. 98,3).
In some species the astrorhizae are not
superposed, but vary in placement from one
growth stage of a colony to another' this
irregularity seems to be much less co~mon
than has been supposed, however. Thus, re
ported lack of superposed astrorhizae in
Actinostroma and use of this character as
criterion for distinction of this genus from
Actinostromaria are erroneous.
App~oximate uniformity of spacing of

astror.hlz~e on. the s';Irface of hemispherical
coloDies 10 spite of mcrease of this surface
by growing is realized by subdivision of the
astrorhizal systems in their upward growth
(Fig. 99).

The diameter of the vertical canals and
that of their radially outspreading branches
are highly variable, as is also the rate of
diminution in size of the canals away from
astrorhizal centers; these measurements
have value only for distinction of species.
On the other hand, some genera are char
acterized by the very prominent develop-
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ment of these structures and others by their
delicate dimensions. This variation, com
bined with differently pronounced closeness
of normal lamellation, explains the weak or
strong contrast between astrorhizal struc
tures and surrounding tissue as seen in ver
tical sections. Thus, the remarkably delicate
astrorhizae of Actinostroma have escaped
the notice of many observers; also, reported
absence of astrorhizae in Hermatostroma is
an error which may be ascribed to the near
matching in size of the astrorhizal canals
and the coarse meshes of associated coenos
teal tissue.

The occurrence of astrorhizae in den-

droid stromatoporoids has not been per
ceived generally, and because of their pre
sumed absence, HEINRICH (1914) excluded
this group from true stromatoporoids. Their
existence, however, hardly admits doubt.
Each colony has a single astrorhizal system
consisting of a large axial canal and delicate
branches which, as in massive stromato
poroids, are disposed parallel to the lamella
tion.

The ramifications of astrorhizal systems
may be superposed during their vertical de
velopment, or they may alternate in posi
tion. Mamelons are invariably associated
with the superposed type, either continuous-

FIG. 98. Structure of astrorhizae. 1, Trupetostroma tenuilamellatum LECOMPTE, U.Dev.(Frasn.), Be1g.; la,
tang. sec. showing well-defined astrorhizal canals, X3; lb, long. sec. through an astrorhiza showing tabu
late vertical canals intersecting lateral canals, X 12 (49-). 2, T. thomasi arduennensis LECOMPTE, M.Dev.
(Givet.), Be1g., long. sec. showing tabulate vertical canals enclosing horizontal ones between them X 12
(49-).3, T. ruedemanni LECOMPTE, U.Dev.(Frasn.), Be1g., long. sec. through a vertical astrorhizal canal,

X 12 (49-).
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FIG. 99. Structure of astrorhizae. Longitudinal sec
tion of Hermatostroma perseptatum LECOMPTE, U.
Dev.(Frasn.), Belg., showing subdivision of vertical
astrorhizal canals that proceeds as colony develops,

X3 (49·).

ly or intermittently, but more or less rapid
compensation in upward building of the
surface characterizes the other type.

The axial canal and its branches are in
tersected obliquely by straight or curved
tabulae (Fig. 98,23). These tabulae occur
in all species, but exhibit a high degree of
variability; generally they are more abund
ant in astrorhizae with canals of relatively
large diameter. Their mode of origin and
their function are unexplained.

Among Mesozoic stromatoporoids de
rived from Parallelopora, especially the
Milleporellidae and Milleporidiidae, an im
portant change occurs in attitude of the
branching astrorhizal passageways. While
these run in essentially horizontal position
in Paleozoic forms, they tend in later types
to become vertical. The Milleporellidae
show star-shaped groups of the canals still
present on horizontal surfaces but there is
no axial canal, the center of the astrorhizal
system being occupied by a close-packed
bundle of canals which partly spread out
radially at certain interlamellar levels, sub
dividing and passing into the tabulae-bear
ing vertical chambers (zooidal tubes of
authors) between the pillars. Such structure
is well shown by Steinerella mecosola. In
Milleporidium, the branching astrorhizal
systems have disappeared, the well-defined
large tabulate tubes which replace them in
the cortical zone passing downward into
narrow tabulate chambers of normal type.

This progressive transformation of the
astrorhizal systems parallels evolution of

the pillars into vertical lamellae which tend
to form enclosed tubes with close-spaced
tabulae that take the place of vanished hori
zontal lamellae. Indeed, the general trend
of stromatoporoid skeletal evolution seems
to be a progressive development of tabulate
vertical chambers.

Significance. The function of the stroma
toporoid astrorhizal systems has not been
determined. They cannot well be interpreted
as equivalent to incurrent or excurrent
canals of sponges, which are distributed
irregularly and are unrelated to particular
morphological features of the sponge skele
ton. Among stromatoporoids, the secretion
of coenosteal tissue was manifestly in
fluenced by the features called astrorhizae,
branches of which penetrate all of the
skeletal meshwork in the manner of a
hydrorhiza. Concordant with minute mor
phological details of the skeleton, they are
seen to be particularly developed as a carpet
at the base of latilaminae in Paleozoic forms
and also next above a hiatus which defines
a surface of necrosis. Their role is evidently
one that contributes to building the colonial
skeleton, therefore.

CARTER (1880), who first used the term
"astrorhiza," interpreted these structures as
stellate systems of stolons corresponding to
the hydrorhyzae of Hydractinia echinata,
and with this homology TRIPP (1929)
agreed very nearly in showing close resem
blance between astrorhizae and the spines
of Hydractinia. NICHOLSON (1886) accepted
the views of CARTER and extended compari
son to the anastomosing branchwork of
coenosarcal canals in the coenosteum of
Millepora. He concluded that primary stol
ons of coenosarc occupied the axial canals
and stolonal branches filled the astrorhizal
furrows, but found no reason to think that
any of the canals housed zooids. KUHN
(1939), on the contrary, has expressed judg
ment that the axial canals are the only
structures recognizable as zooidal tubes, and
more precisely, definable as emplacements
of blastostyles.

The existence of zooidal tubes in stroma
toporoid colonies has been a subject of much
controversy. NICHOLSON asserted their oc
currence in all stromatoporoids, pointing
out that in the Actinostromatidae they are
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FIG. 100. Supposed zooidal tubes in stromatoporoids.
Laterally directed passageways shown in the central
part of this longitudinal section of Paralldopora
paueicanaJicuJata LECOMPTE, M.Dev.(Givet.), Belg.,

seem not to be zooidal tubes, X 12 (49·).

represented by the normal, poorly differen
tiated interpillar spaces and that in the

Stromatoporidae they consist of sporadic
tabulae-bearing tubes. The presence of zo
oidal tubes is contested by HEINRICH (1914),
TRIPP (1929), YABE & SUGIYAMA (1930),
PARKS (1935), and KUHN (1939), although
none offers explanation of the tabulate ver
tical chambers which especially characterize
the Stromatoporidae and related forms. It
is very difficult to interpret these chambers
as zooidal tubes in forms such as the Devon
ian Parallelopora paucicanaliculata (Fig.
115) and the Mesozoic Stromatoporellina
and Steinerella, in which all interpillar
spaces bear tabulae. Vertical sections of
these stromatoporoids show features strik
ingly similar to sections of Hydractinia
echinata (Figs. 100, 101) and especially H.
circumvestiens, as remarked by NICHOLSON.

Between the spines of Hydractinia with
their irregular large horizontal prolonga-

FIG. 101. Structure of modern hydrozoan, Hydractinia f!chmata (FLEMING), North Sea, as shown by
longitudinal sections; la, X3; lb, X50 (49n).
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tions which are strikingly like the branched
astrorhizal systems of stromatoporoids, the
entire coenosteum consists of parallel nar
row vertical chambers traversed by close
spaced thin tabulae. In H. echinata, these
chambers are mostly delimited by trabecular
pillars but some are tubular. They connect
with the large horizontal canals which be
come confluent with the furrows on flanks
of the spines. At the surface they furnish
passageway for hydranths or coenosarcal
stolons, and at junctions of 2 or 3 of them,
zooids grow upward. NICHOLSON states that
in H. circumvestiens the vertical tubules,
which he interprets as zooidal tubes, are
most strongly developed.

MICROSTRUCTURE OF SKELETAL
ELEMENTS

The microstructure of stromatoporoid
skeletal elements has not yet been studied
adequately. The most striking presently
known feature is contrast between micro
structure of the Paleozoic and Mesozoic
forms. Skeletal elements of the latter are
finely fibrous wherever observed, but among
Paleozoic genera, this structure is found
only in Amphipora.

PALEOZOIC FORMS

Two essential types of skeletal elements
are recognized among Paleozoic stromato
poroids on the basis of microstructure: the
compact type and the cellular or vacuolar
type.

Compact type. The compact type is ob
served in the Actinostromatidae, Clathro
dictyidae, and Labechiidae. The only struc
tural feature of Clathrodictyon and some
species of Actinostroma is occurrence of a
dark axis in skeletal elements, which, as pre
viously noted, has been interpreted errone
ously as evidence of a bipartite construction
of the lamellae and canaliculation of the
pillars. The axis is recognizable even where
pigment is lacking, for microcrystalline sub
stance along this line is differently oriented,
as shown by examination of thin sections
under crossed nicols. A weakly fibrous
structure indicated by some specimens may
not be an original character, because some
degree of recrystallization seems to affect
most of these fossils. Such alternation prob
ably accounts for a false cellular microstruc-

ture in certain examples of Actinostroma,
which seems to be only granulation of the
recrystallized calcite.

Cellular type. The cellular type of skeletal
elements predominates in Paleozoic stroma
toporoids. It prevails in the Stromatoporidae,
Stromatoporellidae, and Syringostromatidae.
The differentiation of subtypes of structure
in this group, which has been attempted,
such as regular porous, spongy, and irregu
lar vacuolar, lacks value because these terms
mostly reflect only conditions of preserva
tion, the pores being enlarged progressively
by alteration which transfers calcite from
secreted fibrils to crystalline fillings of ad
jacent minute spaces. It happens that micro
structure may not be recognizable at all,
and this is especially common in Stromato
porella. Nevertheless, a certain systematic
variation is observed: for instance, the cel
lules of the skeletal fiber are generally
smaller, more regular, and better aligned in
Stromatoporella than Stromatopora (Figs.
102,3,4). In the series Syringostroma-Trupe
tostroma-Hermatostroma of the Syringo
stromatidae, an evolutionary trend is seen
in an increased regularity of the cellules, in
their elongation, and in their alignment in
single row along margins of the skeletal ele
ments (Figs. 96; 102,2).

A tubular structure which has been re
corded by NICHOLSON and others in various
species (as Stromatoporella granulata, S.
eifeliensis, Parallelopora ostiolata, P. gold
fussi, Stachyodes verticillata) is nonexistent,
for identification of it rests on misinterpre
tation of sections in one plane. Actually,
these forms exhibit a microreticulate struc
ture defined by a fine dark-pigmented mesh
work as it is particularly clear in the type of
Parallelopora ostiolata (Fig. 102,1), but ac
cording to state of preservation, this may
appear as a fine longitudinal striation, as
commonly in Stachyodes. No trace of a
canal system filled by sediment is found;
the pigment underlining the reticulation is
purely carbonaceous and occurs in secreted
calcium carbonate. This reticulate structure
may result from an alteration which en
larges the original cellular alveoles at ex
pense of surrounding fibrillar tissue. In any
case, it is not confined to particular genera
and within a single genus it may coexist
with normal cellular structure, being ob-
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served in forms other than those noted by
NICHOLSON (such as Stromatopora, Syringo
stroma, Trupetostroma, Hermatostroma).
In H. beuthii one may see marginal cellules
enclosed by dark vertical and transverse
fibers in a pattern exactly corresponding to
that of the microreticulate structure of Paral
lelopora ostiolata.

Meshed-fiber type. A rather distinct type
of skeletal microstructure not previously
mentioned is found in the Paleozoic genus
Synthetostroma. The lamellae of this form
are composed of intricately intermingled
fibers which, combined with interlamellar

1 Parallelopora,...,

partitions, produce a complicated pattern in
vertical sections.

MESOZOIC FORMS

Fibrous type. Except for Dehornella and
Ceraostroma, which have a compact type of
skeletal microstructure, Mesozoic stromato
poroids are characterized by fibrous struc
ture. Two sorts have been distinguished by
STEINER (1932) and YABE & SUGIYAMA

(1935): one termed radial, consisting of
fibers arranged perpendicularly to the axis
of a skeletal element; and the other called
fasciculate or "water-jet," comprising fiber

~'t'"p.'
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3 Stromatopora 4 Stromatoporella

FIG. 102.' Microstructure of stromatoporoids. 1, Partdlelopora ostiolata BARGATZKY, Dev., Ger., long. sec.
showing microreticulate structure, X48 (50-). 2. Trupetostroma tenuilamellatum LECOMPTE, V.Dev.
(Frasn.), Belg., long. sec. showing regularly arranged cellules, X 12 (49-). 3, Stromatopora carteri NICK.,
M.Sil.(Wenlock.), Eng., tang. sec. showing closely spaced cellules in skeleton, X48 (50). 4, Stromatoporella
granulata NICK., M.Dev.(Hamilton), N.Y., tang. sec. showing features resembling those of 3, X48 (50-).
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bundles which open more or less shortly
outward somewhat from the axis, with or
without a central dark line. Actually, the
arrangement of fibers is much more varied;
the fibrosity may be complex, and in some,
highly diffuse; and centers of calcification,
generally marked by a concentration of dark
pigment, may not be juxtaposed in ton
tinuous alignment along the axis but are
quite dissociated, each with its own aureole
of fibers.

Dehornella exhibits an aberrant sort of
concretionary microcrystalline structure, for
parts of skeletal elements, generally along
the axis, show single extinction under
crossed nicols. This structure is like that of
Ceraostroma described by KUHN (1926) and
interpreted by him to denote a primitive
chitinous composition, marking transition
from calcareous hard parts of typical stroma
toporoids to the chitinous hard parts of
various living hydrozoans.

RELATIONSHIPS OF PALEOZOIC AND
MESOZOIC TYPES

The contrasts, as well as some similarities,
in the nature of skeletal microstructure ob
served in Paleozoic and Mesozoic stromato
poroids call for elucidation. STEINER'S
(1932) hypothesis that the Paleozoic forms
originally possessed a fibrous structure and
that this has been lost by secondary altera
tion is difficult to conceive, especially as re
gards species which exhibit the cellular type
of microstructure. It is hard to understand
how recrystallization could produce such
regularly arranged cells of nearly constant
size in some genera, and how it could ex
plain the evolutionary progression recog
nized in the family Syringostromatidae.
The change in structure observed at the
close of Paleozoic time must be interpreted

as having subordinate taxonomic signifi
cance, because most of the Mesozoic genera
manifestly belong in families which contain
Paleozoic forms, and in all other characters
they are closely similar or identical to older
genera.

The classification and interrelations of
microstructural characters are too little es
tablished by present knowledge to permit
using them as a basis for taxonomy of the
stromatoporoids. Most authors, in agree
ment with NICHOLSON, recognize micro
structure as having value for defining gen
era, or less commonly, species. HEINRICH
(1914), neglecting reservations expressed by
NICHOLSON, made this the prime basis of
general classification and, restricting the
order very arbitrarily, divided Paleozoic
genera into two families: Actinostromatidae,
with homogeneous pillars; and Stromato
poridae, with porous or tubular structure.
This too comprehensive grouping takes no
account of textural characters and by asso
ciating distantly related forms lacks utility
for study of phylogeny. According to
STEINER, these 2 Paleozoic groups continue
into the Mesozoic, characterized by new
structural elements, the Actinostromatidae
acquiring fibrous radial structure with a
dark axis, and the Stromatoporidae assum
ing a fasciculate fibrous structure. This con
cept leads her to place Siphostroma, which
has textural features indubitably close to
the Stromatoporidae, in the Actinostroma
tidae, and to exclude from this family Bur
gundia, which is very close to Clathrodict
yon. Moreover, a number of Mesozoic gen
era are too poorly described to provide in
formation on microstructure. From all view
points, it is judged premature to undertake
classification of the stromatoporoids on
microstructural characters.

SYSTEMATIC POSITION OF STROMATOPOROIDS

Lack of definiteness in conclusions based
on comparison of structural features of
stromatoporoid hard parts and those of liv
ing organisms, supplemented by uncertainty
as to the significance of astrorhizae, which
are the most particular character of this
group, has led authors to explore affinities
with different main divisions of the inverte
brates, especially Foraminifera among the

Protozoa, the Porifera, and Hydrozoa
among the Coelenterata.

RELATIONS TO FORAMINIFERA
Classification of stromatoporoids among

Foraminifera has been advocated especially
by HICKSON (1934) and PARKS (1935), bas
ing opinions chiefly on certain resemblances
of Actinostroma to the foraminifer Gypsina
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plana. The arguments advanced relate only
to secondary characters, however, or are
not relevant, such as (1) analogy in appear
ance of reticulate structure seen in tangen
tial sections, which is of little significance;
(2) interpretation of coarse vertical astro
rhizal canals of Actinostroma as passages for
protrusion of pseudopodia; (3) explana
tion of lamellae in Stromatoporella as con
sequent on alignment of chambers, with
pillar-supported interspaces serving only for
separation of their rows; (4) existence of a
basal layer of chambers different from others
in the colony, corresponding to the micro
spheric or megalospheric proloculus of For
aminifera; (5) occurrence in some stromato
poroids of tubes called caunopores, assumed
to represent one of the alternating genera
tions observed among foraminifers; (6)
variability in size, form, and arrangement
of chambers, as observed both in stromato
poroids and Foraminifera. Lack of validity
of most of these points is self-evident. For
example, no reason is known for presump
tion that a certain layer of stromatoporoid
chambers is equivalent to a foraminiferal
proloculus; the so-called caunopore tubes
are identified with reasonable certainty as
belonging to tabulate corals; and variation
in patterns of chambers in itself means
nothing. How can the closed chambers of
Foraminifera, compared with the open
meshes of stromatoporoid tissue, signify
taxonomic affinity? To imagine that the
open meshes represent degeneration finds
support in no observations, and it runs
counter to what is known of evolutionary
trends among stromatoporoids, in which
the essentially trabecular skeletal tissue tends
to a lamellar development with formation
of closed tubes. Finally, the essentially spiral
architectural plan of Foraminifera is wholly
unknown in the stromatoporoids, and not
to be found among them are foramina like
those of Gypsina.

RELATIONS TO SPONGES
The hypothesis of affinity between Stroma

toporoidea and Porifera has been supported
by many, chiefly on the basis of analogy,
plausible at first sight, between the astrorhi
zae of stromatoporoids and the water canals
of sponges. HEINRICH (1914) and TWIT
CHELL (1929) especially held this view. An

astrorhiza, for the authors, suggests an in
geniously modified rhagon type of sponge,
but the astrorhizae are perfectly concordant
with morphological peculiarities of the
stromatoporoids, including a lamellar dis
position, which is not observed in the Porif
era. Actually, the coenosteum of stromato
poroids contains no space untouched by the
highly ramified astrorhizal systems and (in
some forms) by the tabulate inter-pillar
spaces inrooted on these. Secretion of the
skeleton is controlled so plainly and mi
nutely by the astrorhizal structures that
these cannot be interpreted as a simple sys
tem of water passageways.

The absence of spicules in the coenosteum
of stromatoporoids is an impassable obstacle
to classification with sponges, and this has
not been overlooked by authors. TWITCHELL
has drawn argument from a strange speci
men of Stromatopora centrota which shows
abundant broken skeletal elements, and
these he regards as fragments of spicules.
Judging from the published figures, this
interpretation is highly dubious, and if cor
rect, there is still need to determine whether
the spicules really belong to the stromato
poroid or to a parasitic sponge. At all events,
and contrary to TWITCHELL'S assertion, the
described specimen is very exceptional.

Some stromatoporoids having structure
interpreted to represent a sponge in con
tracted state are recorded by TWITCHELL.
The supposed contracted condition (as in a
cited specimen of Syringostroma densum)
exhibits none of the compensations of skele
tal elements which should be found, and
the observed structures are in perfect agree
ment with the recognized evolution of the
family.

RELATIONS TO HYDROZOANS
Most authors have subscribed to views of

CARTER (1877) in interpreting the stromato
poroids as ancestors of modern hydrozoans.
Among these authors are STEINMANN
(1878), NICHOLSON (1886), WAAGEN &
WENTZEL (1887), DEHORNE (1920), KUHN
(1927, 1939), TRIPP (1929), and STEINER
(1932). For reasons which follow, the view
is also adopted here.

(1) The astrorhizae, which constitute so
characteristic a peculiarity of the stromato
poroids, find satisfactory explanation only
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according to this hypothesis. Unlike the
canals of sponges, which are more or less
complex systems deeply penetrating tissues
in discordant manner, the astrorhizae are
concordant with skeletal structure and con
trol details of its development. An astro
rhizal layer marks the beginning of new
growth after an accidental hiatus or com
pletion of a latilamina. The principal
branches which ramify distally are joined
laterally by a network of secondary canals
extending to all chambers defined by the
skeletal fibers. Such structures are closely
similar to the hydrorhizae of the Hydrozoa.
The evolution which astrorhizae undergo
in Paleozoic and especially in Mesozoic
time, leads to structures which diverge
somewhat from observed features of the
hydrorhizae, but nevertheless maintain re
semblance to features shown by some species
of Hydractinia.

(2) The existence of zooidal tubes, in
part of the Stromatoporoidea at least, has
been cited by NICHOLSON and others as a
determining argument, if not sole one, for
classifying these organisms as hydrozoans.
Doubt that these tubes exist or firm denial
of them has led some authors to reject the
hypothesis of affinity between stromato
poroids and hydrozoans. This rejection of
presumed affinities on such basis is not justi
fied, however, for by no means all living
hydrozoans possess zooidal tubes. Among
stromatoporoids, it may well be that zooids
could develop only on the superficial net
work of coenosarc, leaving no trace in hard
parts of the coenosteum. As admitted by
NICHOLSON, without doubt this was the case
in the families Actinostromatidae and
Clathrodictyidae, which are characterized
by skeletal structure very closely similar to
that of certain modern athecate hydroids.

The zooidal nature of the narrow vertical
tabulate chambers of trabecular construc
tion among Stromatoporidae, Stromatopor
ellidae, Syringostromatidae, and more or
less tubular in Stromatoporidae, Milleporel
lidae, Milleporidiidae, has not been proved.
This is difficult to understand, both in the
Stromatoporellidae where these structures

are so little developed and sporadic, and in
certain species of Parallelopora, in the Stro
matoporidae, and in the derived Mesozoic
families where these structures comprise all
tissue between the astrorhizae. But as al
ready stated, some hydractinians have es
sentially comparable structures. NICHOLSON
(1886, p. 68) has drawn attention to Hy
dractinia circumvestiens (Pliocene, Eng
land) which has a coenosteum traversed by
many vermiform tubules, approximately
vertical and parallel; these tubules are in
terrupted at various levels by irregular, hori
zontally disposed small chambers, which
bend upward at nearly regular lateral inter
vals toward large pillars (spines) of cribri
form texture that may be pierced by an axial
canal. The tubules must have served for
lodgement of zooids or for passage of coeno
sarcal stolons. NICHOLSON emphasized the
close resemblance of this form with the
Stromatoporidae rather than the Actino
stromatidae. A vertical section of the chitin
ous skeleton of H. echinata (Fig. 101)
shows a comparable structure, which also
is strikingly like some species of Parallelo
pora and the Mesozoic Milleporellidae,
although the closed tubes of the latter are
less developed than in H. circumvestiens.
New studies of the coenosarcal structure in
relation to the more or less tubular coeno
steum of Hydractinia are needed to throw
light on skeletal changes observed in Paleo
zoic Stromatoporidae and their Mesozoic
descendants. Without rejecting possible ex
istence of zooidal tubes in the stromatopor
oids, it seems preferable to designate the
structures on which their presence is in
ferred, simply as vertical tabulate chambers;
it is interesting to note that they are re
lated closely to the astrorhizae.

(3) Stromatoporoids exhibit some peculi
arities which are observed commonly among
coelenterates but are unknown in the
sponges or foraminifers. These include fre
quent interruptions in growth, latilaminar
structure, and the tendency to build thick
deposits of the sort characteristically asso
ciated with reefs.

EVOLUTION
The problem of distinguishing and trac

ing evolutionary trends in stromatoporoid
skeletal structure is almost untouched, main
ly because appropriate means for investiga-
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tion have been lacking. Study of thin sec
tions is insufficient because it permits ob
servation of structures only at somewhat
widely spaced planes. The method of pro
gressive grinding and making peels or photo
micrographs of polished surfaces at closely
spaced intervals, has not yet been employed,
and this alone seems to be available as
a source of needed information. Some appli
cations of this method which we have made
to study of the skeleton have not been pur
sued far enough to permit definitive conclu
sions, but a few essential features may be
indicated.

If attention is directed to families which
persist into Mesozoic time, one may per
ceive plainly an evolutionary tendency to
ward disappearance of transverse lamellae
with concurrent development of radial ele
ments; the horizontal trabecular structures
gradually are replaced by tabulae and finally
these are the only transverse skeletal ele
ments of the colony. The first step of this
evolution appears in Stromatoporella, in
which a few vertical chambers of moderate
height traversed by tabulae are seen (Fig.
95,2). These structures are slightly better
defined in the Syringostromatidae, even
though genera of this family retain well-de
veloped lamellae (Fig. 100). The tendency
is emphasized in the Stromatoporidae, es
pecially Parallelopora, which leads to the
Milleporellidae and the Mesozoic Millepor
idiidae. In the Middle Devonian (Givetian)
P. paucicanaliculata, lamellation already ap
proaches disappearance and all chambers be
tween the pillars are intersected by tabulae
(Fig. 100); these chambers have been de
scribed by many authors as zooidal tubes.

Increasing dominance of vertical elements
and replacement of horizontal trabeculae by
tabulae are associated with a tendency of
the pillars to develop into vertical lamellae,
which evolve progressively toward the form

of closed tubes. The first stages of this must
be sought in study of Paleozoic forms. Evo
lution shown by Parallelopora paucicanali
culata is already such that successive trans
versely ground surfaces show a practically
continuous network and only rarely a few
isolated pillars. The tendency is accelerated
and more generalized in Mesozoic, even
among Actinostromatidae. In A ctinostro
maria (Jur.-Cret.), the lamellation is still
well marked but discontinuous in all spe
cies. Some forms, such as A. salevensis show
by grinding a somewhat persistent network
indicating a lamellar and tubular evolution
of the vertical elements. The lamellae are
not replaced by thin tabulae, but they ex
hibit important changes. Lamellae bend up
ward in the form of pillars and pillars turn
outward into lamellae, so that relations of
these two skeletal elements differ wholly
from those of their ancestor Actinostroma.

Among the Stromatoporidae, these evolu
tionary tendencies which were already well
defined in Paleozoic time, became accentu
ated in the Mesozoic. They reached their
maximum in a descendant of Parallelopora
called Stromatoporellina (Jur.) , in which
lamellation has disappeared almost entirely,
tubulation of the coenosteum is advanced,
and all vertical chambers are traversed by
tabulae. This genus leads to the Milleporel
lidae (Jur.-Cret.), in which tubulation is
accentuated and lamellae definitely have dis
appeared. The Milleporidiidae (Jur.-Cret.),
derivatives of this family, include the end
products of stromatoporoid evolution; they
are characterized by perfectly developed
tabulate tubes and in the cortical part of
colonies larger and more cylindrical tubes
seem to represent remains of differentiated
astrorhizae. Moreover, skeletal evolution
shown by the last-mentioned families is ac
companied by a transformation of the astro
rhizal system.

CLASSIFICATION
The various systems of classification pro

posed for the stromatoporoids reflect large
uncertainties in assessing taxonomic value
of the diverse morphological features of this
group, often interpreted without considera
tion of phylogeny or notion of affinities
with living hydrozoans. Particularly unsatis
factory are classifications which have been

made on basis of Paleozoic forms alone. The
work of chief contributors is noted chronol
ogically.

WORK OF NICHOLSON
The essential starting point and most

fundamental work on stromatoporoids con
sist of studies recorded by NICHOLSON
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(1886). Based on penetrating knowledge of
the morphology of these fossils, he divided
stromatoporoid genera known to him in
two main groups: (1) forms which he as
signed to the family Actinostromatidae,
characterized by absence of zooidal tubes;
and (2) forms included in the Stromato
porida:e and Labechiidae, provided with
zooidal tubes. The first group was judged
to be related rather closely to the hydractin
ians, whereas the second was interpreted to
stand near hydrozoans of the "family Mille
poridae" (now referred to the order Mille
porina-not the family Milleporidiidae,
composed of Mesozoic stromatoporoids).
Although NICHOLSON'S plan was accepted
and developed by later workers such as DE
HORNE (1920) and STEINER (1932), no good
reason is seen for admitting passage from
the Stromatoporidae and Labechiidae, char
acterized by single-type zooids, to the Mille
porina, which have dimorphic zooids of
coenosarcal type unknown in any stromato
poroid. Moreover, the skeletal structure of
the Stromatoporidae and the families de
rived from it is much more like the partly
tubular coenosteum of Hydractinia than
colonial skeletons of Millepora. Summary of
NICHOLSON'S classification is given in the
following table.

Nicholson's Classification of
Stromatoporoids

Hydractinoidea. Forms without zooidal tubes, re
lated to hydractinians; Actinostromatidae, Idio
stromatidae.

Milleporoidea. Forms with zooidal tubes, related to
milleporids; Stromatoporidae, Labechiidae.

STUDIES SINCE 1900
Chief contributions to understanding of

the relationships to one another of the var
ious kinds of discovered stromatoporoids
and efforts to produce useful classification
of them are contained in publications by
HEINRICH, DEHORNE, KUHN, TRIPP,
STEINER, YABE & SUGIYAMA, and LECOMPTE.
The conclusions of these investigators may
be summarized and compared.

All Paleozoic genera were divided by
HEINRICH (1914) into 2 families, defined
on the basis of skeletal microstructure, but
Mesozoic stromatoporoids were not con
sidered. Defects of this treatment have been
pointed out in the discussion of microstruc-

ture. Megascopic features of several Meso
zoic genera clearly indicate assignment to
the Actinostromatidae and Stromatoporidae,
despite the fact that their microstructure dif
fers from HEINRICH'S diagnosis for these
families, which follows.

Heinrich's Classification of
Stromatoporoids

Actinostromatidae. Microstructure of skeletal ele
ments homogeneous.

Stromatoporidae. Microstructure of skeletal elements
porous or tubular.

Essential features of NICHOLSON'S classifi
cation were adopted by DEHORNE (1920),
but she added the family Burgundiidae, re
garded as intermediate between Actinostro
matidae and Stromatoporidae. The Burgun
diidae seem too closely related to the Clath
rodictyidae to permit acceptance of this
classification; also DEHORNE'S Stromatopori
dae include Mesozoic forms (erroneously
ascribed to Stromatopora and Stromatopor
ella) which clearly belong to other families.
An outline of her classification follows.

Dehorne's Classification of Stromatoporoids
Actinostromatidae; Actinostromatinae, Clathro-

dictyinae.
Burgundiidae.
Stromatoporidae; Stromatoporinae, Stromatoporel

linae.

A classification of the stromatoporoids
was published by KUHN (1927, 1939). Study
of their evolutionary trends and phylogene
tic relationships led to the conclusion that
the Stromatoporidae are the ancestors of
modern hydroids by descent through fam
ilies named Disjectoporidae and Stromato
porinidae. The Disjectoporidae, however, in
clude genera which do not seem to form a
link between the Paleozoic Stromatoporidae
and Mesozoic genera assigned by KUHN to
the Stromatoporinidae; the Disjectoporidae
comprise a side branch. Also, because macro
structure of the Stromatoporidae and Stro
matoporinidae is the same and because evo
lution of Mesozoic forms is exactly in line
with that of Paleozoic genera, skeletal mi
crostructure is not a valid criterion for
separation of these families. KUHN judged
that the Actinostromatidae constitute be
ginning of an independent line which in
cludes the Labechioidea, interpreted as an
order. This seems unacceptable because the
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Labechioidea have structural characters
which are essentially the same as those of
Stromatoporoidea. KUHN'S arrangement of
divisions is indicated below.

Kuhn's Classification of Stromatoporoids
Stromatoporoidea (order), Cam.-Cret.

Actinostromatidae, Cam.-Cret. Clathrodiciyidae,
Cam.-Perm.

Stromatoporidae, Ord.-Perm.-> Disjectoporidae,
Perm.->

Stromatoporinidae, Trias.-Cret.-> Hydroidea
( order), Rec.

Labechioidea (order, possibly derived from Actino
stromatidae), Ord.-Dev.

Sphaeractinoidea (order, possibly derived from Dis
jectoporidae), 'tlr.-Cret.

According to TRIPP (1929), all stromato
poroids have characters closely approaching
those of athecate hydroids (gymnoblasts),
for the same two types of structures are
found in both; the pronounced lamdlar
structure of the hydroid Podocoryne is
matched by equivalents in the Clathrodictyi
dae, Stromatoporellidae, and Syringostrom
atidae, and the predominant continuous
vertical skeletal elements of Hydractinia are
seen also in the Actinostromatidae, Stroma
toporidae, Milleporellidae, and Millepor
idiidae. In addition, the partly tubular and
tabulate skeleton of hydractinians and that
of fossil forms can be cited as sign of rela
tionship which needs elucidation. TRIPP
made valuable contribution to the study of
systematic relationships of the stromatopor
oids, but his definition of groups, given be
low, is no improvement over that of HEIN
RICH.

Tripp's Classification of Stromatoporoids
GROUP 1. Closed-tissue forms, with bipartite lamellae.

Skeletal fiber massive, as in Clathrodictyon.
Skeletal fiber porous, as in Stromatoporella.

GROUP 2. Open-tissue forms, with simple lamellae.
Skeletal fiber massive, as in Actinostroma.
Skeletal fiber porous, as in Stromatopora and

Parallelopora.

Important studies by STEINER (1932) led
to the conclusion that phylogenetic relation
ships of the stromatoporoids were not de
terminable, and accordingly she sought to
erect a classification based on structural
characters and distinguished by lack of any
morphological hiatus. Placement and sub
division of the stromatoporoids by STEINER,
as outlined below, satisfactorily indicate re-

lationships to living Tubularia on one hand
and Hydrocoralla on the other.

Steiner's Classification of Stromatoporoids
Tubularia.
Stromatoporoidea.

Hydractinoidea; Ellipsactinidae, Actinostromati
dae.

Unnamed division; Siphostromatidae, Burgundii
dae.

Milleporoidea; Stromatoporidae, Milleporellidae.
Hydrocoralla.

Study of Mesozoic stromatoporoids by
YABE & SUGIYAMA (1935) are basis for a
classification of these forms in three fam
ilies. As given below, this is incorporated in
classification now adopted.

Yabe & Sugiyama's Classification of
Stromatoporoids

Stromatoporidae. All skeletal elements generally
trabecular, interspaces tabulate; with or without
astrorhizae.

Milleporellidae. Vertical skeletal elements dominant
over lamellar and tending to form closed tabulate
tubes; astrorhizae weak or lacking.

Milleporidiidae. Vertical skeletal elements persistent,
lamellar or tending to form closed tubes; tabulate
interspaces include large ones of zooidal nature
and small ones; horizontal elements lamellar,
much reduced; no astrorhizae.

CLASSIFICATION ADOPTED IN
TREATISE

Classification published in papers by LE
COMPTE (1951, 1952) is adopted in the
Treatise. As far as seems practicable in the
state of present knowledge, this is defined
by considerations of phylogeny and atten
tion is given to features of skeletal struc
ture, including microstructure in manner
supplementing other characters. Division of
the stromatoporoids in 2 main groups, as
proposed by NICHOLSON and followed by
others, cannot be maintained, for structures
presumed to show relationship of these
fossils with millepores do not exist. Also,
oversimplified division in large groups
based on microstructure, as in classifications
by HEINRICH and TRIPP, is unnatural.

Analysis of older classifications and re
study of many genera have led to rejection
of some proposed family units and different
allocations of some genera. Thus, Burgundia
is interpreted to belong to the Clathrodictyi
dae and the family Burgundiidae proposed
by DEHORNE is not recognized; similarly
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the Siphostromatidae of STEINER'S classifica
tion is not accepted because Siphostroma
seems clearly to belong to the Milleporel
lidae. Ellipsactinia and the Ellipsactiniidae
are judged not to belong with the stromato
poroids, and Sphaeractinia, which STEINER
included in this family, is assigned to the
Actinostromatidae. The classification of
YABE & SUGIYAMA is adopted with only
minor alterations for Mesozoic stromato
poroids; this includes recognition of the
family Milleporidiidae, based on Millepori
dium, which STEINER failed to distinguish
from genera of the Milleporellidae.

The subcylindrical to dendroid colonies,
which some authors (HEINRICH, 1914;
KUHN, 1939) have excluded from the
Stromatoporoidea, call for discussion be
cause of question about their relation to the
massive and laminar types of growth.
NICHOLSON (1886) grouped the 3 genera of
dendroid form known to him in the family
Idiostromatidae; of these, ldiostroma is here
assigned to the Syringostromatidae, Stachy
odes to the Stromatoporidae, and Amphi
pora to uncertain classificatory status. This
distribution is in agreement with RIPPER'S
(1937) conclusion that all or nearly all
dendroid stromatoporoids belong to genera
or at least to families composed mainly of
massive forms. Dendroid (*) and massive
(U) pairs having almost identical skeletal
structure include *Actinostromarianina (V.
Jur.) and UActinostromaria (Jur.-Cret.);
*Dendrostroma (Dev.) and **Stromato
porella (Sil.-Carb.); *Parksia (V.Jur.) and
UStromatopora (Ord.-Perm.); *Stachyodes
(MDev.-V.Dev.) and uParalielopora

(Dev.--?Perm.); *ldiostroma (Sil.-Dev.)
and UHermatostroma (Sil.-Dev.). The
presence of a single large axial canal in
dendroid colonies has served to mislead
many authors; actually this is simply an
astrorhizal axial canal from which branches
extend into lamellar portions of the coenos
teum precisely as in massive colonies. The
family Aulaceridae includes Ordovician and
Silurian genera of dendroid form, charac
terized by exceptionally large size of the
axial canal and its division into bulbous
chambers by strongly arched tabulae. Here
belong Beatricea and seemingly also Cryp
tophragmus. They are classified among the
stromatoporoids, even though their struc
tural peculiarities and stratigraphic place
ment indicate that they are a very early,
surprisingly divergent assemblage.

The families recognized in the Treatise
section on Stromatoporoidea are listed be
low with record of their known strati
graphic distribution and statement of the
number of genera included in each (shown
by figures enclosed by parentheses).

Divisions of Stromatoporoidea

Stromatoporoidea (order) (67). Cam.-Cret.
Actinostromatidae (family) (7). Cam.-Cret.
Clathrodictyidae (6). Cam.-Jur.
Stromatoporellidae (4). Sil.-Carb., ?Trias.
Syringostromatidae (6). Sil.-Jur.
Stromatoporidae (12). Ord.-Cret.
Disjectoporidae (4). Perm.-U.Trias.
Milleporellidae (4). Jur.-Cret.
Milleporidiidae (2). Jur.-Cret.
Labechiidae (10). Ord.-Cret.
Aulaceridae (6). Ord.-Sil.
Uncertain family (1). Sil.-Jur.

PALEOECOLOGY
Paleoecologic relationships of the stroma

toporoids have been studied little, perhaps
partly because taxonomy of the group is
mostly unfamiliar to geologists and partly
because these fossils are most abundant in
calcareous rocks where observations of their
occurrence are difficult.

The environments to which stromato
poroids seem best suited are about the same
as those preferred by the corals. Both are
adapted to reef building, but the stromato
poroids seem to tolerate a muddy bottom
less well than many corals. Massive and
globular colonies tend to occur in rather pure
limestone, whereas laterally expanded sheet-

like colonies commonly are found in im
pure limestones or in interstratified marly
and clayey beds; in such a setting, inter
preted to signify less shallow seas, rather
rare laminar stromatoporoids are found as
sociated with coralline bioherms in Devon
ian sections of the Ardennes region. Like
the tabulate corals but in much smaller de
gree, the coenosteum of stromatoporoid col
onies exhibits variations, especially in thick
ness of the skeletal elements, development of
lamellae and pillars, and in spreading apart
of these. This variability partly is an ex
pression of local environment.

Paleozoic stromatoporoids contributed to
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building reefs much more commonly than
the Mesozoic forms. The Silurian and Dev
onian rocks of many regions contain nu
merous stromatoporoid-bearing bioherms
and biostromes, some of which have con
siderable thickness and lateral extent. Re
markable are such masses in the Silurian of
Gotland, attaining thickness of 10 to 20 m.
and horizontal dimensions of several hun
dred meters; these are distributed in crin
oidal limestones and marls. Locally, reef
like deposits consist exclusively of stroma
toporoids, but generally tabulate corals and
compound rugose corals are associated with
them; also, algae of Solenopora type, es
pecially Pilotrix, are intergrown with the
coelenterate colonies and serve to bond frag
ments together (HADDING, 1941). Globular
algae such as Sphaerocodium and Spongio
stroma occur in beds below and above the
reefs but not in them. The abundance of
broken, more or less worn fragments of
corroded stromatoporoid colonies and the
presence of the algae are cited by HADDING

as evidence of very shallow water, but as
shown by the fine sediment associated in
the reefs, evidently they were not formed
close to a more or less rugged coast but in
relatively quiet offshore waters, probably
between 5 and 50 m. deep.

In Devonian strata of the Ardennes, bio
herms and biostromes composed mainly or
exclusively of stromatoporoids occur as lenti-

cular bodies interfingering with surround
ing calcareous sediment. Associated tetra
corals, tabulates, and algae (Sphaerocodium,
Girvanella) are quantitatively less important
but individually of large size. Conversely, in
reefs composed mainly of corals, invariably
small, remains of stromatoporoids generally
are absent, but if present, they are very thin
laminar growths. Massive stromatoporoids
of Devonian time were able to grow and
build reefs in turbulent waters; corals living
in this environment formed large colonies
but below the zone of strong wave action
their skeletons were small and flattened.
Analysis of geologic sections containing reefs
built by stromatoporoids, which brings to
notice many disconformities, common occur
rence of ripple marks, and local deposits of
broken, worn reef organisms, indicates shal
low-water environment.

Mesozoic stromatoporoids have very little
importance as reef builders, even though
they are associated locally with reef-formers
such as the hexacorals, rudistid clams, and
nerineids, and they occur commonly in
oolitic limestones which denote a neritic,
shallow-water environment. There are few
algae, unless the Chaetetidae found in many
places belong here at least partly. Chiefly
important from paleoecological viewpoints
seems to be the association of stromatopor
oids with hexacorals.

Family ACTINOSTROMATIDAE
Nicholson, 1886

[nom. correct. LECOMPTE, herein (pro Actinoslromidae NICH.,
1886)]

Colonies massive, flattened, or rarely
dendroid. Coenosteum composed of well
differentiated trabecular skeletal elements;
lamellae consisting of a hexactinellid net
work formed by processes joined at regular
or irregular levels to more or less continuous
vertical pillars. Astrorhizae narrow. Micro
structure of skeletal elements massive or
fibrous. Cam.-Cret.
Actinostroma NICHOLSON, 1886 ["A. clathratum]

[=?Actinostromella BOENKE, 1915; Gerronostroma
YAVORSKY, 1931]. Skeletal elements essentially
perpendicular to one another; lamellar network
commonly formed by complex meshes connected
at regular or variable levels to pillars. Skeletal

SYSTEMATIC DESCRIPTIONS

Order STROMATOPOROIDEA
Nicholson & Murie, 1878

Hydrozoans distinguished by a calcareous
coenosteum basically of trabecular nature,
generally with distinct transverse elements
(lamellae) and vertical or radial elements
(pillars) or with varied sorts of reticulate
structure evolving lamellar elements that
tended to become tubular; exclusively colon
ial, massive, sheetlike, or dendroid in
growth. A characteristic structure possessed
by all but a few genera is termed astrorhiza;
it consists typically of a central canal directed
normal to the surface and of laterally diverg
ing, outwardly branching furrows on the
surface or canals below the surface. Surface
with or without tubercles (mamelons).
Cam.-Cret.
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FIG. 103. Actinostromatidae. 1, Actinostroma astro
ites, M.Sil., X 10.2, A. devonense, V.Dev., X3.

fibers compact (20). Cam.-L.Carb., cosmop. (This
genus generally has been distinguished from Acti
nostromaria by its lack of superposed astrorhizae,
but this character is not reliable, since they do oc
cur in some species of Actinostroma. Mesozoic
species assigned to Actinostroma actually belong to
Actinostromaria, as shown by their fibrous skeletal
structure.)--FlGs. 92,2; 93,1; 103,2. A. dev
onense LECOMPTE, V.Dev. (L.Frasn.), Belg.;
long., tang., long. secs., X3 (49).--FIGs. 86,3;
91,1. • A. clatllratum, M.Dev., Eng.; 86,3, exterior
of base, XO.5; 91,1, long. sec., XI2 (50·,50).
--FIG. 103,1. A. astroites ROSEN, M.Sil. (Wen
lock.), Eng.; long. sec., XIO (50·).--FIG. 94,1.
A. intertextum NlcH., M.Sil., Eng.; long. sec.,
X 10 (52).

Actinostromaria CHALMAS in DEHORNE, 1920 [·A.
stellata]. Coenosteum like that of Actinostroma
but laminae very discontinuous and more delicate
than pillars, which also may be interrupted; the
lamellae constitute a simple, regular network, gen
erally with quadrangular but also pentagonal
meshes, all in the same plane and many opening
on one or more sides so as to produce a meandri
form pattern. Pillars commonly are formed by up
ward turning of lamellar processes. Astrorhizae
highly branched, disposed in vertical systems
formed by several canals arranged in bundles.

Skeletal elements characterized by prominent dark
axis surrounded by perpendicular crystalline fibers
(7). lur.-Cret., Eu.-N.Am.-Afr.--FIGs. 95,1;
104,3. • A. stellata, Cret. (Cenom.), Fr.; 95,1, long.
sec., X 12; 104,3a,b. long and tang. sees. X 12
(49n all);--FIG. 104,1. A. salevensis DEHORNE,
Cret., Fr.; tang sec., X 12 (49n).

Actinostromarianina LECOMPTE, 1952 [·Stromato
pora milleporoides DEHORNE, 1920]. A dendroid
form with massive base and cylindrical branches:
coenosteum as in Actinostromaria, pillars bending
sharply from axis, occupied by a narrow astrorhizal
canal, to meet surface perpendicularly. Astrorhizae
feebly developed (18). U.lur., Eu.--FIG. 104,4.
·A. milleporoides (DEHORNE), V.Jur., Rumania;
4a,b, long. secs. X3, X12 (49n).

Atelodictyon LECOMPTE, 1951 [·A. tallax]. Coeno
steum laminar or globular; pillars typically super
posed, with appearance of continuity, but restricted
in some to interlamellar spaces; lamellae in a sub
hexactinellid network, or showing in tangential
section cellular to chainlike structure. Astrorhizae
in vertical systems. Fibers compact. M.Dev., Belg.
(Superficially, coenosteum structure resembles that
of forms commonly assigned to Clathrodictyon.
which have pillars not subordinate to lamellae,
however.)--FIGs. 93,2; 104,2. ·A. tallax, M.
Dev.(Couvin.), Belg.; 93,2, tang. sec., X 12; 104,
2, long. sec., XI2 (49·).

Pseudolabechia YABE & SIGUYAMA, 1930 [·P. granu
lata]. Colonies laminar. Coenosteum like Actino
stroma, but distinguished by horizontal lamellar
processes not in regular superposed layers and in
having vertical columns formed by considerably
thickened, upward converging pillars, and marked
on the upper surface by large tubercles. Astrorhizae
lacking (46). Ord.-Sil., Eu.-Asia.

?Circopora WMGEN & WENTZEL, 1887 [·C. taveo
lata], Perm., lur., Eu.-Asia.

?Sphaeractinia STEINMANN, 1878 [·S. diceratina].
lur.-Cret., Eu. Imperfectly known, possibly syn
onym of Actinostromaria.

Family CLATI-lRODICTYIDAE Kiihn,
1939

[nom. correct. LECOMPTE, herein (pro Clathrodictyonidae
KUHN, 1939) I

Coenosteum essentially composed of dis
continuous pillars and lamellae intimately
associated in manner forming subvesicular
tissue, or in varying degrees differentiated.
Astrorhizae present. Coenosteal elements
compact or microcrystalline. Cam.-/ur.
Clathrodictyon NICHOLSON & MURIE, 1878 [·C.

vesiculosum] [=Stictostroma PARKS, 1936 (par
tim)]. Typically laminar but may be globular or
massive, with skeletal elements poorly differen
tiated to distinct; pillars restricted to interlamellar
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spaces, but closely associated with lamellae, which
are the predominant structures; interlamellary
septa may be abundant. Astrorhizae present or
absent (22). Cam.-Dev., cosmop., Perm., Japan.
As currently defined, this genus contains groups
showing 2 sorts of structures: forms like the type
species, with vesicular or subvesicular tissue lacking
clear differentiation of pillars and lamellae (Fig.
97); and forms having well-defined lamellae and
interlamellar pillars which may be bifurcate or

hollow cone-shaped (Fig. 105,2). Some authors
hold that one form merges with the other through
progressive straightening of lamellae and separa
tion of pillars, but the second group possibly is
generically distinct.--FIG. 97. ·C. vesiculosum,
L.SiI.(Clinton.), Ohio; long. sec., X 10 (50).-
FIG. 105,3. C. striatellum ORB., M.SiI.(Wenlock),
Eng.; long. sec., X24 (50).--FIG. 105,2. C.
amygdaloides LECOMPTE, M.Dev.(Couvin.), Belg.;
long. sec. XI2 (49·). Also, FIGS. 86,2; 94,2.

2 Atelodictyon

3b Actinostromoria 4b Actinostromarianina

FIG. 104. Actinostromatidae. 1, A. salevensis, Cret., X 12. 2, A. fallax, M.Dev., X 12. 3a,b, A. stellata, Cret.,
X 12. 4a,b, A. milleporoides, V.Jur., X3, X 12.
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5 Actinodictyon 60 Stromotoporello 6b

FIG. 105. Clathrodictyidae, Stromatoporellidae. l/l,b, B. ,""orc}'ii, U.Jur., X3, X 12. 2, C. amygdaloides,
M.Dev., X 12. 3, C. striatellum, M.Sil., X24. 4, D. ocuJatum, Dev., X3.5, A. ca"adense, M.Sil., X 10.

6a,b, S. granulatll, M.Dcv., X12.

Actinodictyon PARKS, 1909 [eA. canadense; SD
BASSLER, 1915]. Cocnosteum composed of sub
vesicular tissue traversed by evenly spaced large
spongy pillars (24). M.Sil.-U.Dev., Eu.-N.Am.-
FIG. 105,5. eA. canadense, M.Sil., Hudson Bay;
long. sec. Xl0 (51).

Burgundia CHALMAS in DEHORNE, 1915 reB. trinor
chii] [=?Circoporella HAYASAKA, 1917]. Growth
form laminar, spheroidal, domed, or irregular,
with surface marked by mamelons; predominant
are well-defined continuous lamellae, more or less
wavy and separated from one another in different
specimens or parts of the same colony, or pardy

lenticular; pillars mosdy short and straight, bifur
cate at top or expanded at one or both extremities,
restricted to a single interlamellar space; some pil
lars long and crooked, unbranched or branched to
anastomosing, not restricted to a single interlamel
lar space; these two types may alternate zonally.
Astrorhizae large, in vertical systems with branches
abrupdy terminated in interlamellar spaces. Lamel
lae in tangential sections show well-marked reti
culate or meandriform structures. Skeletal elements
compact, microcrystalline, or granular; a dark or
clear filiform axis may be recognized in lamellae
and rarely in pillars (6). Jur., Eu.-Afr.-Asia. This
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genus is closely allied to forms of Clathrodictyon
having well-differentiated skeletal elements; it is
distinguished by pardy disordered, branched or
anastomosed pillars extending through 2 or more
lamellae. So-called zooidal tubes noted by some
authors, which rarely occur in sections, seemingly
are parts of astrorhizae.--FIG. 105,1. "B. trinor
chii U.Jur., Fr.; la,b, long. and tang. secs., X3;
Ie, long. sec., X12 (49n).

Stylodictyon NICHOLSON & MURIE, 1878 ["Syringo
pora columnaris NICH., 1875]. Coenosteum very
dense, formed of well-differentiated lamellae and
interlamellar pillars traversed by nearly equidistant
stout columns between which curved laminae
occur in alternate open and close-spaced groups
(22). Dev., N.Am.-Russ.

?Clavidictyon SUGIYAMA, 1939 ["C. columnare].
Colonies columnar, dendroid, or bundled; surface
granulose; axial portion composed of reticulate
tissue but peripheral part having well-defined
lamellae joined by interlamellar pillars. Astrorhizae
lacking (37). M.Sil., Japan.

?Pseudostylodictyon OZAKI, 1938 ["P. poshanense].
Columns much thicker and more widely spaced
than in Stylodictyon and formed by bulging of
lamellae only. Astrorhizae seem to be lacking (23).
Ord., China.

Family STROMATOPORELLIDAE
Lecompte, 1951

Skeletal elements thick, well differenti
ated, comprising continuous, regularly
spaced lamellae and discontinuous pillars
confined to interlamellar spaces but super
posed in some forms. Straight or tortuous
vertical chambers bearing tabulae are poorly
developed. Astrorhizae strong. Skeletal ele
ments have porous microstructure. Sil.
Carb., ?Trias.
Stromatoporella NICHOLSON, 1886 ["Stromatopora

grantdata NICH., 1873] [=?Clathrocoilona YAVOR
SKY, 1931; Stictostroma PARKS, 1936 (partim)].
Generally laminar, free, with basal epitheca, or en
crusting; skeletal elements fairly well individual
ized and nearly equal in importance; pillars
typically limited to interlamellar spaces, with ten
dency to superposition in some; vertical tabulated
chambers few and short. Astrorhizal systems well
developed, commonly associated with mamelons.
Skeletal elements cellular (20). Sil.-Carb., cosmop.
None of the Mesozoic forms described under this
name seemingly belong to the genus.--FIG. 105,
6. "S. granulata (NICH.), M.Dev.(Couvin.), Belg.;
6a,b, long. and tang. secs., X12 (49); also FIG.
102,4. Other species, FIGS. 87, 90, 95,2.

Dendrostroma LECOMPTE, 1952 ["ldiostroma ocula
tum NICHOLSON, 1886]. Dendroid colonies with
coenosteum like that of Stromatoporella, with
thick, well-differentiated pillars and lamellae, the

pillars being limited to an interlamellar space.
Large axial astrorhizal canal and its lateral
branches intersected by partitions (17). Dev., Eu.
--FIG. 105,4. D. oculatum (NICH.), Dev., Ger.;
long. sec., X3 (49n).

Synthetostroma LECOMPTE, 1951 ["S. actinostrom
oides]. Free or incrusting colonies. Much-folded
lamellae of complex structure, with parallel or
intertwined fibrils, and pillars limited to inter
lamellar spaces but superposed. Astrorhizae very
strongly developed, intersected by numerous parti
tions (17). M.Dev., Belg.--FIG. 106,3. "S.
actinostromoides, M.Dev.(Givetian), Belg.; long.
sec., X12 (49").

?Lithopora TORNQUIST, 1900 ["L. koeneni]. Struc
ture like Stromatoporella but the sparse vertical
chambers seemingly lack tabulae. Microstructure
unknown. M.Trias., Italy.

Family SYRINGOSTROMATIDAE
Lecompte, 1951

[nom. correct. LECOMPTE, herein (pro Syringostromidae LE.
COMPTE, 1951»)

Well-differentiated continuous pillars and
lamellae, thin in early forms but grad
ually thicker in later ones; vertical tabulated
chambers more or less numerous and well
developed. Microstructure cellular or reticu
late in Paleozoic genera, uniformly in early
forms but later tending to marginal locali
zation; fibrous in Mesozoic forms. Skeletal
elements with dark axis. Sil.-Jur.
Syringostroma NICHOLSON, 1875 ["S. densa; SD

NICH., 1886]. Free or incrusting colonies with
coenosteum built of more or less continuous, strong
pillars of straight or slighdy sinuous form, and
reticulate, generally thin, continuous lamellae
which show axial lines. Vertical tabulated cham
bers slighdy to well developed. Astrorhizae gen
erally well developed. Skeletal fibers alveolar (19).
Sil.-Dev., Eu.-Asia-Austral.-N.Am.--FIG. 107,2.
S. centrotum GIRTY, Sil., N.Y.; long. sec., X 10
(51 ").--FIG. 106,2. S. baccatum LECOMPTE, M.
Dev.(Givet.), Belg.; long. sec., X12 (49").

Hermatostroma NICHOLSON, 1886 ["H. schluteri].
Skeletal elements thick, subequal and mutually
perpendicular; interlamellar chambers well de
limited, typically rounded, and commonly divided
by partitions; vertical tabulated chambers more or
less numerous. Astrorhizae generally prominent.
Skeletal elements with marginal cellular or canali
culo-cellular structure (20). Sil.-Dev., cosmop.-
107,4. "H. schluteri. M.Dev., Ger.; tang. sec., X20
(49); also FIG. 96.--FIG. 99. H. perseptatum
LECOMPTE, U.Dev.(L.Frasn.), Belg.; long. sec.,
X3 (49*).

Idiostroma WINCHELL, 1867 ["L. caespitosum; SD
BASSLER, 1915]. Dendroid or fasciculate colonies;
pillars superposed and lamellae distinct; large
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astrorhizal axial canal and lateral branches inter
sected by partitions; vertical chambers tabulated.
Skeletal elements with cellular marginal structure
(45). Sil.-Dell." N.Am.-Eu.-Asia-Austral.---FIG.
107,3. 1. roemeri NICH., Dev., Ger.; transv. sec.,
X3 (49-)

Syringostromina LECOMPTE, 1952 [-Stromatopora
choOati DEHORNE, 1920]. Moderately large, irregu
lar subconcretionary colony with coenosteum as in
Syringostroma; thin, closely spaced, continuous,
parallel pillars are intersected by filiform, widely
separated lamellae, between which the vertical
chambers are divided by numerous, very thin
tabulae; in tangential section, the lamellar system

shows an extremely fine, complete or meandri
form network. Astrorhizae very strongly developed,
superposed, with scanty, irregular branches. Skele
tal elements longitudinally striate or with trellis
structure (18). V.fur., Eu.--FIG. 106,4. -S.
choOati (DEHORNE), U.Jur.(Lusit.), Port.; tang.
and long. sees., X 12 (49n).

Trupetostroma PARKS, 1936 [-T. warreni]. Com
pact lamellae pierced by circular pores correspond
ing to chambers and marking evolutionary ten
dency toward thickening; strong pillars super
posed; vertical tabulated chambers very well de
veloped, connected with astrorhizae. Cellules of
skeletal elements tend toward marginal localization.

40 Syr~'."gostromino 4b
l. '

FIG. 106. Stromatoporellidae, Syringostromatidae. la,b, G: steinmanni, U.Jur., X2.8. 2, S. baccatum, M.
Dev., X 12.3, S. actinostromoides, M.Dev., X 12. 4a,b, S. choOati, U.Jur., X 12.
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10 Trupetostromo Ib 2 Syringostromo

3 Idiostromo 4 Hermotostromo

FIG. 107. Syringostromatidae. la,b, T. warreni, Dev., XI0. 2, S. centrotum, Sil., Xl0. 3, I. roemeri, Dev.,
X3. 4, H. schliiteri, M.Dev., X20.

Astrorhizae prominent (27). Dev., N.Am.-Eu.-
FIG. 107,1. *T. warreni, Dev., NW.Can.; la,b,
long. and tang. sees., XlO (51*).--FIG. 98,1.
T. tenuilamellatum LECOMPTE, U.Dev.(L.Frasn.),
Belg.; la,b, tang. and long. sees., X3, X12 (49*);
also FIG. 102,2.--FIG. 98,3. T. ruedemanni LE
COMPTE, U.Dev.(L.Frasn.), Belg.; long. sec., X 12
(49*).

?Ceraostroma KUHN, 1926 [*C. steinmanni]. Col
ony incrusting, skeleton probably chitinous orig
inally and secondarily calcified. Continuous pillars
and wide-spaced lamellae enclosing extended ver
tical chambers, which bear thin partitions. Astro
rhizae well developed (13). U.lur., Eu.--FIG.
106,1. *C. steinmanni, U.Jur.(Tithon.), Aus.;
lap, long. and tang. sees., X2.8 (48*).

Family STROMATOPORIDAE
Nicholson, 1886

[=Coenostromidae WAAGEN & WENTZEL, 18871

Colonial form massive, laminar, incrust
ing, or dendroid. Coenosteum has more or
less open or close reticulate structure, lamel
lation tending to be lost in the reticulation
of tissue or to be supplanted by pillars which
in certain forms evolve in vertical lamellae.

Vertical tabulated chambers numerous.
Astrorhizae more or less well developed.
Microstructure cellular or fibrous. Ord.
eret.
Stromatopora GOLDF., 1826 [*S. concentrica]

[=Coenostroma WINCHELL, 1867; ?Prisciturben
KUNTH, 1870; Pachystroma NICH. & MURIE, 1878;
Rosenia WAAGEN & WENTZEL, 1887]. Growth
massive or laminar, and in some, latilaminar.
Coenosteum may be differentiated in strong ver
tical pillars and stout simple (not bifid) lamellae,
but it shows a general tendency toward a closely
reticulate structure with progressive loss of lamel
lation. Interpillar tabulated chambers present.
Skeletal elements cellular. Astrorhizae more or less
prominent (20). Ord.-Perm., cosmop.--FIGs.
91,2; 108,2. *S. concentrica, U.Dev.(L.Frasn.),
Belg.; long. sees., X3, X12 (49*,49); also FIG. 92,
1.--FIG. 109,1. S. pachytexta LECOMPTE, M.Dev.,
Ger.; long. sec., X3 (49*). Other species, FIGS. 88,
89, 102,3.

Dehornella LECOMPTE, 1952 [*Stromatoporella hy
dractinoides DEHORNE, 1918]. Small laminate in
crusting form, entire surface covered by conical
mamelons with opening of axial canal of stellate
astrorhizae at summits; coenosteum beneath mame-
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Ions composed of continuous pillars, tortuous and
very irregular in thickness, joined by uneven cross
bars; between mamelons, continuous lamellae are

fairly distinct and very irregular pillars are dis
continuous and commonly restricted to an inter
lamellar space. Pillars cut transversely reveal a pig-

lb

40 4b 3b
I

Porksio

FIG. 108. Stromatoporidae. la-c, S. haug;, U.Cret.; la,c, X12; lb, X3. 2, S. concentrica, M.Dev., X12.
la,b, P. douvillei, U.Jur., X6. 4a,b, T. zonatum, Dev., X 12.
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Stromotoporino

Stromatoporoidea-Stromatoporidae

Stochyodes
5 Dehornella

PBS

FIG. 109. Stromatoporidac. 1, S. p«"yteztll, M.Dcv., X3. la,h, P. ostiolata, M.Dcv., X20. ]a,h, S. c"oDati,
U.Jur., X12. 4a,h, S. flerticillatll, Dev., X2, X12. 5, D. "ydr«tinoides, U.Jur., X6.
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FIG. 110. Stromatoporidae. Stachyodes radiata, V.
Dev., X3.

mented core which undergoes extinction in polar
ized light, possibly indicating substitution of
chitin (18). V.]ur., SW.Eu.---FIG. 109,5. ·D.
hydractinoid~s, V.Jur.(Lusitan.), Port.; long. sec.,
X6 (49n).

Parallelopora BARGATZKY, 1881 [·P. ostiolata; SD
NICH., 1891]. Massive free colonies with loosely
reticulate coenosteum, pillars predominating and
lamellation tending to disappear; the stout, more
or less continuous. pillars are straight or tortuous,
and they show tendency to develop in vertical
lamellae evolving in closed tubes. All interpillar
spaces bearing thin tabulae. Skeletal elements es
sentially cellular or in some reticulate. Astrorhizae
strongly developed (1). D~v.-?P~rm., cosmop.--
FIG. 109,2. ·P. ostiolata, M.Dev., Ger.; 2a,b, tang.
ancl long. sees., X20 (49·); also FIG. 102,1.--
FIG. 100. P. paucicanaliculata LECOMPTE, M.Dev.
(Givet.), Belg.; long. sec., X12 (49·).

Parksia LECOMPTE, 1952 [.Stromatopora douvill~i

DEHORNE, 1918]. Delicate dendroid colonies with
entirely reticulate coenosteum of Stromatopora
type. Axial astrorhizal canals very large, with
coarse lateral branches dipping obliquely and con
formably to lamination. Microstructure fibrous,
without pigmented dark axes; the fibers, which
are longitudinally oriented at axis, bend toward
periphery so as to produce wavy extinction under
crossed nicols (18). V.]ur., N.Afr.---FIG. 108,3.

·P. douvillei (DEHORNE), V.Jur., S.Tunisia; 3a,h,
transv. and long. secs., X6 (49n).

Plassenia YABE & SUGIYAMA, 1931 [·P. alpina].
Massive colonies with wavy, perforate lamellae and
interlamellar spaces connected by lamellar or
rarely columnar vertical partitions, the lamellar
ones being irregularly folded and laterally various
ly joined to one another dividing the interlamellar
spaces into numerous minute chambers elongated
in various directions; extremely thin tabulae occur
uncommonly. Vertical astrorhizae bear lateral
branches at irregular intervals. Tangential sections
show an irregular network with subcircular meshes,
but more commonly elongated or curved in various
directions. V.]ur., Eu.

Stachyodes BARGATZKY, 1881 [·Stromatopora
(Caunopora) v"ticillata M'Coy, 1851] [=Spha"o
stroma GURICH, 1896]. Dendroid, fasciculate, or
submassive colonies with compact or reticulate
coenosteum more or less differentiated in distinct
pillars especially in peripheral parts; lamellae fili
form, intersecting all tissue. Large axial astrorhizal
canals crossed by many straight, oblique, bent, or
vesiculose tabulae; adventitious canals distributed,
conformably to lamellation. Skeletal elements com
monly showing fine longitudinal striae but prob
ably essentially microreticulate (1). M.D~v.-V.D~v.•
Eu.-Austral.---FIG. 109,4. • S. v"ticillata
(M'Coy), Dev., Ger.; 4a,h, long. sec., X2, X12
(50·). Also FIG. 86,1. ---FIG. 110. S. radiata
LECOMPTE, V.Dev.(L.Frasn.), Belg.; long. sec.,
X3 (49·).

Stromatoporellata BAKALOV, 1910 [·S. mammilaris].
V.Trias., Bulgaria.

Stromatoporellina KUHN, 1927 [·Stromatopor~lla

haugi DEHORNE, 1917] [=Epistromatopora, Para
stromatopora YABE & SUGIYAMA, 1935]. Massive
mamelonate or branched colonies; coenosteum of
Parall~lopora type, with continuous subparallel pil
lars, straight or slightly bent, rarely trabecular,
mostly lamellate and showing strong tendency to
produce adjoined tubes, partly meandriform, of a
single type crossed by thin regular tabulae. Astro
rhizae well developed, with many tortuous branches,
distally ramified; few horizontal canals appear in
longitudinal sections. Skeletal elements lacking
dark axis are composed of microcrystalline fibers
in fine poorly defined bundles (14).]ur.-Cr~t., Eu.
Afr.-Asia. (Since this form is allied to Parall~lo

pora, rather than Stromatopordla, as presumed
by KUHN, the generic name is very ill chosen.
Stromatopor~llina embraces forms defined by YABE
& SUGIYAMA [1935] as Epistromatopora, with
granules concentrated in axes of skeletal elements,
and Parastromatopora, with oblique fibers.)--
FIG. 108,1. ·S. haugi (DEHORNE), V.Cret., Fr.;
1a,c, long. and tang. secs., X12; 1b, tang. sec.,
X3 (49n).
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Stromatoporina KUHN, 1927 r-Stromatopora torn
quisti DENINGER, 1906]. Cocnosteum strongly
larilaminar with structure like Stromatopora,.lamel
larion remaining evident in the reticulation of
tissue; pillars irregular, showing no tendency to
form tubes; all intercolumnar spaces bearing thin
tabulae. Astrorhizae present. Microstructure fibrous,
fasciculate, or radial, without dark axis (14).
Trias.-Cret., Eu.-Asia. The type species not having
been studied, description is based on DEHORNE'S
(1920) species: Stromatopora choDati, S. romanica,
and S. arrabidensis.--FIG. 109,3. S. choDati
(DEHORNE) , V.Jur.(Lusitan.), Port.; 3a,b, tang.
and long. sees., X12 (49n).

Stromatorhiza BAKALov, 1906 [-Thamnaraea? gran
ulosa KOBY, 1888]. Coenosteum entirely reticulate,
as in typical Stromatopora, but lacking tabular

partitions and with homogeneous skeletal elements
bearing a strong dark axis. U.lur., Eu.

Tienodictyon YABE & SUGIYAMA, 1941 [-T. zona
tum]. Colonies massive, with zonal structure and
finely granulose surface; strong lamellae of fine
trabecular structure separate the zones, which in
lower parts consist of reticulate tissue with meshes
pardy intersected by tabulae, and in upper parts
mainly comprise subvertical pillars joined to
lamellae by their expanded ends and connected by
thin partitions in lamellar disposition. Astrorhizae
readily visible in longitudinal sections. Dev., China.
--FIG. 108,4. -T. zonatum; 4a,b, long. and
tang. sees., X 12 (55).

?Stromatostroma BAKALov, 1910 [-So triasicum].
U.Trias., Bulgaria.

40 Milleporidium 5 Milleporello

FIG. 111. Disjectoporidae, Milleporellidae, Milleporidiidae. 1, S. arzieri, L.Cret., XP: 2, D. iaponica, M.
Perm., ><50.3, B. kochi, V.Trias., X7. 11, M. rt:mesi, V.Jur., X 12. 5a,b, M. adnatlca, L.Eoc., X6.
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Family DISJECTOPORIDAE Tornquist,
1901

Massive forms composed of regular or ir
regular trabecular tissue, traversed by
strong, continuous vertical astrorhizae with
tabulated canal and stellate, generally short
branches. Perm.-V.Trias.
Disjectopora WAAGEN & WENTZEL, 1887 ["D. mille

parae/armis]. Coenosteum composed of trabeculae
forming a rectangular network. Astrorhizae with
large axial canals, bearing tabulae, horizontal
branches generally narrow (42). Perm.-Trias.,
Asia.--FIG. 111,2. D. ;apanica YABE & SUGI
YAMA, M.Perm., Japan; long. sec., X50 (55").

Balatonia VINASSA, 1908 ["B. kachi]. Spheroidal
colony composed of vermiform elements, in central
part arranged loosely in somewhat regular layers,
but close and radially disposed toward periphery.
Astrorhizae with straight axial tubes, invariably
tabulate, and few branches, restricted to outer
layers. V.Trias., Eu.--FIG. 111,3. "B. kochi, U.
Trias., Hung.; long. sec., X7 (54").

Carta STECHOW, 1921 [pro Carterina WAAGEN &
WENTZEL, 1887 (non BRADY, 1884)] ["Carterina
pyramidata WAAG.-W., 1887] [=Arduorhiza
WAAG.-W., 1889; Carterinula STRAND, 1926]. Large
massive coenosteum composed of an irregular net
work of trabeculae traversed in all directions by
many continuous astrorhizae with strong axial
canals and large branches irregularly ramified in
tersected by trabecular pseudosepta (33). Perm.,
Asia.

Irregulatopora WAAGEN & WENTZEL, 1887 ["I. un
dulata]. Massive or laminate colonies, coenosteum
composed of irregularly arranged trabeculae form
ing an irregular meshwork. Astrorhizae irregular,
with trabecular tabulae (42). Perm., Asia.

Family Mll..LEPORELLIDAE Yabe &
Sugiyama, 1935

Massive or incrusting forms, coenosteum
lacking lamellae; vertical elements partly or
entirely lamellar, showing strong tendency
to form closed tubes of uniform diameter,
intersected by tabulae. Astrorhizae still very
apparent are grouped in vertical bundles,
extending radially sideward into coenosteal
tissue; they are related to narrow vertical
tabulate chambers. Jur.-Cret.
Milleporella DENINGER, 1906 ["M. sardoa] [=lstri

actis CHALMAS, 1883]. Subglobular colonies with
mamelonate surface; trabecular or lamellar pillars
tend to form incomplete or closed tubes joined by
filiform cross pieces disposed in lamellar form;
tangential sections show a fine fibrous network of
regular polygonal meshes, mostly open in meandri
form or hieroglyphic patterns. Astrorhizae in close

vertical bundles, laterally digitate with uneven
arrangement and extent; in tangential sections,
they appear as stellate groups of twisted, branch
ing, anastomosed passages which disappear in
tissue without appreciable diminution in size.
Structure microcrystalline (8). ,ur.-Cret., Eu.-
FIGS. 111,5; 112,3. M. adriatica (CHALMAS), L.Eoc.,
Italy; long. and tang. secs., X6 (49n).

Siphostroma STEINER, 1932 ["S. arzieri]. Colony
with wavy laminae; pillars generally continuous
but locally interrupted and irregularly distributed,
partly lamellar and tending to form tubes bearing
thin, weakly convex tabulae; in expanded inter
spaces, pillars are absent, tabulae being replaced
by subvesicular dissepiments; lamellar platforms
few but thick or reduced to a single space or
formed by bending of pillars. Tangential sections
show a trabecular net of mostly open meshes in
tersected by irregular vague canal-like spaces, pos
sibly astrorhizal. Pillars commonly have a dark
axis with perpendicularly placed fiber bundles
around it; locally, pillars are formed of clearly
separate, superposed calcification centers and their
fibrous aureoles. Tabulae consist of adjoined dark
granules without fibrous covering (34). L.Cret.,
Eu.-FlGs. 111,1; 112,4. "S. arzieri, L.Cret.(L.
Valang.), Switz.; 111,1, long. sec., X12; 112,4a,
tang. sec., X12; 112,4b, long. sec., X82.5 (49n).

Steinerella LECOMPTE, 1952 ["Stromatopora meco
sola STEINER, 1932]. Coenosteum composed of
parallel vertical elements, partly trabecular, mainly
differentiated in lamellae which tend to form im
perfectly or entirely closed tubes with thin tabulae.
Astrorhizae very strong, grouped in vertical bun
dles which partly bend horizontally with upward
and downward bifurcations that pass into narrow
tabulate intercolumnar chambers; in tangential
sections, they form stellate groups with axes
marked by many large recurved tubes. Micro
structure fibrous, fasciculate, without dark axes
(18). L.Cret., Eu.--FIG. 112,1. "S. mecosola, L.
Cret.(Neocom.), Switz.; 1a,b, long. and tang. sees.,
X6; 1c, long. sec., X12 (49n).--FIG. 112,2. S.
10xola (STEINER), L.Cret.(M.Valang.), Switz.;
2a-c, long. secs., X 12, X 12, X55 (49n).

Tosastroma YABE & SUGIYAMA, 1935 ["T. tokuna
gai]. Like Siphostroma but having platforms de
veloped intermittently at the same level (47). U.
'ur., Japan.

Family Mll..LEPORIDIIDAE Yabe &;

Sugiyama, 1935
Coenosteum entirely of tubular structure,

lacking lamellation. Relatively large, uni
form, tabulate tubes are distributed some
what regularly among small ones compris
ing the bulk of tissue. Astrorhizae lacking.
Jur.-Cret.
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FIG. 112. Milleporellidae. la-e, S. meeoso/a, L.Cret.; la,b, X6; Ie, X12. 2a-e, S. /oxo/a, L.Cret.; 2a,b,
X 12; 2e, X55. 3, M. remesi, U.Jur., X6. 4a,b, S. arzieri, L.Cret., X12, X82.5.

© 2009 University of Kansas Paleontological Institute



Fl40 Coelenterata-Hydrozoa

lb
Beotricio 30

20 Lobechio

$inodictyon

2b

3b

FIG. 113. Labechiidae, Aulaceridae. la,b, B. llodulosa, U.Ord., X2. 2a,b, L. cOllf~ta, M.Sil., X 10, X 12.
la,b, S. columllar~, Ord., X4.

Milleporidium STEINMANN, 1903 [-M. r~m~si]. Col
onies dendroid. Large Iabulate tubes, formed from
small ones of the axial region, are located in the
cortical region. The meandriform pattern of the
network seen in. transverse sections indicates that
union in tubes formed by vertical elements is
imperfect; irregular canal-like structures suggest
astrorhizal structures, although these are lacking
(36). /ur.-Cr~t., Eu.-Afr.--FIG. 111,4; 112,3.
-M. r~m~si, U.Jur.(Tithon.), Aus.; 111,4, long.
sec., X 12; 112,3, lang. sec., X 12 (both 49n).

Myrioporina KUHN, 1939 [pro Myriopora VOLZ,
1904 (non REUSS, 1846)] [-Myriopora Imb~~ki

VOLZ, 1904]. Coenosteum composed of alternating
layers of vermicular and rectilinear elements, the
latter containing rounded tubes surrounded by a
cyclic system of pores; pillars partly differentiated
in tubes (16). ?U./ur., Sumatra.

Family LABECHIIDAE Nicholson, 1885
Massive or laminar colonies with trans

verse skeletal elements typically composed of
vesicular tissue, rarely of horizontal tabulae

which invariably lack lamellar arrangement;
vertical elements are laminae or strong
radially disposed pillars, spiniform or con
tinuous. Astrorhizae present rarely. Ord.
Carbo
Labechia M.EDW.-H., 1851 [-Monticularia cOllf~ta

LONSDALE, 1839]. Surface covered with tubercles,
coalesced in some, making vermiform crests.
Coenosteum composed of strong pillars with com
pact microstructure, joined by thin transverse plates
which commonly form a vesicular tissue. Astrorhi
zae lacking. Ord.-Carb., Eu.-Asia.-N.Am.--FIG.
113,2. -L. conf~ta (LoNSDALE), M.Sil.(Wenlock),
Eng.; 2a,b, long. and lang. secs., X 10, X 12 (50-).

Aulocerium PARKS, 1909 [-A. savagei]. Coenosteum
entirely composed of vesicular tissue, lacking pillars
but pierced by vertical tubes conlaining strongly
concave Iabulae (24). Sil., N.Am.--FIG. 114,3.
-A. savag~i, M.Sil., Ill.; long. sec., XI0 (51).

Dermatostroma PARKS, 1910 [-Lab~chia papillata
JAMES, 1878]. Thin incrusting colonies covered
by closely spaced papillae; coenosteum lacking pil-
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lars, formed of thin leaves enclosing irregular
chambers (24). Ord., N.Am.

Labechiella YABE & SUGIYAMA, 1930 [-Labechia
serotina NICHOLSON, 1890]. Like Labechia but
pillars more regularly arranged and transverse
elements nearly horizontal or slightly concave.
Astrorhizae present (46). Sil.-Dev., Eu.-Asia.-
FIG. 114,2. -L. serotina (NICH.), Dev., Eng.; long.
sec., X 12 (50).

Lophiostroma NICHOLSON, 1890 [-Labechia?
schmidti NICH., 1890] [=Chalazodes PARKS,
1908]. Colonies laminar, surface bearing promi·
nent pointed or blunt mamelons; coenosteum
formed by very wavy lamellae, with close-spaced
conical elevations in position of the mamelons and
forming pillars (20). Sil.-?Perm., N.Am.-Eu.
Asia.

Ludictyon OZAKI, 1938 [-L. vesiculatum 1. Den
droid colonies composed of vesicles growing centri
fugally; surface of vesicles covered by numerous
very short pillars (23). Ord., China.

Rosene11a NICHOLSON, 1886 [-R. macrocystis]. Mas
sive or laminar growths largely composed of lenti
cular or cystose lamellae, which bear rudimentary
spiniform pillars on t1:leir upper surface, not reach·
ing to next higher lamina (20). Sil.-L.Carb., N.
Am.-Eu.-Asia.--FIG. 114,4. -R. macrocystis, M.
Sil.(Wenlock), God.; long. sec., X 12 (50).

Rosenellina RADUGUlN, 1936 [-R. wellen/ormis].
L.Sil., Russ.

Stromatocerium HALL, 1847 [-So rugosum]. Like
Labechia but with pillars replaced by vertical
lamellae. Ord.-?L.Carb., N.Am.-Eu.-Asia.

Stylostroma GORSKY, 1938 [-So crassum]. Irregu·

3 Aulocerium

2 Labechiella

".. ......-- .............

~
,........ ~......

h!::::
~ ""';.- -

~ ----- -- -
~ ~ -
~

lI ...

la

lb Amphipora 4 Rosenella

FIG. 114. Labechiidae, Incertae sedis. lap, A. ramosa, Dev., X12. 2, L. serotina, Dev., X12. 3, A. savagei,
M.Sil., X 10. 4, R. macrocystis, M.Sil., X 12.
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larly hemispherical or laminate colonies with in
complete subvesicular lamellae strongly waved,
intersected by'stout pillars in fan-shaped arrange
ment. Possibly identical to Labechia (9). V.Dev.
L.Carb., Russ.

Family AULACERIDAE Killin, 1927

Branching colonies with a large axial
canal divided into bulbous chambers by
strongly arched tabulae, surrounded by
vesicular tissue, with or without intersecting
pillars or canals. Ord.-Sil.
Aulacera PLUMMER, 1843 ["Beatricea undulata

BILLINGS, 1857]. Colonies distinguished from
Beatricea only by lack of pillars and longitudinally
folded surface. V.Ord.-Sil., cosmop.

Beatricea BILLINGS, 1857 ["B. nodulosa]. Cylindri
cal unbranched colonies, surface wrinkled or cov
ered with mamelons; a large axial canal is divided
by strongly arched tabulae and surrounded by
concentric vesicular tissue, generally prominent,
and traversed in some forms by radially disposed
pillars. Ord.-Sil., N.Am.--FIG. 113,1. "B. nodu
losa, V.Ord., Ky.; 1a,b, transv. and long. sees.,
X2 (50).

Sinodictyon YABE & SUGIYAMA, 1930 ["S. colum
nare]. Fasciculate or laminar colonies with large
axial canal divided into bulbous chambers by
highly arched tabulae, bearing spines on their
upper surface; peripheral zone composed of con
tinuous closely spaced lamellae which are locally
vesiculose and joined by short pillars or rarely by
pillars extending through several layers (46). Ord.,

Manchuria.--FIG. 113,3. "S. columnare; 3a,b,
long. and transv. sees., X4 (55).

Thamnobeatricea RAYMOND, 1931 ["T. parallela].
Like Beatricea but branching and with much re
duced vesicular area (29). M.Ord., N.Am.

?Cryptophragmus RAYMOND, 1914 ["C. antiqua
tum]. Dendroid colonies with large wall-enclosed
axial canal, divided into bulbous chambers by
irregularly spaced, strongly arched partitions; in
ner side of canal wall bears a deposit of vesicular
tissue. Peripheral tissue composed of thin, weakly
separated calcareous leaves traversed by many
radially disposed circular openings (28). M.Ord.,
N.Am.

?Cladophragmus RAYMOND, 1931 ["C. bifurcatus]
(29). M. Ord., N.Am.

Family INCERTAE SEDIS
Amphipora SCHULTZ, 1883 ["Caunopora ramosa

PHILLIPS, 1841]. Delicate dendroid colonies, with
or without a large axial canal; thin rectilir.ear or
vesiculose platforms may divide the canal or be
lacking; coenosteum essentially reticulate, with
more or less continuous pillars present in some,
tending to form a marginal row of large vesicles;
chambers with or without dissepiments. Skeletal
elements generally bear a strong dark axis sur
rounded by radial fibers. Sil.-fur., Eu.-N.Am.
Afr.-Asia-Austral.--FIG. 114,1. "A. ramosa
(PHILLIPS), Dev., Eng.; 1a,b, transv. and long.
sees., X 12 (50). Certain Mesozoic branching forms
described 'as Stromatopora douvillei DEHORNE be
long to this genus; they lack an axial canal and
marginal vesicles, closely resembling some Paleo
zoic stromatoporoids.
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MORPHOLOGY
The siphonophorids are highly specialized

polymorphic hydrozoan colonies consisting
of different kinds of modified medusoids
and polypoids, which in association are
adapted for a planktonic or nektonic ex
istence at or near the surface of seas in all
parts of the globe (Figs. 115-117). Many of
them, like the Portuguese man-of-war
(Physalia), possess a float.

The polypoid individuals are classifiable
in three categories: gastrozooids (siphons),
dactylozooids (palpons), and gonozooids.
(1) The gastrozooids are the only members
of a colony capable of ingesting food. They
have a polypoid form but are provided with
only a single long hollow tentacle that com
monly bears lateral contractile branches
(tentilla) that terminate in a complex bunch
of nematocysts. (2) The dactylozooids differ
from gastrozooids in absence of a mouth
and in having unbranched basal tentacles.
Highly modified dactylozooids consist sim
ply of a hollow tentacle-like body which may
be associated with gonophores, being then
termed gonopalpons. (3) The gonozooids
or reproductive individuals may have poly
poid form, resembling gastrozooids even to
the extent of possessing a mouth, but they
lack tentacles. Commonly they consist of
branched stalks called gonodendra, which

bear clusters of gonophores and may also
have gonopalpons.

The medusoid individuals comprise 4
types: swimming bells (nectophores),
bracts (hydrophyllia), gonophores, and
floats (pneumatophores). (1) The necto
phores have the form of a true medusa with
velum, 4 radial canals, and a ring canal,
but lacking mouth, tentacles, and sense or
gans. (2) The hydrophyllia are thick leaf
like gelatinous bodies containing a simple
or branched radial canal. (3) The gono
phores are dioecious sexual members of the
colony which may have a medusa-like form
and in the Chondrophorina may be set free.
(4) The pneumatophores are inverted bells
consisting of an external exumbrellar wall
and an internal subumbrellar wall (air sac),
between which is a gastrovascular space
that may be divided into chambers by trans
verse partitions.

All individuals of a colony are budded
from a stem (coenosarc) which may be long
and tubular or expanded radially into a disc
fused to the wall of the float. The individ
uals typically are grouped in clusters (cormi
dia), each of which contains closely asso
ciated different kinds of medusoids and
polypoids. In siphonophorids having a float
and long stem, the upper part of the col
ony with nectophores is termed the necto-
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~F.::::=::~---- tentacle

--- tentilla

FIG. 115. Calycophorina: Muggiaea, Rec., showing
swimming bell (nectophore) and trailing stem with
cormidia, X3.3 (L. H. HYMAN, Invertebrates: Pro
tozoa through Ctenophora, McGraw-Hill, New

York).

some, and the lower part provided with
cormidia is termed the siphonosome (Fig.
116).

DISTRIBUTION
Fossil siphonophorids are exceedingly

rare. Only 5 genera are now recognized as
included in this group, all belonging to the
suborder Chondrophorina and all repre
sented exclusively by the impression of their
floats. Two of these, from the Devonian of
New York and Germany, are classed among
the Velellidae. The remaining 3 genera be-

long in the Porpitidae and range in age
from Middle Ordovician to Late Devonian
being known from scarce remains found i~
North America, Australia, and Europe.

CLASSIFICAnON
The number of known fossil genera in

each category is recorded in the following
tabulation.

Main Divisions of Siphonophorida
Siphonophorida (order) (5). M.Ord.-Rec.

Calycophorina (suborder). Rec.
Sphaeronectidae. Rec.
Diphyidae. Rec.
Prayidae. Rec.
Hippopodiidae. Rec.

Physophorina (suborder). Rec.
Forskaliidae. Rec.
Agalmatidae. Rec.
Physophoridae. Rec.
Anthophysidae. Rec.
Rhodaliidae. Rec.

Rhizophysaliina (suborder). Rec.
Rhizophysidae. Rec.
Physaliidae. Rec.

Chondrophorina (suborder) (5). M.Ord.-Rec.
Ve1ellidae (2). U.Dev.-Rec.
Porpitidae (3). M.Ord.-Rec.

Order SIPHONOPHORIDA
Eschscholtz, 1829

[nom. correct. HARRINGTON & MOORE, herein (pro Siphono·
phora ESCH., 1829) I

Highly polymorphic, free-swimming or
floating colonies composed of several types
of polypoid and medusoid individuals at·
tached to a stem or disc; polypoids without
oral tentacles; medusoids never developing
into complete medusae and rarely free. M.
Ord.-Rec.

Siphonophorids are typical pelagic ani
mals, inhabitants of the surface of the seas
in all parts of the world, more abundant in
warmer waters. A few forms live in mod
erate depths.

Suborder CALYCOPHORINA
Leuckart, 1854

[nom. correct. HARRINGTON & MOORE. herein (pro Calyco~

phorae LEUCK., 1854) I
Siphonophorida without float; summit of

colony consisting of one or more necto
phores. Rec. (Fig. 115).

Genera belonging to this suborder are
classified in 4 families, none of which con-
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nectosome

siphonosome

~~~ stem

gonophore

FIG. 116. Physophorina: Agalma, Rec., showing
small apical float above stem with swimming bells
(nectosome) (L. H. HYMAN, Invertebrates: Protozoa

through Ctenophora, McGraw-Hill, New York).

among a circle of nectophores and opposite
zone of proliferation. Several living genera,
including Forskalia KOLLIKER, 1853; Agal
ma ESCHSCHOLTZ, 1825; Stephanomia PERON
& LESUEUR, 1807; Rhodalia, Nectalia HAE
CKEL, 1888; Physophora FORSKAL, 1775;
Anthophysa BRANDT, 1835; Dromalia BIGE
LOW, 1911.

Suborder RHIZOPHYSALIINA
Chun, 1882

[nom. correct. HARRINGTON & MOORE, herein (pro Rhizophysa.
li.e CHUN, 1882)]

Siphonophorida with large hollow float,
provided with apical pore; nectophores and
bracts absent; cormidia simplified. Rec.

The genera of this suborder are classified
in 2 families, none of which contains known
fossil representatives. They are: Rhizophy
sidae BRANDT, 1835, with oval float con
taining gas gland, succeeded by long and
stout stem bearing succession of simple cor-

tains known fossil representatives. They are: ffoat
Sphaeronectidae HUXLEY, 1859, with only air chomber---~~-----
one nectophore; Diphyidae ESCHSCHOLTZ,
1829, with 2, or temporarily 3 or 4 necto-
phores, the oldest definitive one differing __~~~~~~
from those subsequently formed in the pres- nectophore

ence of somatocyst; Prayidae KOLLIKER,
1853, with 2, or temporarily 3 or 4 necto
phores, all structurally alike; and Hippopo
diidae KOLLIKER, 1853, with many necto- tentacle ~_~......:;;;:::::

phores, all structurally alike. Many living
genera, including Sphaeronectes HUXLEY,
1859; Diphyes CUVIER, 1817; Praya, Galeo
laria DE BLAINVILLE, 1834; Hippopodius,
Abyla QUOY & GAIMARD, 1827.

Suborder PHYSOPHORINA
Eschscholtz, 1829

[nom. correct. HARRINGTON &; MOORE, herein (pro Physo·
phor.e ESCH., 1829) I I =Physonect.e HAECKEL, 1888]

Siphonophorida with apical float devoid
of pore, succeeded by length of stem com
monly divided into nectosome and siphono
some; forms with enlarged float have re
duced or absent nectosome and cormidia
crowded together beneath pneumatophore;
cormidia forming large and complex groups
comprising one or more dactylozooids each
with unbranched tentacle, one gastrozooid
with branched tentacle, one or more bracts
and clusters of gonophores commonly on
gonodendra with gonopalpons; cormidia
never set free as eudoxids; gonophores never
free-swimming. Rec. (Fig. 116).

Genera belonging to this suborder are
classified in 5 families, none of which con
tains known fossil representatives. These
are: Forskaliidae HAECKEL, 1888, with long
stem, well-developed nectosome with elon
gated nectophores encircling coenosarc in
many rows, and long tubular siphonosome;
Agalmatidae (nom. correct. herein, pro
Agalmidae) BRANDT, 1935, with normal
nectosome, normal or reduced siphonosome
and nectophores in 2 alternating rows, close
ly pressed together; Physophoridae ESCH
SCHOLTZ, 1829, with enlarged float, much
shortened stem and crown of dactylozooids
above siphonosome; Anthophysidae BRANDT,
1835, with greatly enlarged float, necto
phores absent and cormidia crowded to
gether beneath float; and Rhodaliidae
HAECKEL, 1888, with bell-like evaginated
portion of the float (aurophore) lying

© 2009 University of Kansas Paleontological Institute



PH8

disc float

Codenterata--}{ydrozoa

1W-----saiI

---:~-----gostro%ooid

2

tentaculo%ooid

FIG. 117. Chondrophorina: Velella, a highly specialized modern siphonophorid with erect crest or sail;
1, entire spccimen; 2, section across part of colony (L. H. HYMAN, IntJertebrates: Protozoa through eteno

phora, McGraw-Hill, New York).

midia, commonly composed of one or more
gastrozooids with tentacle and one gonoden
dron bearing gonopalpons and clusters of
gonophores; and Physaliidae BRANDT, 1835,
with oval, crested, contractile float, and stem
shortened to budding coenosarc on ventral
surface of float from which there hang down
several large and small dactylozooids with
tentacles, bunches of gastrozooids without
tentacles and many-branched gonodendra
bearing gonopalpons, clusters of gonophores
and special gelatinous zooids of unknown
function. Few known genera, including
Rhizophysa PERON & LESUEUR, 1807, Epi
hula HAECKEL, 1888, and Physalia LAMARCK,
1801.

Suborder CHONDROPHORINA
Chamisso & Eysenhardt, 1821

[nom. correct. HARRINGTON & MOORE, herein (pro Chandra·
phorae CHAMISso-E., 1821)] [=Disconectae HAECKEL, 1888]

Siphonophorida with stem shortened to
flat coenosarc forming firm rounded or oval
disc together with float; float containing
many concentric air chambers; underside of
float with large central gastrozooid encircled
by gonozooids with mouth, medusiform
gonophores and marginal tentacle-like
dactylozooids; gonophores freed as medusae
(formerly regarded as separate genus named
Chrysomitra). M.Ord.-Rec. (Fig. 117).
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Family VELELLIDAE Brandt, 1835

Float with erect rounded crest; tentilla
absent. U.Dev.-Rec.
Vclella LAMARCK, 1801 [-Medusa tlddla LINNE,

1758]. Rec. (FIG. 1I7). Only living genus.
Plectodiscus RUEDEMANN, 1916 [-P. molestus]. Disc

elliptical in outline and with compressed conical
shape, external membrane ?chitinous; upper sur-

face with numerous concentric sulci giving a cor
rugated appearance; radial knobs or bosses may
be present, obscurely arranged in 3 or 4 cycles;
central part of disc bearing diagonal keel, flat
tened against surface (indistinct in type species).
CASTER'S detailed analysis of the remains shows
that they are pneumatophores of a vclellid siphono
phorid. U.Detl., N.Y.--FIG. 1I8,I. -P. molestus;
holotype, upper surface, XO.6 (RUEDEMANN).--

Plectodiscus

FIG. 1I8. Chondrophorina: Upper Devonian fossils of velellid type from New York. 1, Plectodiscus mole~tus,
holotype, upper surface, XO.6 (RUEDEMANN). 2,3, P. cortlandensis, holotype, upper surface, and oblIque

view from above (reconstr.), XO.6 (CASTER).
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FIG. 119. Chondrophorina: Paleonectris, L.Dev. 1,2,
exumbrellar and subumbrellar views of 2 speci

mens, X 1 (RAUFF).

FIG. 118,2,3. P. cortlandensis CASTER; 2,3, holo
type, upper surface and oblique view from above
(reconstr.), XO.6 (CASTER).

Paleonectris RAUFF, 1939 [·P. discoidea]. Body
discoidal, of circular to elliptical outline; exum
brellar surface rugose, with obscure, irregular
radial ornamentation (?radial muscular fibres) and
thickened, smooth, sinuous band (?flattened "sail")
crossing disc along a diameter; a few tentacles
protrude for short distance beyond margin; sub-

umbrella with numerous submarginal tentacles
(?tentacle-like dactylozooids) having slightly thick
ened tips; one specimen, which seems to have lost
all other elements, has a gaping hole in the center
surrounded by irregular ring concentrically striated
(?ring muscles); another specimen bears numerous
numer'lUS small, branched outgrowths (flattened
again., disc), regarded as gonostyles. Accepted
here is RAUFF'S view that the remains represent
pneumatophores of a velellid siphonophore. L.Dell.,
Ger.--FIG. 119,1,2. ·P. discoidea; 1,2, exum
brellar and subumbrellar views of 2 specimens,
Xl (RAUFF).

Family PORPITIDAE Brandt, 1835
[non Porpitidae MOORE I< JEFFORIlS, 1945 (ex Porpiles

SCHLOnlEIN, 1820, rugose coral) I
Corm high vaulted or flattened disclike,

without crest or sails. M.Ord.-Rec.
Porpita LAMARCK, 1801 [·Medusa porpiea LINNE,

1758]. Rec. Other living genus: Porpema HAECKEL,
1888.

Discophyllum HALL, 1847 [·D. peltalum]. Body
discoidal, elliptical in outline; upper surface crossed
by about 80 simple radiating bands of rounded
surface, increasing in width toward periphery; in
terspaces narrower than bands, with fine median
raised line; bands and interspaces crossed by nu
merous fine concentric lines. RUEDEMANN'S inter
pretation of the remains as pneumatophores of a
porpitid siphonophorid is very plausible. M.Ord.,
N.Y.--FIG. 119,1. ·D. peltalum; la,b, holotype
and paratype, X 1.15 (WALCOTT).

Palaeoscia CASTER, 1942 [·P. flowffl]. Thin, deli
cate disc (?chitinous in life) of circular outline;
porelike depression at center from which 16
grooves (in 8 pairs) radiate for 1/7 the distance
to periphery; very indistinct transverse lines be
tween some radial grooves; remainder of disc with
broad concentric corrugations. Accepted here is
CASTER'S view that the remains represent pneuma
tophores of the immature stage of a porpitid
siphonophorid. U.Ord., Ohio.--FIG. 119,2. ·P.
floweri; 2a, holotype X 1.15; 2b, paratype, X2.8
(CASTER).

Paropsonema CLARKE, 1902 [·P. cryptophya]. Body
compressedly convex to discoidal, of circular out
line; upper surface with 2 or 3 concentric cycles
of 52 to 60 radial bands looking like knotted
cords, separated by smooth, narrower bands bifur
cating at inner boundary of each cycle; main
radial bands bearing regular succession of con
centric rows of pores; center of disc occupied by
small circle from which fine lines radiate; ten
tacles (not preserved in type species) very numer
ous and delicate, some stronger than others and
?grooved (?hollow); lower surface marked by
irregular folds and wrinkles. Both FUCHS and
RUEDEMANN interpreted the remains as pneumato-
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FIG. 120. Chondrophorina: Ordovician fossils from New York and Ohio. l, Discophy/lum peltatum, M.Ord.,
N.Y.; la,b, holotype and paratype, X 1.15 (WALCOTT). 2, Palaeoscia {loUleri, U.Ord., Ohio; 2a, holotype,

X 115; 2b, paratype, X2.8 (CASTEll).

© 2009 University of Kansas Paleontological Institute



F152 Coelenterata--llydrozoa

phores of a porpitid siphonophorid. The ?hollow
tentacles, preserved only in P. mirabile (CHAP
MAN), originally referred to Discophyllum, may
represent large dactylozooids similar to the mar
ginal tentacle-like dactylozooids of Porpita and
the smaller tentacles either gonopalpons or smaller

feelers. Sil., S.Austral.; U.Dev., N.Y.--FIG. 121,
1,2. ·P. cryptophya, U.Dev., N.Y.; 1. lower sur
face, XO.5 (CLARKE); 2. upper surface of another
specimen, XO.5 (RUEDEMANN).--FIG. 121,3. P.
mirabile (CHAPMAN), Sil., S.Austral.; holotype,
upper surface, XO.3 (CHAPMAN).
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MEDUSAE INCERTAE SEDIS AND UNRECOGNIZABLE
FORMS

By H. J. HARRINGTON and R. C. MOORE

This section suffers acutely from the label
"hypothetical," as it deals with the less dis
tinct and more doubtful fossil records at
tributed to medusae. Some are, with a de
gree of probability that amounts to certainty,
impressions left by such organisms, display
ing enough distinctive features to deserve
generic recognition but wanting in essential
diagnostic characters to warrant their classi
fication among the trachylinids, leptolinids,
or scyphomedusae. These represent, there
fore, "genera incertae sedis" within the
medusoid assemblage. Others are less dis
·inct medusoid impressions displaying such a
paucity of relevant diagnostic features as to
make impracticable any generic assignment.
These represent "species incertae sedis," re
ferred by their authors mostly to the "gen
era" Medusites and Medusina, which, how
ever, have no status in coelenterate classi
fication. Medusites GERMAR, 1825 [·M.
capillaris] [=Lumbricaria GOLDFUSS, 1826],
was originally proposed for some problem
atic bodies now regarded as worm copro
lites, having no resemblance to medusoid

remains. Medusina WALCOTT, 1898 (type
species Spatangopsis costata TORELL, 1870;
SD CASTER, 1945), originally proposed "as a
generic term to include all species of fossil
medusae whose generic characters can not
be determined"( I), is a synonym of Spatan
gopsis TORELL, 1870 [·S. costata]. Clearly,
then, the medusoid forms referred to Medu
sites are incorrectly assigned to this genus
and have no valid generic designation, while
those referred to Medusina, none of which
resembles S. costata, cannot be placed in
Spatangopsis, and, therefore, also lack valid
generic designation.

Lastly, a 3rd group comprises unrecog
nizable forms inadequately described or
lacking cogent diagnostic characters, and
forms which, though having a vague medus
oid aspect, are now regarded as belonging
to other organisms, animal or vegetal, or as
inorganic impressions.

GENERA INCERTAE SEDIS
Cyclomcdusa SPRIGG, 1947 [·C. davidij. Margin

circular, without notches, lappets or tentacles; ?ex
umbrella with prominent concentric grooves and

FIG. 122. Cyclomedusa, L.Cam., S.Austral. 1, C. gigantea, holotypc, XO.95 (SPRIGG). 2,3, C. davidi; 2,
holotypc, X1.3; 3, another specimen, XO.9 (SPRIGG).
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lb
Duodecimedusina

FIG. 123. Duodecimedusina, L.Dev., S.Am.; U.Penn., N.Am. 1, D. typica, U.Penn., Kans.; Ia,b, holotype,
?subumbrellar surface and side views showing pedestal, X 1 (KING). 2, D. ulrichi, L.Dev., Bol.; ?subum

brellar surface and pedestal, X 1 (ULRICH).

Paramedusium

FIG. 125. Paramedusium, ?Cam., SW.Afr.; P. africa
cum, holotype, XO.25 (KIESLINGER).

..,~!i,r...:,::"
... ,. "/.

fossil).] L.Dev. (Bol.), V.Penn. (USA).---FIG.
123,1. -D. typica, Penn. (Missouri), Kans.; la,b,
holotype, ?subumbrellar and side view, X 1 (KING,
in HARRINGTON & MooRE).---FIG. 123,2. D. ul
richi KING, L.Dev., Bol.; holotype, ?subumbrellar
and side views, Xl (ULRICH).

Madigania SPRIGG, 1949 [-M. annulata]. Margin
circular, without notches, lappets or tentacles; ?ex
umbrellar surface with numerous, conspicuous
concentric grooves and rugae; radial striae absent;
mid-field smooth or with raised central knob;
?ring canal present. L.Cam., S.Austral.---FIG.
124. -M. annulata; holotype, XO.4 (SPRIGG).

Paramedusium GiiRICH, 1930 [-Po africanum]. Body
discoidal, of circular outline; ?upper surface with
flat, very delicate radial ribs becoming coarser,
irregular and anastomosing near periphery; 2 con
centric grooves in distal 3rd of disc. ?Cam., SW.
Afr.---FIG. 125. -P. africanum; holotype, XO.25
(KIESLINGER) .

Peytoia WALCOTT, 1911 [-Po nathorsti]. Umbrella
with 32 lobes marked off by radial grooves, 4
large lobes 90· apart, 7 narrower, in each quad
rant; outer extremities of lobes forming 32 short,
round lappets; inner extremities with 2 short,
broad points projecting inward into mid-field; mid
field subquadrate, inner extremities of large lobes
at center of each side; tentacles and ring canal
absent. M.Cam., Can. WALCOTT interpreted the 3
known specimens as subumbrellar impressions and

FIG. 124. Madigania, L.Cam., S. AustraL; M. annu
lata, holotype, XO.4 (SPRIGG).

rugae which may extend to margin, and very
numerous, fine radial striae not continuous into
mid-field, which may contain raised central knob;
?ring canal present. L.Cam., S.Austral. Of the 3
species originally described by SPRIGG, C. radiata is
here regarded as a synonym of Tateana inflata
SPRIGG (=Ediacaria flindersi SPRIGG, p. F74).
Whether the remaining 2 are also synonyms of
Ediacaria is impossible to decide at present.--
FIG. 122,1. C. gigantea SPRIGG; holotype, XO.95
(SPRIGG).---FIG. 122,2,3. -c. davidi; 2, holo
type, X1.3; 3, another specimen, XO.9 (SPRIGG).

Duodecimedusina KING, 1955 [-D. typical. Body
subdiscoidal; lobes 12, regular, marked off by
radial grooves disappearing at mid-field; margin
cleft into 12 rounded lappets; mid-field smooth or
with small central circular depression. [All ob
served specimens occur at summit of a cylindrical
pedestal consisting of rock matrix (not part of
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FIG. 126. Peytoia, M.Cam., Can.; P. nathorsti, holo
type, probably an exumbrellar impression, Xl

(WALCOTT).

the mid-field as a central quadrate mouth, but
the specimens are probably best regarded as ex
umbrellar impressions.--FIG. 126. ·P. nathorsti;
holotype, X 1 (WALCOTT).

Protolyella TORELL, 1870 [·P. princeps (=Medu-

sites !alJosus NATHORST, 1881)] [=Hydromedu
sites FRECH, 1897]. Body discoidal; margin sub
circular; ?subumbrellar surface with large, circular,
smooth central area and outer annular zone crossed
by numerous radial grooves either simple, bifur
cating, irregular and anastomosing or bearing
"string-of-pearls" nodules (?gonads). L.Cam.,
Swed.-S.Austral.-?USA.; M.Cam., Czech. This
"form genus" is here extended to cover the L.Cam.
remains from S.Austral. described by SPRIGG under
Medusina; the bifurcating radial striation of "M."
filamentus, interpreted by SPRIGG as marginal ten
tacles, are here regarded as radial grooves of a
specimen in which the impression of the periph
ery is not preserved. Camptostroma ruseri
RUEDEMANN, L.Cam., N.Y., very different from
the type species C. roddyi. is also placed in this
genus. KIESLINGER regarded it as a synonym of
Protolydla ("Medusina") bohemica. but this seems
too extreme a view.--FIG. 127,6. ·P. princeps,
L.Cam., Swed.; holotype, Xl (WALCOTT).-
FIG. 127,5. P. radiata (LINNARSSON), L.Cam.,
Swed.; holotype, Xl (WALCOTT).--FIG. 127,1.
P. asteroides (SPRIGG), L.Cam., S.Austral., XO.95
(SPRIGG).--FIG' 127,2. P. mawsoni (SPRIGG),
L.Cam., S.Austral.; XO.9 (SPRIGG).--FIG. 127,
7. P. filamenta (SPRIGG), L.Cam., S.Austral.; holo
type, XU (SPRIGG).--FIG. 127,4. P. resseri

FIG. 127. Protolyella. Cam., Eu.-N.Am.-Austral. 1. P. asteroides, L.Carn., Austral., XO.95 (SPRIGG). 2,
P. mawsoni. L.Cam., Austral., XO.9 (SPRIGG). 3. P. bohemica, M.Cam., Czech., XO.7 (WALCOTT). 4, P.
resseri, L.Cam., N.Y., XO.5 (RUEDEMANN). 5, P. radiata, L.Cam., Swed., Xl (WALCOTT). 6, P. princeps,

L.Carn., Swed., X 1 (WALCOTT). 7, P. filamenta, L.Carn., Austral., X 1.3 (SPRIGG).
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FIG. 128. SpatangopSlS costata, L.Cam., Swed.; la-c, steinkern, Xl; 2a,b, subumbrellar impressions, XO.5;
3, same, another specimen, XO.7 (WALCOTT).

(RUEDEMANN), L.Cam., N.Y.; holotype, XO.5
(RUEDEMANN).--FIG. 127,3. P. bohemica (GoR
TANI) , M.Cam., Czech.; holotype, XO.7 (WAL
COTT).

Spatangopsis TORELL, 1870 [·S. costata (=Agela
erinus lindstromi LINNARSSON, 1871] [=Medusina
WALCOTT, 1898 (obj., type species Spatangopsis
costata TORELL, 1870; SD CASTER, 1945)]. Body
discoidal; margin subcircular; exumbrella smooth;
subumbrella with numerous radial grooves and
large cruciform mouth. One specimen shows large
semicircular interradial marking adjacent to mouth,
regarded as gonads. Specimens considered as
internal molds (sleinkerns) of gastric cavity are
pyramidal bodies with rounded base or with 4 to
5 rounded basal projections (?roof of gastric cav
ity), sides bounded by 4 to 5 sharp ridges meet
ing at apex and triangular areas between ridges
flat or with elongated rounded projections (?casts
of genital sacs). L.Cam., Swed.--FIG. 128. ·S.
costata; la-c, side, upper, and lower and side views
of a gastric steinkern, Xl; 2a,b, subumbrellar im
pressions, XO.5; 3, subumbrellar impression of
another specimen showing supposed gonads,
XO.7 (all from WALCOTT).

SPECIES INCERTAE SEDIS
"Discophyllum plicatum" BARROIS, 1891. Body

small, discoidal, of circular outline, with sharply
marked small, circular, ?depressed central area
and ?34 to ?40 simple radial ribs, exceptionally
bifurcating, separated by narrower, shallow
grooves; ribs with' obscure, irregular transverse
striae. L.Ord., Fr. BARROIS identified the specimens
with Actinophyl/um plicatum PHILLIPS, L.Dev.,

Eng., regarded the genus as a synonym of Dis
cophyl/um HALL (here considered as a porpitid
siphonophorid) and interpreted the remains as
isolated metamers of Anthomorpha BORNEMANN
(Archaeocyatha). STRAW opposed BARROIS'S view,
regarded Actinophyl/um and Discophyl/um as dif
ferent genera, and held the French specimens to
be specifically (?and generically) distinct from A.
plicatum. As here interpreted, the French speci
mens do not seem to belong in either Actinophyl
lum or Discophyl/um; though possibly medusoid,
their relations cannot be established at present.-
FIG. 129,la,b. "D. plicatum," 2, specimens, Xl
(BARROIS).

"Medusina" atava POHLlG, 1892. Impression circular,
with a broad, outer annular zone, concentrically
striated, a narrow, smooth inner ring, and a large
central mid-field with indistinct traces of 4 petalate
lobes 90· apart and 4 smaller, subrhombic exsert
lobes. Perm., Ger.--FiG. 129,3. "M." atalla, holo
type, Xl (WALCOTT).

"Medusina" boulangeri VAN STRAELEN, 1926.
Known from a single ?exumbrellar impression.
Umbrella convex; margin entire, circular, without
tentacles; outer annular zone narrow, smooth,
separated from large central zone by circular
groove; large central area with ?30 irregular
radiating grooves, some bifurcating, regarded by
VAN STRAELEN as shrinkage furrows due to desic
cation during entombment; center of mid-field
damaged. L.Carb., Belg.--FIG. 129,6. "M." bou
langeri; 6a,b, holotype, side and ?exumbrellar
views, XO.25 (VAN STRAELEN).

"Medusina" eisfeldensis ADAM, 1950. Known from
single specimen. Bell convex; mid-field about 1/3
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the diameter of ?exumbrella, with central knob,
indistincdy separated from outer annular zone
bearing ?12 obscure radial lobes, vaguely defined

by shallow radial sulci; margin scalloped into
short, round lappets. L.Trias., Ger.--FIG. 129,4.
"M:' eisfeldensis, holotype, XO.5 (ADAM).

FIG. 129. Medusae species incertae sedis.l, ':Discophyllum plicatum," L.Ord., Fr., Xl (BAllROIs). 2, "Ml!du
sitl!s bit;inctus," V.Jur., Ger.; XO.65 (HAECKEL). 3, "Ml!dusina" atat/a, Perm., Ger.; Xl (WALCOTT). 4,
"Ml!dusina" eisfeldl!nsis, L.Trias., Ger.; XO.5 (ADAM). 5, "Ml!dusitd' staurophorus, V.Jur., Ger.; Xl
(HAECKEL). 6, "Ml!dusina" boulangm, L.Carb., Belg.; XO.25 (VAN STRAELEN). 7, "Ml!dusina" liassica,

L.Jur., Ger.; XO.8 (RUGER-HAAS). 8. "Ml!dusina" reiflingl!nsis, Trias., Aus.; Xl (KIESLINGER).
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"Medusina" liassica RUGER-HAAS, 1925. Known
from single specimen. ?Exumbrellar impression
with small, buttonlike central knob encircled by
shallow groove from which 10 shallow sulci
radiate, giving rise to 10 subequal lobes ending at
periphery in short, rounded lappets. L.Jur., Ger.
--FIG. 129,7. "M." liassica; holotype, XO.8
(RUGER-HAAS).

"Medusina" lincki HUNDT, 1940. ?Subumbrellar
impressions 5 to 7 cm. in diameter; margin cir
cular, entire; outer annular zone with 4 or 5 coarse
concentric rugae; mid-field large, convex, with
cruciform ?mouth. U.P"m., Ger. Very poorly
illustrated.

"Medusina" reiflingensis KIESLINGER, 1925. Known
from single specimen. ?Subumbrellar impression
circular, with narrow outer annular zone and
large circular mid-field bearing several irregular
radial grooves, small central circular marking and
2 broad protuberances, asymmetrically located near
periphery of mid-field, regarded by KIESLINGER as
gonads. Trias., Aus.--FIG. 129,8. "M." reifling
ensis, holotype, Xl (KIESLINGER).

"Medusina" sp., ADAM, 1950. Known from single

Actinophyllum

specimen. Small impression with large, smooth,
concave mid-field and 16 raised, outer lobes, of
elongate quadrangular shape, sharply separated by
deep, broad grooves. M.Trias., Ger. The poorly
preserved specimen may be compared with Loren
zinia gabelli.

"Medusites" bicinctus HAECKEL, 1869. Known from
single, obscure specimen. Subumbrellar impression
circular, with entire margin, 2 smooth outer rings
of subequal width, separated by circular groove,
and large circular mid-field with indistinct center
and 8 radial grooves marking off 8 raClial lobes (4
larger 90· apart, one narrower in each quadrant).
CASTER suggested that "M." bicinctus could repre
sent an immature stage of Rhizostomites admiran
dus, but the specimen is too poorly preserved to
draw any sound conclusion. U.Jur., Ger.--FIG.
129,2. "M." bicinctus, holotype, XO.65 (HAECKEL).

"Medusites" staurophorus HAECKEL, 1869. Known
from single obscure specimen. Margin circular,
entire; outer ring narrow, smooth; inner field
large, circular, crossed by 4 hyperbolic low ridges
marking off a central cruciform excavation
(?mouth). U.Jur., Ger.--FIG.129,5. "M." stauro
phorus, holotype, Xl (HAECKEL).

FIG. 130. Actinophyllum and Dactyloidites. 1, A. spinosum, L.Dev., Eng.; X2 (STRAW). 2, A. plicatum, L.
Dev., Eng.; 2a,b, Xl, X2.5 (STRAW). 3, D. ast"oides, L.Cam., N.Y.; Xl (WALCOTT).
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UNRECOGNIZABLE FORMS AND
FORMS ATIRIBUTED TO MEDUSAE
BUT NOW REGARDED AS BELONG
ING TO OTHER ORGANISMS OR AS

INORGANIC
Actinophyllum PHILLIPS, 1848 [.A. plicatum].

Thin, nearly Bat circular disc, with small, indis
tinct, ill-defined central area from which 36 to 56·
ribs radiate to periphery; ribs Bat, bifurcating ncar
inner extremity and commonly again farther on;
surface of ribs either smooth or with tiny spines
arranged in alternating series along the middle;
interspaces groovelike; ribs reaching margin and
continuing on underside of body for half the dis
tance toward center, where they curve upward
and disappear leaving a large circular central
opening through which' internal surface of upper
side is displayed. L.Dev.(Downton.) , Eng. PHIL
LIPS originally regarded this problematic form as
a calcareous alga resembling the living Acetabu
lm'ia; both M'CoY and SALTER suggested its iden
tity with Spongarium MILNE-EDWARDS, 1839, U.
Sil.(U.Ludlov.), Eng., but STRAW showed that
the 2 forms are different, Spongarium being almost
paper thin, having one concave, smooth surface
and the opposite convex and striated (not ribbed);
BRODIE regarded the form as a coral; BARROIS
argued its identity with Discophyllum HALL, 1847,
M.Ord., N.Y., and regarded the fossils as metamers
of Anthomorpha BORNEMANN (archaeocyathid);
STRAW opposed this view and went back to
PHILLIPS' idea; KIESLINGER placed the form among
the medusae incertae sedis. The weight of the
evidence suggests that Actinophyllum is a calcar
eous alga.--FIG. 130,1. A. spinosum STRAW;
holotype, X2 (STRAW}.--FIG. 130,2. ·A. plica
tum; 2a,b, holotype, X I, X2.5 (STRAW).

Aequorfossa NEVIANI, 1925 [·A. farnesinae]. Plio.,
Italy. Known from single obscure impression con
sisting of 2 concentric circular grooves, regarded
by NEVIANi as representing a leptolinid medusa
(Aequoridae). Accepted here is the view of SACCO,
who regarded the impression as inorganic.

Brooksella rhenana KINKELlN, 1903. Dev., Ger. R.
& E. RICHTER have shown that this impression be
longs to Pleurodictyum regulare MAURER (coral).

Dactyloiditcs HALL, 1886 [·D. bulbosus (=Butho
trepis ? asteroides FITCH, 1850)]. Starlike remains
consisting of a thin carbonaceous film, having 4 to
7 radiating, widely separated lobes, typically ex
panded and bulbous near distal extremities. L.
Cam., N.Y., ?M.Cam., Vt. FITCH regarded the
fossils as algae; WALCOTT placed them in the
Brooksellidae (Protomedusae), a view accepted
both by KIESLINGER and CASTER; RUEDEMANN re
verted to FITCH'S idea and suggested that they
could represent remains of algae that lived at
tached to the sea bottom. The carbonaceous na
ture of the remains supports their algal origin and

makes their medusoid affinities very implausible.
--FIG. 130,3. ·D. asteroides (FITCH), L.Cam.,
N.Y.; a typical specimen, Xl (WALCOTT). ?D.
edsoni RUEDEMANN, 1934, M.Cam., Vt., possibly
does not belong in this genus.

Medusichnitcs MATTHEW, 1891. No type. Cam.,
Can. Inorganic markings and ?trails.

Medusitcs GERMAR, 1825 [·M. capillaris] [=Lum
bricaria GOLDFUSS, 1826]. Paleoz., Ger. Not a
medusoid; ?worm coprolites.

"Medusitcs" armoricanus PENEAU, 1946. L.Ord.,
Fr. Unrecognizable.

"Medusitcs" circularis HAECKEL, 1869. U.Jur., Ger.
Unrecognizable.

"Medusitcs" cretaceus KNER, 1866. Cret., Pol. Un
recognizable.

"Mcdusitcs" couffoni PENEAU, 1946. L.Ord., Fr.
Unrecognizable.

"Medusitcs" dubius PENEAU, 1946. L.Ord., Fr.
Problematic form of unknown affinities; not a
medusoid.

"Medusitcs" helgolandicus BRANDT, 1871. Cret.,
Helgoland (Ger.). Unrecognizable.

"Medusitcs" latilobatus VON AMMON, 1886. ?U.Cret.,
Gel. Not a medusoid; ?sponge.

"Medusitcs" porpitina HAECKEL, 1869. U.Jur., Ger.
linrecognizable.

Palaegina HAECKEL, 1869 [·P. gigantea]. U.Jur.,
Ger. Cephalopod.

Papilionata SPRIGG, 1947 [·P. eyrei]. L.Cam., S.
Austral. Problematic form of unknown affinities;
not a medusoid.

"Protoniobia" SPRIGG, 1949 [·P. wadea]. Known
from single, very small impression consisting of
a few prominent annular undulations with ring
of tiny nodules near center; margin with 4 sub
circular attached structures, of different size, ar
ranged in incomplete hexagonal pattern, showing
concentric sculpture similar to "parent" impres
sion. L.Cam., W.Austral. SPRIGG regarded the im
pression as representing a leptolinid medusa (An
thomedusina) with 4 attached buds. Here inter
preted as a concretion, inorganic.--FIG. 13 I.
"·P. wadea"; holotype, X9 (SPRIGG).

Trianisitcs RAFINESQUE, 1821 [·T. cliffordi]. Ord.,
Ky. Not a medusoid; ?algae.

-...
FIG. 131. "Protoniobia wadea," L.Cam., W.AustraI.;

x9 (SPRIGG).
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ANTHOZOA-GENERAL FEATURES
By J. W. WELLS and DOROTHY HILL

Anthozoans are exclusively polypoid, soli
tary or colonial, with no trace of a medusoid
stage in their life cycles, but they retain the
free-swimming planula larval stage. They
are the 'only coelenterate group with a
stomodaeum, a tube extending down from
the mouth into the gastrovascular cavity.
The stomodaeum may have I or 2 grooves
(siphonoglyphs) lying in a so-called dorso
ventral plane which is vertical with respect
to the oral surface. The gastrovascular cav
ity is radially partitioned with respect to the
oral-aboral axis by endodermal mesenteries
extending inward from the inner surface of
the column wall; and when these are at
tached in part to the stomodaeum they are
said to be complete or perfect. The tentacles
are invariably hollow and almost uniformly
retractile. Some groups are characterized by
a spicular or trabecular calcareous or horny
skeleton (corallum).

Anthozoans are exclusively marine, and
include a wide variety of common marine

animals referred to as sea anemones, corals,
soft corals, sea fans, sea pens, sea feathers,
and so on.

KINDSOFANTHOZOANS
The anthozoans are grouped in 3 sub

classes: Ceriantipatharia, Octocorallia, and
Zoantharia.

CERIANTIPATHARIA

The Ceriantipatharia include 2 orders:
Antipatharia (colonial) and Ceriantharia
(solitary). The colonies of the former are
slender and branching, consisting of a horny
skeletal axis covered by a thin coenosarc
bearing polyps. Antipatharian polyps gen
erally have only 6 simple tentacles, and 6,
10, or 12 complete mesenteries with very
feeble musculature, 6 of which are consid
ered primary, with 2 siphonoglyphs. Cer
iantharian polyps lack any skeleton, and
have 2 rings of tentacles. The numerous
unpaired mesenteries are all complete, ar-
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ranged in one cycle consisting of the 6 pro
tocnemes in couples on either side of the
single siphonoglyph, with many additional
couples added serially and only in the dorsal
intermesenterial space (Fig. 132,c). The
cerinula larval stage of the ceriantharians
resembles the antipatharian polyp, and both
orders have 6 protocnemes in couples, of
which the first-formed central transverse one
is fertile. The subclass is virtually unknown
in the fossil state.

OCTOCORALLIA

The Octocorallia are exclusively colonial
in habit, with a calcareous spicular or horny
(gorgonin) skeleton. The polyps have 8
pinnate tentacles and 8 complete mesen
teries, which are directed ventrally from a
directive pair said to be dorsal (Fig. 132,d).
The subclass is known scaueringly by fossils
from the Mesozoic onward.

ZOANTHARIA

The Zoantharia include solitary and col
onial polyps, with calcareous trabecular
skeletons in some orders. The polyps have
simple or divided tentacles but never pin
nate cyclically arranged ones and are es
pecially distinguished by paired mesenteries.
Basically there are 8 complete mesenteries
and almost invariably 2 additional lateral
couples, making a total of 6 pairs (Fig. 132,
e), 2 of them being the dorsal and ventral
directive pairs; generally additional cyclic
ally arranged pairs are present. New
mesenterial pairs are inserted according to
several different plans (Fig. 132,I,g,h). The
subclass is represented paleontologically
from the Ordovician (or possibly earlier by
a supposed anemone from the Cambrian) to
the present day. It includes 6 orders sep
arated largely on the presence or absence of
a skeleton and by the mesenterial arrange
ment and development. These consist of
the Zoanthiniaria, Rugosa, Heterocorallia,
Corallimorpharia, Scleractinia, Actiniaria,
and possibly the extinct Tabulata.

The Zoanthiniaria (zoanthids) are weakly
colonial, anemone-like forms lacking a skele
ton. The mesenteries are in a single cycle
with 2 directive pairs, of which only the
ventral one is complete, and new pairs of
mesenteries beyond the first 6 are inserted
only in the ventrolateral exocoeles on either

side of the ventral directive pair (Fig. 132,/).
They are unknown as fossils, but are be
lieved by some to be representative of the
most primitive zoantharians.

The Rugosa are an extinct group known
only from Paleozoic rocks, and their rela
tionships to other orders of the subclass are
still speculative. The mesenterial arrange
ment and development can only be inferred
from the mode of septal insertion and this
~s cap~ble of se~era! interpretatio'ns. Many
mvestIgators are mclmed to see closest affini
ties of the Rugosa in the Zoanthiniaria
~rom which they would differ only by hav~
mg a calcareous exoskeleton and insertion of
?ew septa (and ~esente~ial pairs) not only
m exocoeles on eIther SIde of the cardinal
septum (ventral mesenterial pair), as in the
zoanthinarians, but also in spaces between
the alar and counter-lateral septa (between
lateral mesenterial pairs), that is, in 4 instead
o.f 2 I?rimary exocoeles (Fig. 132,g). Rela
tIonshIp to the endocoelactarian actiniarian
anemones (CARLGREN, 1918) and to the
scleractinian corals has also been claimed
(SCHINDEWOLF, 1942). The question is far
from settled.

The Heterocorallia are a small, extinct
Carboniferous group of doubtful affinities.

The orders Corallimorpharia, Scleractinia,
and Actiniaria include the living sea ane
mones and corals, all of them lacking a
skeleton except the Scleractinia, which are
distinguished from the corallimorphs large
ly by this criterion. The mesenterial plan is
practically identical in all and differs from
that of the Zoanthiniaria and ?Rugosa in
that the mesenterial pairs beyond the first
cycle of 6 are inserted in dorsoventral order
in all 6 primary exocoeles (hexactiniarian),
rather than in 2 or 4 (Fig. 132,h), and in
some groups septa may also develop in the
endocoeles of the lateral pairs. The Sclerac
tinia alone have a fossil record, from the
Middle Triassic to Recent.

The Tabulata are a heterogeneous extinct
Paleozoic group whose relations with other
anthozoans are uncertain.

EVOLUTION

Three lines of anthozoan development are
generally recognized: (1) ceriantipatharian,
(2) octocorallian, and (3) zoantharian (Fig.
132).
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Order of appearance of mesenteries

1, 2, 3-Primary mesenteries

4, 5, 6,-Later mesenteries

A, S, C,-Secondary mesenterial pairs

d, e, f-Tertiary mesenterial pairs

D-Dorsal V- Ventral

DL-Dorsolateral exocoele
L-Lateral exocoele

VL-Ventrolateral exocoele

Types of mesenteries

~ Musculature indefinite
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y3 ..........-- V

HEXACTINARIA ZOANTHARIAN STEM

Corallimorpharia, Actiniaria__M_esenteries~paire_d__
Scleractinia _ , _

CERIANTIPATHARIA OCTOCORALLlAN-ZOANTHARIAN V

ANTHOZOAN STEM STEM OCTOCORALLIA

FIG. 132. Relations and mesenterial arrangements of principal anthozoan groups.
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Antipatharians seems to represent a very
old, primitive group related to the cerian
thids. The cerinula larva of the latter is
like the antipatharian polyp; both have
simple tentacular and mesenterial arrange
ments and both have 6 mesenteries, of
which the central transverse couple is lar
gest. Cerianths diverge by development of
additional couples in the dorsal intermesen
terial space. The ancestral anthozoan type
may have been a solitary polyp, something
like the antipatharian polyp with 6 mesen
teries in couples and 6 tentacles (Fig. 132,a),
:md by addition of a dorsal directive couple
-the last to arise in ontogeny of the other
groups-the basic octamerous plan of the
other subclasses arose.

The ancestor of the octocorallian and
zoantharian lines is considered by some to
have been a skeletonless polyp with 8 mes
enteries having very weakly developed mus
culature and 8 tentacles (Fig. 132,b), a
form leading toward the Octocorallia. From
the same stock perhaps arose the basic zoan
tharian type by the addition in the adult
stage of all but the most primitive forms of
4 incomplete mesenteries for the total of 12
in 6 pairs (Fig. 132,e). Additional pairs be
yond these, arising in the ventrolateral exo
coeles, led to the zoanthiniarians (Fig. 132,
f). The Rugosa may have been derived from
these by the development of mesenterial
pairs in the lateral as well as in the ventro
lateral exocoeles (Fig. 132,g) and by ap
pearance of an exoskeleton. The hexactini
arian corals and anemones (Corallimor
pharia, Scleractinia, and Actiniaria) added
mesenterial pairs in all 6 primary exocoeles,
cyclically, in a dorsoventral order (Fig. 132,
h). They are generally believed to have de
veloped from another branch of the zoan
tharian stem, although some have tried to
see the Rugosa as ancestral to the hexactin
iarians, in a direct trend from insertion in
2 exocoeles (zoanthids) through insertion
in 4 (rugosans) to insertion in all 6 (hex
actiniarians) .

Class ANTHOZOA Ehrenberg, 1834
[Less hydroids] [=Endoaria RAPP, 1829; Actinozoa DE
BLAINVILLE, 1830 (partim),. Actinoidea DANA, 1846; Corallaria
MILNE-EDWARDS & HAIME, 1850; Oecioa HUXLEY, 1852; CoraI#
liaria M.-EDW.-H., 1857 (parlim); Cnidaires M.EDW.-H., 1857;
Actinoida GOSSE, 1860; Polycyclia, Monocyclia (partim)
BRONN. 1860; Coralligena HUXLEY, 1864; Cnidaria VERRILL,
1865; Coralla HAECKEL, 1866; Scyphopolypi, Scyphozoa
(partim) GOTTE, 1887; Anthozoariae DELAGE & HER.oUARD,

1901j

Exclusively polypoid, solitary or colonial,
mostly sedentary coelenterates. Oral end ex
panded as oral disc with centrally located
mouth surrounded by peristome, around
which are one or more rings of hollow ten
tacles. Stomodaeum strongly developed,
leading from mouth into gastrovascular
cavity, generally with 1 or 2 siphonoglyphs.
Gastrovascular cavity biradially partitioned
into compartments by complete or incom
plete mesenteries, some of which bear endo
dermal gonads. Some groups character
istically with horny or calcareous spicular
endoskeleton or calcareous exoskeleton. Ex
clusively marine. Ord.-Rec.

Representatives of this class are divided
into three subclasses:
I. Mesenteries unpaired:

A. Tentacles simple Ceriantipatharia
B. Tentacles pinnate Octocorallia

II. Mesenteries paired ZOantharia
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CERIANTIPATHARIA

By J. W. WELLS and DOROTHY HILL

Subclass CERIANTIPATHARIA
van Beneden, 1898

[=Hexacorallia GOTTE, 1902 (non HAEC"EL, 1866)J

Included here are 2 strongly divergent but
related orders (l) Antipatharia, the "black
corals," which are colonial forms character
ized by a thorny skeletal axis of horny gor
gonin, with small polyps having only 6 ten
tacles and 6 to 12 complete unpaired mesen
teries, and (2) Ceriantharia, comprising
relatively large solitary skeletonless ane
mone-like polyps with many tentacles ar
ranged in 2 circles and an indefinite num
ber of unpaired mesenteries. The larval
stage of the ceriantharians resembles the
antipatharian polyps, and both orders differ
from other anthozoans in the very weak or
indefinite musculature of the mesenteries
and in the insertion of new mesenterial
couples only in the dorsal intermesenterial
space. Mio.-Rec.

Order ANTIPATHARIA Milne-I
Edwards & Haime, 1857 ,

[=Antipathina EHIlENB'ERC, 1834; Antipathidae GRAY, 1840;
Antipathacea DANA, 1846; Zoantharia cauliculata MILNE·ED·

WARDS lit HAn.n , 1850; Zoantharia scl~robasiques (Antipath
aria) M.EDW.-H., 1857; Hexactina BRONN, 1860; Anticorallia

HAEC"EL, 1896; Anripathidea BOUJ.NE, 1900J

Colonial, branching, with thorny horny
axial skeleton surrounded by fleshy coeno
sarc bearing small polyps (Fig. 133,2).
Polyps with 6 simple or 8 branched tentacles
and 6, 10 or 12 complete coupled but un
paired mesenteries and having a single
siphonoglyph. Mio.-Rec.

These corals are mostly non-reef dwellers
and occur in depths of I to 1,900 fathoms.
About 20 genera are known, only one of
which has been found in the fossil state.

2b

20

FIG. 133. Representatives of Ceriantipatharia. 1,
Cerianthus sp., Rec. (order Ceriantharia), XI. 2,
Antipathella subpinnata, Rec., Medit., 135 fathoms;
2a, polyps, X5.5; 2b, axis, X26 (order Anti
patharia) (1, L. H. HYMAN, Invertebrates: Protozoa
through Ctenophora, McGraw-Hill, New York; 2,

after BROOK).
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Leiopathes HAIME, 1849 [·Antipathes glaberrima
ESPER, 1792]. Mia., Italy; Rec., Medit.

Order CERIANTHARIA Perrier,
1893

[=Cerianthidae MILNE·EDWARDS & HAIME, 1851; Paranemata
BRONN, 1860; Tetractiniae LANKESTER, 1877; Hcteroq)ralla
HAACKE. 1879 (non Heterocorallia SCHINDEWOLF. 1941);

Cerianthiae HERTWIG, 1882; Cerianthidea BOURNE, 1900]

Solitary, lacking skeleton. Column elon
gate, without pedal disc on aboral end.

Oral disc with many simple tentacles ar
ranged in 2 rings. Mesenteries complete,
coupled but unpaired, in a single cycle. New
couples added serially only in dorsal inter
mesenterial space. Rec.

A small group of semiburrowing ane
mones (Fig. 133,1), unknown in the fossil
state, unless some vertical cavities in shales
and sandstones are traces of cerianthid bur
rows.

OCTOCORALLIA1

By FREDERICK M. BAYER
2

WITH SECTION ON TRACHYPSAMMIACEA
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INTRODUCTION

Although the octocorals are not exten
sively known in the fossil record, their re
mains have been discovered in deposits as
old as the Cretaceous, with doubtful records
back to the Silurian. Forms with a solid,
calcified axis, such as various species of
Corallium, Isis, Primnoa and related genera,
are noticed more frequently than those that
are less durably constructed. By far the
largest number of species are of a more tran
sient nature; their only calcified skeletal ele
ments in the form of minute spicules, are
so sm'all as readily to escape detection in
the rocks should they not be dissolved be
fore realizing their fossil destiny.

Spicules belonging to octocorals are found
in modern marine sediments and occasion
ally have been observed as fossils. From the
amount of calcareous material that octo
corals are thought to contribute to reef de
posits, it is reasonable to expect their spicules
as fossils in larger numbers than actually
have been reported. Very possibly the seem
ingly hopeless problem of identifying such
isolated spicular remains has prompted
many investigators to ignore them when ob
served in samples. Effort to identify some
octocoral fragments is indeed hopeless,' but
accurate generic determination of others can
be made on the basis of a single sclerite.
Many genera have specialized spicules which
are absolutely characteristic, but, unfortu
nately, most of them also have simple scler
ite forms that could belong to any of a dozen
genera classified in 2 or 3 orders. Since the
spicules are apt to be dissociated, it is im
possible to determine examples of general
ized types. Specific identifications, depend
ing upon the arrangement and combination

of spicules, would be possible only with
ideally well-preserved material.

None of the standard paleontological
works gives more than a brief account of
the octocorals, and the systematic treatments
of the Recent forms, not written for paleon
tologists, are of use only to specialized sys
tematists. The aim of this work is to present
brief diagnoses of the important genera,
both Recent and fossil, with illustrations of
their characteristic skeletal elements, as a
review of the diverse features of alcyonarian
hard parts, for the use of paleontologists in
the analysis of marine deposits, bottom sedi
ments, and similar samples.

Previously published illustrations of most
species figured in this section of the volume
on coelenterates were not found to be
adaptable for purposes of the Treatise; so
new drawings have been prepared in nearly
all instances. Furthermore, species chosen
to illustrate the genera are not always the
genotypes, sometimes because the genotype
was thought not to portray the genus to
best advantage, and sometimes simply be
cause specimens of it were not available to
me for illustration.
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MORPHOLOGY

Like other Anthozoa, members of the
subclass Octocorallia are exclusively poly
poid coelenterates. Unlike hydroids, they
have a mouth invaginated to form a tubular
pharynx, and a gastrovascular cavity radially
partitioned by thin, noncalcareous septa,
sometimes called mesenteries (Fig. 134).
The autozooids are of a remarkably uniform
type throughout the subclass. They have 8
pinnately branched tentacles, which alter
nate with 8 septa, all complete-i.e., with
their upper ends extending from body wall
to pharynx. The pharynx, which is a com
pressed tube, has along one of its narrower
sides a strongly ciliated longitudinal tract
known as the siphonoglyph (or sulcus),
which maintains a circulation of water into
the gastrovascular cavity. The side of the
polyp bearing the siphonoglyph is referred
to as "ventral" in older literature, but mod
ern authors call it the sulcal side and the
opposite the asulcal. Longitudinal retractor
muscles are situated on the sulcal faces of
the septa. The latter, attached along their
centrifugal edges to the body wall, join with
the oral disc above and with the pharynx
along their distal inner edges, thus com
pletely partitioning the upper part of the
gastrovascular cavity into 8 blind sacs end
ing in the tentacles. Below the inner end of
the pharynx the edges of the septa hang
free and slope rapidly out toward the body
wall, where they continue downward as 8
ridges, of which the asulcal pair extends
farthest into the gastrovascular cavity. The
free septal edges are thickened to form
usually convoluted cords called filaments, of
which the asulcal pair are longest and
strongly ciliated. The remaining 6, lacking
in some polyps, are shorter and densely
glandular.

The type of individual just described is
found in all orders of Octocorallia. In cer
tain groups modified individuals may occur
also, in which event the basic polyp type is
called the autozooid. Modified polyps, called

siphonozooids, with one rudimentary ten
tacle or none at all, may be present. In the
Pennatulacea, the primary or axial polyp is
given a special name, oozooid, and another
type of nontentaculate polyp may be repre
sented by the so-called mesozooid. These
modified kinds of polyps have little impor
tance from a paleontological standpoint, and
accordingly a detailed account of their anat
omy is omitted.

The regular octamerous symmetry of the
octocorallian autozooid, so obvious exter
nally, is shown by microanatomical investi
gation to have a basic bilaterality superim
posed upon it by the presence of the single
siphonoglyph, the modified asulcal pair of
septal filaments, and the arrangement of
the retractor muscles. By virtue of these fea
tures an autozooid may be divided longi
tudinally into identical halves through only
one plane-that which divides the sulcal
and the asulcal pairs of septa and conse
quently the siphonoglyph. Its symmetry is
thus radiobilateral.

The upper portion of the autozooid, called
anthocodia (Fig. 134), is usually retractile,
either within the general coenenchymal
mass or into the stiffened lower part of the
polyp itself, called anthostele. In the former
case, the polyps in contraction are visible
as small pores or stellate apertures, whereas
in the latter a distinct calyx (verruca) al
ways remains visible as a hillock on the
rind (Fig. 134). The tentacles are either
folded over the oral disc or introverted into
the gastrovascular cavity when the polyp
withdraws.

In some instances (Stolonifera, Telesta
cea), the polyps spring from a basal sheet
like or bandlike stolon and stand as erect,
branched or unbranched tubes with walls
commonly supported by spicules, but usually
the lower portions of the polyps are imbed
ded in a thick, gelatinous substance con
taining spicules, the coenenchyme, together
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forming colonies of diverse architecture.
The polyps occupy pits in the colonial
coenenchyme, but unlike the stony corals,
these pits are not marked by radial skeletal
elements alternating in position with the

o
:g
g

L....
C
o

septa; however, separate calcareous spicules
may be so oriented around the base of the
polyp and in its walls as to reflect its octa
merous symmetry. The coenenchyme is
penetrated ~y a complex system of tubules,

septum

gostroaermol solenio

FIG. 134. Morphology of Octocorallia (26n).
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the solenia, which are lined with gastro
dermis and serve to interconnect neighbor
ing polyps.

Commonly, sclerites are distributed in
more or less symmetrical arrangement at
the base of each tentacle and in the body
wall between the septa. Below these tracts,
the heavier spiculation of the anthostelar re
gion may be symmetrically disposed, but in
very many species this is not so.

In several octocorallian families the antho
codial spiculation is so arranged as to fold
over the contracted tentacles and close the
aperture of the anthostele like a lid, which
commonly is recessed deeply within the
calycinal orifice. In the Holaxonia, this
structure has been utilized, especially by
KUKENTHAL and his students, to distinguish
families (for example, Muriceidae, with
operculum; Plexauridae and Acanthogor
giidae, both without operculum). The fact
of the matter is that the spicules which make
up an operculum are almost universally
present and differ mainly in their degree of
development. Thus it is impossible to dis
tinguish between these families on a basis
of the operculum alone, and keys making
use of that feature are unreliable.

The opercula of paramuriceids, plex
aurids, gorgoniids, and most other holax
onians consist of a few to many spindles ar
ranged en chevron upon and immediately
below the tentacle bases; the proximal spic
ules are ordinarily arranged transversely and
form a ring (collaret or crown) around the
polyp, upon which the 8 triangular spicular
segments (points) rest (Fig. 134). These
sclerites are chiefly interseptal in position.
In some families, such as the Gorgoniidae
and the Telestidae, there may also be some
spicules in the body wall along the septa
between any interseptal spicules that may
be present. In Primnoidae with an oper
culum consisting of 8 platelike sclerites (all
genera but Primnoides) , the spicules are
septally situated and therefore lie between
the bases of the tentacles. This operculum,
analogous to that of other families, is con
sequently homologous with the septal rods
of telestids and gorgoniids, rather than with
the functional opercular points of para
muriceids and plexaurids.

It is not only the arrangement of spicules
upon the polyps that is of systematic impor-

tance, but also the size and form of the
spicules, their distribution in various layers
and zones of the coenenchyme, and in some
groups even their color.

The basic spicule type, found in all orders
(except Coenothecalia, which lack spicules),
is the simple spindle, a monaxial rod which
is more or less pointed at both ends. In the
Pennatulacea they are usually 3-flanged
and quite smooth, some being rather blunt.
In other orders they are more or less strong
ly sculptured by spines, complicated warts,
or other protuberances. If the spindles are
relatively smooth, blunt and short, they may
be referred to as rods, but if long, slender
and sharp, as needles. Commonly they com
bine to form twins and cross-shaped de
posits, and by various modifications produce
scales, plates, thorn scales, clubs, capstans,
dumbbells and other forms. Each of these
may, in turn, be further specialized; such
distinctive modifications will be discussed
under the families and genera in which they
occur.

Like other coelenterates, the Octocorallia
consist of 2 epithelial layers-an outer epi
dermis derived from ectoderm, and an inner
gastrodermis derived from endoderm-sep
arated by a connective substance called the
mesogloea. The latter is very thin in some
places, such as the tentacles and septa, al
though elsewhere, as in the fleshy colonial
tissue between the polyps, it is thick and
usually packed with calcareous skeletal ele
ments. The epidermis is a flat, cuboidal or
columnar epithelium or syncytium, and con
sists of supporting, glandular and sensory
elements in an outer stratum that generally
secretes a thin cuticle, nervous cells in a
middle stratum, and muscular cells (which
may be imbedded in the mesogloea below)
in the innermost stratum. Specialized sting
ing structures (nematocysts) are usually
abundant in the surface stratum. The gas
trodermis is constructed upon much the
same plan but is more commonly found to
be syncytial; nematocysts are restricted to
the septal filaments. Intracellular symbiotic
algae (zooxanthellae) are extremely abun
dant in many species.

The mesogloea is a ielly-like material co~

taining amoeboid cells derived from the epI
dermis. Some of these become cnidoblasts,
producing nematocysts, which ultimately
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make their way to the outer surface. Others
become scleroblasts, producing calcareous
sclerites or a horny material, called gorgonin,
which is a protein that has a lower sulphur
content than true horn and commonly con
tains bromine and iodine united to tyrosin
(11). In the anthocodia the mesogloea is
thin and in many forms lacking spicules
entirely; it constitutes the inner support for
the septa, on the sulcal side of which it is
raised into longitudinal plates where the
retractor muscles are inserted.

The mesogloeal scleroblasts, which pro
duce spicules, account for all of the skeletal
elements of the coenenchyme and for cer
tain axial structures. In the Gorgonacea, the
axial structures are produced in 2 ways: (1)
by more or less complete consolidation of
spicules in the medullar region through the
agency of horny or calcareous deposits
(Scleraxonia); or (2) by the secretion of a
horny, or calcareous and horny, central rod
by the cells of a tubular upgrowth from the
original basal plate of epidermis (Holax
onia). The latter is thus an external struc
ture over which the colony is spread, as it
were; whereas the former, made up of
mesogloeal spicules and in many species
penetrated by gastrodermal solenia, is an
internal one. The axes of Scleraxonia and
Holaxonia, although analogous in their sup
porting function, are produced in different
ways and are not homologous.

It is characteristic of the Octocorallia that
new polyps are asexually produced not by
fission but by gemmation from the solenial
system of the basal stolon or of the coenen
chyme. The colonies so produced are of ex
ceedingly diverse form. In one type, simple
tubular polyps spring from a creeping stoIa
nic ribbon or sheet (Fig. 135,1). There is
rarely much development of mesogloea in
the zooid walls, which lack solenial tubes
and consequently do not produce daughter
polyps. Most members of the Stolonifera
follow this plan. In Tubipora, however, the
spicules of the polyp walls fuse together in
separably and the numerous polyps, bound
together by transverse, platform-like sec
ondary stolons, eventually produce colonies
of considerable mass. As the polyps ascend,
they partition off the lower ends of their
rigid tubes by double tabulae, consisting of
a funnel-like lower part and an upper, lenti-

cular cap, placed on a level with transverse
platforms. The tubes are not filled in below
and, for a time at least, living tissue remains
within them. New polyps arise from the
basal stolon and from the horizontal plat
forms (Fig. 135,2). In the Telestacea, in
which the body walls of the polyps have
become permeated by solenial tubes, new
polyps may arise from the walls of older
individuals, thus producing arborescent col
onies of moderate size. The sequence of
budding seems to be quite constant and
forms the basis for separation of the several
genera and species comprising the order. A
schema of the ramification as seen in Telesto
is given in Fig. 135,3, and the variation dis
played by other genera is shown in Fig. 137,
1a,3a,4a. In the order Alcyonacea) the meso
gloea of the polyp walls has developed into
a common colonial coenenchyme, in which
the endoderm-lined gastric cavities of the
polyps are imbedded, and through which
ramifies a complex network of solenial tubes
from which new polyps arise (Fig. 135,4).
In certain families, the mesogloea separating
the long, closely fascicled primary gastric
cavities is more or less reduced and may
contain few or no spicules. The resultant
colonies are arborescent and, in some cases,
closely approximate the appearance of gor
gonaceans. In the latter order, however, the
gastric cavities of all polyps are uniformly
short. In the suborder Scleraxonia, they
penetrate the branches only as deep as the
medullar zone, into which a few gastroder
mal canals may extend. In the Holaxonia,
the medullar zone is not a densely spicular
coenenchyme but instead a horny axis cylin
der (with more or less calcareous matter)
into which, of course, no solenia can pene
trate (Fig. 135,6). In these forms, the corti
cal coenenchyme, now better termed rind, is
comparatively thin and the colonies are
usually much branched and arborescent in
appearance. In some Scleraxonia, the medul
lar zone becomes thoroughly consolidated
through fusion of the included spicules, and
a distinct axis results. These always can be
distinguished from the axes of holaxonians
by their spicular structure, which is clearly
revealed in thin section. In both Scleraxonia
and Holaxonia the axis may be either con
tinuous or divided into horny nodes and
calcareous internodes. The horny nodes of
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the articulate scleraxonians invariably con
tain numerous spicules imbedded in a
spongy matrix of gorgonin, whereas those
of the holaxonians are pure, translucent gor
gonin.

The axis in all Holaxonia is made up of
a basic central chord (Fig. 134) laid down
at the growing branch tips by an axis epi
thelium, and a secondary cortical layer de
posited around the central chord everywhere
below the growing tip by an axis epi
thelium of a different character, which con
tinues to increase the girth of the axis as
long as the colony grows. The secondary
thickening of the axis appears to be accom
plished in 2 distinctly different ways. In the
first, the secondary axis epithelium produces
scales or fusiform bundles of horny gor
gonin more or less completely permeated by
calcareous matter, which are closely imbri
cated or otherwise tightly bound together
in roughly concentric layers. In the second,
the epithelium deposits columns, irregular
prisms or rays of chiefly calcareous material
radiating outward from the central chord.
Each of the radial elements appears to be
the work of a group of epithelial axoblasts
acting as a unit.

These axial features, readily demonstrable
in thin sections under polarized light, be
cause of the orientation of the component
calcareous fibers, may prove to be of diag
nostic value for fossil material. The actual
relationships of many gorgonacean fossils
reported from the Cretaceous upward may
well be clarified by a re-examination of their
basic axis structure.

The members of 2 orders stand clearly
apart from other octocorals in the structure
of their colonies. These are the blue coral
(Coenothecalia), which lacks spicules en
tirely but produces a massive calcareous
skeleton similar to those of some hydro
zoans; and the sea pens (Pennatulacea),
which have evolved a highly specialized
type of colony symmetrically developed
around a long primary polyp which usually
contains a supporting axial rod.

In the Coenothecalia the gastric cavities
of the spiculeless polyps occupy the upper
ends of tabulate tubes in a massive fibro
crystalline coenosteum. The tubes of the
polyps are separated by numerous narrower
tubes, also tabulate, occupied by caeca of

the solenial system, which extend downward
from the surface network.

In the Pennatulacea, the autozooids are
symmetrically arranged around the primary
oOzooid, from whose walls they have bud
ded, with radial orientation, in some, and
bilateral in others. In the second instance
they may be situated in longitudinal, oblique
or transverse rows, and may be partly or
wholly united into broad polyp leaves. The
axi~l rod, which lies between the 4 longi
tudmal canals of the stalk and rhachis is
calcified in a radial pattern similar to ;hat
described above for certain holaxonian fam
ilies.

MORPHOLOGICAL TERMS APPLIED
TO OCTOCORALLIA

Many of the terms used in describing the
morphological and anatomical features of
octocorals are the same as those applied to
other Anthozoa and to coelenterates in gen
eral. Among terms more closely associated
with the Octocorallia some are derived from
similarities with everyday objects, being
thus readily understandable, but a few bor
der on the ridiculous, especially when trans
lated from one language to another.

GLOSSARY OF MORPHOLOGICAL TERMS

anthocodia. Upper, tentacular part of polyp which
in many cases can be retracted within the rind or
calycular structure (Fig. 134).

anthostele. Lower, thickened part of polyp's body
wall into which the anthocodia may be with
drawn, commonly stiffened by spicules; may be
equivalent to calyx.

asulcal. Side of polyp opposite siphonoglyph.

autozooid. Polyp with 8 well-developed tentacles
and septa; only kind of polyp in monomorphic
species and major type in dimorphic species.

axis. Central supporting structure of Gorgonacea and
Pennatulacea; in the former, it may be spicular,
consolidated or unconsolidated, or horny, with
more or less nonspicular calcareous matter.

axis epithelium. Layer of cells derived from ecto
derm that produces the axis of Holaxonia.

axoblast. Individual scleroblast of the axis epithe-
lium.

balloon club. See spicule.

bark. Rind of holaxonian Gorgonacea.

bracket. See spicule.

buccal scale. See spicule.

calyx. Wartlike projecting anthostele (Fig. 134).
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capstan. Su spicule.

cell string. Nonlumenate strand of cells meandering
through coenenchyme.

club. Sec spicule.

cnidoblast. Cell that produces nematocyst.

cocnenchyme. Colonial spiculiferous mesogloea.

collaret. Transverse, subtentacular ring of spicules
(Fig. 134).

C1avularia

cortex. Outer coenenchymal layer of gorgonaceans,
especially Scleraxonia; outer, horny layer of holax

onian axis, as opposed to its medulla (central chord
or core) (Fig. 134).

crown and points. Transverse collaret with super
posed opercular rays.

disc spindle. Sec spicule.

double club. Sec spicule.

2 Tubipora

3 Telesto

4 Alcyonacea 5 Scleraxonia 6 Holaxonia

FIG. 135. Colony formation in Octocorallia (26n).
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double wheel. See spicule.
filament. Thickened, convoluted edge of septum

(mesentery); in Octocorallia, filaments of 2 septa
opposite siphonoglyph are very long and heavily
flagellated, whereas those of remaining 6 are
shorter and glandular (Fig. 134).

gastrovascular cavity. Interior space of polyp radially
partitioned by septa.

infrabasal scale. See spicule.
leaf club. See spicule.
loculus. Crescentic or lenticular calcified area or

fiber-filled space in holaxonian axis (especially
Plexauridae) .

medulla. Central zone of scleraxonian stem; rarely,
central chord of hoiaxonian axis.

mesentery. Soft septum.
mesogloea. Jelly-like substance separating the 2 cel

lular epithelial layers of coelenterates.
nematocyst. "Stinging cell" or "thread cell" formed

within cnidoblasts.
operculum. Anthocodial spicular apparatus that

more or less closes calyx or protects tentacles in
contraction.

oral disc. Distal integument of polyp surrounding
mouth, enclosed by ring of tentacles, forms roof
over gastrovascular cavity.

pharynx. Tubular passageway between mouth and
gastrovascular cavity.

pinnule. Digitate lateral branch of tentacle of octo
coral polyps (Fig. 134).

plate. See spicule.
polyp. Individual of octocorallian colony (see auto
zooid).

polyp leaf. United proximal part of adjacent polyps
that produces a leaflike expansion, from margin of
which anthocodiae project; found in several gen
era of Pennatulacea and Ainigmaptilidae.

polypary. Colony as a whole.
pseudosepta. Spinelike or toothlike skeletal projec

tions in calicles of Coenothecalia; bear no constant
relationship with soft septa of polyps.

radiate. See spicule.
rind. Outer, spiculiferous coenenchyme of Holaxonia

(Fig. 134).
scale. See spicule.
scaphoid. See spicule.
sclerite. Calcareous skeletal element of mesogloea,

irrespective of form.
scleroblasts. Ectodermal cells of mesogloea that pro

duce calcareous spicules.
septum. Thin radial noncalcareous partition (com

posed of soft tissue) dividing gastrovascular cavity
of polyp (see mesentery).

siphonoglyph. Strongly ciliated groove extending
down one side of pharynx (Fig. 134).

siphonozooid. Polyp with reduced tentacles or none,
and commonly reduced septal filaments; usually
much smaller than autozooids.

solenium. Canal lined with gastrodermis penetrating
coenenchyme and interconnecting gastric cavities
of the polyps (Fig. 134).

spicule. Calcareous skeletal element of mesogloea,
irrespective of form; properly, a long, sharp
sclerite. Specialized forms include:
balloon club. Spicule with practically smooth,
spheroidal head (characteristic of Eunicella).

bracket. Same as scaphoid.
buccal scale. Thin flat plate just proximal to oper
culars (Calyptrophorinae) .

capstan. Monaxial rod with 2 whorls of tubercles
and terminal tufts.

club. Spicule enlarged at one end, may be strongly
sculptured.

disc spindle. Derivative of capstan, with tubercles
of 2 whorls fused into discs or wheels.

double club. Bispheroidal, 2-handled sclerite (Cor
allium).

double wheel. Disc spnidle.
infrabasal scale. In primnoids, sclerite situated be

tween basal body scales and scales of rind.
leaf club. Spicule with head ornamented by foliate

processes.
plate. Flat sclerite too thick to be called scale.
radiate. Sclerite with processes radiating in one

plane (stellate), or in various planes in a more or
less symmetrical order.

scale. Thin, flat or nearly flat sclerite.
scaphoid. Spindle more or less distincdy bent in
form of a "C" and with warts of convex side
reduced.

spindle. Straight or nearly straight monaxial spicule
pointed at both ends.

thorn club. Clublike sclerite with processes of head
sharp and spiny.

thorn scale. Tabular sclerite with central or mar
ginal projecting process.

torch. Club with foliate processes of head strongly
laciniate, resembling burning torch.

wart club. Clublike sclerite with only low, blunt
protuberances ornamenting the head.

spindle. See spicule.
stolon. Creeping basal expansion, ribbon-like or

membranous, from which polyps of Stolonifera
and Telestacea arise.

sulcal. Side of polyp nearest siphonoglyph.
sulcus. See siphonoglyph.
supporting bundle. Sheaf of supporting spicules be-

low anthocodia of nephthyid polyp.
thorn club. See spicule.
thorn scale. See spicule.
torch. See spicule.
verruca. Calyx; tubercle of sclerite.
wart club. See spicule.
zooid. In more recent literature in English, any

individual of colony, irrespective of its morphologi
cal specializations, thus =polyp; in most Ger
man works, =siphonozooid.
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NUTRITION

Many octocorals are largely holozoic in
their nutrition, capturing small, planktonic
organisms in large numbers. Small crusta
ceans and larval mollusks are frequently ob
served in the gastrovascular cavities of their
polyps. The common purple or yellow sea
whip, Leptogorgia viminalis (PALLAS), of
the southeastern coast of the United States,
is often found to contain large numbers of
lamellibranch larvae; where this gorgonian
is common, as from Chesapeake Bay to
northwest Florida, it must be able to deci
mate the populations of larval bivalves that
pass among its branches.

On the other hand, a number of other
octocorals, notably some Xeniidae and a
species of Clavularia, have been found to
live perfectly well without ever ingesting
food; these species contain vast numbers of
symbiotic algae, the zooxanthellae, in their
gastrodermal layers. They thrive in the
presence of adequate sunlight, even in fil
tered water. In the dark, however, they
soon necrose and die, even if amply pro
vided with food, which they seem com
pletely unable to ingest (8). These species
with abundant zooxanthellae in their tissues
furthermore may have very few nematocysts
(in some species I have found none at all)
and greatly reduced digestive structures.
Conversely, abundant nematocysts and well
developed digestive tissues are usually cor
related with a small number or complete
absence of zooxanthellae. Evidence as to
whether the corals actually digest their zo
oxanthellae as food is inconclusive, but, in
some at least, a sort of reciprocal interchange
system has developed and the algae are not
eaten. In these, the coelenterates seem able
to utilize directly the photosynthetic prod
ucts that the algae elaborate in excess of
their own nutritional requirements, and the
algae make use of some of the metabolic by
products of the animal.

REPRODUCTION

Ordinarily it is the autozooids that are
fertile, and the sexes are separate; but in
some groups the siphonozooids contain the

~eproductive tissues, and in some, protogyny
IS usual.

The reproductive cells, which are derived
from the endoderm, develop on the edges
of the 6 septa away from the siphonoglyph,
where they form conspicuous swellings. Ripe
eggs commonly are connected to the septal
edge only by a narrow stalk, and are covered
by a layer of gastrodermis. The sex products
may be discharged into the water, where
fertilization and subsequent development
take place, or the eggs may be retained after
fertiliz~tion until. late in the planula stage.
~here IS no vestige of a medusoid genera
tion.

ECOLOGY AND DISTRIBUTION

The Octocorallia are widely distributed
organisms that occupy a great variety of
ecological situations. Nevertheless, there are
cer~ain con?itions, such as desiccation, heavy
sedimentation, and reduced salinity, that
they rarely tolerate to any extent. Some spe
cies, of course, are able to endure such con
ditions more or less regularly: the Alcyona
cea of tropical Pacific reefs may be regularly
exposed by the tides, and the common At
lantic Leptogorgia viminalis inhabits inshore
waters that may be both muddy and brack
ish. As a rule, however, most species live
below the low-tide mark, where they are
safe from desiccation, occurring in clean
water with a minimum of constant sedi
mentation. They extend around the world
from Arctic to Antarctic, from the low-tide
mark to the abysses. Most species are found
on the continental shelf and slope, but a few
descend to great depths. The deepest record
for the subclass belongs to a pennatulacean,
Umbellula leptocaulis KOLLIKER, which has
been taken at 2,440 fathoms (4,440 m.).
The isidid gorgonian, Keratoisis profunda
(WRIGHT), claims the deepest record for its
order, at 2,300 fathoms (4,200 m.); and
species of Corallium have been collected
from depths down to 2,200 fathoms (4,000
m.) in the Atlantic and 1,314 fathoms (2,400
m.) in the Pacific.

Of the 7 orders, members of only one,
the Pennatulacea, are regularly adapted for
existence on a soft substrate. They have a

© 2009 University of Kansas Paleontological Institute



F176 Coelenterata-Anthozoa

stalk, the lower end of which is dilatable,
serving to anchor the colony in mud or sand.
All other octocorals are typically fixed by a
basal attachment to some solid object, al
though a few species have developed alter
native adaptations for holding the colony
in place. Notably, some alcyonaceans enclose
a lump of mud in a basal expansion, and
others produce rootlike, fleshy rhizoids, both
effective solutions to the problem of fixa
tion. The Telestidae characteristically form
colonies that arise from creeping stolons, but
individuals of certain species are able to live
unattached on sandy bottoms. Associated
with them are found gorgoniids and ellisel
lids that have made the same adjustment to
their habitat. Other holaxonian gorgon
aceans, for example certain genera of Isidi
dae, have become adapted to a soft substrate
by development of rootlike, calcareous pro
cesses in place of the usual incrusting, mem
branous attachment. Many Chrysogorgiidae
and a few Primnoidae likewise can do so,
or can attach by the conventional means to
solid objects, as circumstances require.

The extent to which octocorals contribute
to the formation of reef limestone is not
known, but it is certain that they are prolific
producers of calcium carbonate. At the Dry
Tortugas, the spicule content of living col
onies on the reef was estimated to average
5.38 tons per acre; with about 1/5 of the
population being destroyed annually (based
on a 5-year period), about one ton of cal
careous material was made available per
acre per year (5). Since this material is in
the form of minute spicules, easily trans
ported by currents or dissolved, probably no
very high percentage of it actually becomes
incorporated into the reef mass. On many
tropical Pacific reefs the situation is much
different. There, the luxuriant growth of
gorgonaceans so characteristic of Caribbean
reefs is greatly reduced and in most places
completely lacking. The predominant octo
corals of the reefs are massive alcyonaceans,
which, having an even more densely spicu
lar coenenchyme than the West Indian gor
gonaceans, may actually become consoli
dated with the reef while the upper parts
of the colonies are still living (6). No esti
mates have been made of the calcium car
bonate production by the alcyonacean popu
lations of these reefs, but it seems obvious

that a higher percentage of it would actually
be incorporated into the reef rock even
though growth rate and productivity might
be substantially lower. Some reefs in the
tropical Pacific support a heavy growth of
the blue coral, Heliopora, which can be a
locally significant reef former.

SYMBIONTS AND COMMENSALS

As a result of their sedentary nature, octo
corals have fallen victim to a considerable
array of epizoic hangers-on, and a number
of commensal, symbiotic and parasitic rela
tionships have developed. Some of these
associations are distinctly beneficial to the
coral host, but most are not obviously so.
How many of them are detrimental is diffi
cult to say. The host can be killed, as usually
happens when a colony of Millepora obtains
a foothold on the accidentally exposed axis
of a gorgonian. The hydrozoan by its rapid
growth speedily pushes the living gorgonian
substance farther and farther back until it
occupies the entire axis and the gorgonian
dies. Such occurrences are entirely fortui
tous, however, depending upon the chance
contact of a millepore larva in a settling
mood with a suitably denuded axis. At any
other time, the larva would continue on its
way; at any other place on the gorgonian
it might be captured and eaten, or at least
prevented from settling. The millepore is
not dependent upon the octocoral for sup
port; it can form its colony independently
elsewhere. In many other cases, however, the
dependent partner indeed cannot live else
where. A complicated relationship has de
veloped, as in the case of the ovulid gastro
pods, which seem completely dependent
upon their alcyonarian hosts. The exact na
ture of this dependence is not known; the
mollusk may feed directly upon the polyps
without ever devouring enough of them to
damage the colony, or it may only browse
upon foreign materials that collect on the
coral colony. In any event, alcyonarians in
fested with ovulid snails never seem to be
unhealthy or damaged in any way. Another
interesting mollusk-octocoral relationship is
that between Rapa and Sinularia. The gas
tropods live imbedded deep in the fleshy
tissue of the octocoral, with no direct means
of communication with the outside; water
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currents maintained by the polyps appar
ently suffice for their respiration, and their
nutrition is probably derived in some way
from host tissues.

Most, if not all, alcyonarian corals are in
fested with copepods of the peculiar family
Lamippidae. In some cases, the commensals
live in the gastrovascular cavities of the in
dividual polyps, but in a great many others
they inhabit the colonial gastrodermal canal
system, which may be enlarged locally to
accommodate them. Most of these copepods
have degenerated into small, grublike crea
tures as a result of their confined habitat.
Even more peculiar are the copepods appar
ently related to Ophioika, which have been
found in the polyps of Paramuricea in the
north Atlantic and of Paracis in the central
Pacific. These are so modified as to bear
little resemblance to conventional copepods.
Some pycnogonids spend their youth in the
polyps of Chrysogorgia, but details of their
life history are unknown (22). These vari
ous arthropods betray their presence in the
host only by localized galls or swellings, or
by enlargement of individual polyps. Anne
lid commensals, however, frequently induce
more conspicuous external modifications
upon their hosts. They cause the polyps of
primnoids to enlarge their lateral scales to
form archways along the branche~, in which
the worms live. The polyps of acantho
gorgiids, which have only slender fusiform
sc1erites, respond by sending out fleshy lobes
that meet to form similar tunnels along the
branches. In octocorals without projecting
polyps, polychaetes may inhabit deep
grooves in the coenenchyme, and in a few
other species they live in the gastrodermal
canal system.

Since it is impractical to mention here,
even briefly, all of the associations in which
alcyonarians are involved, I give below a
systematic list of the principal organisms
that have been observed to take part in such
associations, together with their host corals.

Associations of Octocorallia with Other
Organisms

Algae. ZOOXANTHELLAE: widespread in octocorals of
warm, shallow waters.

Protozoa. FORAMINIFERA: commonly borne by teles
tids and other octocorals with an outer cuticle.

Porifera. Sponges may envelop colonies of Telesto,

Anthothela, Parisis and other octocorals, which
seem not to suffer as a result.

Coelenterata. HYDROZOA: Hydrichthella epigorgia
STECHOW on Anthoplexaura dimorpha KUK., Mille
pora on various Gorgonacea. ANTHOZOA: Sagartia
acanellae on Acanella arbuscula, Palythoa sp. on
Corallium inutile, Parerythropodium coralloides on
Eunicella verrucosa.

Ctenophora. T jalfiella and other Platyctenea on
various octocorals (11).

Platyhelminthes. A polyclad was found clinging to
branches of Paracis orientalis dredged in the Mar
shall Islands.

Brachiopoda. Unidentified species on Chrysogorgia
(13).

Echinodermata. CRINOIDEA: comatulids often found
clinging to gorgonaceans. OPHIUROIDEA: gorgono
cephalid Astrophyton muricatum living entwined
in branches of shallow-water gorgonaceans, es
pecially Antillogorgia, in West Indian region;
other gorgonocephalids and trichasterids occasion
ally discovered on branches of deeper-water gor
gonaceans as Schizostella on Swiftia and Muricea
(W.Indies); Asteroschema on Narella (Hawaii)
and Nicella (W.Indies), Astrogomphus on Thesea
(W.Indies), and many others.

Annelida. POLYCHAETA: Leucodore (=Polydora) in
corallum of Heliopora; Polynoidae especially fre
quent upon Primnoidae, but found also on octo
corals of other families, as Harmothoe on Arthro
gorgia, Narella, Thouarella and Corallium; Polyeu
noa on Acanthogorgia and Thouarella; Polynoe
on Anthomastus, Corallitlm, Acanthogorgia, Stenel
la, Acanella, lsidella and Pennatula; Syllidae of
the genera Haplosyllis and Typosyllis recovered
from gastrodermal canals of every specimen ex
amined of Anthogorgia (Indo-Pac.) and Acan
thacis (W.Indies) (fide M. H. PETTIBONE).

Arthropoda. PYCNOGONIDA: Ascorhynchus sp. in
polyps of Chrysogorgia papillosa (22). COPEPODA:
Lamippidae in polyps and in gastrodermal canals
of many octocorals; Ophioika-like forms in the
gastrovascular cavities of Paramuricea (Ad.) and
Paracis (Pac.). CIRRIPEDIA: lepadomorph barnacles
sometimes found clinging to gorgonaceans; ver
rucomorph species observed on Telestidae; balano
morphs commonly forming galls on branches of
gorgoniids or imbedding themselves in fleshy forms;
Ascothoracica not uncommon on branches of
Chrysogorgiidae. ISOPODA: Sphaeromidae found on
rind of plexaurids and gorgoniids in W.Indies and
Panama; Arcturidae on Primnoella in Antarctic.
AMPHIPODA: caprellids sometimes found clinging
in large numbers to colonies of Gorgoniidae. DECA
PODA: anomurans Orthochela on Eugorgia and
Uroptychus on Calyptrophora and Chrysogorgia.

Mollusca. APLACOPHORA: Solenogasters taken from
branches of gorgonian corals. GASTROPODA: essen
tially entire family Ovulidae commensal on Aleyon-
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acea and Gorgonacea; in W.Indies Cyphoma com
mon on Antillogorgia and Plexaura, and Simnia
upon Leptogorgia and Gorgonia; coralliophilid
snail Rapa living imbedded in Sinularia (fide A. B.
BRONSON); small dorid nudibranch common on

living Heliopom. CEPHALOPODA: eggs of Sepia oc
casionally found attached to Paramuricea placo
mus.

Chordata. PISCES: egg-cases of small sharks attached
to branches of gorgonians (13).

METHODS OF STUDY

It is practically impossible to outline meth
ods of study for fossil Octocorallia. Perhaps
it may suffice to describe techniques applic
able to Recent forms, in order to indicate
methods of getting at pertinent characters.
From this foundation the paleontologist may
then be able to erect a system of procedure
appropriate to the material that confronts
him.

When one consults a key to the orders of
Octocorallia, such as that in DEICHMANN'S

monograph (7), it immediately becomes
obvious that general macroscopical char
acters are of considerable value: whether or
not the colony is solidly attached to a firm
surface or only stuck in a muddy sea floor,
and the way its component polyps are dis
tributed upon it; whether there is a horny
axis or not; whether the colonies are arbores
cent, lobate, or creeping; whether the gastro
vascular cavities of the polyps are long
(reaching to base of the colony) or short;
whether the polyps are simple or produce
branchlike daughters from their side walls;
and whether the polyps are of one or more
kinds. Many such characters can be ob
served directly and require no special tech
niques; some require dissection of fresh
material to reveal structures that probably
never could be fossilized; and a few require
microscopic examination, as, for instance,
the distribution of horny material in the
coenenchyme.

In modern gorgonaceans the average di
ameter of the final branches is a useful char
acter, for it seems to remain reasonably con
stant regardless of the total size of the col
ony. Also, in the terminal region the canal
system and spiculation are not so likely to
have suffered modifications attendant upon
secondary growth. Therefore it is usually
desirable to base conclusions on a study of
this area rather than of older parts. As might
be expected, in view of this fact, a small
specimen is fully as satisfactory for study as
a large one, and a fragment may supply all

the information necessary for determination.
Sad to relate, the same happy state of affairs
does not obtain among the sea pens, of
which a young specimen can be treacherous
ly misleading, nor among the nephthyid
alcyonaceans, in which the variations that
occur from base to apex of the colony are
important.

Color is usually quite fast in the Octo
corallia, and where it is also constant it pro
vides a useful character. In a few species the
characteristic life color is due to pigmenta
tion of the soft tissues and fades almost im
mediately when a specimen is placed in
preservative. The greenish, brown, or yel
lowish coloration of many tropical reef
dwelling species is due to intracellular sym
biotic algae, the zooxanthellae and zoochlor
ellae. The neontologist thus finds color to be
of inconsistent value; the paleontologist,
however, may find the persistent skeletal
coloration of such things as tubipores (red)
and heliopores (blue) of some use in the
analysis of tropical reef deposits.

Of the 7 orders, the members of 3 (Pen
natulacea, Gorgonacea, Trachypsammiacea)
produce substantial, fossilizable axial struc
tures. Those of the pennatulids are slender
and rodlike, being known to the paleontolo
gist under the generic name Graphularia.
The axes of sea pens, in general, are quite
uniform throughout the group and, to judge
by Recent material, it is in most cases com
pletely impossible to distinguish between
species or even higher categories on external
axial characters alone.

The axial structures of Gorgonacea can
often be identified to family or genus with
reasonable certainty. The jointed ones, be
longing to the Melitodidae, Parisididae and
Isididae, are recognizable at once and can be
distinguished from one another by means
of thin sections which reveal the spicular
or nonspicular nature of the calcareous
joints. In the Holaxonia, the structure of
the central chord or medulla and its rela-
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tionship to the cortical layer, and the con
centric distribution of horny and calcareous
substances are significant and must be in
vestigated by sections also. Polarized light
may reveal features indistinct or invisible
in ordinary illumination, such as the orien
tation of the calcareous fibers in both axis
and spicules.

In general, the calcareous spicules form
the most important single character in the
determination of octocorals. In certain fam
ilies (Chrysogorgiidae, Primnoidae), the
arrangement of sclerites on the polyps is as
important as the shape of the spicules them
selves, and in these the zooidal armature
must always be studied intact on the polyps,
as well as disassociated. In several other
families, the organization of the zooidal
armature must be considered, but this is
somewhat less important than form of the
coenenchymal spicules. No specimen of fos
sil octocoral in which the original arrange
ment of spicules has been preserved is
known to me.

The isolated spicules recovered from ma
rine deposits are probably best handled in a
routine fashion as micropaleontological
specimens. In order to study the spicules of
Recent specimens it is necessary to free them
from surrounding tissues. Traditionally, this
is done by boiling a small fragment of the
colony in a strong solution of caustic soda
or potash, which is a cumbersome, messy,
and potentially dangerous method. Far more
practical is the use of sodium hypochlorite
solution, which is readily obtainable as a
laundry bleach under several trade names,
or as a pharmaceutical. In some places, the
commercial Solution is known as "anti
formin," in others as "Javelle water." It is
quick, safe, and simple to use; for routine

spicule examinations it is merely necessary
to place a fragment of the coral on a slide,
drop a small amount of "clorox" on it with
a medicine dropper, and wait for a few
moments. The bubbles that form can be re
moved by adding some water and removing
excess fluid with bibulous paper. The prep
aration may then be covered with a glass
coverslip and is ready for study. Should it
be desirable to make a permanent spicule
mount, the sample may be processed in a
small vial to facilitate the repeated washings
required to remove all traces of reagents.
An alcoholic (or distilled water) suspension
of spicules is pipetted onto a clean slide and
allowed to dry. Any neutral mounting me
dium may be used, but some of the synthetic
resins are better than balsam, which has a
refractive index close to that of the spicules
themselves.

If one wants to observe the arrangement
of opercular elements, it is necessary only to
dissect out the anthocodial region and place
it in dilute clorox, which will act more
slowly. As the tissues are dissolved they
swell and become transparent, thus separat
ing and clearly revealing the opercular spic
ules. Of course, the soft tissue is destroyed
completely before long, so the preparation
should be watched carefully under a stereo
scopic microscope. If it is desirable to keep
the spicular arrangement intact for a longer
period, the polyp may be placed in a dilute
solution of potassium hydroxide for a short
time and then removed to water, where
upon the soft tissues swell, separating the
spicules, and become transparent, rendering
the arrangement of spicules clearly visible.
With skill and some practice, such a prep
aration can be washed, dehydrated, and per
manently mounted in balsam.

CLASSIFICATION
HISTORICAL SUMMARY

The classification of the octocorals can be
divided historically into three periods: (1)
the herbalistic, from ARISTOTLE to LINNE,
during most of which corals were thought
of and classified as plants and referred to in
erudite polynomials; (2) the Linnean, from
the 10th Edition of the Systema to KOLLI
KER'S lcones, during which it became ac
cepted that corals of all kinds were animals

and the Linnean system of nomenclature be
came established, making possible a crude
expression of relationships; and (3) the
modern, from KOLLIKER'S lcones to the
present, during which the relationships of
various groups were investigated and sys
tems of classification drawn up by the use
of modern methods.

Little need be said about the pre-Linnean,
herbalistic period of coral classification, save
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that it is probably as old as civilization it
self and that the octocorals, along with other
coelenterates, were universally thought of
as plants. Black corals (the axes of Anti
patharia and Gorgonacea), precious coral
(Corallium rubrum), and the jointed white
coral (Isis hippuris) were known to the an
cients, who valued them for their magical,
medicinal, and decorative properties. HICK
SON (1924, Introduction to the Study of Re
cent Corals, Univ. Manchester) gives an ex
tensive history of the commerce in these
corals.

Descriptions and illustrations were, for
the most part, poor. The earliest (but not
the worst) illustration of a gorgonian that
I know of appears in GESNER'S De Rerum
Fossilium, Lapidum et Gemmarum, 1565.
The best are probably those in KNORR'S
Deliciae Naturae Selectae. Although the
value of the skeletal spicules in the classifi
cation of octocorals was not discovered until
a hundred years later, these structures were
first figured in JOHN ELLIS' Essay on the
Natural History of the Corallines, 1755.

The principal difference between the clas
sification of alcyonarian corals during the
years immediately preceding the 10th edi
tion of LINNE'S Systema and that of the
hundred years following it is found in the
expression of natural relationships made
possible by Linnean nomenclature.

In organizing the corals for his Systema
Naturae, LINNE brought together most of
the species previously described and ar
ranged them in 6 genera: Tubipora, Madre
pora, Isis, GOfgonia, Alcyonium, and Pen
natula. PALLAS (1766) and ESPER (1788
1830) recognized the same genera, with
minor shifting of species and addition of
others. New genera were added in profu
sion by LAMARCK (1801, 1816), LAMOUROUX
(1812, 1816), EHRENBERG (1834), VALEN
CIENNES (1855), and MILNE-EDWARDS &
HAIME (1857). LAMARCK (1801) began ex
panding the classification, dividing his order
of radiates (polypes arayons) into sections,
the 2nd of which included the octocorals,
distributed between 2 subdivisions. There
was no grouping into families, and it is not
likely that LAMARCK thought of any category
in a familial sense. LAMOUROUX grouped the
genera first into families, later into orders
that did not differ, except in name, from

his original families. It was EHRENBERG
(1828, 1834) who first really elaborated on
the classification of zoophytes, creating ord
ers, tribes, and families within a "circle"
Anthozoa. Unfortunately, his scheme was
marred by its artificial duality, being divided
into orders "Phytocorallia" and "Zoocoral
lia" each with identical tribes (e.g., Octacti
nia). The families of zoocorallian tribes
were distinct from those of the phytocoral
lian tribes; e.g., the families Isidea and
Gorgonina were phytocorallian Octactinia,
whereas the Xenina, Tubiporina, Alcyonina,
and Pennatulina were zoocorallian Octacti
nia. Although EHRENBERG was the first to
penetrate deeper than superficial appear
ances and to use the characters of the polyps
themselves in devising his classification, his
artificial subdivision rendered the resulting
system untenable. Therefore, DANA, MILNE
EDWARDS, and other subsequent workers re
united the parts of the Octactinia into a
single taxonomic unit variously called
Zoophytaria (DE BLAINVILLE), Alcyonaria
(DANA), and Octocorallia (HAECKEL).

VALENCIENNES (1855) was apparently the
first to recognize the value of the calcareous
spicules in the classification of alcyonarian
corals, but he failed to put his observations
into actual practice. His Extrait d'une Mono
graphie de la Famille des Gorgonidees was
only an incomplete outline and served little
purpose in advancing knowledge of rela
tionships in the group. Thus it fell to KOLLI
KER to substantiate the suggestions of VAL
ENCIENNES and put the classification of
octocorals on a sounder basis through the
publication of his leones histiologicae. Sub
sequently, VERRILL, SAVILLE-KENT, E. P.
WRIGHT, and THEOPHILE STUDER adopted
and expanded the spicular system intro
duced by KOLLIKER.

The arrangement of the families and or
ders of Octocorallia, essentially as we now
know it, emerged from the work of A. E.
VERRILL, with improvements by HICKSON,
KUKENTHAL, and others. This system, as
emended by HICKSON (1930), is basically
employed herein. It is admittedly not per
fect, and a re-examination of specimens and
re-evaluation of characters is certain to bring
about many changes. I have already modi
fied the families of Scleraxonia, largely in
accord with VERSEVELDT'S researches on the
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anatomy of several genera, and recognize a
7th order, Trachypsammiacea MONTANARO
GALLITELLI, which is established herein.

PHYLOGENY
In his chapter on geographical distribu

tion of the Gorgonacea, KUKENTHAL (13)
presents a phylogenetic tree of the group
based partly upon inferences from his sys
tematic data. Although voluminous and
valuable, these data contain erroneous ele
ments, which led KUKENTHAL to some con
clusions that I believe untenable. Moreover,
he neglected to reckon fully with paleon
tological evidence that several groups of
octocorals have persisted with very little
change through an appreciable part of geo
logical time, and with the consequent im
plication that many not readily fossilizable
octocorals may have existed as long. The
distribution of certain modern genera, es
pecially in the tropical American region
where we are reasonably sure of Cenozoic
paleogeography, furnishes evidence support
ing the same point.

KUKENTHAL'S supposition that the 2 spe
cies of Erythropodium recognized by him,
because of their discontinuous distributions
in the Atlantic and Indo-Pacific, represent
the stocks from which the Atlantic and
Indo-Pacific groups of briareids developed
independently is quite untenable because its
basic premise, that E. caribbaeorum and E.
marquesarum are congeneric, is fallacious.
These membranous forms were united in a
single genus by KUKENTHAL in spite of
their obvious differences, whereas lciligorgia
of the Caribbean is kept separate from Sem
perina and Solenocaulon of the Indo-Pacific
in spite of their obvious strong similarities.
It seems quite clear that the origin of Atlan
tic and Pacific groups of Scleraxonia ante
dates the geographical discontinuity of those
areas, and that the 2 groups have common
elements.

HICKSON (10) has discussed evolution of
the Pennatulacea, concluding that the group
is derived from an Anthomastus-like alcyon
acean ancestor. This inference is supported
by the peculiar alcyonacean known as
Bathyalcyon, apparently related to Antho
mastus. In this odd genus, the colony con
sists of a monstrous primary autozooid, cor
responding to the primary oozooid of the

Pennatulacea, with many siphonozooids
budding from the solenial system of its
thickened outer wall. Although Bathyalcyon
is an attached form, insofar as known speci
mens go, its relative, Anthomastus, may be
either permanently attached to a hard sub
strate or anchored in a soft bottom by fleshy
processes of the lower stalk.

Other workers have derived the sea pens
from T elesto-like colonies in which sec
ondary autozooids originate from the solen
ial system of the body wall of the primary
polyp. Whatever its origin, the Pennatulacea
is certainly a highly specialized group of
octocorals.

The interrelationship of the various orders
and the origin of the subclass from other
Anthozoa may never be fully understood.
If the tabulate Coenothecalia have phylo
genetic affinity with any of the ancient Tab
ulata, Heliopora is a survivor of a very old
lineage. But we will probably never know
if any of the older tabulates are octocorals,
and the tabulate structure of Heliopora may
simply represent an independent solution to
problems attendant upon upward growth
and thus have no phylogenetic significance.

It is pertinent to remark that phylogenetic
assumptions must be based on tangible mor
phological facts, on careful interpretation of
geographical distributions, and on paleon
tological evidence. We must attain a much
wider knowledge in these fields before a
realistic phylogeny of the Octocorallia can
be synthesized. We may never be sure of
their origin. A remark by KUKENTHAL on
this subject is apt: "Der Ursprung der AI
cyonarien ist in Dunkel gehiillt, und auch
die Palaontologie vermag uns nichts dar
iiber auszusagen."

SUPRAGENERIC TAXONOMIC
DIVISIONS

The subclass Octocorallia is divided into
7 orders. Of these, one (Pennatulacea) is
sharply differentiated from the remaining 5,
which are less clearly distinguished one
from the other. An examination of extensive
material indicates that many genera, as
usually regarded, are unrealistically de
ployed within the existing families, some of
which also fail of proper definition. In con
sequence, I have redefined some families and
established or re-established others, and re-
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assigned certain genera, to arrive at a sys
tematic structure useful not only for the col
lections of the U. S. National Museum but
also in further phylogenetic studies on octo
corals.

The suprageneric divisions of the Antho
zoa Octocorallia, as recognized herein, are
listed in the following tabulation, which
also records the known geologic range of
each. The numbers enclosed in parentheses
indicate totals of described genera consid
ered as valid.

Supragcncric Divisions of Octocorallia

Stolonifera (order), polyps arising from a mem
branous or bandlike creeping stolon, without
lateral budding; spicules when present mostly
slender, rather spinous spindles (5). Cret.-Rec.

Cornulariidae (1). Rec.
Clavulariidae (3). Cret.-Rec.
Tubiporidae (1). Rec.

Telestacea (order), polyps arising from stolons but
producing daughter polyps by lateral budding
from solenial system; spicules slender and spin
ous or blunt and tuberculate, inseparably fused
together in some (4). Rec.

Telestidae (3). Rec.
Pseudocladochonidae (1). Rec.

Alcyonacea (order), polyps proximally imbedded in
fleshy, spiculiferous mesogloea, primary indiv
iduals extending from base of colony to its top;
secondary individuals also extremely elongate;
monomorphic or dimorphic (38). L.fur.-Rec.

Xeniidae (7). Rec.
Alcyoniidae (13). Rec.
Astrospiculariidae (1). Rec.

Nephtheidae (8). L.fur.-Rec.
Siphonogorgiidae (6). Rec.
Viguieriotidae (3). Rec.

Trachypsammiacea (order), polyps surrounded by
calcified coenenchymal vesiculae in radiating
rays and short, interlocking longitudinal rows,
arising from a central longitudinal canal sys
tem (1). Perm.

Trachypsammiidae (1). Perm.
Coenothecalia (order), massive calcareous skeleton

made up of dimorphic, tubular, tabulate coral
lites comprising large autopores with pseudo
septa, and small "siphonopores" (4). Cret.-Rec.

Helioporidae (3). Cret.-Rec.
Ceratoporellidae (1). Rec.

Gorgonacea (order), colonies branched treelike, but
in some flagelliform, membranous or lobate, the
polyps having uniformly short gastrovascular
cavities; spicules of diverse form, sculptured with
warts or spines (116; 5). Cret.-Rec.

Scleraxonia (suborder), branches consisting of an
inner medullar zone composed of horny mate-

rial and calcareous spicules which may be
inseparably fused, and an outer cortical zone
with all spicules free, the polyps being im
bedded in this zone; monomorphic or dimor
phic (26). Cret.-Rec.

Briareidae (2). Rec.
Anthothelidae (11). Rec.

Anthothelinae (1).
Semperininae (3).
Spongiodermatinae (7).

Subergorgiidae (1). Rec.
Paragorgiidae (2). Rec.
Coralliidae (2). Cret.-Rec.
Melithaeidae (6). Tert.-Rec.
Parisididae (2). Tert.-Rec.

Holaxonia (suborder), branches conSISung of an
inner axis of horny material which may have
in it much calcareous matter but no true
spicules (except Keroeididae, which have a
chambered medulla unlike Scleraxonia), and a
fleshy cortical zone containing spicules and the
polyp cavities (90; 5). Cret.-Rec.

Keroeididae (1). Rec.
Acanthogorgiidae (3). Rec.
Paramuriceidae (25). Rec.
Plexauridae (12). Rec.
Gorgoniidae (8). Rec.
Ellisellidae (6). Cret.-Rec.
Ifalukellidae (2). Rec.
Chrysogorgiidae (7). Rec.

Lepidogorgiinae (1).
Chrysogorgiinae (5).
Chalcogorgiinae (1).

Primnoidae (13; 5). Cret.-Rec.
Primnoeidinae (1). Rec.
Primnoinae (7;5). Cret.-Rec.
Calyptrophorinae (3). Rec.
Callozostrinae (2). Rec.

Ainigmaptilidae (1). Rec.
Isididae (12). Cret.-Rec.

Keratoisidinae (4). Rec.
Mopseinae (3). Eoc.-Rec.
Muricellisidinae (1). Rec.
Isidinae (2). Cret.-Rec.
Incertae sedis (2). Cret.

Pennatulacea (order), free-living colonies consisting
of primary oiizooid with barren lower part that
acts as a stalk and anchor, and upper part which
produces secondary individuals singly, in groups,
or fused together into bilaterally arranged leaf
like processes. Spicules mostly smooth rods, bars
or needles, commonly 3-flanged, or small plates
or discs. Axial rod usually present (41). ?Sil.,
Rec.

Sessiliflorae (suborder) (23). ?Sil., Rec.
Veretillidae (5). Rec.
Echinoptilidae (2). Rec.
Renillidae (2). ?Sil., Rec.
Kophobelemnidae (3). Rec.
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Anthoptilidae (1). Rec.
Funiculinidae (1). Rec.
Protoptilidae (3). Rec.
Stachyptilidae (1). Rec.
Scleroptilidae (2). Rec.
Chunellidae (2). Rec.
Umbellulidae (1). Rec.

Octocorallia-Stolonifera

Subselliflorae (suborder) (13). Cret.-Rec.
Virgulariidae (7). Cret.-Rec.

Virgulariinae (6). Tert.-Rec.
Balticininae (1). ?U.Cret., Rec.

Pennatulidae (3). Rec.
Pteroeididae (3). Tert.-Rec.

Suborder and family uncertain (5). Sil.-Cre!.

SYSTEMATIC DESCRIPTIONS

F183

Subclass OCTOCORALLIA Haeckel,
1866

[=Octactinia EHRENBERG, 1828; Zoophytaria DE BLAINVILLE,

1834; Alcyonaria DANA, 1846]. The name Octocorallia is used
in preference to prior terms because the 1st, Octactinia, im
plies relationship with Actiniaria, and was also part of
EHRENBERG'S unusual dual classification; the 2nd, Zoophy.
taria, a relict of the botanical associations of these corals,
has diverse connotations undesirable in modern usagej and
the 3rd, Alcyonaria, although widely used, has been employed
for the order Alcyonacea as well as for the subclass as a

whole and thus leads to confusion.

Sedentary, colonial Anthozoa with polyps
invariably bearing 8 tentacles, almost in
variably pinnate; and 8 complete septa (mes
enteries); pharynx with one "ventral"
siphonoglyph. Skeletal structures usually
consisting of calcareous spicules; in many, an
axis of more or less calcified, hornlike sub
stance is also present which may be in the
form of fused spicules; rarely a massive,
fibrocrystalline corallum. ?Sil., Rec.

Order STOLONIFERA Hickson,
1883

Colonies composed of tall or short, cylin
drical or blunt-conical polyps springing from
a basal stolon which creeps upon solid ob
jects; stolon ribbon-like, a reticulum of flat
bands, or a thin flat sheet. Distal, tentacular
part of polyps usually retractile within the
stiffened proximal part (anthostele); con
necting tubes or platforms may join adjacent
polyps. New individuals budded only from
stolon or connecting platforms, never from
body wall of fully developed polyps. Spic
ules, when present, are usually slender,
spinose rods; stolons and polyps usually in
vested with a horny external cuticle, which
in some forms is the only skeletal structure.
Colonies usually not conspicuous, although
some may attain considerable size. Cret.
Rec.

The value of the horny cuticle in estab
lishing limits of this order needs to be more
thoroughly explored. Such a formation oc
curs in the Telestacea as well as in the
Stolonifera, but in neither group are its ex-

tent, origin, and formation fully understood.
A study of the internal anatomy and histol
ogy of both groups may throw light on their
proper relationships.

At present, the only features safely utiliz
able for discrimination are structure of the
individual polyps, general character of the
stolon, and details of spiculation.

In the Stolonifera the polyps commonly
have a well-defined proximal zone stiffened
by densely packed spicules, into which the
oral part, tentacles and all, may be retracted.
The polyps arise from the stolon, which
may be a meandering ribbon adhering to
the substrate, a complex network of such
ribbons, or a membranous sheet, but in none
is there much thickening of the mesogloea.
The anthostelar tubes of adjacent polyps
may be connected by transverse tubes or
platforms, which can give rise to new polyps
just as the stolon itself is able to do, but
daughter polyps are never budded off from
primary individuals.

The form of the calcareous spicules is an
indispensable character in classification of
most stoloniferans. When present, the
spicules are almost exclusively long, slender,
and sharply thorny; they do not intrude
the lower part of the gastric cavities. The
arrangement of sclerites in and below the
tentacles may be of significance.

TERMIER & TERMIER (23) include the
Paleozoic families Syringoporidae MILNE
EDWARDS & HAIME (Syringopora GOLDFUSS,
1826), Syringoalcyonidae TERMIER-T.
(Syringoalcyon TERMIER-T., 1945), and
Auloporidae NICHOLSON (Aulopora GOLDF.,
1826; Cladochonus M'Coy, 1847; Cera
topora GRABAU, 1899; Vermipora HALL,
1874) in the Stolonifera. The skeleton in
these forms has not been established to be
spicular in nature nor to resemble in struc
ture the calcareous skeletons of Recent octo
corals. Most paleontologists refer the forms
mentioned to the Tabulata, whose relation-
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ships are obscure and probably diverse.
OKULITCH (20) considers the Syringopori
dae, Halysitidae, and Favositidae to be pos
sible Paleozoic alcyonarians.

Family CORNULARIIDAE Dana, 1846
Small stoloniferans with completely sep

arate polyps and no spicules; a delicate,
horny cuticle invests stolons and anthosteles.
Ree.
Cornularia LAMARCK, 1816 ['"Tubularia cornucopiae

PALLAS, 1766; SD M.EDW.-H., 1850]. Rec., Medit.
IndoPac.

Family CLAVULARIIDAE Hickson, 1894
Stoloniferans with small to large tubular

polyps, armed with spicules which are usual
ly separate but may be inseparably fused,
and commonly (?invariably) also a horny
cuticle. Spicules generally in the form of
spinose spindles arranged longitudinally in
body walls and more or less branched scler
ites in stolons; tentacles may have spicules
like those of polyp body, or small discs, or
none at all. Cret.-Ree.

Of the 14 genera which HICKSON (10) re
fers to this family, only 2 seem clearly refer
able to it; the others fall either as synonyms
of these 2 or out of the family altogether.
Clavularia DE BLAINVILLE, 1830 ['"C. viridis QUOY

& GAIMARD; SD M.EDW.-H., 1850]. Polyps simple,
arising from bandlike or membranous stolons;
spicules including simple spinous spindles, rods,
or clubs, and a few double forms. Rec., Indo
Pac.-Atl.--FIG. 136,1. '"C. viridis, IndoPac.; la,
spindles of body wall (26n); 1b, discs from ten
tacles (26n); 1c, group of polyps (34).

Epiphaxum LONSDALE, 1850 ['"E. auloporoides].
Axis attached throughout, formed of solid fibers;
visceral cavities seated in the axis and provided
with 8 dentations or blunt lamellae; investing layer
unknown. Possibly precursor of Sarcodictyon. Cret.,
Eng.

Sarcodictyon FORBES, 1847 ['"So catenatum]. Stolons
form anastomosing network; anthosteles low and
conical; spicules solidly fused together. Antho
codial armature of 8 triangular fields of spindles.
Rec., NE.Atl.-C.Pac.

Family TUBIPORIDAE Ehrenberg, 1828
[nom. correct. DANA, 1846 (pro Tubiporina EHR., 1828)]

Polyps long, forming rigid tubes by solid
fusion of sclerites, tubes perforate, parti
tioned by peculiar double tabulae having
funnel-shaped lower and lenticular upper
element, nearly parallel, closely placed,

joined by transverse platforms containing
solenia; new polyps arising from stolons or
from platforms, not from walls of old
polyps. Ree.

For the time being, this family must be
taken to include only a single genus with
one rather variable species. Its alliance with
Paehyclavularia and Hicksonia (=Clavul
aria) requires verification.
Tubipora LINNE, 1758 ['"T. musical. Rec., Indo
Pac.--FIG. 136,2. '"T. musica, Rec., CarolineI.;
2a, part of corallum; 2b, free and partly fused
spicules of anthocodiae; 2c, minute pharyngeal
sclerites; 2d, tentacular sclerites (26n).

Order TELESTACEA Hickson, 1930
Erect, branching colonies arising from

bandlike, reticulate or membranous stolons;
primary polyp produces daughters from its
body wall; sclerites numerous, free, or par
tially or entirely fused to form rigid tubes;
lower part of gastrovascular cavities may be
filled in with spiculiferous intrusion tissue.
Rec.

This order is comprised of 2 families
clearly distinguished by their methods of
colony formation: (1) Telestidae, which
produce colonies by monopodial branching
that results from lateral budding of very
long axial polyps; and (2) Pseudoclado
chonidae, with sympodial colonies resulting
from lateral budding of successive orders of
subordinate polyps all of equal length. The
external grooving of the outer wall, antho
codial armature, and structure of the lower
part of the zooids are characters of im
portance in classification. The nature and
extent of the external cuticle and cuticular
lining of the coelentera are yet to be investi
gated in detail.

The members of this order are distin
guished from stoloniferans by production of
daughter polyps from the body wall of the
axial or primary polyp, and from alcyona
ceans by the absence of thick, spiculiferous
mesogloea between the polyps.

Apparently, no Telestacea have been de
tected in the fossil record, although the
species with fused sclerites are surely sturdy
enough to allow of preservation. The
branching of the Recent Pseudocladochonus,
which has rigid, though delicate, body tubes,
is strikingly like that of the Paleozoic fossil
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Cladochonus, but this feature seems to speak
tor homeomorphy rather than close phylo
genetic relationship.

In modern seas, telestaceans occur widely
from the low-tide line to 1,675 fathoms
(3,180 m.).

Family TELESTIDAE Milne-Edwards &
Haime,1857

Colonies monopodial, with the primary
polyp usually much taller than those of sub
ordinate rank. Rec.
Telesto LAMOUROUX, 1812 [*T. aurantiaca; SD M.
EDW.-H., 1850]. Stolons reticulating or ribbon
like, producing tall axial polyps and shorter lat
eral polyps; lower parts of gastrovascular cavities
not filled in with spiculiferous mesogloeal sub
stance, and body walls not especially thickened.
Sclerites long, spinose rods or blunt, coarsely tuber
cuIate ovals, in some species fused solidly together,
either in lower parts of polyps or throughout
length of anthosteles. Rec., AtI.-IndoPac.--FIG.
137,2,5. T. sanguinea DEICHMANN, Rec., Fla.; 2a,
small colony; 2b, sclerites from body walls; 2c,
sclerites from anthocodiae; 5, cross section of axial
polyp near base, diagrammatic (26n).

Coelogorgia M.EDW.-H., 1857 [*C. palmosa]. Col
onies erect, arborescent, like Telesto but stolons
not extensively developed, axial polyps very long
and laterals very short; body wall of primary
polyp greatly thickened by mesogloea perforated
with solenia; gastrovascular cavities of axial polyps
open to base, not filled in with spiculiferous in
trusion tissue. Sclerites are tuberculate spindles and
clubs. Rec., Ind.O.--FIG. 137,3,6. *C. palmosa,
Rec., E.Afr.; 3a, part of small colony; 3b, spicules;
6, cross section of axial polyp near base, diagram
matic (37).

Telestula MADSEN, 1944 [*T. septentrionalis]. Col
onies like Telesto but smaller and less profusely
branched; stolons bandlike; axial polyps long,
sinuous, subordinates shorter; lower part of gastric
cavities of both primary and secondary polyps
filled in with spiculiferous intrusion tissue, leav
ing open only 8 canals. Sclerites of body wall usual
ly blunt, coarsely tuberculate oval plates; those of
intrusion tissue much-branched irregular forms
more or less fused together. Rec., AtI.-IndoPac.-
Fig. 137,1,7. *T. septentrionalis, Rec., Iceland; la,
small colony lacking secondary polyps (31); 1b,
spicules (31); 7, cross section of polyp near base,
diagrammatic (26n).

Family PSEUDOCLADOCHONIDAE
Madsen, 1944

All polyps about equal in length, each
giving rise near its distal end to one daugh-

ter at an acute angle (where branching oc
curs, 2 on opposite sides of parent polyp),
thus forming zigzag, sympodial colonies;
below point of origin of its daughter, each
polyp is partially filled in with spiculiferous
mesogloeal substance which leaves open 8
canals. Rec.
Pseudocladochonus VERSLUYS, 1907 [*P. hicksoni].

Spicules of body walls much branched, anastomos
ing, fused to form rigid but delicate tubes; spicules
of mesogloeal intrusion tissue larger and less
branched. Rec., IndoPac.--FIG. 137,4,8. *P.
hicksoni, Rec., Japan; 4a, part of a colony; 4b,
fused sclerites of body tube; 4c, fused sclerites of
intrusion tissue; 4d, spicules from pinnules; 4e,
spicules from tentacle backs; 8, cross section of
polyp near base, diagrammatic (4a-e, 26n; 8, 36).

Order ALCYONACEA Lamouroux,
1816

[nom. transl. STUDER, 1887 (ex suborder Alyconacea VERRILL,
1865; nom. transl. et correct. ex order Alcyoneae LAMX.,
1816)] [Although Ihe type genus of this order is Alcyonium,
I;lresent rules do not require incorporation of the stem

Alcyoni- in the ordinal name.]

Colonies thick and incrusting, lobate or
erect and arborescent, consisting of very long
polyps united in more or less extensively de
veloped, usually spiculiferous coenenchyme.
Primary polyps extend from base of the col
ony to the uppermost branches, secondary
individuals arising from solenial system of
primary polyp walls or of colonial coenen
chyme. L.Jur.-Rec.

The development of colonial coenen
chyme and the extremely long primary
polyps distinguish this order from the Teles
tacea on the one hand and scleraxonian Gor
gonacea on the other. The genera and spe
cies are recognizable only with difficulty in
Recent material, and the indisputable deter
mination of fossil material or isolated spic
ules seems beyond the realm of possibility.

The Alcyonacea embraces 6 families. In
modern seas, representatives occur at alliati
tudes and in all depths from low tide to
several hundred fathoms. Members of the
family Alcyoniidae are the predominant
reef-dwelling octocorals in the tropical Pa
cific, in contrast to the situation in the
Atlantic, where gorgonaceans dominate the
scene and no alcyonaceans at all are to be
found in reef habitats. It is thus possible to
assign virtually any large (up to 5 mm.),
stout, spindle-shaped alcyonarian spicule
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from tropical Indo-Pacific reef sediments to
the family Alcyoniidae.

Family ALCYONIIDAE Lamouroux, 1812
[nom. correct. MAY, 1899 (pro Alcyonidae DANA, 1846; nom.

correct. pro family Aleyoneae LAMX., 1812) I

Fleshy or membranous Alcyonacea with
mostly spindle-like spicules, some with
clubs, crosses, and multiradiate spicules but
none with small biscuit-like platelets exclu
sively. Mostly dimorphic. Rec.

A large proportion of the many described
genera inevitably fall into synonymy. The
following list is neither complete nor critical.
The valid type designations have, in the
main, never been determined; of those given
here, only the monotypes, original designa
tions, and a few subsequent designations
should be considered final.
Alcyonium LINNE, 1758 ["A. digitatum; SD M.
EDw.-H., 1850] [=Lobularia LAMARCK, 1816].
Ree., Atl.--FIG. 138,4. "A. digitatum, Rec.,
N.Atl.; spicules (26n).

Acrophytum HICKSON, 1900 ["A. claviger]. Ree.
S.Afr.

Anthomastus VERRILL, 1878 ["A. grandiflorus].
Ree.--FIG. 138,1. "A. grandiflorus; la, spicule of
inner stalk (26n); lb, surface spicules (26n); Ie,
colony (35).

Bathyalcyon VERSLUYS, 1906 ["B. robustum]. Single
giant autozooid partially retractile within a colonial
calyx containing numerous siphonozooids. Spicules
similar to those of Anthomastus. Ree., Pac.

Carotalcyon UTINOMI, 1952 ["C. sagamianum].
Ree., Japan.

Cereopsida STRAND, 1928 [pro Cereopsis KENT, 1870
(non LATHAM, 1801)] ["Cereopsis boeagii KENT,
1870]. Ree., E.Atl.

Lobophytum MARENZELLER, 1886 ["L. crassum;
SD MOSER, 1919]. Ree., IndoPac.--FIG. 138,6.
"L. crassum, Marshall I.; spicule (26n).

Nidalia GRAY, 1835 ["N. oeeidentalis]. Ree.-
FIG. 138,5. "N. oecidentalis, Rec., Fla.; 5a, spicule
in outline; 5b, tip of same at higher magnification
to show tubercles (26n).

Nidaliopsis KUKENTHAL, 1906 ["N. pygmaea]. Ree.,
W.Afr.

Sarcophyton LESSON, 1834 ["S. lobulatum; SD M.
EDw.-H., 1850]. Ree., IndoPac.--FIG. 138,2. S.
trocheliophorum MARENZELLER, Marshall I.; 2a,
clubs of capitulum surface; 2b, spindle of stalk
(26n).

Sinularia MAY, 1898 ["S. brassica]. Ree., Indo-Pac.
Sphaerella GRAY, 1869 ["Aleyonium tubereulosum

QUOY & GAIMARD] [=Lobularia EHRENBERG (non
LAMARCK); Cladiella GRAY; Mierospieularia MAC
FAYDEN] (4). Ree., IndoPac.--FIG. 138,3. S.
krempfi HICKSON, Marshall I.; spicules (26n).

Family ASTROSPICULARIIDAE
Utinomi, 1951

Fleshy, monomorphic Alcyonacea of
bushy habit with sterile stalks and polypif
erous terminal lobes, polyps of uniform
size, tentacles without pinnules; armature
of spicules continued from rind; coenen
chyme fleshy, honeycombed with chambers
containing several stellate spicules each; sol
enia penetrating mesogloea between spicule
chambers.
Astrospicularia UTINOMI, 1951 ["A. laurae]. Ree.,

Formosa.

Family NEPHTHEIDAE Gray, 1862
[nom. correct. UTINOMI, 1954 (pro Nepthyadae GRAY. 1862)]

Arborescent or lobular colonies with sterile
stalks, polyps placed singly or in clusters at
tips of ultimate branches. Spiculation usually
dense but sparse in some; spicules strongly
sculptured spindles, capstans and clubs, in
some genera reaching a length of several
mm. L.Jur.-Rec.
Nephthea AUDOUIN, 1826 ["N. ehabrolii; SD M.
EDw.-H., 1850]. L.Jur.(Eu.)-Ree. (RedSea-Indo
Pac.).

Dendronephthya KUKENTHAL, 1905 ["Nephthya
savignyi EHRENBERG, 1834; SD UTINOMI, 1954].
Ree., RedSea-IndoPac.

Eunephthya VERRILL, 1869 ["Nephthya thyrsoidea
VERRILL, 1865]. Rec., N.Atl.-S.Afr.-Pac.

Gersemia MARENZELLER, 1877 [=?Eunephythya
VERRILL, 1869 (fide MADSEN, 1944)]

Lemnalia GRAY, 1868 ["L. jukesii]. Ree., RedSea
IndoPac.

Litophyton FORSKAL, 1775 ["L. arboreum; SD KUK
ENTHAL, 1903] [=Ammothea LAMARCK, 1816].
Ree., RedSea-IndoPac.

Neospongodes KUKENTHAL, 1903 ["N. atlantica; SD
DEICHMANN, 1936]. Ree., W.AtI.

Stereonephthya KUKENTHAL, 1905 ["S. papyracea;
SD UTINOMI, 1954]. Ree., W.Pac.

Family SIPHONOGORGIIDAE
Kolliker, 1874

Tall slender arborescent colonies, with
polyps retractile into low calyces; coenen
chyme separating long gastrovascular canals
in stem is packed with spicules and forms
rigid walls. Rec.
Siphonogorgia KOLLIKER, 1874 ["S. godeDroyi].
Ree., Indo-Pac.

Agaricoides SIMPSON, 1905 ["A. alcoeki]. Ree.,
Ceylon.

Cactogorgia SIMPSON, 1907. Ree., Ind.a.
Paranephthya STUDER, 1887 ["P. eapitulifera

WRIGHT & STUDER, 1889; SM WRIGHT-S., 1889].
Ree., Philip.
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FIG. 138. Alcyonacea: Alcyoniidae (p. FI88).

© 2009 University of Kansas Paleontological Institute



Fl90 Coelenterata-Anthozoa

Scleronephthya STUDER, 1887 [*5. pustulosa
WRIGHT & STUDER, 1889; SM WRIGHT-S., 1889].
Rec., Philip.

Stereacanthia THOMSON & HENDERSON, 1906 [*5.
indica]. Rec., AndamanI.

Family VIGUIERIOTIDAE Bayer, 1954
Alcyonacea with polyps united in groups,

distally free and bearing lateral polyps,
proximally fused into common trunk within
which the upper free, finger-like processes
may be retracted. Spicules in the form of
spindles. Rec.
Viguieriotes BAVER, 1954 [pro Fascicularia VIGUIER,

1888 (non LAMARCK, 1816; nec LVELL, 1839; nec
DVBOWSKI, 1873)] [*Fascicularia radicans (=Par
alcyonium edwardsii DE LACAZE-DUTHIERS, 1888)].
Rec., Algeria.

Paralcyonium M.EDW.-H., 1850 [*Alcyonidia ele
gans M.EDW., 1835]. Rec., Algeria.

Studeriotes THOMSON & SIMPSON, 1909 [*Studeria
mirabilis THOMSON, 1908]. Rec., AndamanI.

Family XENIIDAE Ehrenberg, 1828
[nom. correct. MAY, 18?9 (pro Xenidae VERRILL, 1866, pro

Xenma EHR., 1828)]

Polyps soft, fleshy, nonretractile; sclerites
minute, biscuit-shaped (8). Some authors
have treated the family as a distinct order.
Rec.
Xenia LAMARCK, 1816 [*X. umbellata; SD M.EDW.

H., 1850]. Rec., RedSea-IndoPac.
Anthelia LAMARCK, 1816 [*A. glauca]. Rec., Red

Sea-IndoPac.
Ceratocaulon JUNGERSEN, 1892 [*C. wandeli]. Rec.,

NorwegianSea-Antarct.
Cespitularia M.EDW.-H., 1850 [*Cornularia multi

pinnata Quov & GAIMARD]. Rec., IndoPac.
Efflatounaria GOHAR, 1939 [*E. toftoni]. Rec.,

Austral.
Heteroxenia KOLLIKER, 1874 [*H. elisabethae].

Rec., RedSea-IndoPac.
Sympodium EHRENBERG, 1834 [*5. /uliginosum;

SD M.EDw.-H., 1850 (but see GOHAR, 8)]. Rec.,
RedSea-IndoPac.

TRACHYPSAMMIACEA

By EUGENIA MONTANARo-GALLITELLI
I

Order TRACHYPSAMMIACEA skeleton and the external sculpture, which
Montanaro-Gallitelli, nov. he compared with the coenenchyme and

sculpture of Tertiary and living Scleractinia
Corallum dendroid, with medullar canal of the families Oculinidae, Eupsammiidae,

system which gives rise to new corallites; and Dendrophylliidae. GERTH admitted also
skeletal structures of cortical region oriented the possibility that the trachypsammiids
radially. Perm. could be referred to the Octocorallia, ac-

Family TRACHYPSAMMIIDAE Gerth, cording to some authors, closely related to
1921 the Tabulata.

[nom. correct. LECOMPTE, 19;2 (pro Trachyp,ammidae The structure and systematic position ofGERTH, 1921]
Characters of order. Perm. this fossil were discussed subsequently by

HEHENWARTER, who excluded any connec-
Although the medullar system can in tion with the Pachyporidae, emphasized

general be compared with that of the Octo- possible relationship with the Octocorallia
corallia, identity of Trachypsammia2 with as already suggested by GERTH, and related
known forms is not possible because of its Trachypsammia to the Gorgonacea. Recent
combination of a central, medullar canal investigations by MONTANARO-GALLITELLI
system, extramedullar, radial coenenchyme, (16) on topotypes of the original species and
and origin of new corallites from the cen- on a new species, T. mediterranea MONT.-
tral medullar canal. fGALL., have permitted a revision 0 struc-

The first description of this unique tural interpretations and an effort to verify
form was given by GERTH (1921), based the relationship with Octocorallia. An aflin
upon specimens from the Upper Permian of ity with fossil colonial forms like Thamno
Timor. He recognized its peculiarity and pora is definitely and obviously ruled out.
referred it to the Tabulata, near the Pachy- Although the medullar system can be
porinae, albeit with some trepidation be- compared generally with that of th~ Oc~o
cause of the structure of the extramedullary corallia, identity of Trachpysammta WI~h

1 I'tituto di Geologia e Paleontologia, Universita, Modena, known forms is not possible because of Its
Italia. f 1 d 11 1• Classed in Tabulata by HILL & STUMM (p. F469). combination 0 a centra me u ar cana sys-
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FIG. 139. Trachypsarnmiacea, Coenothecalia (p. Fl92-F194).
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tem, extramedullar radial coenenchyme, and
origin of new corallites from the central
medullar canal.

Relationship to the Gorgonacea (e.g., Gor
gonia), as suggested by HEHENWARTER, is
not possible because of the existence of a
strongly developed mesoskeleton and the
great difference in structure and develop
ment of the medullar region, which in
Gorgonia is an ectodermal product consist
ing of succeeding cupuliform, overlapping
lamellae, concentric layers more or less cal
cified, or irregular sclerodermites radially
oriented in the center and surrounded by
secondary calcification arranged either ra
dially or longitudinally.

In comparison with other types of modern
Octocorallia, Trachypsammia clearly differs
from Stolonifera (e.g., T ubipora) that have
parallel corallites connected only by hori
zontal, stolonic platforms. However, a sim
ilarity can be drawn with certain forms of
Telestacea and Alcyonacea, in which young
corallites originate at various levels from
solenia of the vertical corallite walls of the
parent. Trachypsammia could be considered,
in regard to the medullar system, as an
archaic precursor of this structural plan,
having a single primary basal polyp, a single
central medullar structure with one large
central cavity (therefore different from
forms like Briareum). Some octocorals pos
sess intriguing structural similarities to
Trachypsammia. It is important to note that
Gorgonacea such as Isis hippuris LINNE and
Corallium rubrum (LINNE) present a singu
larly analogous radial arrangement of sclero
dermites in the calcareous axis. These differ
from Trachypsammia by the absence of the
central canal system and the exclusion of
corallites from the axial skeleton, but these
can be found in the gorgonacean genus
Tripalea (=Suberia, partim) (with uncon
solidated skeleton) which, moreover, has a
very open, vesicular cortex that may show
traces of radial arrangement. A comparison
of the radial, extramedullar coenenchym
atic system with any known coenenchymatic
structure of Alcyonacea is extremely prob
lematic and remains an open question. On
the other hand, similarity between the
radiate structures of Trachypsammia with
the coenenchymatic structures of the Den
drophylliidae and Eupsammiidae, as sug-

gested by GERTH, fails entirely of homologi
cal documentation.
Trachypsammia' GERTH, 1921 ["T. dendroides).
External characters: Corallum compound, dendroid,
adherent by a broadly cuneiform base. External
sculpture of minute tubercles in single or double
files, separated by thin ridges axially or sinuously
directed, increasing in number and anastomosing
in some, chiefly in the vicinity of the corallites.
Calyces minute, generally in 2 opposite longi
tudinal series, less commonly scattered sparsely;
slightly projecting, with coronal tubercles and
with wall subdivided into 24 to 28 sectors, simu
lating septal striae. Structure of coenenchyme:
Medullar region formed of a system of sinuous,
labyrinthine canals with frequent anastomoses and
ramification (Fig. 139,2a,d). Corallites originat
ing in the canalicular region as an axial calcareous
process in the fossil skeleton, inserted in the canal
system, part of which becomes peripheral to them;
one or more canals penetrating also the develop
ing skeleton and forming the axial cavity of a
new corallite, which bends centrifugally as it
elongates, the central cavity becoming funnel
shaped, and the calcareous column being sub
divided into a series of 24 to 28 radial sectors
("septal ridges" of GERTH and HEHENWARTER).

In the mature stage the peripheral canals are ar
ranged in a single series around the calicular mar
gin. Extramedullar tissue: Transverse, axial and
tangential thin sections demonstrate (1) a system
of vertical, concentric thin lamellae ("interradial
bridges" of HEHENWARTER), which are finely and
regularly vesicular (Fig. 139,2d) and produce the
external sculpture of winding files of tubercles
(Fig. 139,2e); (2) a system of 28 to 50 longitudinal
septum-like lamellae that cross the concentric sys
tem, undulating mostly in a vertical direction, and
not rarely anastomosing as shown in tangential
section (Fig. 139,2b); (3) a reticulate system of
minute dark points (?pores) on each side of the
lamellae, visible at even low power (X5) in both
tangential and cross sections; (4) a system of
relatively few, large cortical lumina irregularly dis
posed on the sides of the vertical, radial lamellae.
Dimensions: fragmentary colonies measure 1.5 to
6 cm. in height, 0.5 to 2.0 cm. in diameter. U.
Perm., Timor-Italy.--FIG. 139,2. T. mediter
ranea MONT.-GALL., Sicily; 2a, axial section of
branch tips, X4; 2b, tangential section, X12; 2c,
same, X4; 2d, transverse section, X7; 2e, frag
ment of colony, X3 (2a-d, 32; 2e, 28).

(End of section by MONTANARO-GALLITELLI)

Order COENOTHECALIA Bourne,
1895

Octocorals without spicules but produc-

1 Classed in Tabulata by HILL & STUMM (p. F469).
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ing a massive skeleton of fibrocrystalline ara
gonite. Corallum penetrated by wide tubes
occupied by the polyps and narrow tubes
containing blind downgrowths of the solen-

ial system; both kinds of tubes regularly
tabulate. Calic1es with pseudosepta varying
in number, not corresponding with the 8
soft septa. Cret.-Rec.

Brioreum

20

0.1 mm.

20

2b

Porogorgio

3b

30

Ie

Anthothelo Porogorgio
FIG. 140. Gorgonacea: Briareidae, Anthothelidae, Paragorgiidae (p. F194, F197).
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A number of fossil genera have at one
time or another been placed in this order.
Most, however, seem not referable to the
Octocorallia and have been removed.

Family HELIOPORIDAE Moseley, 1876
Heliopora DE BLAINVILLE, 1830 [*Millepora coeru
lea PALLAS, 1766]. Corallum bright blue in color,
massive, vertical, commonly lobate plates with 10
to 16 (usually 15) pseudosepta; an important reef
former in some areas. Rec., IndoPac.--FIG. 139,
1. *H. coerulea; la, tip of corallum, X6 (33); lb,
tangential section of growing edge of corallum;
(a, junctions of adjacent triradiate figures; b, junc
tions of 3 calcareous lamellae to form triradiate
figure) (27).

Octotremacis GREGORY, 1900 [*Polysolenia hochstet
leri REUSS, 1866]. Large, well-developed pseudo
septa, 8 in each calicle, in 2 cycles. Mio., Java.

Polytremacis O'ORBIGNY, 1849 [*P. bulbosa]. Pseu
dosepta strong, reaching almost to center of calyces,
8 to 20 in number. U.Cret.-L.Tert., Eu.

Family CERATOPORELLIDAE
Hickson, 1912

Colonies forming a massive skeleton of
crystalline calcium carbonate, in which a few
slender spicules are imbedded; no tabulae,
tubes closing below by continuous growth
of thecal walls; pores monomorphic, small.
Rec.
Ceratoporella HICKSON, 1912 [*Ceratopora nichol

sonii HICKSON, 1911]. Rec., Cuba.

Order GORGONACEA Lamouroux,
1816

[nom. transl. STUDER, 1887 (ex suborder Gorgonacea VERRILL,

1866; nom. transl. et correct. ex order Gorgonieae LAMX.,

1816) I [Although the type genus of this order is Gorgonia,
present rules do not require incorporation of the stem Gor·
goni· in the ordinal name; furthermore, the fact that the
originally published ordinal name does incorporate this stem
is not a compelling reason for changing Gorgonacea to

Gorgoniacea. ]

Octocorals with uniformly short gastro
vascular cavities; chiefly arborescent, rarely
lobate or incrusting colonies producing more
or less specialized axial structures, either as
a distinct central axis of horny or calcareous
material, or both, or as a central medullar
zone of calcareous sclerites which are loosely
or inseparably bound together by horny or
calcareous matter. Cret.-Rec.

Suborder SCLERAXONIA Studer,
1887

[=Pseudaxonia (partim) VON kOCH, 1878]

Gorgonaceans with central axis, medullar

zone or inner layer containing spicules
bound together more or less solidly either
by horny or calcareous material; outer layer
of coenenchyme (cortex) containing proxi
mal portions of gastrovascular chambers of
the polyps, endodermal canals and solenia'
cortical spicules free and commonly of ~
di~erent. sort from those in medullar region;
aXial cylinder or medulla may contain canals
and solenia but polyp cavities do not pene
trate it and it has no cross-chambered central
chord. Cret.-Rec.

Family BRIAREIDAE J. E. Gray, 1859

Monomorphic Scleraxonia with continu
ous medulla containing separable spicules,
perforated by gastrodermal canals all the
way to branch tips, not separated from cor
tex by a ring of boundary canals. Rec.

Briareum DE BLAINVILLE, 1830 [*Briareum gor-
gonoideum (=*Alcyonium asbestinum PALLAS,
1766) ]. Sclerites basically spindles with irregular
tubercles, very large and sinuous or branched in
medulla; white and purple in color. Rec., W.Indies.
--FIG. 140,1. "'B. asbestinum, Fla.; la, spicules
of cortex; lb, sculptural detail of same; lc, spicules
of medulla in outline (26n).

Solenopodium KUKENTHAL, 1916 [*Erythropodium
stechei; SD KUKENTHAL, 1916]. Sclerites like those
of Briareum but more slender, with tubercles dis
playing strong tendency toward alignment in regu
lar transverse belts; sclentes of cortex colorless,
those of medulla chiefly violet. Rec., RedSea-Malay
Arch.-Oceania.

Family ANTHOTHELIDAE Broch, 1916

Monomorphic Scleraxonia with medulla
surrounded by longitudinal boundary canals
which separate it from cortex; medulla only
rarely perforated by gastrodermal solenia
in smaller branches and then not extensively
as in lower parts of colony. Rec.

Subfamily ANTHOTHELINAE Broch, 1916

Cortical sclerites elongate and pointed,
anthocodial spindles bent and commonly
strongly clubbed; polyps occupying project
ing, cylindrical calyces. Rec.

Anthothe1a VERRILL, 1879 [*Briareum grandif/orum
SARS, 1856]. Slender, tortuous, commonly anasto
mosing branches; no main stems developed. Rec.,
Atl.-IndoPac.--FIG. 140,3. "'A. grandif/ora,
Grand Banks; 3a, spicules of medulla; 3b, spicules
of cortex; 3c, spicules of anthocodia (26n).
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FIG. 141. GorgOJlaCCa: Anthothdidae (p. F196).
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Subfamily SEMPERININAE Aurivillius, 1931
[nom. transl. BAYER, herein (ex Semperinidae AURIVILLlUS,

1931) I

Axial sclerites consisting of long, slender
needles; cortical sclerites including thorny
or tuberculate spindles but no radiate forms;
polyps occupying hemispherical calyces.
Rec.
Semperina KOLLIKER, 1870 ["S. rubra). Zooids
leaving one face of colony free; branches slightly
flattened, tips clavate and commonly fistulose;
spindles of cortex elongate-fusiform, openly tuber
culated; axial needles finely prickly. Rec., Indo
Pac.--FIG. 141,2. S. brunnea NUTTING, Ind.
0.; 2a, cortical sclerites; 2b, medullar needles
(26n).

Iciligorgia DUCHASSAING, 1870 ["I. schrammi).
Polyps in 2 longitudinal series along opposite edge
of branches; twig tips commonly fistulose, cortical
spicules spinous bent spindles; axial spicules slen
der needles, usually thorny, some smooth. Rec.,
trop.W.Atl.--FIG. 141,1. "I. schrammi, Fla.;
la, cortical spicules; lb, medullar spicules (26n).

Solenocaulon GRAY, 1862 ["S. tortuosum). Polyps
chiefly on small twigs, which may be clavate and
terminally fistulose; main stem expanded, gutter
like or closed and tubular; stalk solid, some spatu
late below; cortical sclerites consisting of capstans
and coarsely tuberculated spindles, with a few
spinose rods; medullar sclerites including many
very slender needles, all spinose in branchlets, few
completely smooth in stalk. Rec., IndoPac.--FIG.
141,3. S. sterroklonium GERMANOS, Philip.; 3a,b,
spicules of branch cortex; 3c, spicules of stalk cor
tex; 3d, spicules of branch medulla; 3e, spicules
of stalk medulla; 3/, tip of tubular stern (26n).

Subfamily SPONGIODERMATINAE Aurivillius,
1931

[nom. transl. BAYER, herein (ex Spongiodermatidae AURl~

VILLIUS. 1931)]

Medullar sclerites consisting of stout rods,
commonly with strong spines or branching
processes, cortical sclerites including cap
stans or radiate forms. Rec.
Spongioderma KOLLIKER, 1870 ["Solanderia ver
rucosa MOBIUS, 1861). Spicules of cortex mostly
4-, 5- and 6-radiates, coarser than those of Titani
deum; 2 rings of longitudinal canals. Rec., S.Afr.

Alertigorgia KUKENTHAL, 1908 ["Iciligorgia orien
talis RIDLEY, 1884) [=Machaerif{orgia KUKEN
THAL, 1916 (obj.»). Colonies with long, flat
branches, zooids fully retractile and aligned bi
serially along narrow edges; cortical spicules short
oval bodies with closely and irregularly placed
tubercles, longer spindles with smaller warts less
closely placed, and intermediate forms; spicules of
medulla mostly spinous rods, with a few tubercu
late forms like those of cortex. Rec., IndoPac.

Callipodium VERRILL, 1869 ["C. pacificum]. In
crusting species in form of broad bands or sheets;
spicules including short belted spindles, 3- and 6
radiates, those of inner zone commonly fused to
gether in a solid layer next to substratum; red or
yellow; placed in this family because .of spicular
characters. Rec., W.Mexico-Panama.--FIG. 142,
2. "C. pacificum, Panama; 2a, cortical sclerites;
2b, part of the fused basement layer (26n).

Diodogorgia KUKENTHAL, 1919 ["D. ceratosa].
Spicules of cortex mostly small 6-radiates in antho
steles, coarsely warted spindles in rind; stout rods
with sparse processes predominant in medulla;
with double ring of longitudinal canals. Rec., trop.
W.Atl.--FIG. 143,1. "D. ceratosa, Carib.; la, rod
from medulla; lb, cortical spindle; lc, longer
spindle of inner cortex; 1d, radiates from polyp
walls (26n).

Erythropodium KOLLIKER, 1865 ["Xaenia caribae
orum DUCHASSAING & MICHELOTTI, 1860]. Spicules
4- and 6-radiates, those of cortical zone coloriess,
of medullar region red; discontinuous layer of
fused sclerites next to substratum; membranous
form placed here because of spicular characters.
Rec., trop.W.Atl.--FIG. 142,3. "E. caribaeorum,
Fla.; 3a, colorless cortical sclerites; 3b, red medul
lar scletites (26n).

Titanideum VERRILL, 1863 ["Gorgonia suberosa
ELLIS & SOLANDER, 1786 (non PALLAS, 1766)
(=Solanderia /rauen/eldtii KOLLIKER, 1865) ).
Spicules of cortex chiefly pink or red 4- and 5
radiates; of medulla, colorless branched rods;
double ring of longitudinal canals, one imme
diately surrounding medulla, other dividing cor
tex into thin outer and thick inner layer. Rec., SE.
USA.--FIG. 142,1. "T. /rauen/eldtii, N.Car.,
la, radiate spicules or cortex; lb, medullar spicules
(26n).

Tripalea BAYER, 1955 ["Suberia clavaria STUDER,
1878]. Spicules of cortex short capstans in thin
outer layer, warted and spinous spindles in spongy
inner layer; medulla with rods branched at ends;
one ring of boundary canals. Rec., E.S.Am.-
FIG. 143,3. "T. clavaria, Arg.; 3a, spicules of inner
cortex; 3b, of outer cortex; 3c, of medulla (26n).

Family SUBERGORGIIDAE Gray, 1859
[nom. correct. BAYER, herein (pro Subergorgiadae, GRAY,

1859) ]

Arborescent, monomorphic, with medul
lar region containing spicules partially fused
together to form a well-differentiated axis
set off from cortex by ring of longitudinal
boundary canals of which 2 may be larger
than others; no solenia or central chord in
medulla; cortical sclerites include short cap
stans and longer spindles with transverse
belts of tubercles, irregularly tuberculated
spindles, and disc spindles ("double
wheels"); medullar sclerites mostly long,
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sinuous, commonly branching and anasto
mosing, without spines or warts; a few
shorter rods, smooth except for tiny terminal
cluster of tubercles at each end. Rec.
Subergorgia GRAY, 1857 ["Gorgonia suberosa PAL-

LAS, 1766]. Ree., includes some monstrous sea fans
of E.Indies-oceania.--FIG. 143,2. S. mollis (NUT
TING), Rec., MarshallI.; 2a, disc-spindles, and 2b,
belted spindles of cortex; 2e, sclerites of medulla
(26n).

Family PARAGORGIIDAE Kiikenthal,
1916

[nom. transl. AURIVILLlUS, 1931 (ex Paragorgiinae KiixEN

THAL, 1916»)

Like Briareidae except polyps dimorphic.
Rec.

Paragorgia M.EDw.-H., 1857 ["Aleyonium arbor
eum LINNE, 1758]. Massive, treelike colonies with
thick branches; sclerites of cortex small 6-, 7- and
8-radiate capstans; in medulla, long rods with
branching processes, derived from capstan type.
Ree., Arct.-Atl.-Pac.--FlG. 140,2. "P. arborea,
Grand Banks; 2a, cortical capstans and rod; 2b,
long medullar sclerites (26n).

Sibogagorgia STIASNY, 1937 ["S. weberi (="Suberia
kollikeri NUTTING, 1911, non STUDER, 1879)].
Spicules similar to those of Paragorgia; boundary
canals present. Ree., E.Indies.

Family CORALLIIDAE Lamouroux, 1812
[nom. correct. GRAY, 1857 (pro Corallieae, LAMX., 1812»)

Dimorphic, with treelike or bushy form
and hard unjointed axis consisting of in-

Titonideum

20

~C""'." ..• $'...·..·.".. ,-.,.~..:;. .::\~, : .":, .~.

20 . Collipodium
2b

O.3mm.
Titonideum

0.1 mm. Erythropodium

FIG. 142. Gorgonacea: Anthothelidae (p. FI96).
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FIG. 143. Gorgonacea: Anthothelidae, Subergorgiidae (p. FI96-FI97).
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FIG. 144. Gorgonacea: Coralliidae, Melithaeidae (p. F200).
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dividual sclerites solidly fused by interstitial
calcareous material; polyps occurring on all
sides, on one face and laterally, or biserially,
and invariably forming distinct calyces; zo
oids very small, distributed between and up
on polyp calyces; rind of varying thickness,
containing small 6-, 7- and 8-radiate capstans
and commonly abundant double clubs or
in some species thorny spindles, or broad
plates beset with thorns on outer surface;
predominantly pink or red, some yellow or
white. Cret.-Rec.
Corallium CUVIER, 1798 ["Madrepora rubra LINNE,

1758; SM LAMARCK, 1801]. Cortical sclerites in
cluding capstans, in some species exclusively, in
others with crosses, spindles and highly char
acteristic double clubs. Cret.-Ree., E.Atl.-Medit.
Ind. O.-E. Indies-Philip.-Japan-Hawaii-L.Calif.-
FIG. 144,1. C. borneense BAYER, Rec., N.Borneo;
la, double club; lb, radiate spicules (26n).

Pleurocoralloides MOROFF, 1902 ["P. formosum].
Like Corallium but cortical sclerites comprising
large spindles and plates instead of capstans and
double clubs. Ree., Japan.

Family MELITHAEIDAE Gray, 1870
[=MeIitodidae WRIGHT & STUDER, 1889 (partim)]

Arborescent, monomorphic, with axis
composed of alternating hard internodes of
inseparably fused calcareous spicules and
soft nodes of spongy, spiculiferous horny
material; branches arising usually from
horny nodes; cortical sclerites strongly sculp
tured spindles and clubs of various kinds;
axial spicules smooth rods, commonly with
median transverse raised belt. T ert.-Rec.
Melithaea M.EDW.-H., 1857 [pro Melitaea LAMOUR-

oux, 1812 (non PERON & LESUEUR, 1810)] ["Isis
ocraeea LINNE, 1758] [=MeIitodes VERRILL, 1864
(obj.)]. Spicules of cortex very diverse in form,
including warty spindles, clubs and disc-spindles,
but no predominance of anyone kind; axial inter
nodes frequently with sculpture of anastomosing
grooves and ridges. Tert.-Ree., RedS.-IndoPac.-
FIG. 144,2. "M. ocraeea, Rec., Fiji!.; 2a, axial inter
node; 2b, spicules of cortex; 2e, rods from axial
node (26n).

Acabaria GRAY, 1859 ["A. divarieata]. Cortical
sclerites chiefly long spindles; some species with a
few clubs and capstans; axial internodes frequent
ly with sculpture of parallel grooves and ridges.
Ree., RedS.-1nd.0.-Japan-Austral.-Oceania.--FIG.
145,1. A. crosslandi STIASNY; la, spicules of cor
tex; 1b, rods of axial nodes; 1e, surface detail of
internode (26n).

Clathraria GRAY, 1859 ["C. rubrinodis]. Cortical
spicules including spindles, thorny and leafy clubs;

internodes solid, with sculpture of both pits and
parallel grooves and ridges. Ree., 1ndoPac.

Melitella GRAY, 1859 ["M. elongata; SD HICKSON,
1937]. Cortical spicules predominantly of peculiar,
birotulate type. Ree., IndoPac.

Mopsella GRAY, 1857 ["Isis diehotoma PALLAS,
1766]. Colonies erect and f1abellate, commonly
retiform, some bushy; cortical spicules character
istically including very numerous foliate clubs,
some resembling flower buds, others recalling a
torch with flame blown aslant; axial internodes
with shallow pits and a few grooves. Ree., Indo
Pac.--FIG. 144,3. M. aurantia (ESPER), Philip.;
la, clubs and spindle from cortex; lb, rods of
axial nodes; 3e, axial internode (26n).

Wrightella GRAY, 1870 ["Isis eoeeinea ELLIS & So
LANDER, 1786; SD KUKENTHAL, 1908]. Cortex
with surface layer of leafy globes packed closely
together. Ree., IndoPac.--FIG. 144,4. "W.
eoeeinea, Mauritius; 4a, rods of axial nodes; 4b,
club, and 4e, leaf-globe of cortex (26n).

Family PARISIDIDAE Aurivillius, 1931
[=Trinelladae GRAY, 1870]

Arborescent, monomorphic, like Melithae
idae but internodal sclerites tuberculate, no
dal sclerites lobate rods, cortical sclerites
coarse plates, and ramification proceeds from
calcareous internodes. Tert.-Rec.
Parisis VERRILL, 1864 ["P. frutieosa]. Large rigid

colonies branched in one plane. Tert.(Italy-India)
Ree. (IndoPac.).--FIG. 145,2. "P. frutieosa, Rec.,
Sulu Sea; 2a, cortical sclerites; 2b, detail of tubercle
of large plate from cortex; 2e, lobate rods of axial
nodes; 2d, part of axis, decorticated; 2e, end view
of internode; 2f, surface detail of internode (26n).

?Skleranthelia STUDER, 1878 ["S. musiva]. Mem
branous or stoloniferous forms placed in this family
(probably incorrectly) because of spicular similar
ity. Ree., E.Atl. (no other record of Parisididae in
AtI.).

Suborder HOLAXONIA Studer,
1887

[=Axifera VON KOCH, 1878]

Gorgonacea with distinct central axis
made up of horny material alone or of
horny material more or less heavily per
meated with calcareous substance, continu
ous or with alternating horny and calcareous
joints. Cret.-Rec.

Calcareous material of the peripheral zone
of the axis is in nonspicular form, with
single exception of the Keroeididae, a small
family in which it takes the form of smooth,
glassy, elongated, pointed scales or rods, the
axis having a definite chambered central
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FIG. 145. Gorgonacea: Melithaeidae, Parisididae (p. F200).

chord, which disinguishes it from the Su
bergorgiidae, which have similar axial
spicules.

Family KEROEIDIDAE K. Kinoshita,
1910

[=Suberogorgidae STUDEll, 1887 (partim))

Axis with chambered central chord sur
rounded by peripheral zone of smooth,
elongated, pointed scales or rods which are
not solidly fused together; coenenchymal
cortex (rind) with large fusiform or plate-

like, roughly warted spicules; anthocodiae
with strong spiculation; color, red to white.
Rec.

This family, with its chambered, central
axial chord, well-defined axis epithelium,
and spicular axis cortex, bridges the gap be
tween the Subergorgiidae in the Scleraxonia
on one side and the primitive families of the
Holaxonia on the other. In spite of the outer,
spicular layer of its axis, it must be referred
to the Holaxonia.
Keroeides STUDER, 1887 ["K. koreni WRIGHT &
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FIG. 146. Gorgonacea: Keroeididae, Acanthogorgiidae (p. F202-F203).

STUDER, 1889; SM WRIGHT-S., 1889]. Rec., Indo
Pac. (Andamans-Hawaii; Japan-New Brit.)-Atl.
(Guadalupe).--FIG. 146,1. ·K. koreni, Marshall
I.; la, coarse spindle of rind; Ib, spicules of axis
(26n).

Family ACANTHOGORGIIDAE Gray,
1859

lnom. corrut. KUXENTHAL Ii< GORZAWSXI, 1908 (pro Aean
thogorgiadae GUY, 1859) I

Axis purely horny, with wide, chambered

central chord; rind thin, polyps not retrac
tile, forming prominent, cylindrical calyces
with spicules arranged in 8 en chevron
fields; calycular spicules continuous with
those of tentacular crown, without any in
tervening spicule-free neck zone or trans
verse collaret and consequently no clear
division between anthocodia and anthostele;
spicules fusiform but in stem rind may be
radiate. Rec.
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Species of this family inhabit moderate
to considerable depths; various species of
Acanthogorgia occur in all seas, some thriv
ing in very cold waters. The genera Antho
gorgia and Calicorgorgia are limited to the
Indo-Pacific region, so far as now known.
Acanthogorgia GRAY, 1857 ['"A. hirsuta (?=A. as-

pera POURTALES, 1867)] [=Paracanthogorgia
STiASNY, 1943]. Calyces tall and cylindrical, with
crown of strongly projecting spinous spindles in
tentacle bases; stem rind with spindles or in some
with radiates. [Species with rough projecting
spines have been separated by STIASNY (1943,
1947) as a distinct genus, Paracanthogorgia, which
at present cannot be maintained.] Rec., IndoPac.
Atl.--FIG. 146,3. A. aspera POURTALES, W.Ad.
(off Ga.); 3a, calyx; 3b, bent spindle of calyx
wall; 3c, spinous crown spicule (26n).

Acalycigorgia KUKENTHAL, 1908 ['"A. grandiflora
KUKENTHAL & GORZAWSKI, 1908; SD KUKENTHAL
& GORZAWSKI, 1908]. Calyces similar to those of
Acanthogorgia but without the crown of strongly
projecting spines. Rec., IndoPac.--FIG. 146,4. A.
ceylonensis (THOMSON & HENDERSON), Timor; 4a,
calyx; 4b, radiates from stem rind; 4c, spindles
from calyx wall (26n).

Anthogorgia VERRILL, 1868 ['"Muricea divaricata
VERRILL, 1865]. Calyces cylindrical, spicules con
verging en chevron as 8 marginal points, beneath
which they may be transverse or disposed irregu
larly. Rec., IndoPac.--FIG. 146,2. A bocki AURI
VILLIUS, 1931, Japan; part of a branch with one
calyx (26n).

Family PARAMURICEIDAE Bayer, nov.

Axis horny, with wide, chambered central
chord; rind thin, or in some moderately
thick, polyps retractile within protruding
calyces by virtue of a neck zone with few
or no spicules; anthocodial armature of
strong points of en chevron spicules usually
resting on a transverse collaret; coenen
chymal sclerites spindles only in some but
commonly modified strongly as thorn scales
or having other forms, ordinarily best-de
developed in or near calyces. Rec.

The establishment of this family is neces
sitated by removal of the genus Muricea
from this assemblage, formerly called Muri
ceidae (DUCHASSAING & MICHELOTTI, 1864),
which forms a reasonably homogeneous
group. It occurs at moderate to considerable
depths in all seas.
Paramuricea KOLLIKER, 1865 ['"Gorgonia placomus

LINNE, 1758; SD VERRILL, 18831. Characteristic
sclerites are thorn scales with lobed or laciniated

edges and a stout outer proje~tion, some long and
spinelike, others short and blunt. Rec., Atl.-Medit.
IndoPac.--FIG. 147,1. '"P. placomus, Grand
Banks; la, contracted polyp in its calyx; lb, spic
ules of inner rind; lc, calycular thorn scales (26n).

Acanthacis DEICHMANN, 1936 [·A. scabra]. Col
onies irregularly branched in one plane; rind
spicules in one layer, stout spindles or plates;
calyces low, armed with stout thorn scales. Rec.,
W.Indies.--FIG. 148,1. A. austera DEICHMANN,
Porto Rico; la, calyx with surrounding thorn
scales; lb, thorn scales, isolated (26n).

Anthomuricea STUDER, 1887 [ '"A. argentea WRIGHT
& STUDER, 1889; SD NUTTING, 1910]. No thorn
scales; outer rind with blunt spindles sculptured
with rounded, simple warts; inner rind with small,
bent rods. Calyces tall, cylindrical, biserial or on
all sides, armature in 8 double rows, en chevron;
opercular spicules in converging rows, commonly
including clublike spindles. Rec., Japan-Hawaii
MalayArch.-Patagonia.--FIO. 149,2. A. tenuispina
NUTTING, Hawaii; 2a, spicules of outer rind; 2b,
of inner rind (26n).

Bebryce PHILIPPI, 1842 ['"B. mollis]. Characteristic
sclerites are stellate plates with central boss, which
make up inner layer of rind spicules, and smaller,
rosette-like bodies, which lie closely packed in sur
face layer and become asymmetrical toward caly
cular margins where they project as spinous pro
cesses, commonly branched. Rec., Medit.-IndoPac.
Ad.--FIG. 150,4. B. cinerea DEICHMANN, Fla.;
4a, sclerites of calycular margin; 4b, rosette of
rind surface; 4c, stellate plate of inner rind (26n).

Calicogorgia THOMSON & HENDERSON, 1906 ['"C.
investigatoris; SD KUKENTHAL, 1924].

Cyclomuricea NUTTING, 1908 ['"C. flabellata].
Small, fanlike colonies branched in one plane.
Calyces shelflike, directed toward one face of
colony; anthocodiae not retractile but with narrow
neck zone that is inconspicuous in contraction.
Rind sclerites clubs and spindles irregularly and
asymmetrically sculptured with foliate tubercles;
anthocodial spicules resembling flat tentacular rods
of Gorgoniidae. Rec.--FIG. 149,3. '"C. flabellata,
Hawaii; 3a, contracted polyp; 3b, rind sclerites;
3co tentacular rods (26n).

Discogorgia KUKENTHAL, 1919 ['"Placogorgia cam
panulifera NUTTING, 1901]. Characteristic sclerites
are discoidal or ovoidal plates with more or less
lobate edges and sculpture of complicated tubercles;
spindles may occur also in some, plates of calycu
lar margin are thorn scales; inner rind contains
various radiate forms. Rec., IndoPac.--FIG. 147,
2. D. dendritica (NUTTING), Celebes; 2a, calycular
thorn scales; 2b, large plate from outer rind; 2c,
radiates from inner rind (26n).

?Echinogorgia KOLLIKER, 1865 [·E. pseudosasappo
(=·Gorgonia sasappo reticulata ESPER, 1791)].
Characteristic sclerites are leafy clubs, but simple
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FIG. 147. Gorgonacea: Paramuriceidae (p. F203·F210).
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FIG. 148. Gorgonacea: Paramuriceidae (p. F203·F206).
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spindles, commonly large and some with high ex
ternal processes, may also be present at rind sur
face; rind moderately thick, calyces low and
crowded. [This genus may belong in Plexauridae,
for it seems close to, if not identical with, Plexauro
ides.] Rec., IndoPac.--FIG. 150,3. E. f/exilis
THOMSON & SIMPSON, 1909; 3a, leaf clubs of caly
ces; 3b, sclerites of inner rind (26n).

Echinomuricea VERRILL, 1869 [*Nephthya coccinea
STIMPSON, 1855]. Characteristic sclerites are thorn
scales with stout, simple spine projecting from
branched or lobed basal plate; spindles with or
without strong outer processes may be present. Col
onies usually branched in one plane and may be
reticulate. [ ?Not separable from Lissogorgia.]
Rec., IndoPac.-Atl.--FIG. 150,2. E. coronalis
GERMANOS, Celebes; 2a, thorn scales; 2b, quadri
radiate (26n).

Filigella GRAY, 1868 [*F. gracilis]. Slender, un
branched or weakly branched colonies that may
be attached to solid objects by basal disc or lie
free on soft bottom. Spicules fusiform, some clavate,
commonly stout and with coarse tubercles on
outer surface. Rec., IndoPac.-Calif.--FIG. 148,3.
F. mitsukurii K. KINOSHITA, Japan; 3a, spicules
from rind surface; 3b, from deeper rind (26n).

Filigorgia STIASNY, 1937 [*F. riodouroi]. Similar to
Filigella but large coenenchymal spindles with
tubercles of outer surface tall and spinelike; pos
sibly identical with Swittia. Rec., W.Afr.

Heterogorgia VERRILL, 1868 [*H. verrucosa; SD
NUTTING, 1910]. Rind sclerites chiefly irregularly
warted spindles, smaller capstans, and a few
crosses; anthocodiae with strong armature of stout,
bent spindles. Rec., trop.E.Pac.--FIG. 148,4. H.
papillosa VERRILL, L.Calif.; 4a, spindles of rind;
4b, quadriradiate; 4c, bent spindle from opercular
radius; 4d, capstan (26n).

Hypnogorgia DUCHASSAING & MICHELOTTI, 1864
[*H. pendula]. Tall, flexible colonies branched in
one plane in a loose pinnate manner. Calyces
bracket-like, topped by tall opercula composed of
long rods, biserial on branches. Spicules long,
simple spindles or rods. Rec., W.Indies.

Lepidomuricea KUKENTHAL, 1919 [*Acanthomuri
cea ramosa THOMSON & HENDERSON, 1906] [non
Lepidomuricea VERRILL, 1922 (=Paramuricea
KOLLIKER) ].

Lissogorgia VERRILL, 1864 [*Antipathes flabellum
VERRILL (non ESPER, 1791) =Lissogorgia eu
b"andella BAYER, nom. nov.] [=Eubrandella
DEICHMANN, 1936 (obj.)]. Colonies f1abellate, reti
culate. Cc,rtical sclerites including large stellate
thorn scales with single, projecting spine, and
spindles. Rec., ?Fla.

Menacella GRAY, 1870 [*M. reticularis]. Colonies
f1abellate and reticulate; rind sclerites including
spindles with crenulate or foliate tubercles. Rec.,
MalayArch.

Muriceides STUDER, 1887 [*M. tragilis WRIGHT &

STUDER, 1889; SM WRIGHT-S., 1889]. Colonies

scantily branched in one plane. Spicules compris
ing spindles with spinous sculpture, some differen
tiated as thorn scales. Rec., IndoPac.-E.Atl.

Muricella VERRILL, 1869 [*Lissogorgia f/exuosa
VERRILL, 1866; SD NUTTING, 1910]. Colonies
branching in one plane, some anastomosing. Caly
ces prominent, their sclerites usually forming 8
marginal points. Spicules of rind in 2 distinct
layers, mostly spindles, some clubs or discoidal
forms. Tentacular operculum distinct. R-ec., Indo
Pac.--FIG. 149,1. M. abnormalis NUTTING,
Japan; part of branch with calyces (26n).

Parads KUKENTHAL, 1919 [*Acis orientalis RIDLEY,
1882]. Colonies usually but not invariably
branched in one plane. Calyces distinct, distributed
generally or leaving one face of colony free. Rind
sclerites in form of large spindles, plates or scales,
some with spines. Rec., IndoPac.--FIG. 148,5.
*P. orientalis, MarshallI.; part of branch with
calyces, large one parasitized by a copepod (26n).

Placogorgia STUDER, 1887 [*P. atlantica WRIGHT &
STUDER, 1889; SM WRIGHT-S., 1889] [=Pseudo
thesea KUKENTHAL, 1919]. Colonies branched in
one plane. Calyces low, on all sides, armed with
thorn scales. Rind with large spindles having strong
spines on their outer surfaces. Rec., Atl.-IndoPac.
--FIG. 147,3. P. tenuis DEICHMANN, W.Indies;
3a-c, variously developed thorn scales; 3d, spinous
spindle of rind; 3e, crutch-shaped central spicule of
opercular radius (26n).

Sclerads KUKENTHAL, 1919 [*S. pumila (=*Acis
guadalttpensis DUCHASSAING & MICHELOTTI, 1860)].
Colonies branched in one plane, lateral and dicho
tomous combined. Calyces biserial, alternating.
Rind sclerites in 2 layers; in outer, chiefly large
warted spindles, somewhat flattened and common
ly bent; in mner, mostly straight sparsely warted
spindles. Rec., W.Atl.--FIG. 148,2. *S. guadalu
pensis, Cuba; part of branch with 2 calyces (26n).

Swiftia DUCHASSAING & MICHELOTTI, 1864 [*Gor
gonia exserta ELLIS & SOLANDER, 1786 (non Thesea
exserta DucH.-M., 1860)] [=Stenogorgia VER
RILL, 1883; Platycaulos WRIGHT & STUDER, 1889;
Allogorgia VERRILL, 1928]. Colonies with lax
branching, chiefly in one plane; polyps scattered
or biserial, forming prominent conical calyces,
anthocodiae commonly exsert. Rind thin, outer
layer filled with spinous rods, spindles, and cap
stans; inner layer mostly restricted to areas be
tween longitudinal canals, containing only small
capstans. Tentacles with stout rods. Rec., IndoPac.
Atl.--FIG. 149,4. *S. exse,·ta, Fla.; 4a, spindle
from tentacles; 4b, fmm calyx; 4c, from outer
rind; 4d, capstans of outer rind; 4e, small capstans
from inner rind between stem canals (26n).

Thesea DUCHASSAING & MICHELOTTI, 1860 [*T. ex
serta DucH-M. (non Gorgonia exserta ELLIS &

SOLANDER, 1786) (=Thesea guadalupensis DUCH.
M., 1864)]. Colonies usually branched in one
plane, branches slender to rather stout; calyces dis
tinct, with 8 marginal teeth formed of simple
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spindles. Selerites of rind in 2 layers, outer con
taining large, spheroidal or platelike bodies witb
outer faces commonly undulated, inner layer in-

eluding warted spindles. Rec., W.Atl.--FIG. 149,
5. T. grandiflora DEICHMANN, Barbados; 5a, spic
ules of outer rind; 5b, of inner (26n).
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FIG. 149. Gorgonacea: Paramuriceidae (p. F203-F207).
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FIG. 150. Gorgonacea: Paramuriceidae (p. F203-F21O).
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FIG. 151. Gorgonacea: Plexauridae (p. F2IO-F212).
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Trachymuricea DEICHMANN, 1936 ['"Acanthogorgia
hirta POURTALES, 1867]. Small colonies with large,
conical calyces and strong opercula of converging
rows of spindles above a high collaret. Rind scler
ites are spinous rods with rough projecting process;
calycular thorn scales with strong, laciniated pro
jection. Rec., W.Atl.--FIG. 150,1. "'T. hirta,
Fla.; la, calycular thorn scales; 1b, spicuies of
outer rind (26n).

Villogorgia DUCHASSAING & MICHELOTTI, 1860 ["'V.
nigrescens] [=Brandella GRAY, 1869; Perisceles
STUDER, 1887; Acamptogorgia WRIGHT & STUDER,
1889; Paracamptogorgia KUKENTHAL, 1919]. Col
onies branched in one plane; calyces prominent,
operculum strong, collaret well-developed. Rind
sclerites including specialized thorn scales with
spinous, digitate or foliate process. Rec., Atl.
Medit.-IndoPac.--FIG. 147,4. "'V. nigrescens,
Fla.; 4a, spicules of stem rind; 4b, of calyces; 4c,
bent spindle of opercular radius (26n).

Family PLEXAURIDAE Gray, 1859
Colonies of very diverse form but gen

erally with thick branches arising laterally,
dichotomously or in some pinnately. Polyps
completely retractile or forming distinct
calyces into which anthocodiae can be with
drawn. Axis with wide, chambered central
chord and peripheral zone of loculated
horny material usually containing nonspicu
lar calcareous matter, commonly with ten
dency toward heavy calcification of base in
old colonies. Rind thick, perforated by sys
tem of longitudinal canals surrounding axis,
which delimits outer and inner (axial
sheath) layer of cortex that generally differs
in spiculation. Sclerites usually including
some form of club, but some with spindles
only, oval bodies, or large quadriradiates.
Rec.
Plexaura LAMOUROUX, 1812 ["'Gorgonia homomalla

ESPER, 1792; SD VERRILL, 1912] [=Plexauropsis
VERRILL, 1907] Stout, treelike colonies with thick
branches, bushy but commonly tending to spread in
one plane. Rind thick, polyps fully retractile; with
out prominent calyces. Outer layer of spicules
mostly spindles and clubs, colorless or purple;
inner layer with spiny spindles, mostly purple,
some colorless; in some species also short, multi
radiate bodies. Rec., trop.W.Atl.--FIG. 151,1. "'P.
homomalla, W.Indies; la, superficial spindle; 1b,
6-, 7-, and 8-radiates of inner rind; Ie, multi
radiate oval bodies of inner rind; 1d, superficial
clubs (26n).

Anthoplexaura KUKENTHAL, 1908 ["'A. dimorpha].
Bushy colonies with large, completely unarmed
polyps retractile within prominent calyces. Rind
with oval spindles sculptured with tall irregularly

placed warts and small capstans with tubercles in
transverse belts; red. Rec., Japan.

Eunicea LAMOUROUX, 1816 ["'E. mammosa; SD
BAYER, 1955]. Stout, thick-branched, arborescent
colonies resembling Plexaura but generally with
prominent tubular or shelflike calyces; polyps with
anthocodial crown and points. Outer layer of rind
containing numerous small clubs, commonly foli
ate, mostly colorless; deeper parts of outer rind
with warty spindles, mostly purple; inner rind
with colorless and purple spinous spindles. Rec.,
trop.W.Atl.--FIG. 151,4. "'E. mammosa, Baha
mas; 4a, clubs and spindles of outer rind in out
line, showing relative sizes; 4b, sculptural detail
of large spindle; 4c, surface clubs in detail; 4d,
purple spindle of inner rind (26n).

Eunicella VERRILL, 1869 ["'Gorgonia verrucosa PAL
LAS, 1766]. Colonies branched scantily or mod
erately in one plane; calyces prominent or not.
Rind with surface layer of characteristic balloon
clubs and deeper layer of "belted spindles. Rec.,
Atl.-Medit.-IndoPac.--FIG. 152,3. "'E. verrucosa,
Spain; 3a, spindles of inner rind; 3b, balloon clubs
of surface layer (26n).

Euplexaura VERRILL, 1865 ["'E. capensis]. Erect
colonies branched in one plane, arising from
spreading base that bears polyps and commonly
short stems also; polyps fully retractile. Rind with
superficial layer of oval, coarsely warted sclerites,
and deeper layer of capstans. Rec., IndoPac.-
FIG. 153,2. E. erecta KUKENTHAL, Japan; 2a, bent
spindle from collaret; 2b, coarse ovoids from rind
(26n).

Hicksonella NUTTING, 1910 [non SIMPSON, 1910]
["'H. princeps] [=Rhabdoplexaura KUKENTHAL,
1919 (obj.)]. Thick-branched arborescent colonies;
polyps retractile into low calyces. Spiculation of
capstans commonly modified as clubs and large
rods. Rec., IndoPac.--FIG. 152,4. "'H. princeps,
Japan; 4a, large rod; 4b, capstans; 4c, spindle;
4d, clubs (26n).

Muricea LAMOUROUX, 1821 ["'M. spicijera]. Arbor
escent colonies richly branched, commonly tending
to remain in one plane; branches moderately to
very thick, with close-set, prickly, tubular or shelf
like calyces on all sides. Sclerites usually fusiform,
with strong outer or terminal spines or both; rarely
some irregular forms. Rec., trop.W.Atl.-E.Pac.-
152,1 "'M. spicijera, W.Indies; la, outlines of large
spindles; Ib-c, spinous spindles at higher power;
Id, sculptural detail of Ib (26n).

Muriceopsis AURIVILLIUS, 1931 ["'Gorgonia tubercu
lata ESPER, 1791]. Colonies low, shrublike and
irregularly branched, or taller and pinnate; calyces
low but usually distinct, with small lower lip.
Spicules of outer rind mostly foliate clubs and
stout spindles with foliate processes on one side.
Inner rind contains symmetrically sculptured spin
dles, usually bright purple. Rec., trop.W.Atl.--
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FIG. 152,2. M. flavida STIASNY, Virgin!.; 2a, purple
spindle of inner rind; 2b, surface club; 2c, asym
metrical foliate spindle of outer rind (26n).

Paraplexaura KUKENTHAL, 1909 [*Plexauroides as
per MOROFF, 1902; SD KUKENTHAL, 1917]. Branch
ing mostly in one plane; polyps forming distinct
calyces on all sides. Rind thick, containing warty
and leafy clubs, commonly with very coarse heads,
some developed into platelike forms; inner rind
with fusiform and radiate sclerites. Rec., IndoPac.
--FIG. 153,1. *P. asper, Japan; leaf clubs and
coarse plate (26n).

Plexaurella VALENCIENNES, 1855 [*Gorgonia dicho
toma ESPER, 1791]. Erect, dichotomously branched
colonies with thick, stiff branches; polyps on all
sides, fully retractile, with only raised margins at
most, none with prominent calyces. Characteristic
sclerites are quadriradiates; simple spindles may
be present. Rec., trop.W.AtI.--FIG. 152,5. *P.
dichotoma, W.Indies; spicules (26n).

Psammogorgia VERRILL, 1868 [*Echinogorgia arbu
sctda VERRILL, 1866]. Colonies low, bushy, ir
regularly branched dichotomously; polyps on all
sides, calyces low or absent. Rind rather thick,
with spindles and aculeate wart clubs; spicules
red. Rec., W.Mexico-Panama.--FIG. 151,3. *p.
arbuscula, Costa Rica; spicules (26n).

Rumphella BAYER, 1955 [*Plexaura aggregata NUT
TING, 1910]. Erect, bushy colonies with thick,
sinuous or nearly straight branches; axis dark,
with abundant calcareous deposits, especially near
base which is much thickened and stony in old
specimens; polyps on all sides, calyces low or ab
sent. Rind spicules as warty spindles, with super
ficial layer of small wart clubs having whorl of 3
warts as a head. Rec., E.Indies-Oceania.--FIG.
151,2. R. antipatlles, Rec., GilbertI.; spicules (26n).

Family GORGONIIDAE Lamouroux, 1812
[nom. correct. JOHNSON, 1862 (pro Gorgonidae auctt.,· nom.

correct. pro family Gorgonieae LAMX., 1812)]

Axis purely horny with narrow but dis
tinct chambered central chord and cortex
little loculated, if at all; polyps fully re
tractile, some forming low calyces, scattered
or biserially disposed. Rind moderately
thick, packed with spindles and capstans
with regular belts of tubercles, in certain
genera modified into disc spindles, seaph
oids, or unilaterally spined forms; antho
codial armature weak, in form of crown
composed of flat rodlets with scalloped
edges, or lacking entirely. Colonies of di
verse form, from unbranched to pinnate,
closely reticulate or foliate. Rec.

A number of species of "Gorgonia" are
recorded as fossils by early authors but these
records are almost certainly erroneous. For

a few such references see G. FISCHER DE
WALDHEIM, Bibliographia Palaeonthologica
Animalium Systematica (1834).

The genus of fossils called Plumalina
HALL, 1858, has been placed in this family
by some authors 0. S. WILLIAMS, 24), but
it has more resemblance to certain delicate
plumose hydroids and probably belongs to
that group.

Websteria M.EDW.-H., 1850, also was as
signed tentatively by its authors to the
Gorgoniidae, but probably it does not belong
here.
Gorgonia LINNE, 1758 [*G. flabellum; SD VERRILL,

1868] [=Rhipidigorgia VALENCIENNES, 1855
(obj.)]. Spicules in form of strong scaphoids and
symmetrical spindles. Branches in one plane, close
ly anastomosing. Rec., W.Indies.--FIG. 153,3.
*G. flabellum, Nassau; 3a, scaphoid; 3b, spindle
(26n).

Antillogorgia BAYER, 1951 [*Gorgonia acerosa PAL
LAS, 1766]. Spicules are slender scaphoids and
symmetrical spindles. Branches closely pinnate, not
anastomosing. Rec., W.Indies.--FIG. 153,8. *A.
acerosa, Key West; 8a, scaphoids; 8b, spindle
(26n).

Eugorgia VERRILL, 1868 [*Leptogorgia ampla VER
RILL, 1864]. Spicules chiefly disc spindles; ordi
nary spindles present in small numbers in some
species. Branching lateral, in one plane or bushy.
Rec., Calif.-Peru.--FIG. 153,4. *E. ampla, Aca
pulco; 4a, disc spindles in side, end and oblique
views; 4b, spindle (26n).

Leptogorgia M.EDw.-H., 1857 [*Gorgonia viminalis
PALLAS, 1766; SD VERRILL, 1868]. Spicules are
spindles, shorter ones with warts of one side
fused like those of disc spindles; long ones sym
metrical or with warts on one side simple and
conical, elsewhere compound. Colonies little
branched, slender, and whiplike. Rec., W.AtI.-
FIG. 153,7. *L. viminalis, W.F1a.; 7a, short, almost
disc spindle, and top view of one disc; 7b, spindle
(26n) .

Lophogorgia M.EDw.-H., 1857 [*Gorgonia palma
PALLAS, 1766]. Spicules exclusively symmetrical
spindles without unilateral fusion of warts to
form discs; anthocodial armature of flattened rods
may be present. Branches long and slender, or
short and pinnately arranged, in one plane or
bushy. Rec., AtI.-Medit.-lndoPac.--FIG. 153,5.
*L. palma, S.Afr.; 5a, spindles of rind; 5b, rods
from crown (26n).

Pacifigorgia BAYER, 1951 [*Gorgonia stenobrochis
VALENCIENNES, 1846]. Spicules as in Lophogorgia,
commonly long and pointed. Branches in one plane
and closely anastomosed to form netlike fans. Rec.,
GulfCalif.-Panama-Brazil.

Phycogorgia M.EDw.-H., 1850 [*Gorgonia fucata

© 2009 University of Kansas Paleontological Institute



Octocorallia-Holaxonia F213

5b
Lophogorgio

Gorgonio 3b

30

Antillogorgio 8b

0.1 mm.

7b LeptogorgioPterogorgio 6b

Poroplexouro

60

0.4 mm.

FIG. 153. Gorgonacea: Plexauridae, Gorgoniidae (p. F210-F214).

© 2009 University of Kansas Paleontological Institute



F214 Coelenterata-Anthozoa

VALENCIENNES, 1846] Spicules exclusively short,
blunt, symmetrical capstans. Branches flattened
into broad fronds, with lamellar axis. Rec., Mazat
lan-Chile.

Phyllogorgia M.Eow.-H." 1850 ["Gorgonia dilatata
ESPER, 1806]. Spicules including scaphoids as well
as spindles. Branches flattened into broad fronds,
with loosely reticulating axis. Rec., Brazil.

Pterogorgia EHRENBERG, 1834 ["Gorgonia anceps
PALLAS, 1766; SO M.Eow.-H., 1850] [=Xiphigor
gia M.Eow.-H., 1857 (obj.)]. Spicules are very
coarse spindles and scaphoids. Ramification lax,
branches rather long; polyps bi- or triserial, re
tracting into thin, raised coenenchymal flanges.
Rec., W.Indies.--FIG. 153,6. "P. anceps, Cura~ao;
6a, scaphoid; 6b, spindle (26n).

Family ELLISELLIDAE Gray, 1859
[nom. correct. BAYER, 1955 (pro Elliselladae GRAY, 1859) I

Axis strongly calcified, made up of con
centric layers not markedly undulating, cen
tral chord not soft and chambered; cal
careous material deposited in irregular
radial sectors (4). Colonies unbranched,
loosely branched, or forming broad, flat fans
with or without anastomoses. Spicules small
(0.05-0.15 mm.), of characteristic dumbbell
shape, some modified into clubs, and longer
double spindles, all regularly sculptured
with strong, hemispherical tubercles. eret.
Rec.
Ellisella GRAY, 1858 ["Gorgonia elongata PALLAS,

1766; SO NUTTING, 1910] [=Scirpearia Ki:iLLI
KER, 1865, and later authors (non CUVIER, 1817,
1830); Viminella GRAY, 1870]. Colonies simple
or with few long, whiplike branches; calyces
biserial or in lateral tracts, usually prominent.
Spicules including double spindles approaching
0.2 mm. in length concentrated in calyces, and
double heads or dumbbells half as long or less,
chiefly in general cortex. Rec., Atl.-Medit.-RedS.
IndoPac.--FIG. 154,4. E. /uniculina (OUCHAS
SAING & MICHELOTTI), Rec., GulfMexico; dumb
bells from calyces and spindles from rind (26n).

Ctenocella VALENCIENNES, 1855 ["Gorgonia pecti
nata PALLAS, 1766]. Branching characteristically ly
rate. Spicules chiefly stout double heads. Rec.,
IndoPac.--FIG. 154,5. "C. pectinata, Torres
Straits; 5a, colony (30); 5b, spicules (26n).

Junceella VALENCIENNES, 1855 ["Gorgonia iuncea
PALLAS, 1766; SO NUTTING, 1910]. Colonies sim
ple or dichotomously branched, calyces usually dis
tinct and biserially disposed, some generally scat
tered. Characteristic sclerites are flattened clubs in
outer cortex and dumbbells with strong, conical
warts in thin axial sheath layer. ?Eoc., Rec., Indo
Pac.--FIG. 154,2; 158,2. "J. iuncea, Rec., Philip.;
154,2a, dumbbell from axial sheath zone; 154,2b,

face and edge view of cortical club; 158,2a, axis in
transverse, 158,2b in longitudinal section (left mar
gin of 2b follows edge of central chord), as seen
in polarized light (all 26n).

Nicella GRAY, 1870 ["N. mauritiana (="Scirpearia
dichotoma GRAY, 1859)]. Colonies ramified in
one plane, branches usually slender and cylindri
cal; polyps biserial, with hemispherical calyces.
Rind with inner layer of double spindles up to
twice length of dumbbells of outer layer. Rec.,
IndoPac.-Atl.--FIG. 154,3. N. guadalupensis
OUCHASSAING & MICHELOTTI, Barbados; spicules
(26n).

Riisea OUCHASSAING & MICHELOTTI, 1860 ["R. pani
culata]. Colonies finely divided, with numerous
very slender branchlets arranged on main branches
in alternating pinnate fashion; core of axis excen
tric; calyces prominent, clavate, placed at ends of
short twigs and along upper side of branchlets.
Spiculation much as in Nicella, with dumbbells
in rind and long, tapered spindles (longer ones
flattened) in calyces. Rec., trop.W.Atl.--FIG. 155,
2; 158,3. "R. paniculata, Porto Rico; 155,2a, rods
of calyces; 155,2b, dumbbells of rind; 155,2c,
branchlet, 158,3a,b, axis in transverse and long.
sect. (light zone along left edge of 3b is axial
core), as seen in polarized light (all 26n).

Toeplitzella OEICHMANN, 1936 ["Junceella laevis
VERRILL, 1866]. Like Ellisella but no long double
spindles. Rec., IndoPac.

Verrucella M.Eow.-H., 1857 ["Gorgonia f/exuosa
LAMARCK, 1816 (="Gorgonia umbraculum ELLIS
& SOLANOER, 1786); SO BAYER, 1955]. Colonies
flabellate, some reticulate, branches slender; polyps
with distinct verruciform calyces. Rind containing
slender double heads and somewhat longer double
spindles; twin or triplet forms producing crosses or
stars may be more or less numerous. Cret.{Dan.}
Rec., Eu.-RedS.-IndoPac.--FIG. 154,1. V. delica
tula (NUTTING), Rec., Philip.; spicules (26n).

Family IFALUKELLIDAE Bayer, 1955
Arborescent, with strongly calcified axis

made up of gently undulating concentric
lamellae, calcareous material not oriented in
radial sectors, central chord not soft and
cross-chambered. Sclerites minute (less than
0.1 mm. in length), flattened oval biscuit
shaped, or double discs, with irregular sur
faces, very similar to spicules of Xenia and
polyps of Tubipora. Rec.
Ifalukella BAYER, 1955 ["I. yanii]. Colonies densely

bushy, not pinnate; axis spirally ridged, arising
from massive calcareous base onto which ridges
extend as high, calcareous crests with lobed, in
many places strongly laciniated, edges that may
give rise to small twigs, which here and there de
velop into full-sized colonies. Spicules extremely
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scarce, those present being mostly oval rods with
some twin forms. Zooxanthellae extraordinarily
numerous. Distribution unknown, but type species
is frequent at Haluk Atoll (Carolines), where it
is the one abundant reef-dwelling gorgonian, in
habiting reef fronts beyond surge-channels in 15
or 20 feet of water; apparently quite restricted
ecologically. Its peculiar, calcareous base should
be easy to recognize if found in reef limestones,
and might be a good paleoecological indicator. Ree.
--FIG. 156,2. "'I. yanii; 2a, spicules (circle repre
sents relative size of zooxanthellae); 2b, calcareous
colonial base (26).

Plumigorgia NUTTING, 1910 ["'P. hydroides]. Col
onies delicate, flexible, pinnately branched, arising
from calcareous base. Polyps forming calyces or
wholly retractile into general coenenchyme. Spic
ules numerous. Ree., SuluArch.-ChinaS.--FIG.
156,1. "'P. hydroides; spicules (26).

Family CHRYSOGORGIIDAE Verrill,
1883

Axis highly calcified, continuous, glossy,
iridescent or metallic, made up of smooth
concentric lamellae (Fig. 158,1), rarely un
dulating; calcareous matter not oriented in
radial sectors; branching may not occur,
but more frequently does so in a very regu
lar order, uniserial, spiral or dichotomous.
Sclerites are basically rods, commonly sharp
and needle-like or flattened and becoming
scale- or platelike. The oval or elongate
scales of the Chrysogorgiidae show in polar
ized light brilliant interference colors, con
centrically arranged (Fig. 158,6), but never
a cruciform pattern radiating out from the
center. Base may be either a large, branched,
calcareous root or a small disc, former being
adapted for life on soft bottoms and latter
for attachment to rocks or other solid mate
rial. Rec.

Subfamily LEPIDOGORGIINAE Versluys, 1902

Colonies unbranched; polyps uniserial,
without operculum of 8 plates. Rec.
Radicipes STEARNS, 1883 ['"R. pleurocristatus]

[=Lepidogorgia VERRILL, 1884]. Sclerites of
polyps mostly fusiform rods; of rind, variable but
commonly consisting of small scales. Roots sub
divide dichotomously, forming long zigzag processes
by dominance of alternate branches of succeeding
dichotomies. Ree., Atl.-IndoPac.-FIG. 156,3. "'R.

pleurocristatus, Japan; 3a, sclerites; 3b, sculptural
detail of spicule; 3e, part of branch with calyces;
3d, the rootlike colonial base (26n).

Subfamily CHRYSOGORGIINAE Verrill, 1883

Colonies with main stem giving rise to
branches, which may be either simple or
further branched. Polyps with rods or scales
but no specialized operculum of 8 plates.
Rec.
Chrysogorgia DUCHASSAING & MICHELOTTI, 1864

["'C. desbonni]. Colonies erect, sympodial,
branches arranged in a spiral and dichotomously
subdivided in one plane or in alternating planes at
right angles to each other. Ree., Atl.-IndoPac.-
FIG. 155,3; 158,6. C. elegans VERRILL, W.Atl.;
155,3a, colonies (25); 155,3b, spicules (26n);
158,6, scale in polarized light.

Iridogorgia VERRILL, 1883 ["'I. pourtalesii]. Col.
onies monopodial, main trunk coiled in upright
spiral with simple branchlets arising from its outer
side in single series. Ree., W.Atl.-Hawaii.--FIG.
157,4, "'I. pourtalesii, Dominica; colony (25).

Metallogorgia VERSLUYS, 1902 ["'Dasygorgia me
lanotriehos WRIGHT & STUDER, 1889]. Colonies
monopodial, straight main trunk distaIly giving off
strong lateral branches, which profusely subdivide
in a dichotomous pattern. Ree., IndoPac.-Atl.-
FIG. 158,1. "'M. melanotriehos; axis in thin section,
in polarized light; la, cross; 1b, longitudinal.

Pleurogorgia VERSLUYS, 1902 ["'P. plana]. Main
branches with simple branchlets uniserially placed
along one side; polyps chiefly on branchlets, uni
serial. Sclerites are spindles and very irregular
bodies. Ree., IndoPac.--FIG. 157,5. "'P. plana,
Moluccas; spicules and branching pattern (36).

Trichogorgia HICKSON, 1905 ["'T. f/exilis]. Colonies
branched mosdy in a plane, some with long ter
minal branches; calyces thickly set on all sides.
Ree., S.Afr.-W.Ad.

Subfamily CHALCOGORGIINAE Bayer, 1949

Colonies unbranched, zooids biserial.
Sclerites of rind are medially constricted
scales, those of zooids irregularly lobed
plates, 8 triangular plates forming a distinct
operculum. Rec.
Chalcogorgia BAYER, 1949 ["'C. pellueida]. Ree.-

FIG. 155,1. "'C. pellueida, Cuba; la, part of stem;
1b, single calyx; Ie, colonial base; 1d, calycular
scales; Ie, opercular scale; If, accessory rods lying
between opercular scales (26).

Family PRIMNOIDAE Gray, 1857
[nom. correct. VERRILL, 1868 (pro Primnoadae GRAY, 1857)1

Axis strongly calcified, unjointed, made up
of undulated concentric layers (Fig. 158,4),
core not a soft, chambered central chord,
base a calcareous disc, rarely a branched,
rhizoidal structure. Colonies usually pro
fusely branched, rarely flagelliform; polyps
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single, in pairs, or regular whorls, heavily
armored with calcareous scales (Fig. 158,5)
and permanently exsert; in contraction ten
tacles are infolded and protected by 8 tri
angular scales making up a distinct oper
culum, below which scales of poly'p body are
aligned in 8 rows, some of which may be
reduced or missing on adaxial side; rarely
(1 sp.) scales not regularly arranged and
operculum undifferentiated. In rind, a layer
of plates or scales, commonly elongate, some
with an inner layer of stellate spicules.
Cret.-Rec.

The scalelike sclerites of the Primnoidae
can always be distinguished by the cruciform
pattern of extinction that they show in polar
ized light (dark field) (Fig. 158,5, Prim
noel/a). The scales of chrysogorgiids, isidids
and pennatulids never show such a pattern.

Subfamily PRIMNOEIDINAE Studer, 1887

Polyps without differentiated operculum,
body scales not in rows. Rec.
Primnoeides STUDER, 1887 [-Primnoides sertular

oides WRIGHT & STUDER, 1889; SM WRIGHT-S.,
1889]. Rec., Ind.O.

Subfamily PRIMNOINAE Gray, 1857
[nom. transl. STUDER., 1887 (ex Primnoidae nom. correct.

VERRILL, 1868, pro Primnoadae GRAY, 1857) 1
Polyps with well-differentiated opercu

lum, body scales in 8 complete or incom
plete rows, some of which may be missing.
Cret.-Rec.
Primnoa LAMOUROUX, 1812 [-Gorgonia lepadifera

LINNE, 1767 (=-Gorgonia reseda PALLAS, 1766)].
Colonies treelike, dichotomously branched, com
monly very large; axis densely calcareous; polyps
thickly distributed all around twigs and branches,
irregularly oriented but commonly facing down
ward, especially at twig tips; polyps large (up to
5 mm. long) with 8 opercular and 8 marginal
scales, but body scale rows reduced; adaxial sur
face of polyps without scales. Rind sclerites are
scales. U.Cret.-Rec., Arct.--FIG. 157,1. -P. re
seda (PALLAS), Rec., Grand Banks; part of branch
with polyps (26n).

Callogorgia GRAY, 1858 [-Gorgonia verticillata PAL
LAS, 1766]. Colonies usually pinnately branched,
some dichotomously, mostly in one plane; axis
longitudinally striated, commonly iridescent; polyps
in regular whorls, bent inward; adaxial rows of
body scales reduced; spicules usually elaborately
sculptured externally; cortical sclerites thick and
pebble-like or more elongate. Rec., Atl.-Medit.
IndoPac.-Arct.-Antaret.--FIG. 158,4; 159,2. -c.
verticillata, W.Indies; 158,4. cross section of axis

in polarized light; 159,2, part of branch with 3
whorls of polyps (26n).

?Eogorgia HICKSON, 1938 [-E. sullivani]. Stout,
straight primnoid axis assigned by HICKSON to
Scleraxonia; not definitely assignable to any sub
family but its size suggests Primnoinae. Eoc. (lack
son.), Miss.

Plumarella GRAY, 1870 [-Gorgonia penna LAMARCK,
1815]. Branching in one plane, pinnate, closely so
in many; polyps biserial, alternate or rarely oppo
site, never in whorls. All 8 rows of body scales
present, adaxials of some with fewer scales. Corti
cal sclerites of some species scales or warty radiates
in lower parts of colony and inner rind. Rec., AtI.
Medit.-IndoPac.--FIG. 159,7. -P. pourtalesii
(VERRILL), Fla.; part of branch with polyps (26n).

Primnoella GRAY, 1858 [-Primnoa australasiae
GRAY, 1849]. Colonies branched sparingly or not
at all, stems long and whiplike; polyps in whorls,
closely appressed to stem. Opercular scales more or
less overreached by marginals; abaxial rows of
body scales well developed, adaxials reduced or
wanting. Superficial sclerites of rind are scales;
commonly an inner layer with small, warty scler
ites is present. Rec., Atl.-IndoPac.-Arct.-Antarct.
--FIG. 158,5; 159,1. P. polita DEICHMANN, W.
Indies; 158,5, scale in polarized light; 159,1, part
of stem with whorls of polyps (26n).

Pseudoplumarella KUKENTHAL, 1915 [-Plumarella
thetis THOMSON & MACKINNON, 1911]. Similar to
Plumarella, but polyps may be in whorls. Opercular
scales 8, but marginals fewer than 8; fewer than 8
rows of body scales. Rec., Indo-Austral.

Thouarella GRAY, 1870 [-Primnoa antarctica VAL
ENCIENNES, 1846]. Main stem producing short,
slender branches all around, like bottle-brush.
Marginal scales overreach operculars; rows of body
scales commonly reduced. Rec.
T. (Thouarella) [=Parathouarella KUKENTHAL,

1915]. Polyps irregularly distributed. Marginal
scales with foliate process. Rec.

T. (Euthouarella) KUKENTHAL, 1915 [-Plumarella
hilgendorji STUDER, 1878; SD BAYER, herein].
Polyps in pairs or whorls of 3 to 4. Marginal
scales with median spine. Rec., IndoPac.--FIG.
159,3. -T. (E.) hilgendorji, Philip.; part of
branch with polyps (26n).

T. (Epithouarella) KUKENTHAL, 1915 [-Thouar
ella erenelata KUKENTHAL, 1907; SD BAYER,
herein]. Polyps closely placed all around branches,
but not in whorls. Marginal scales without pro
jecting spine; body scales dentate. Rec., Antarct.

Subfamily CALYPTROPHORINAE Gray, 1870
[nom. /tansl. et correct. STUDER, 1887 <ex Calyptrophoradae

GRAY, 1870)]

Polyps with operculum well differen
tiated; large body scales reduced to 2 or 3
pairs of plates curved to encircle zooid; ad
axial marginal scales retained in some as
"adaxial buccal scales." Rec.
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Calyptrophora GRAY, 1866 [·C. japonica]. Two
pairs of large body scales meeting or nearly meet
ing adaxially so as to encircle polyp, in some in
separably fused ring-wise; only one pair of infra
basal scales connecting body scales to those of

rind; never any vestigial adaxial buccal scales.
nranching dichotomous or unilateral pinnate, com
monly in one plane, in some flabellate. Rec., Arl.
IndoPac.--FIG. 157,2. ·C. japonica. Japan;
branch with 3 whorls of polyps (26n).

1b

4

Metallogorgia

Callogorgia

2b

5

Junceella

Primnoella

3b

6

Riisea

Chrysogorgia

FIG. 158. Gorgonacea: Ellisellidae, Chrysogorgiidae, Primnoidae (p. F214-F220).
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Arthrogorgia KUKENTHAL, 1908 ["A. membranacea
(="Calyptrophora ijimai KINOSHITA, 1907)]. Like
Calyptrophora but more than one pair of infra
basal scales and some vestigial adaxial buccals pres
ent. Branching pinnate or dichotomous. Rec., NW.
Pac.--FIG. 157,3. "A. ijimai, Japan; part of
branch with whorls of polyps (26n).

Narella GRAY, 1870 ["Primnoa regularis DUCHAS
SAING & MICHELOTTI, 1860] [=Stachyodes, Calyp
terinus STUDER, 1887]. Three or 4 pairs of large
body scales partially encircling polyp but rarely
meeting adaxially; adaxial buccal scales commonly
present. Branching pinnate, dichotomous, or trichot
omous. Rec., Atl.-IndoPac.-Antarct.--FIG. 159,
5. "N. regularis, W.Indies; part of branch with
3 whorls of polyps (26n).

Subfamily CALLOZOSTRINAE Studer, 1887

Polyps with operculum well differenti
ated; polyps in whorls, erect, not bent in
ward toward stem. Rec.

Callozostron WRIGHT, 1885 ["C. mirabile]. Polyps
in close-set whorls of at least 8. Marginal scales
with long, projecting spines. Rec., Antarct.

Candidella BAYER, 1954 {pro Stenella GRAY, 1870
(non GRAY, 1866)] ["Primnoa imbricata J. Y.
JOHNSON, 1862]. Polyps in widely spaced whorls
of up to 5.
C. (Candidella). Marginal scales 4. Rec., Atl.-Indo
Pac.--FIG. 159,4b. "C. (C.) imbricata, W.
Indies; part of branch with 3 whorls of polyps
(26n).

C. (Parastenella) VERSLUYS, 1906 ["Stenella doe
derleini WRIGHT & STUDER, 1889; SD BAYER,
herein]. Marginal scales 8. Rec., IndoPac.--FIG.
159,4a. "C. (P.) doederleini, Japan; part of
branch with 3 whorls of polyps (26n).

Family AINIGMAPTILIDAE Carlgrcn,
1943

[nom. correct. BAYER, 1950 (pro Ainigmaplilonidae CARL
GREN, 1943)]

Axis strongly calcified; polyps borne on
expanded, unsupported, simple or branched
polyp leaves. Spicules are thin scales; oper
culum of 8 scales. Rec.

Ainigmaptilon DEAN, 1926 ["A. haswelli] [=Ly
curus MOLANDER, 1929]. Several specimens of
various species are provided with expanded fun
nel-like base, apparently adapted for anchoring
colony by enclosing a lump of mud. Rec., Antarct.
--FIG. 159,6. A. edisto BAYER; 6a, polyp leaf;
6b, isolated polyp; 6c, body scales; 6d, opercular
scale (26).

Family ISIDIDAE Lamouroux, 1812
[nom. correct. KUKENTHAL, 1915 (pro Isideae LAMX., 1812) I

Axis composed of alternating purely
horny nodes and nonspicular calcareous in-

ternodes; base may be either a rootlike cal
careous structure for anchoring colony in
soft bottom or a basal disc for attachment
to hard objects. Cret.-Rec.

Subfamily KERATOISIDINAE Gray, 1870
[nom. transl. et correct. BAYER, herein (ex Keratoisidae GRAY

1870)] [=Ceraloisidinae STUDER, 1887) ,

Polyps nonretractile, with spindles,
needles or rods placed along septa. Rec.

Keratoisis WRIGHT, 1869 ["K. grayi]. Colonies
with branching from calcareous internodes, some
unbranched; internodes hollow or solid. Polyps
cylindrical, irregularly disposed but with tendency
toward biserial arrangement; distal part of polyp
body with 8 longitudinal rows of spindles and
needles, some projecting beyond tentacles; stellate
forms in pharynx. Rec., Atl.-IndoPac.--FIG. 160,
1. K. ornata VERRILL, Grand Banks; section of
stem with node, and internode with branch; short,
horny node at base of branch is not an invariable
feature (26n).

Acanella GRAY, 1870 ["Mopsea arbusculum JOHN
SON, 1862]. Colonies bushy, branched in whorls
from horny nodes. Spicules of calyces are mostly
spindles and some flattened blunt rods, with fine
prickles or low warts. Rec., Atl.-IndoPac.--FIG.
160,3. "A. arbuscula, Grand Banks; 3a, entire
colony (25); 3b, tip of branch with terminal
polyp (26n); 3c, node with one branch (26n).

Isidella GRAY, 1857 ["Isis elongata ESPER, 1788].
Colonies branched from nodes dichotomously and
in one plane; internodes hollow. Calycular seler
ites mostly rodlets which do not project. Rec., E.
Atl.-Medit.

Lepidisis VERRILL, 1883 ["L. caryophyllia; SD
KUKENTHAL, 1915]. Colonies simple or sparsely
branched from nodes; internodes hollow. Calycular
sclerites projecting needles and elongate scales.
Rec., Atl.-?IndoPac.--FIG. 160,2. "L. carophyl
lia, NW.Atl.; 2a, polyp; 2b, colonial base; 2c,
scales, and 2d, rods from calyces (26n).

Subfamily MOPSEINAE Gray, 1870
[nom. transl. et correct. WRIGHT & STUDE', 1889 (pro Mop

seadae G.AY, 1870) I
Polyps nonretractile, with transversely ar

ranged platelike sclerites; branching from
internodes. Eoc.-Rec.
Mopsea LAMOUROUX, 1816 ["Isis dichotoma LINNE,

1758; SD M.EDW.-H., 1850]. Colonies branched
pinnately or dichotomously in one plane. Eoc.-Rec.,
MalayArch.-Austral.-Antarct.--FIG. 161,3. M.
elongata ROULE, Rec., Antarct.; 2 internodes (26n).

Pe1tastisis NUTTING, 1910 ["P. uniserialis]. Colonies
unbranched; polyps with operculum of 8 plates.
Rec., MalayArch.

Primnoisis STUDER, 1887 ["Isis antarctica STUDER,
1878; SD KUKENTHAL, 1915]. Colonies branched
on all sides bottle-brush fashion. Rec., Antarct.-
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Primnoello

Norello

Collogorgio

lmm.

6b

Thouorello

Ainigmoptilon
6d

Condidello

Plumorello

FIG. 159. Gorgonacea: Primnoidae, Ainigmaptilidae (p. F220-F222).
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Subantarct.-S.Afr.-Arg.--FIG. 161,2. "'P. ant
arctica, Marguerite Bay; 2a, sclerites; 2b, part of
branch partially decorticated to show ramification
of axial internode (26n).

Subfamily MURICELLISIDINAE Kiikenthal, 1915

Anthocodiae rectractile within distinctly
separated calyces, armed with strongly
thorned spindles. Branching from inter
nodes, which are hollow. Rec., Japan.
Muricellisis KUKENTHAL, 1915 ["'M. echinata]. Rec.,

Japan.

Subfamily ISIDINAE Lamouroux, 1812
[nom. transl. STUDER, 1887 (ex Isididae nom. correct. KOLU·

KEa, 1865, pro Isideae LAMX., 1812)]

Anthocodiae fully or partially retractile
within coenenchyme, armed with small rods
having transverse girdles of tubercles, and
various radiate forms. Rec.
Isis LINNE, 1758 ["'I. hippuris; SD M.EDw.-H.,

1850]. Branching from internodes; colonies bushy,
with thick rind into which polyps are fully re
tractile. [Various fossil species attributed to this
genus almost certainly do not belong here.] Rec.,
IndoPac.--FIG. 161,1. "'I. hippuris, Philip.; la,
spicules; Ib, decorticated axis (26n).

Chelidonisis STUDER, 1890 ["'C. aurantiaca]. Branch
ing from internodes, dichotomous, in one plane.
Rind thin, polyps retractile into hemispherical ver
ruciform calyces. Rec., Ad.-S.Afr.

Subfamily UNCERTAIN

Axogaster LONSDALE, 1850 ["'A. eretacea]. Base
branched, creeping, rootlike. Calcareous internodes
with calycular pits having fewer than 12 pseudo
septa; branching from internodes. Cret., Eng.

Moltkia STEENSTRUP, 1846 ["'M. isis]. Colonies
spread roughly in a plane, dichotomously branched,
anastomosing. Nodes overgrown by the calcareous
internodes, completely enclosed. Axis pitted by
calyces and sculptured by beaded longitudinal striae
which may continue into calycular pits. V.Cret.
(Dan.), Denm.

Order PENNATULACEA Verrill,
1865

[nom. transl. KOLLIKER, 1880, as order Pennatulida (ex sub
order Pennatulacea VERRILL, 1865); nom. correct. STUDER,

1887, as order Pennatulacea]

Colonial octocorals unbranched, not firmly
attached, consisting of a primary polyp
(oozooid) that elongates to produce a bar
ren, proximal stalk, which anchors colony
in mud, and a polypiferous distal rhachis
from which secondary polyps spring, either
directly or from ridgelike or broadly ex
panded polyp leaves. Gastric cavity of pri-

mary polyp divided into 2 primary and 2
secondary longitudinal canals by fleshy par
titions at center of which a more or less
calcified horny axis usually is produced.
Secondary polyps invariably of at least 2
kinds. Spicules in form of smooth or 3
flanged rods or needles, rarely tuberculated;
or small scales or plates which, in polarized
light, behave optically like plates of Chryso
gorgiidae. Axes of pennatulids formed of
irregular, prismatic columns of calcareous
material radiating outward from axis core,
which seems to contain a higher proportion
of organic matter, thus resembling closely
axes of ellisellid Gorgonacea. ?Sil., Rec.

Classification of the sea pens depends
upon arrangement of the autozooids and
siphonozooids, distribution and form of the
calcareous spicules, and other features ordi
narily not preserved in fossils. External char
acters of the axis are so variable as to be
useless except in a most general way. Con
sequently, the "species" of Graphularia, es
tablished on such characters, are of very
questionable standing. The differences in
patterns of calcification may, however, af
ford a new means of evaluating these fossils,
and need to be more thoroughly investi
gated.

A number of presumed botanical fossils
have recently been assigned to the Renil
lidae, and it is probable that still more need
reinterpretation.

Molds interpreted as fossil pennatulids
have lately been reported from both East
and West Indian Tertiary deposits (3), and
similar remains have been noted in Euro
pean strata.

Suborder SESSILIFLORAE
Kiikenthal, 1915

Sea pens with polyps standing separately
and arising directly from rhachis without
being united near their bases by ridgelike
or leaflike structures (12). ?Sil., Rec.

Family VERETILLIDAE Herklots, 1858
[nom. correct. GRAY, 1870 (pro Veretilloides HERKLOTS,

1858)]

Stout, commonly clavate colonies with
out trace of bilaterality; polyps fully re
tractile, no calyces. Spicules of various types,
none 3-flanged. Rec.
Veretillum CUVIER, 1798 ['"Pennatuta cynomorium
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FIG. 160. Gorgonacea, Isididae (p. F222).
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PALLAS, 1766; SD M.EDW.-H., 1850]. Spicules are
minute oval constricted plates in polyps as well
as in rhachis and stalk. Rec., W.Afr.-S.Eu.

Cavernularia M.EDW.-H., 1850 [*C. obesa]. Spicules
consisting of oval or elongated rods. Rec., W.Afr.
Medit.-IndoPac.

Cavernulina KUKENTHAL & BRocH, 1911 [*C. cylin
drica]. Spicules are rods with bilobed ends. Rec.,
Ind.O.

Lituaria M.EDW.-H., 1850 [*Pennatula phalloides
PALLAS, 1766]. Spicules are plates, commonly with
terminal denticles. Rec., IndoPac.

Policella GRAY, 1870 [*P. australis]. Spicules are
minute, oval bodies in interior of stalk, and small,
biscuit-shaped platelets in outer layer; spicules ab
sent in polyps. Rec., IndoPac.

Family ECHINOPTILIDAE Hubrecht,
1885

Colonies cylindrical, bent, lacking axis,
with polyps radially disposed but in some
showing traces of bilateral orientation;
polyps standing in transverse rows, with
calyces. Spicules are 3-flanged rods. Rec.
Echinoptilum HUBRECHT, 1885 [*E. mackintoshi].

Rec., Ind.O.
Actinoptilon KUKENTHAL, 1910 [*A. molle]. Rec.,

S.Afr.

Family RENILLIDAE Gray, 1860
[nom. correct. GRAY, 1870 (pro Renilleae GRAY, 1860)]

Sea pens with slender stalk and oval or
reniform foliate rhachis bearing polyps on
upper surface only; no axis. Spicules are 3
flanged rods which may be more or less
platelike. ?Sil., Rec.
Renilla LAMARCK, 1816 [*Renilla amerzcana

(=*Pennatula renilormis PALLAS, 1766)]. Rec.,
W.Atl.-E.Pac.--FIG. 162,4. 'OR. renilormis, S.
Car.; colony (26n).

?Alectorurus SCHIMPER, 1869 [non GLOGER, 1842].
Silo

?Cancellophycus SAPORTA, 1872 [*Taonurus liasinus
FISCHER-OOSTER, 1858] [=?Taonurus]. Colonies
flattened, in form of broad, undulating spiral blade,
some with accessory blades; spiral may encompass
several turns or may be quite lax, blade being
formed of successive more or less concentric and
arcuate imbricating lamellae joined together at
close intervals by oblique cross trabeculae, alto
gether producing a reticulate structure with meshes
consisting of sigmoid lozenges thought to have
contained gastric cavities of the individual polyps.
In section, the lamellae are seen to contain calcite
needles (15 to 40 microns in diameter and about
1 mm. in length), trifoliate in cross section and
practically identical with the spicules of various
pennatulids (1). Jur.-Cret.

?Spirophyton HALL, 1863 ['OS. typuml [=?Taonu
rus]. Silo

?Taonurus FISCHER-OOSTER, 1858 [*Fucoides brian
teus VILLA]. Cret.

Family KOPHOBELEMNIDAE Gray,
1860

[nom. correct. KUKENTHAL, 1915 (pro Kophobelemnonieae
GRAY, 1860)]

Sea pens with polyps bilaterally oriented
on rhachis but with some tendency to radial
symmetry; colonies clavate, with axis. Rec.
Kophobelemnon ASBJORNSEN, 1856 [*K. mulleri

(=*Pennatula stellilera O. F. MULLER, 1776)].
Elongate, clavate colonies with large autozooids,
which do not form calyces. Spicules are prismatic
rods, shorter ones commonly distinctly tubercu
lated. Axis slender, rounded quadrangular. Rec.,
Atl.-Medit.-IndoPac.--FIG. 162,2. *K. stelli
lerum, Grand Banks; 2a, spicules (26n); 2b, entire
colony (35).

Mesobe1emnon GRAVIER, 1907 ['OM. gracile]. Simi
lar to Kophobelemnon but spicules are small bone
shaped rods. Axis rounded in section. Rec., Red
Sea.

Sclerobe1emnon KOLLIKER, 1872 [*S. schmeltzei].
Similar to Kophobelemnon but spicules are small
plates, smooth or with serrate ends. Rec., IndoPac.

Family ANTHOPTILIDAE Kolliker,
1880

Bilateral sea pens with polyps in trans
verse or somewhat diagonal rows on 2 sides
of rhachis. Sclerite~ absent except for minute
oval bodies in interior of stalk. Axis round
or quadrangular with rounded angles. Rec.
Anthoptilum KOLLIKER, 1880 [*Virgularia grandi-

flora VERRILL]. Rec., Atl.-IndoPac.

Family FUNICULINIDAE Gray, 1860
[nom. correct. GRAY, 1870 (pro Funiculineae GRAY, 1860)]

Colonies elongate, slender; autozooids
rather small, arranged laterally and ventrally
on rhachis, producing distinct calyces with 8
marginal teeth; siphonozooids infrequent.
Spicules are prismatic needles. Axis quad
rangular. Rec.
Funiculina LAMARCK, 1816 [*Pennatula quadrangu
laris PALLAS, 1766; SD M.EDW.-H., 1850]. Rec.,
Atl.-IndoPac.

Family PROTOPTILIDAE Kolliker, 1872
[nom. correct. KOLLIKER, 1880 (pro Protoptileae KOLLIKER,

1872)]

Bilateral sea pens with autozooids longi
tudinally arranged in one or more lateral
rows. Spicules 3-flanged. Axis stout,
rounded. Rec.
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FIG. 161. Gorgonacea: Isididae (p. F222-F224).
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Protoptilum KOLLIKER, 1872 ["P. carpenteri; SD
KUKENTHAL, 1915]. Rec., N.Atl.-Indo.O.

Distichoptilum VERRILL, 1882 ["D. gracile]. Rec.,
Atl.-Pac.

Helicoptilum NUTTING, 1912 ["R. rigidum]. Rec.,
Japan.

Family STACHYPTILIDAE Kolliker,
1880

Bilateral colonies with autozooids ar
ranged laterally in transverse rows but not
in longitudinal rows also. Autozooids and
siphonozooids with well-developed, scale
like calyces. Spicules are 3-flanged needles.
Rec.
Stachyptilum KOLLIKER, 1880 ["S. macleari]. Rec.,

trop.Pac.

Family SCLEROPTILIDAE Jungersen,
1904

Rhachis elongate, bearing autozooids

closely arranged in indistinct whorls; dorsal
track free of autozooids; siphonozooids scat
tered between autozooids. Rec.

Sc1eroptilum KOLLIKER, 1880 ["S. grandiflorum;
SD BAYER, herein]. With 3-flanged spindles. Rec.,
Atl.-N.Pac.-Ind.O.

Calibelemnon NUTTING, 1908 ["C. symmetricum=
Protocaulon indicum THOMSON & HENDERSON,
1906]. No spicules. Axis quadrangular. Rec., Ind.
O.-Hawaii.

Family CHUNELLIDAE Kiikenthal,
1902

Rhachis extremely slender; autozooids in
widely separated whorls; small siphono
zooids on lateral tracts of rhachis, larger
ones within autozooid whorls. Axis appar
ently quadrangular. Rec.
Chunella KUKENTHAL, 1902 ["C. gracillima]. Ter-
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minal autozooid rudimentary or absent. Rec., E.
Afr.

Amphiacme KUKENTHAL, 1903 ["Amphianthus
abyssorum KUKENTHAL, 1902]. Terminal auto
zooid well developed, asymmetrical. Rec., E.Afr.

Family UMBELLULIDAE Lindahl, 1874
[nom. correct. KOLLIKER, 1880 (pro Umbelluleae LINDAHL,

1874) ]

Rhachis slender, elongate, bearing at its
apex an umbelliform tuft of large auto
zooids; siphonozooids situated among auto
zooids and in groups or rows on barren
parts of rhachis. Spicules are 3-flanged
needles in polyp walls, rhachis and stalk
rind, and small oval bodies in deep layers
of stalk. Axis round or quadrangular. Rec.
Umbellula CUVIER, 1798 ["Isis encrinus LINNE,

1758]. Rec., cosmop., deep-sea.--FIG. 162,3. U.
giintheri KOLLIKER, 1880, W.Indies; small colony,
about Xl (25).

Suborder SUBSELLIFLORAE
Kiikenthal, 1915

Polyps united by their bases, situated in
rows on lateral swellings or foliate polyp
leaves. Cret.-Rec.

Family VIRGULARIIDAE Verrill, 1868
[nom. correct. JUNGERSEN. 1904 (pro Virgularidae VERRILL,

1868)]

Bilateral, with slender rhachis; autozooids
situated in transverse rows and united to
gether by their bases, rhachis beneath them
raised into lateral swellings or small leaves.
Spicules present as prismatic needles, small
biscuit-shaped plates, or entirely absent.
Axis stout. Cret.-Rec.

Subfamily VIRGULARIINAE Verrill, 1868
[nom. fransZ. et correct. KUKENTHAL & BROCH, 1911 (ex Vir~

gularidae VERRILL, 1868)]

Autozooids form low to prominent polyp
leaves. Cret.-Rec.
Virgularia LAMARCK, 1816 [*Pennatula mirabilis

MULLER, 1776; SD M.EDw.-H., 1850]. Long, slen
der colonies with lateral rows of low polyp leaves
separated by dorsal track and in some also by
ventral groove; autozooids retractile; siphono
zooids between or on polyp leaves and along dor
sal track. Spicules absent except for small, oval
platelets in interior of stalk. Axis stout, projecting
apically. Cret.-Rec., nearly cosmop.--FIG. 162,6.
V. presbytes BAYER; 6a, dorsal, lateral, and ven
tral views of part of rhachis with fully developed
polyp leaves (Rec., GulfMexico) (26); 6b, mold of
ventral side of colony (Wilcox.-Claiborn., Trini
dad) (29).

Acanthoptilum KOLLIKER, 1870 [*A. pourtalesii;
SD KUKENTHAL, 1915]. Rec.

Graphularia M.EDw.-H., 1850 ["G. wetherelli].
Axial rods slightly compressed, narrower sides
flattened or slightly concave; central core wide;
cortical zone consisting of long, irregular, cal
careous radii extending from core to periphery,
perforated by radial tubules extending outward
from central core. These axes correspond closely
in structure with those of modern Stylatula, with
which they may be congeneric (4). Eoc.(London
Clay), Eng.

Scytaliopsis GRAVIER, 1906 [*5. djiboutiensis]. Rec.
Scytalium HERKLOTS, 1858 [*5. sarsi]. Rec.
Stylatula VERRILL, 1864 [*5. elongata; SD KUKEN-

THAL, 1915 (?=Virgularia elongata GABB, 1863)].
Polyp leaves supported by radiating spicules. Rec.,
Atl.-E.Pac.

Subfamily BALTICININAE Gray, 1870
[nom. transl. BAYER, herein (ex Balticinidae GRAY, 1870)]

[=Pavonariinae KUKENTHAL & BROCH, 1911]

Autozooids stand in oblique rows sur
rounded by ridges or folds of rhachis. ?U.
Cret.(Senon.), Rec.
Baltidna GRAY, 1870 [*Virgularia finmarchica SARS,

1851] [=Pavonaria KOLLIKER, 1869 (non
SCHWEIGGER, 1820)]. ?U.Cret.(Senon.}, Rec., N.
Atl.-IndoPac.

Family PENNATULIDAE Ehrenberg,
1828

[nom. correct. DANA, 1846 (pro family Pennatulina EHREN
BERG, 1828)]

Bilateral sea pens with well-developed
polyp leaves bearing one or more marginal
rows of autozooids, which have calyces with
marginal teeth formed by spicules; siphono
zooids on rhachis, not on leaves. Spicules as
minute oval bodies, plates, rods, and pris
matic needles. Rec.
Pennatula LINNE, 1758 [*P. phosphorea; SD

KUKENTHAL, 1915]. Calyces usually with 8 mar
ginal teeth; spicules as prismatic rods and needles,
inconspicuously 3-f1anged in stalk, where plates
occur also. Rec., cosmop.--FIG. 162,1. P. aculeata
DANIELSSEN, Mass.; la, colony from the side (35);
1b, spicules (26n).

Leioptilus GRAY, 1860 [*Pennatula fimbriata HERK
LOTS, 1858]. Rec.

Ptilosarcus GRAY, 1860 [*Sarcoptilus (Ptilosarcus)
gurneyi; SD BAYER, herein]. Calyces with only 1
or 2 teeth; large plates in interior of stalk. Rec.,
off W.N.Am.

Family PTEROEIDIDAE Kolliker, 1880

Bilateral sea pens like Pennatulidae but
polyp leaves supported by rays of stout
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FIG. 162. Pennatulacea (p. F226-F230) (for Sarcophyllum read Sarcoptilus, p. F230).
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spicules; autozooid calyces not formed by
spicules; spicules not 3-flanged. T ert.-Rec.

Pteroeides HERKLoTs, 1858 ["Penna grisea Bo-
HADSCH, 1761 (=Pennatula spinosa ELLIS, 1764;
Pteroeides spinosum HERKLoTs, 1858); SD KUKEN
THAL, 1915]. Polyp leaves lack accessory leaves.
Tert.(Sumatra)-Rec.(E.AtI.-Medit.-IndoPac.).

Sarcoptilus GRAY, 1848 ["S. grandis] [=Sarcophyl
lum KOLLIKER, 1860]. Supporting rays absent, but
spicules as rods and plates, never prismatic. Rec.,
AustraI.-N.Z.--FIG. 162,5. "S. grandis; spicules
(26n).

Struthiopteron BROCH, 1910 ["Pteroeides caledoni-

cum KOLLIKER, 1869]. Leaves with supporting
rays and accessory leaves along dorsal track. Rec.,
NewCaledonia-Amboina.

Suborder and Family UNCERTAIN
Glyptosceptron BOEHM, 1890. V.Cret.( Senon.),

Bavaria.
Palaeosceptron COCCHI, 1870. V.Cret.
Pennatulites COCCHI, 1870. V.Cret.( Senon.).
Prographularia FRECH, 1890. Like Graphularia, but

longitudinally striated and with symmetrical pair
of deep grooves. Trias.

Protovirgularia M'Coy, 1850. Silo
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ZOANTHARIA-GENERAL FEATURES

By J. W. WELLS and DOROTHY HILL

Subclass ZOANTHARIA
de Blainville, 1830

[=Helianthoida LATREILLE, 1825; Zoantha BLAINV., 1834j
Zoocorallia polyactinia, Phytocorallia polyactinia, Phytocoral
lia dodecactinia EHRENBERG, 1834j Anthozoa helianthoida
JOHNSTON, 1837 (partim)i Actinaria DANA, 1846; Hexacorallia,
Tetracorallia HAECKEL, 1866; Hexactiniae SCHNEIDER & ROTTE·
KEN, 1871; Hexacoralla + Rugosa NICHOLSON in LANKESTER,
1877; Zoanthactiniaria + Rugosa VAN B£NEDEN, 1898; Actin
anthida DELAGE & HEROUARD, 1901; Dodecacorallia CARLGREN,

1908]

Solitary and colonial anthozoans, with or
without calcareous trabecular exoskeleton,
characterized by coupled and paired mesen
teries, and by insertion of new pairs of
mesenteries, generally after the first 6, in 2
(ventrolateral), 4 (lateral and ventrolateral),
or all 6 primary exocoeles. Ord.-Rec.

Representatives of the Zoantharia are di
vided into orders according to arrangement
of their mesenteries and corresponding septa
if a skeleton is. present.

Classification of Zoantharia
1. Septa inserted only within "bifur

cated" outer ends of 4 original septa
(cardinal, counter, and alars) HETEROCORALLIA

2. Mesenterial pairs, after first 6, in
serted only in ventrolateral exo-
coeles h ZOANTHINIARIA

3. Septa inserted in 4 spaces: between
cardinal and alar septa, and between
alar and counter-lateral septa (?me
senterial pairs inserted in lateral and
ventrolateral exocoeles) h RuGOSA

4. Mesenterial pairs (and septa) in
serted in dorsolateral, lateral, and
ventrolateral exocoeles HEXACTINIARIA

A. One tentacle over each exocoele
and entocoele; exoskeleton

i. Absent ACTINIARIA
ii. Present SCLERACTINIA

B. More than one tentacle over each
exocoele and entocoele; skeleton
absent CORALLIMORPHARIA
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5. Mesenterial arrangement unknown;
septa short, equal, acanthine, gen-
erally 12 in number .__ __. TABULATA

Genera and subgenera of the Zoantharia
recorded as fossils total 831 and 60, respec
tively, distributed as follows: Rugosa, 333

genera and 12 subgenera; Heterocorallia, 2
genera and 2 subgenera; Scleractinia, 388
genera and 46 subgenera; and Tabulata, 108
genera. In addition, 3 genera of Actiniaria
are doubtfully reported to be represented by
fossils.

ZOANTHINIARIA, CORALLIMORPHARIA, AND
ACTINIARIA

By J. W. WELLS and DOROTHY HILL

Order ZOANTHINIARIA
van Beneden,1898

[=Actinaria LAMOUROUX, 1824 (partim) j Zoantharia coriaces
DE BLAINVILLE, 1830j Zoanthina coriaces EHRENBERG, 1834;
Zoanthidae GRAY, 1840; Zoanthinae MILNE·EDWARDS & HAIME,

1851; Zoanthacea VERRILL, 1865; Zoantharia KLUNZINGER,

1877 (non BLAINV., 1830); Zoanlheae HERTWIG, 1882; Zoan-
thida HAECKEL, 1896; Zoanthidea BOURNE, 1900).

Mostly colonial anemones (Figs. 132/,
163), with mesenterial pairs beyond the first
6 inserted only in intermesenterial spaces on
each side of ventral directive pair. Rec.

Includes 5 or 6 genera, most abundant in
warm shallow waters. Unknown as fossils.

FIG. 163. Zoanthid colony, Rec., Bermuda, XI (L.
H. HYMAN, Invertebrates: Protozoa thl'ough Cteno

pho1"a, McGraw-Hili, New York).

Order CORALLIMORPHARIA
Stephenson, 1937

[=Stichodactylina DELAGE & HEROUARD. 1901; Asclerocorallia
CARLCREN, 1949 (non PAX, 1940) i

Solitary or colonial anemones, with prin
cipal tentacles cyclically arranged and sec-

ondary tentacles developed from the same
exo- and entocoeles. No basilar muscles or
ciliated mesenterial tracts. Mesenteries in
serted cyclically in all 6 primary exocoeles.
Rec.

FIG. 164. Corallimorpharia and Actiniaria. 1, Coral
limorphus rigidus, Rec., S.Ind.O., 1,950 fathoms;
oral aspect, XO.5 (R.HERTWIG). 2, Stomphia coc-

cinea, Rec., Eu.; Xl (DANIELSSEN).
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A small but widely distributed group, in
cluding 10 living genera, with no known
fossil representatives. It is regarded as co
ordinate with the Scleractinia, from which
it differs by (1) lack of skeleton, (2) tenta
cular arrangement (Fig. 164,1), (3) some
what more varied nematocysts, and (4)
presence of cells in the mesogloea.

Order ACTINIARIA R.Hertwig,
1882

[==Actinina EHRENBERG, 1834; Actiniadae GRAY, 1840; Acti
nidae DANA, 1846; Zoantharia malacodermata MILNE~EDWARDS

& HAIME, 1851 (partim); Actinacea VERRILL, 1865; Actinida
HAECKEL, 1876; Hexactinia GOTTE, 1898 (partim); Malacacti
niae (partim), Edwardsidea BOURNE, 1900; Hexactinidae DE·

LAGE & HEROUARD, 1901 (partim) 1

Solitary skeletonless anemones (Fig. 164,
2), with mesenterial pairs beyond the first
6 cyclically inserted in primary exocoeles (or
rarely in lateral entocoeles) in dorsoventral
succession (Fig. 132h). Tentacles cyclically
arranged, commonly retractile and only one
over each exo- and entocoele. Rec.

The small family Ptychodactidae, con
taining 2 genera, with a number of sup
posedly primitive features as regards muscu-

lature, nematocysts, and mesenterial struc
tures, is considered by CARLGREN to consti
tute a separate order (Ptychodactiaria).

The suborder Endocoelactaria, comprising
a small group in which new mesenterial
pairs beyond the first 6 are developed by in
troduction of pairs oriented like directives
in the lateral exocoeles, has been suggested
as related to the Rugosa, which differ, if
septal and mesenterial equivalence be
granted, by having the new mesenteries after
the first secondaries apparently introduced
only in the ventral sides of the lateral exo
coeles (Fig. 132,h).

Although about 200 living genera and
some 700 species of actiniarians are dis
tinguished, fossil forms are not certainly
known; a few genera have been attributed
to Actiniaria, however.
?Mackenzia WALCOTT, 1911 (*M. costalis). Origin
ally identified as an holothurian, it has been re
ferred by CLARK to the Edwardsiidae, a primitive
actiniarian family. M.Cam.(Burgess sh.), B.C.

?Palaeactis DOLLFUS, 1875 (*P. vetula). M.Ord.
(Llandeil.), Fr.

?Palaeactinia RUEDEMANN, 1934 (*P. hal/i). Pos
sibly an actinodendrid. M.Ord.(Mohawk.), N.Y.

RUGOSA

By DOROTHY HILL
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MORPHOLOGY

GENERAL FEATURES OF SKELETON
The Rugosa are an extinct, Paleozoic

order of corals forming calcareous skeletons
in which the radial plates (septa) of each
individual skeleton (corallite) are generally
more noticeable than the transverse plates.
The septa are typically of 2 orders, major
and minor, alternating in size; in solitary
corallites, after the insertion of the first 6
septa, the remaining major septa are inserted
at 4 points only. In many Rugosa the only
transverse plates are the arched, flat, or
sagging tabulae; in others, the tabularium
(space occupied by the tabulae) is sur
rounded by smaller, commonly arched and
inclined plates called dissepiments, the mar
ginal zone occupied by them being the dis
sepimentarium. Another type of marginal
zone (marginarium), common in Rugosa, is
a zone of dense calcareous tissue without
loculi, a marginal stereozone.

MICROSTRUCTURE
By analogy with Scleractinia, the skele

ton is an exoskeleton which must have been
laid down by the ectoderm of the base of
the polyp. The calcareous tissue is scleren
chyme, but use of this term is common only
as applied to elements which are notably
thickened. The basal ectoderm is considered
to have exuded a gel in which CaCOg
crystallized out in needles ("fibers") ac
cording to the laws of spherulitic crystalli
zation and at right angles to the secreting
ectodermal surface (3). The exudation and
crystallization are probably periodic, for
growth lamination may be distinguished
across the length of the fibers. The fibers of
the septa and other radial elements crystal
lized in the gel secreted in radial upfolds
(invaginations) in the base of the polyp,
while the transverse elements and those
parts of the wall between the peripheral
edges of the septa were deposited in the gel
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rhabdacanthine trabeculae
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FIG. 165. Rugose coral morphology; types of trabeculae. I, Monacanths in Parpites parpita (LINNE), Sil.,
Eu.; la, 4 septa in transv. sec. cut at right angles to trabeculae; Ib, 2 septa in transv. sec. cut obliquely to
trabeculae; Ie, 1 septum in long. sec., structure of only 2 trabeculae being shown; enlarged (85). 2, Hola
canths in Tryplasma primum HILL, M.Sil., Eng.; 2a, transv. sec. cut at right angles to trabeculae; 2b, transv.
sec. cut obliquely to trabeculae; 2e, long. sec.; enlarged (85). 3, Rhabdacanths in Rhabdacyclus parpitaides
LANG & SMITH, Sil., Eng.; 3a, transv. sec. cut at right angles to trabeculae; 3b, transv. sec. cut obliquely to
trabeculae; 3e, long. sec. with 3 central trabeculae shown in median long. sec., others in tangent. long. sec.;
enlarged (85). 4, Dimorphacanthine septa in Tryplasma primum HILL, M.Sil., Eng.; long. sec., 2 cut

medially, 3 trabeculae at right being holacanths; enlarged (85).

exuded by the ectoderm of the unfolded
parts.

Skeletal tissue deposited by unfolded ecto
derm shows planar control of the spherulitic
crystallization, for in tabulae and dissepi
ments the fibers lie at right angles to the
upper and lower surfaces of the plates, the
plane of control being the uniform ecto
dermal surface secreting the gel. When the
secretory surface is not uniform, the fibers
deposited from a more advanced point may
be grouped in a radiating aggregate of the
type termed "fascicle" in much scleractinian
literature; but such a grouping is by no
means a fundamental unit of the coral skele
ton; fascicles will not be found where per
fect planar control exists.

Tissue formed by the crests of the up·
folds shows control by points in, or by the

line of, the crest. Puntal control is commoner
than linear, for most septa consist of cylin.
drical or flattened spines called trabeculae
(Fig. 165), each apparently formed by con
tinuous deposition from one or more per
sistent centers of calcification in a conical
hollow at the crest of the upfold. The trabe
culae of a septum may be separate or con
tiguous, and their nature and arrangement
vary from genus to genus and family to
family. A trabecula may be a simple mona·
canth in which the fibers are related to one
center only, radiating upward and outward
from the axis formed by upward shifting of
the center; or its fibers may be related to
any number of separate, smaller, transient
centers grouped about the main one, thus
forming a rhabdacanth (17). The fibrous
nature of the skeletal elements may be ob·
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turbinate ceratoid
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cylindrical calceoloid pyramidal

FIG. 166. Rugose coral morphology; types of simple coralla (85). 1, Porpites porpita (LINNE), Sil., Eu.;
X2. 2, Rhabdocyclus fietcheri (EDW.-H.), Sil., Eng.; Xl.5. 3, Phaulactis sp., Sil., Eng.; Xl. 4, Zaphren
this sp., M.Dev., N.Am.,; Xl. 5, Streptelasma sp., Sil.. Eng.; Xl. 6, Amplexus sp., L.earb., Eng.; XO.3.
7, Helminthidium mirum LINDSTROM, Sil., Eu.; Xl. 8, Calceola sandalina (LINNE), L.Dev.-M.Dev., Eu.-

Asia-Afr.-Austral.-N.Am.; Xl. 9, Goniophyllum filetcheri (EDW.-H.), Sil., Eng.; Xl.

scured either by original failure of the
material to crystallize spherulitically or,
more usually, by recrystallization before or
during fossilization. Some parts of an in
dividual may show the fibrous nature per
fectly, while in other similar parts it is ob
3cured. Growth lamellation may be empha
sized, either by recrystallization or by origi
l1al failure of the fibers to come out of the
gel spherulitically, and this may be com
bined with a complete recrystallization to
clear calcite of the axial parts of the trabe
culae, causing for instance the perfect rhab
dacanthine septa of Tryplasma to be re
placed by a series of seemingly structureless
rods of clear calcite, termed holacanths, set
in lamellar sclerenchyme. Such obscurations
are as characteristic of genera and families
as are the patterns they obscure.

The trabeculae are variously arranged in
the septa. In most Rugosa they lie in the
median plane of the septum and project up
ward and inward toward the axis of the
corallite; their course is invariably at right
angles to the successive platforms of disse
piments. In a few genera, an area of diver
gence of the septal trabeculae is observed
within the dissepimentarium, where the
trabeculae of one part of a septum are
directed peripherally in the opposite sense

to the remainder which are directed axially
(e.g., Acervularia); an outward direction at
right angles to the successive tabulae is
taken by the trabeculae in radial plates in
any axial structure. In the Phillipsastraeidae
with thick septa, the trabeculae diverge from
the median plane toward the faces (sides)
of the septum. In some genera, trabeculae
may develop in other than the median plane
of the septum and may then form an open
network (Arachnophyllum).

In the septa of many genera the fibers all
appear to proceed from the mid-plane to
ward the septal faces at exactly the same
angle, so that individual trabeculae cannot
be distinguished; such an attitude results
from spherulitic crystallization under linear
control, the line being the crest of the septal
invagination; this is in contrast to trabecular
growth resulting from control by a number
of separated points along the crest.

The latest fibrous growth lamellae of
many thick septa may be seen in parts of
some corals to be continuous with those of
neighboring tabulae or dissepiments; this
indicates a septal invagination so deep that
the fibers initiated at its crest are lengthened
by its smooth side, which is continuous over
change of slope with the unfolded ectoderm
between the invaginations.
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FORM OF CORALLA

sePtal~~intersePtal ridge

scale~':' _',

1b 'Try;I~S:~' double-ribs

SOLITARY CORALS

Turning from the fine structure of the
skeletal elements to megascopic characters
of the skeleton, we note that solitary coral
lites may be curved or erect, and the funda
mental shape appears to be a reversed cone.
Depending on the apical angle of the cone
and other characteristics, such as the growth
form of the mature region and occurrence
of sharp angulations or flattened areas (Fig.
166), the shape may be designated as cera
toid (very slenderly conical, horn-shaped),
cylindrical (nearly straight and of uniform
diameter except in the apical region), scole
coid (like cylindrical but irregularly bent
in the manner of a worm), trochoid (regu
larly expanding from an apical angle of

Omphyma

ri~'N
Ie ld

Synaptophyllum Tryplasma

about 40 degrees), turbinate (like trochoid
but with wider apical angle, about 70 de
grees), patellate (with still wider apical
angle, about 120 degrees), discoid, nearly all
in a single plane, calceoloid (like the tip of
a slipper, as in Calceola), or pyramidal with
flattened sides which meet at angles (Fig.
166).

Solitary corallites are laterally and basally
sheathed in a thin film of ?granular (? non
fibrous) CaC03, the epitheca (Fig. 167,3)
lying upon the corallite wall, which is not
a simple unit. In some corallites, the wall
is formed by the peripheral edges of the
septa thickening to contiguity; in others, a
nontrabeculate fibrous lining bridges the
space between each such peripheral edge,
the fibers lying radially. This lining may be
quite thin, but where the fibers lengthen

Palaeosm'i1 ia
rugose corallite
Amplexizaphrentis

10

FIG. 167. Rugose coral morphology; epithecal and calical characters (85). la, Tryplasma sp., M.Sil., Eng.;
Xl. lb, Tryplasma loveni (EDw.-H.), M.Sil., Eu.; enlarged. Ie, Synaptophyllum simeoense (BILL.), Dev.,
N.Am.; X2. Id, Tryplasma lonsdalei ETHERIDGE, M.Sil., N.S.W.; X2. Ie, Ketophyllum subturbinatum
(ORB.), Sil., Eu.; Xl. 2, Caleeola sandalina (LINNE), M.Dev., Eu.-Asia-Afr.-Austral.-N.Am.; Xl. 3, Am
plexizaphrentis enniskilleni (EDw.-H.), L.earb., Eu.; Xl. 4, Palaeosmilia murehisoni EDw.-H., L.earb.,

Eu.; Xl.
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greatly, a marginal stereozone may be
formed.

The lateral epithecate surfaces of the
corallite are vertically grooved, each such
depression corresponding in position to a
major or a minor septum and being there
fore termed a septal groove; scales may be
attached to these furrows and the interseptal
ridges ocurring between them (Try
plasma). Transverse or growth wrinklings
of the epitheca may also be noted. Buttress
ing outgrowths (talons) from the cone of
attachment and rootlike structures (radici
form processes or rootlets and spines) may
assist in anchoring the corallite (Fig. 167,
la.1e).

COMPOUND CORALS

. T~e entire skeleton of a compound organ
Ism IS termed a corallum. This term is tra
ditionally used for the skeleton of the whole
organism whether compound or solitary.
A compound corallum is called fasciculate
if the corallites are cylindrical and not in
contact. Fasciculate coralla may be classi
fied as dendroid (irregularly branching), or
phaceloid (with neighboring corallites more
or less ~arallel, not in contact but joined at
some points by connecting processes, Fig.
168,1). Compound coralla are described as
massive if neighboring corallites are in con
tact and polygonal in section. Massive coralla

phacelaid
Eridophyllum

thamnasterioid
Orionastraea

connecting process

2c

cerioid astreoid
lithostrotion

1b phaceloid cerioid
Eridophyllum

2b

dendroid
lithostrotion

ceriaid
lithostrotion

2a

2d aphroid
Orionastraea

FIG. 168. Rugose coral morphology; types of compound coralla (85). la, Iithostrotion irregulare (PHiL
LIPS), L.Carb., Eu.; Xl. lb. Eridophyllum eolligatum (BiLL.), Dev., N.Am.; median long. sec., X 1.3.
Ie, Eridophyllum simeoense (BiLL.), Dev., N.Am.; corallite in median long. sec., X 1.5. 2a, Lithostrotion
araehnoldeum (M'CoY), L.Carb., Eng.; transv. sec., Xl. 2b. Lithostrotion eolumnare ETHERIDGE, L.Cacb.,
E.Austral.; transv. sec., X 1.5. 2e, Orionastraea garwoodi HUDSON, L.Carb., Eng.; transv. sec., X2. 2d,

Orionastraea lonsdaleoides HiLL, L.Carb., E.Austral.; transv. sec., X 1.5.
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FIG. 169. Rugose coral morphology; types and insertion of septa (85n). 1-11, Types of septa, diagrammatic,
enlarged; 1,2,3a,4,6,7a,8a,9,l1a, transv. sees.; 3bS,7b,8b,1O,l1b, median long. sees.; 12-14 insertion of
septa, diagrammatic, enlarged; 12, showing 6 protosepta; 13, Cyathaxonia, numerals indicating order of
insertion of septa, those marked with "x" staying short (minor septa), others lengthening and becoming
major septa; 14, Zaphrenthts, numerals indicating order of insertion of metasepta, minor septa being
inserted later in cycle, after which insertion proceeds as in Cyathaxonia. A= alar septum; C= cardinal

septum; CL= counter-lateral septum; K= counter septum.

(Fig. 168,2) are clothed in a common epi
theca. They are distinguished as (1) cerioid,
if each corallite is defined by a wall; (2)
astreoid, if the individual corallites lose
their walls without reduction of the septa,
which usually alternate in neighboring coral
lites; (3) thamnasterioid, l if the septa of

1 The structure of corals in which "the septa of neigh·
bouring corallites become confluent" originally was desig·
oated by LANG (1923, Trends in British Carboniferous Corals,
Geo!. Assoc., Proe., v. 34, p. 123) as "thamnastraeoid,"
without reference suggesting that the name was derived from
the sc1eractinian Thamnastraea LESAUVAGE, 1832 (=Tham
nastuia LESAUVAGE. 1823). Accordingly, HILL sees no reason
to alter spelling to Hthamnasterioid," as is done by WELLS
and used in the Treatise,' also, she prefers Hastraeoid" rather
than "astreoid" (As/rea LAMARCK, 1801), although no genus
bears the name Astraea.-EDITOR.

neighboring corallites are confluent and ar
ranged between the axes of corallites like
lines of force between poles in a magnetic
field; or (4) aphroid, if the septa have with
drawn from the periphery so that those of
neighboring corallites are united by dissepi
ments only. Meandroid coralla are not
known in Rugosa.

CALICE

The calice is the distal surface of a coral
lite, and is a mold of the base of the polyp
(Fig. 167,3,4). Many corallites have an
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Aulophyllum

FIG. 170. Rugose coral morphology; aXial structures (85). 1, Lithostrotion sp., L.Carh., Eu.; 1a,b, transv.
and median long. sees., enlarged. 2, Ptychophyllum stokesi EDw.-H.. Sil., Can.; 2a,b, transv. and median
long. sees., XL 3, Lonsdaleia laticlat'ia SMITH, L.Carh., Eng.; 3a,b, transv. and median long. sees., X 1.7.
4, Aulophyllum fungites (FLEMING), L.Carh., Eu.; 4a,b, transv. and median long. sees., X 1.25. 5, Aulina

furcata SMITH, L.Carh., Eng.; 5a,b, transv. and median long. sees., X2.

evenly rounded bowl-shaped calice, ranging
in depth from a very shallow saucer-like
shape to a deep beaker-like form. The calice
in some genera, particularly those with mar
ginaria, sho:vs marked differentiation of
inner and outer parts, the outer area (which
may be nearly plane or everted) constituting
a calicular platform, while the central part
is abruptly depressed (calicular pit) or raised
in a rounded to sharp'pointed prominence
(calicular boss) (Fig. 167,4). In pyramidal
or ca1ceoloid coralla, the calice may be closed
by an independent plate or plates, the oper
culum (Fig. 167,2), evidently drawn into a
position of closure by the retraction of the
polyp.

SEPTA

MAJOR SEPTA

The first skeletal elements to be laid down
upon the initial deposit from the attached
planula, the b~sal epitheca are 6 of the
major septa, termed protosepta. These are
first the cardinal septum and its opposite,
the counter septum, marking the plane of
bilateral symmetry of the corallite, common
ly with their axial ends conjoined; then the
2 alar septa, one on each side of the cardinal
septum, and later the 2 counter-lateral septa,
between the alar septa and the counter sep
tum. This order of appearance is not, how
ever, invariable. Insertion of later metasepta
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takes place at 4 points only, pinnately, im
mediately on each side of the cardinal sep
tum, and on the counter side of each alar
septum (Fig. 169, 12-14). The septa in
serted at each of these points form a quad
rant; in some corals more septa are de
veloped in the counter than in the cardinal
quadrants, which accordingly are smaller,
and septal insertion is then said to be accel
erated in the counter quadrants; in other
corals, the opposite occurs.

MINOR SEPTA

So-called minor septa are distinguished by
their shorter length as compared with major
septa and by their placement between the
major septa so as to alternate with them. In
some genera, the minor septa may be seen
to enter almost simultaneously with neigh
boring major septa, one on the counter side
of any major septum before another on its
cardinal side. In others, although septal
grooves corresponding to the minor septa
appear almost simultaneously, as above, with
their neighboring major septal grooves, the
minor septa themselves are nonexistent, or
so small as to escape notice until a later stage
when they all appear together right around
the corallite, after which new minor septa
appear as in the former case. In some Artin
skian and later Rugosa, irregularities in the
normal septal insertion occur which indicate
a transition from the rugose, pinnate type to
the hexacoral, cyclic type (42). Contra
tingent minor septa lean on their neighbor
ing major septa on the counter sides; the
minor septa on either side of the counter
septum may be long. A third (tertiary) order
of septa is observed in some genera, between
major and minor septa (Iranophyllum, Fig.
211,2).

SPECIAL TYPES

The septa are variously developed in the
Rugosa, not only in their trabecular consti
tution as described above but in their shapes
(Fig. 169,1-11). Generally the septa are
laminar, i.e., the trabeculae are closely
united without intervening openings to form
a continuous sheet; but acanthine septa
occur, with the trabeculae separate distally
or throughout. Septa may be long or short,
attenuate, thin, or commonly dilated in
whole or in part; in the Zaphrenticae a

septum may be thicker within the tabu
larium than in the dissepimentarium.
Rhopaloid septa are expanded at their inner
edges and are club-shaped in section
(Ufimia, 177,12). Thickening of the septa
is effected by elongation of the fibers, accre
tion lamellae showing that the process is
periodic (possibly related to feeding times).
Where thickening affects the septa in a par
ticular zone of the coral, a stereozone is
formed (peripheral stereozone of Kodono
phyllum, Fig. 172,2). A septum may have
a number of irregular, upwardly directed,
slender, or cylindrical axial lobes springing
from its axial edge, as in Streptelasmatidae
(d. the "paliform lobes" of Scleractinia).
It may be represented in an axial structure
by a septal lamella, which is a radial axial
plate not in continuity with it. Its distal
(calicular) edge may show teeth represent
ing the growing tips of trabeculae. The sides
of a septum may be smooth, provided with
small denticulations, or flanged. The flanges
may be parallel to the calicular edge, as in
Cyathaxoniicae, or parallel to the trabeculae,
of which they are then lateral extensions
called carinae, or yard-arm carinae if those
of both sides of the septum are opposite
(Heliophyllum) , or zigzag carinae if they
are sub-opposite (Entelophyllum) (Fig. 169,
7).

The septa may not be continuous ver
tically and radially. Thus amplexoid septa
are fully developed only on upper surfaces
of the tabulae, but above this position they
extend progressively a shorter distance from
the epitheca, as in Amplexus (Fig. 169,5).
Lonsdaleoid septa are discontinuous toward
the opposite peripheral edge; they do not
extend continuously through the dissepi
mentarium, but break up the dissepiments
for a certain distance only, dying out toward
the epitheca in a series of septal crests, each
resting on a platform of dissepiments. Per
forate septa are rare among the Rugosa, but
occur, with retiform septa (perforate septa
connected in an irregular network) in the
Calostylidae (Fig. 169,8,9). A naotic septum
is represented in its peripheral parts by a
series of closely spaced, dissepiment-like
plates, each connected by short rods of
CaCOa, each rod representing the axis of
an imperfect!y developed trabecula (for ex
ample, in Naos, Fig. 169,11).
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FOSSULAE
Consequent upon the rugose plan of tetra

meral, pinnate septal insertion, interseptal
loculi of unusual shape and size occur at the
points of insertion; these are fossulae, the
largest being naturally at the cardinal sep
tum, and termed the cardinal fossula, or
simply the fossula (Fig. 169,13,14). The
other two are the alar fossulae. A counter
fossula may develop but is not connected
with the insertion of new septa. The fossulae
may be marked further by quite sharp de
pression of the tabulae therein. A fossula is
open if the adjacent septa do not join around
its axial end, closed if they do; and it may be
variously shaped in transverse section, ac
cording to the genus or family. In some
corals there is a narrowing of the dissepi
mentarium at the fossula.

AXIAL STRUCTURES
Axial structures commonly are formed

from the axial parts of septa reinforced by
transverse skeletal elements (Fig. 170); these
axial parts tend to be continuous with the
peripheral parts only in very young stages.
Thus, the axial lobes of many of the Strepte
lasmatidae form an axial structure. Many
genera have a columella formed by the ver
tical prolongation of the axial end of the
counter septum (Fig. 170,1) which may be
swollen by the adherence of vestigial axial
ends of the other septa (Carruthersella, Fig.
197,5). Others have an axial vortex formed
by the similar twisting of the axial ends of
the long major septa (Ptychophyllum, Fig.
170,2). Still others have an axial structure
composed of the axial parts of septa (septal
lamellae), usually discontinuous in adult
stages from the septa to which they belong
and united by transverse skeletal elements;
such may be clisiophylloid, like a spider
web, with a short medial plate derived from
the conjoined cardinal and counter septum
in the young stages (Clisiophyllum, Fig.
195,1), dibunophylloid (Fig. 170,3; 196,1),
bisected by a medial plate, or aulophylloid
(Fig. 170,4), without a medial plate. An
aulos (inner tube) may be formed from the
similar turning aside of the axial edges of
the septa to meet their neighbors, as well as
in other ways (Fig. 170,5).

TABULAE AND DISSEPIMENTS
Tabulae are the chief horizontal skeletal

outer

2

complete tabulae
Tryplasma

incomplete tabulae
Macgeea

inner

tabellae

outer

---- dissepimentarium---
3b

I
3a

Lonsdaleia

I I
outer inner outer

"'~'"series of tabellae

/ ,~

FIG. 171. Rugose coral morphology; types of tabulae
(85). 1, Tryplasma sp., Sil., Eu.; median long. sec.,
X 1.5. 2, Macgeea sp., V.Dev., Eu.; median long.
sec., X 1.5. 3a, Lonsdaleia laticlal'ia SMITH, L.Carb.,
Eng.; enlarged. 3b, Dibunophyllum bipartitum

(M'CoY), L.Carb., Eu.; X2.
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Entelophyllum

Kodanophyllum
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~~

flat
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~V

Trapezophyllum

horseshoe
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If

FIG. 172. Rugose coral morphology; dissepiments and marginaria (85). la, Caninia subibieina M'CoY, L.
Carb., Eu.; part of transv. sec. showing dissepiments arranged in regular concentric pattern; enlarged. 1b,
Caninia juddi (THOMSON), L.Carb., Eu.; part of transv. sec. showing dissepiments arranged in herringbone
pattern; enlarged. Ie, Caninia sp., part of median long. sec. showing many vertical series of dissepiments,
corresponding to structure of Ia,b. Id,e, Lonsdaleia duplieata (MARTIN), L.Carb., Eu.; parts of long and
transv. sees. showing lonsdaleoid dissepiments; enlarged. If, Trapezophyllum elegantulum ETHERIDGE, Dev.,
Viet.; median long. sec. showing inner series of horseshoe dissepiments and outer series of flat dissepiments,
X3. Ig, Loyolophyllum eresswelli CHAPMAN, L.Dev., Viet.; median long. sec. showing isolated dissepiments,
X3. 2, Kodonophyllum truneatum (LINNE), Sil., Eu.; 2a,b, transv. and median long. sees. showing mar
ginarium composed of septal stereozone, X2. J, Entelophyllum artieulatum (WAHLENBERG), Sil., Eu.; Ja,b,

transv. and median long. sees. showing marginarium composed of dissepimentarium, X2.

elements of the Rugosa (Fig. 171). In the
Cyathaxoniicae and Streptelasmatidae, they
alone are developed; but in many others the
space which they occupy (tabularium) is
surrounded by a marginarium (Fig. 172,
2,3), which is either a peripheral stereozone
or a zone of dissepiments comprising a
dissepimentarium. Each tabula may be a
complete floor, or each may be replaced by
a number of smaller plates (tabellae) which
together form a floor and is thus incomplete.
They may be domed, horizontal, or inverse
ly conical, or with a median boss or notch.

The development of dissepiments (Fig. 172,
1) seems not to be possible without minor
septa, though many genera may develop
minor septa without developing dissepi
ments. They are small, curved or globose
plates inclined parallel to the calical slope
of the dissepimentarium, each overlapped
slightly by its outer neighbor. In a regular
dissepimentarium each is developed entirely
in the interseptal loculus between a major
and a minor septum, its side edges being
drawn upward at the septal faces; the up
ward concavity so formed may become an-
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FIG. 173. Rugose coral morphology; rejuvenescence and increase (85). 1, Tryplasma loveni (EDw.-H.),
Sil., Eu.; Xl. 2, Acervularia ananas (LINNE), M.Sil., Eu.; 2a, calical view; 2b, median long. sec.; enlarged.
3, Entelophyllum articulatum (WAHLENBERG), Sil., Eu.; 3a, external view; 3b,c, successive transv. sees.;
3d, median long. sec.; enlarged. 4, Lithostrotion affine (FLEMING), L.Carb., Eng.; Xl. 5, Lithostrotion sp.,

L.Carb., Scot.; enlarged.

gular. A herringbone dissepimentarium
forms where the minor septa fail, and the
dissepiments between neighboring major
septa inosculate. In a lonsdaleoid dissepi
mentarium, large dissepiments with a con
vex upper surface develop, associated with
vertical discontinuities in the septa extend
ing across more than one interseptal loculus.
Horseshoe dissepiments occur in some phil
lipsastreids (Fig. 172,1f); these are dissepi
ments in single series placed vertically one
above the other, horizontally based and with
tall domes. In many Columnariina isolated

dissepiments occur, both top and bottom
edges being adherent to the wall. Lateral
(blister-like) dissepiments may be developed
similarly along the sides of septa (Mach la
phyllum, Fig. 218,1). In some genera, flat
dissepiments occur in association with a
stereozone (Acervularia) .

INCREASE OF CORALLITES
The original corallites of colonies are

protocorallites, and those produced by in
crease are offsets. Three types of increase
characterize the Rugosa (Fig. 173). (1) In
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axial increase, the old corallite ceases to
grow as such; 2 or more offsets are formed,
occupying its whole calice, and are built up
at the periphery of this old calice by the ex
tension of its septa and epitheca, but at its
axis by new septa laid down above its
tabularium. (2) In peripheral increase,
which does not necessarily cause the old
corallite to cease growth, small offsets arise
from the old calice in its outer septate zone.
(3) In lateral increase (in branching coral
la) or intermural increase (in cerioid cor
alla), the offsets appear to project laterally

through or to spring from the wall of the
old corallite.

"Rejuvenescence" is often observed (Fig.
173,1). A corallite, instead of continuing
its growth with increasing or constant diam
eter, suddenly becomes much constricted,
usually leaving a ledge of older calice round
the constricted part. It then increases in
diameter, and the process may be repeated.
During rejuvenescence the corallite recapitu
lates earlier growth stages in a condensed
form.

GLOSSARY OF MORPHOLOGICAL TERMS APPLIED TO CORALS
By RAYMOND C. MOORE, DOROTHY HILL, AND JOHN W. WELLS

For convenience of reference, an alphabetically arranged glos~ary of morphological
terms applied to corals has been prepared, including together terms commonly employed
for description of Rugosa, Heterocorallia, Scleractinia, and Tabulata. This is advantageous
because many terms are applied to 2 or more of these ordinal divisions of the Zoantharia.

Classification of the terms is indicated typographically, (1) those thought to be most
important because most generally used being printed in boldface capital letters (as
SEPTUM); (2) less universally used terms being printed in uncapitalized letters (as am
plexoid septum); and (3) least important terms printed in italics (as cnidocil).

H=Heterocorallia; R=Rugosa; S=Scleractinia; T=Tabulata

acanthine septum. Type composed of a vertical or
steeply inclined series of trabeculae and commonly
marked by spinose projections along axially di
rected margin of septum (see other types: am
plexoid, dilated, fenestrate, laminar, lonsdaleoid,
naotic, retiform, rhopaloid) (R, S, T).

AHERMATYPIC. Not reef-forming.

ALAR FOSSULA. Relatively prominent interseptal
space developed in position of an alar septum or
adjoining it on side toward counter septum (see
closed fossula, open fossula, also other types: car
dinal, counter) (R).

ALAR SEPTUM (symbol, A). One of 2 protosepta
located about midway between cardinal and coun
ter septa, distinguished by insertion of newly
formed metasepta on side facing counter septum
(see other types: cardinal, counter, counter-lat
eral) (R).

alveolitoid. Type of reclined corallite having a
vaulted upper wall and nearly plane lower one
parallel to surface of adherence of colony, as in
Alt'eolites (T).

ambulacrum. Trough of coenosteum separating col
lines on surface of some meandroid coralla (S).

amplexoid septum. Type characterized by extreme
shortness except where septum is extended axially
on distal side of a tabula, as in Amplexus (see
other types: acanthine, dilated, fenestrate, laminar,
lonsdaleoid, naotic, retiform, rhopaloid) (R).

anthoblast. Aerosmilia stage of ontogeny derived by
transverse division from a solitary Fungia individ
ual by extratentacular budding (see anthocaulus,
anthocyathus) (S).

anthocaulus. Aerosmilia stage of ontogeny derived
by transverse division from a solitary Fungia in
dividual of sexual generation (see anthoblast,
anthocyathus) (5).

anthocyathus. Neanic Fungia stage after separation
from an anthocaulus or anthoblast (S).

aphroid. Massive corallum like astreoid type but
with septa shortened peripherally, adjacent coral
lites being united by a dissepimental zone (see
astreoid, cerioid, meandroid, plocoid, thamnasteri
oid) (R, S).

astreoid. Massive corallum in which septa of each
corallite are fully developed but walls between
corallites are lacking, septa of adjacent coralIites
generally in alternating position (see aphroid,
cerioid, meandroid, plocoid, thamnasterioid) (R).

aulophylloid. Type of axial structure like that
termed clisiophylloid but lacking a medial plate,
as in Aulophyllum (see clisiophylloid, dibuno
phylloid, axial structure, axial vortex) (R).

AULOS. Axial structure consisting of tube com
monly formed by abrupt sideward deflection of
inner edges of septa and junction of them with
neighbors (see axial structure) (R).

AXIAL. With reference to coralIite oral-aboral axis.
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AXIAL INCREASE. Budding of corallites in coralla
characterized by appearance of dividing walls
between newly formed corallites approximately
in position of axis of parent (see lateral increase,
peripheral increase, intermural increase) (R, T).

axial lobe. Irregular upwardly directed slender ex
tension from axial edge of a septum (R).

AXIAL STRUCTURE. Collective term for various
10n<Titudinal structures in axial region of corallite,
wh~ther a solid or spongy rodlike columella or an
axial vortex (see axial vortex, aulos, aulophylloid,
clisiophylloid, dibunophylloid) (R, S).

axial vortex. Longitudinal structure in axial region
of corallite formed by twisting of inner edges of
major septa associated commonly with transverse
skeletal elements (see axial structure, aulophylloid,
clisiophylloid, dibunophylloid) (R).

axis of divergence. Generally vertical or oblique
line in septum from which trabeculae incline in
ward and outward (see fan system) (R,S).

basal disc. Aboral fleshy part of coral polyp, typically
subcircular in outline (see oral disc, basal plate)
(S).

basal plate. Thin, initially formed part of corallite
from which septa begin to be built upward (S).

calceoloid. Solitary corallite shaped like tip of a
pointed slipper, as in Calceola, with angulated
edges between flattened and rounded sides (see
cylindrical, discoid, patellate, pyramidal, scolecoid,
trochoid, turbinate) (R).

CALfCE. Oral surface of corallite, generally bowl
shaped (H, R, S).

calicoblast layer. Part of ectoderm of coral polyp
lying against skeleton.

calicular boss. Sharp-pointed protuberance in cen
tral part of calice in some corallites (R, S).

calicular pit. Abruptly depressed central part of
calice in some corallites, surrounded by a calicular
platform (R).

calicular platform. Part of calice floor having a sub
horizontal plane or outwardly sloping (everted)
form; generally surrounds a calicular pit (R).

canalicula. Minute canal, as in extended mesenterial
chambers of some scleractinians.

CARDINAL FOSSULA. Relatively prominent inter
septal space developed in position of cardinal sep
tum (see dosed fossula, open fossula, also other
types: alar, counter) (R).

CARDINAL SEPTUM (symbol, C). Protoseptum
in plane of bilateral symmetry of a corallite, dis
tinguished from other protosepta by insertion of
newly formed metasepta adjacent to it on both
sides (see other types: alar, counter, counter-lat
eral) (R).

CARINA. Flangelike elevation on side of septum
formed by thickened trabecula (see types: yard
arm, zigzag) (R).

cateniform. Corallum with corallites united laterally
as palisades which appear chainlike in cross sec
tion, the palisades commonly forming a network
(T).

ceratoid. Very slenderly conical, horn-shaped soli
tary corallite (R, S).

cerioid. Massive corallum in which walls of ad
jacent polygonal corallites are closely united (R,
S, T).

CIRCUMMURAL BUDDING. Type of polystomo
daeal budding with indirectly linked stomodaea
arranged around discontinuous collines or mon
ticules of corallum (see circumoral, intramural
types of polystomodaeal budding) (S).

CIRCUMORAL BUDDING. Type of polystomo
daeal budding with directly linked stomodaea ar
ranged concentrically around central parent sto
modaeum (see circummural, intramural types of
polystomodaeal budding) (S).

c1isiophylloid. Type of axial structure with short
medial plate in cardinal-counter plane, in trans
verse sections resembling a spider web, as in
Clisioplzyllum (see aulophylloid, dibunophylloid,
axial structure, axial vortex) (R).

closed fossula. Prominent interseptal space inclosed
toward axis of corallite by united edges of septa
(see fossula, open fossula) (R).

cnidoeil. Same as nematocyst.

coenenchymaI. Collective term for corallum having
common skeletal tissue uniting individual coral
lites (S, T).

COENENCHYME. Collective term for both coenos
teum and coenosarc (S, T).

coenosarc. Common soft tissue connecting coral
polyps in a colony.

COENOSTEUM. Skeletal deposits formed between
individual corallites of a colony (S).

colline. Protuberant ridge of corallum surface be
tween corallites (see monticule).

COLUMELLA. Solid or nonsolid calcareous axial
structure formed by various modifications of inner
edges of septa; commonly projects into calice in
form of a calicular boss (R, S). (See axial struc
ture, axial vortex, also various types of columella:
trabecular, parietal, spongy, fascicular, styliform,
lamellar.)

column. Smooth cylindrical body wall of coral
polyp between basal and oral discs (S).

complete mesentery. Defined by attachment of
mesentery to stomodaeum (see incomplete mesen
tery).

complete tabula. Type consisting of a single plat
form, not composed of several small plates joined
together (see incomplete tabula) (R, S, T).

compound synapticula. Type consisting of broad
bars formed by fusion of opposed ridges on ad
jacent septa (see simple synapticula) (S).
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compound trabecula. Composed of bundles of sclero
dermites (see simple trabecula) (S).

connecting tubule. Subhorizontal tubular connection
between neighboring corallites in fasciculate coralla
(R, T).

contratingent. Minor septum that leans against ad
joining major septum on side toward counter
septum (R).

CORALLITE. Exoskeleton formed by an individual
coral polyp (see protocorallite, corallum) (H, R,
S, T).

CORALLUM. Exoskeleton of a coral colony or soli
tary coral (H, R, S, T).

costa. Prolongation of septum on outer side of
corallite wall (S).

COUNTER FOSSULA. Relatively prominent inter
septal space developed in position of the counter
septum (see closed fossula, open fossula, also other
types: alar, cardinal) (R) .

COUNTER-LATERAL SEPTUM (symbol, KL).
One of 2 protosepta that adjoin counter septum
on either side (see other types: alar, cardinal,
counter) (R).

COUNTER SEPTUM (symbol, K). Protoseptum
opposite cardinal septum in position (see other
types: alar, cardinal, counter-lateral) (R).

couple. Corresponding mesenteries on either side of
dorsoventral plane (S).

cuneiform. Wedge-shaped corallite (S).

cupolate. Corallite with flat base and highly con
vex oral surface (S).

cylindrical. Nearly straight solitary corallite with
subequal diameter except near base (see calceoloid,
discoid, patellate, pyramidal, scolecoid, trochoid,
turbinate) (H, R, S).

dendroid. Irregularly branching types of fasciculate
corallum (see foliose, massive, phaceloid, ramose,
reptant, umbelliferous) (R, S).

dibunophylloid. Type of axial structure like that
termed clisiophylloid but with longer medial plate
joining cardinal and counter septa, as in Dibuno
phyllum (see aulophylloid, clisiophylloid, axial
structure, axial vortex) (R).

dicentric. Type of corallite formed by polyp re
taining distomodaeal condition permanently (see
monocentric, tricentric, polycentric) (S).

dilatated septum. Type partly or wholly thickened
(see other types: acanthine, amplexoid, fenestrate,
laminar, lonsdaleoid, naotic, retiform, rhopaloid)
(R).

direct linkage. Type of intratentacular budding
characterized by development of 2 or more mouths
with stomodaea inside same tentacular ring and
with mesenterial strands connecting adjacent sto
modaea (see indirect linkage, trabecular linkage,
lamellar linkage) (S).

DIRECTIVE COUPLE. Pair (couple) of mesenteries
in so-called dorsoventral plane of coral polyp char
acterized by pleats on opposite rather than facing
sides of mesenteries.

directive mesentery. One of 2 mesenteries of a
directive couple.

discoid. Solitary corallite with button-like form (see
calceoloid, cylindrical, patellate, pyramidal, scolec
oid, trochoid, turbinate) (R, S).

DISSEPIMENT. Small domed plate forming a cyst
like enclosure in peripheral region of a corallite
(R, S, T).

DISSEPIMENTARIUM. Peripheral zone of corallite
interior occupied by dissepiments (R, S).

distal. Direction away from point of origin of a
corallite (see proximal) (H, R, T).

DISTOMODAEAL BUDDING. Having 2 stomo
daea developed within a common tentacular ring
and 2 interstomodaeal couples of mesenteries be
tween original and each new stomodaeum (see
tristomodaeal, triple stomodaeal, and polystomo
daeal types of budding) (S) .

dorsal. In oral aspect of polyp, direction away from
pleats of first lateral protocnemes (see ventral) (S).

ectoderm. Outer layer of oral and basal discs, ten
tacles, and column wall of coral polyp (see endo
derm, mesogloea).

EDGE ZONE. Fold of body wall of coral polyp
extending over edge of wall.

endoderm. Inner layer of outer body walls of coral
polyp and occurring as a double lamina in mesen
teries (see ectoderm, mesogloea).

endotheca. Collective term for dissepiments inside
corallite wall (S).

entocoele. Space within pair of mesenteries (see
exocoele) .

ENTOSEPTUM. Septum developed within a mesen
terial entocoele (see exoseptum) (S).

entotentacle. Tentacle occupying position over an
entocoelous mesenterial chamber (see exotentacle).

EPITHECA. Sheath of skeletal tissue laterally sur
rounding a corallite comprising extension of basal
plate (R, S, T).

exocoele. Space between adjacent pairs of mesen
teries (see entocoele).

EXOSEPTUM. Septum developed within a mesen
terial exocoele (see entoseptum) (S).

exotentacle. Tentacle occupying position over an
exocoelous mesenterial chamber (see entotentacle).

EXOTHECA. Collective term for dissepiments out
side of corallite wall (S).

extramural. Occurring outside of wall of a corallite.

EXTRATENTACULAR BUDDING. Formation of
new coral polyps by invagination of the edge
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zone or coenosarc outside of ring of tentacles sur
rounding mouth of parent (see intratentacular
budding) (S).

FAN SYSTEM. Fan-shaped pattern formed by
diverging trabeculae in plane of septum (see axis
of divergence) (S).

fascicular columella. Axial structure formed by
twisted vertical ribbons or rods resembling pali or
paliform lobes (see other types: lamellar, styli
form, trabecular) (S).

fasciculate. Corallum with cylindrical corallites
which are somewhat separated from one another
but may be joined by connecting tubules (R, S, T).

fenestrate. Regularly perforated septum (S).

flabellate. Fan-shaped corallite or meandroid coral
lum with single continuous laterally free linear
series of corallites (S).

foliaceous. Same as foliose.

foliose. Type of corallum with laminar branches
(see dendroid, fasciculate, massive, phaceloid, ra
mose, reptant, umbelliferous) (R, S, T).

FOSSULA. Interseptal space distinguished by its
unusual shape and size (see types; alar, cardinal,
counter, closed, open) (R).

HERMATYPIC. Reef-forming.

herringbone dissepimentarium. Type in which dis
sepiments between major septa inosculate, minor
septa failing (see regular dissepimentarium) (R).

holacanth. Trabecula seemingly consisting of a clear
rod of calcite, as in septa of Tryplasma (R).

horseshoe dissepiment. Type with horizontal base
and strongly arched top part, arranged in single
vertical series (see lateral dissepiment) (R).

hydnophoroid. Type of corallum with corallite cen
ters arranged around protuberant collines or
monticules (S).

incomplete mesentery. Defined by lack of attach
ment to stomodaeum (see complete mesentery).

incomplete tabula. Type consisting of several small
plates (tabellae) joined together (see complete
tabula) (R, S, T).

INCREASE. Addition of corallites to colonies by
budding (see axial increase, lateral increase, inter
mural increase, peripheral increase) (R, T).

incrusting. Thin coralla adhering to a surface and
following its irregularities (S, T).

indirect linkage. Type of intratentacular budding
characterized by development of 2 or more mouths
with stomodaea inside same tentacular ring and
with one or more couples of mesenteries between
each pair of neighboring stomodaea (see direct
linkage, trabecular linkage, lamellar linkage) (S).

INTERMURAL INCREASE. Budding of corallites
in cerioid coralla characterized by sideward out
growth of offsets, initial parts of which become

surrounded by growing wall of parent corallite
(see axial increase, lateral increase, peripheral in
crease) (R, T).

interseptal ridge. Longitudinal elevation on outer
side of corallite wall, corresponding in position to
space between a pair of adjacent septa inside of
wall (see septal groove) (H, R).

intramural. Within column wall of a polyp.

INTRAMURAL BUDDING. Type of polys tomo
daeal budding with stomodaea directly or in
directly linked in a single linear series (see cir
cummural types of polystomodaeal budding) (S).

INTRATENTACULAR BUDDING. Formation of
new coral polyps by invagination of oral disc of
parent inside ring of tentacles surrounding its
mouth (see extratentacular budding) (S).

lamellar columella. Platelike axial structure, in ru
gose corals generally in plane of cardinal and
counter septa, in scleractinians oriented parallel
with longer axis of calice (see other types: fascicu
lar, styliform, trabecular) (R, S).

lamellar linkage. Connection between corallite cen
ters corresponding to direct linkage of stomodaea
(see direct linkage, indirect linkage, trabecular
linkage) (S).

laminar septum. Longitudinal radial partitioning
wall in corallite formed of trabeculae that are
contiguous throughout their length (H, R, S, T).

lateral dissepiment. Type having blister-like form
developed in isolated manner on sides of septa
(see horseshoe dissepiment) (R).

LATERAL INCREASE. Budding of corallites in
fasciculate coralla characterized by sideward out
growth of offsets (see axial increase, peripheral in
crease, intermural increase) (R, T).

linear series. Corallites arranged in a confluent row
enclosed within continuous walls (S).

longitudinal skeletal element. Part of corallite ori
ented in direction of growth of polyp (H, R, T).

lonsdaleoid septum. Type characterized by discon
tinuity toward peripheral edge of septum, as in
Lonsdaleia (see other types: acanthine, amplexoid,
dilated, fenestrate, laminar, naotic, retiform, rho
paloid) (R).

MAJOR SEPlUM. One of the protosepta or meta
septa (see minor septum) (H, R, S).

MARGINARIUM. Peripheral part of interior of a
corallite distinguishable from tabularium by dif
ference in constituent structures, generally abun
dant dissepiments or dense deposit of skeletal
tissue producing a stereozone (R, T).

MASSIVE. Corallum composed of corallites closely
in contact with one another (see dendroid, fascicu
late, foliose, ramose, reptant, umbelliferous) (R,
S, T).

meandroid. Corallum characterized by meandering
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rows of confluent corallites with walls only be
tween the rows (see aphroid, astreoid, cerioid,
plocoid, thamnasteroid) (S, T).

mesenterial filament. Ribbon-like prolongation of
inner free margin of a mesen tery.

MESENTERY. Fleshy radially disposed lamina at
tached to inner surface of oral disc and column
wall of coral polyp.

mesogloea. Noncellular jelly-like middle layer of
outer walls and mesenteries of coral poyps (see
ectoderm, endoderm).

metacneme. One of the mesenteries developed after
appearance of protocnemes (S).

METASEPTUM. One of the main septa of a coral
lite other than protosepta, generally distinguished
by their extension axially much beyond that of
minor septa (see major septum) (H, R, S).

MINOR SEPTUM. One of the relatively short septa
that commonly are inserted between adjacent
major septa (R, S).

monacanth. Simple trabecula in which fibers are
related to a single center of calcification) (R).

monocentric. Type of corallite formed by a mono
stomodaeal polyp (see dicentric, tricentric, poly
centric) (S).

monostomatous. Single-mouthed; refers to solitary
coral polyps.

monostomodaeaI. Polyp stomodaea each having its
own tentacular ring after originating by di- or
tristomodaeal budding (S).

monticule. Protuberant portion of corallum surface
produced in circummural budding (S).

MURAL PORE. Circular or oval small hole in wall
between adjoining corallites, as in some tabulates
(T).

naotic septum. Type characterized by development
peripherally in a series of closely spaced dissepi
ment-like plates, as in Naos (see other types:
acanthine, amplexoid, dilated, fenestrate, laminar,
lonsdaleoid, retiform, rhopaloid) (R).

NEMATOCYST. Stinging or adhesive body char
acteristic of cnidarians.

OFFSET. New corallite in corallum formed by
"budding" (H, R, S, T).

open fossula. Prominent interseptal space not in
closed toward axis of corallite by united edges of
septa (see fossula, closed fossula) (R).

OPERCULUM. Lidlike covering of calice in some
corallites, formed of one or more independent
plates (R).

oral disc. Aboral part of coral polyp above column,
its center containing the mouth (see basal disc).

orthocneme. Longitudinal muscle sheet produced
on surface of a sterigmatocneme, by cleavage and
elongation toward axis of coral polyp giving rise
to complete mesenteries.

pair. Adjacent mesenteries with pleats facing one
another (S).

paliform lobe. Structure closely resembling a palus
but formed by detached trabecular offset from
inner edge of a septum, appearing in vertical suc
cession and differing from pali in not being
formed as a result of substitution (see paIus) (S).

PALUS (pI., pali). Vertical lamella or pillar de
veloped along inner edge of certain entosepta,
comprising remnant part of a pair of exosepta
joined at their inner margins (see paliform lobe)
(S).

paratheca. Corallite wall formed by closely spaced
dissepiments (see septotheca, synapticulotheca)
(S).

parietal columella. Same as trabecular columella
(S).

parricidal budding. Production of new polyp from
inner surface of fragment of parent consisting of
wedge-shaped part split off lengthwise (S).

patellate. Low solitary corallite with sides expand
ing from apex at angle of about 120 degrees (see
calceoloid, cylindrical, discoid, pyramidal, scole
coid, trochoid, turbinate) (R, S).

perforate. Type of wall between corallites of some
colonies characterized by presence of many irre
gularly arranged small openings through wall (S,
T).

PERIPHERAL INCREASE. Budding of corallites in
coralla characterized by offsets that arise in mar
ginarial or coenenchymal tissue (see axial increase,
lateral increase, intermural increase) (R, T).

peristome. Part of oral disc surrounding mouth of
coral polyp.

phaceloid. Fasciculate corallum having subparallel
corallites (see dendroid, foliose, massive, ramose,
umbelliferous) (R, S, T).

PLANULA. Free-swimming larval stage of coral
polyp.

pleat. Longitudinal fold of retractile muscle fibers
with associated mesogloea on side of a mesentery.

plocoid. Massive corallum in which corallites have
separated walls and are united by costae, dissepi
ments or coenosteum (term originally used with
different meaning for Rugosa, but since aban
doned) (S).

polycentric. Type of corallite formed by polyp re
taining polystomodaeal condition permanently
(see monocentric, dicentric, tricentric) (S).

POLYSTOMODAEAL BUDDING. Having more
than 3 stomodaea developed within a common
tentacular ring (see distomodaeal, tristomodaeal,
triple stomodaeal types of budding and intramural,
circumoral, and circummural types of polystomo
daeal budding) (S).

Pourtales plan. Arrangement of septa in some scler
actinians (notably dendrophylliids) characterized
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by much greater development of exosepta than
that of entosepta (S).

protocneme. One of mesenteries of first 12 (forming
6 mesenteric couples and pairs) developed in early
ontogeny of the coral polyp (see metacneme) (S).

protocorallite. First-formed corallite of a colony
(R, S, T).

PROTOSEPTUM. One of 6 first-formed septa of· a
corallite (H, R, S).

proximal. Direction toward point of origin of a
corallite (see distal) (H, R, T).

pyramidal. Solitary corallite with flattened sides that
meet at angles (see calceoloid, cylindrical, discoid,
patellate, scolecoid, trochoid, turbinate) (R).

QUADRANT. Space in interior of a corallite
bounded by cardinal septum and an alar septum
or by counter septum and an alar septum (R).

radiciform process. Rootlike epithecal outgrowth of
corallite wall, serving for fixation (see talon)
(R, S, T).

ramose. Branching form of cerioid, plocoid, tham
nasterioid, hydnophoroid, or meandroid corallum
(see dendroid, fasciculate, foliose, massive phacel
oid, reptant, umbelliferous (R, S, T).

reclined. Corallite growing and opening obliquely
with respect to surface of corallum (see alveoli
toid) (T).

regular dissepimentarium. Type in which dissepi
ments are developed only in spaces between major
and minor septa (see herringbone dissepimen
tarium (R).

reptant. Corallite with creeping habit, growing at·
tached along one side to some foreign body (see
dendroid, fasciculate, foliose, massive, phaceloid,
ramose, umbelliferous) (R, S, T).

reptoid. Creeping (see reptant).

retiform septum. Type of perforate septum com
posed of an irregular network of skeletal tissue
(see other types: acanthine, amplexoid, dilated,
fenestrate, laminar, lonsdaleoid, naotic, rhopaloid)
(R).

rhabdacanth. Trabecula characterized by shifting
centers of fibrous growth grouped around a main
one (R).

rhopaloid septum. Type characterized by distinctly
thickened axial edge, appearing club-shaped in
cross section (see other types: acanthine, amplex
oid, dilated, fenestrate, laminar, lonsdaleoid, naotic,
retiform) (R).

rootlet. See radiciform process (R, S).

scale. Small platelike structure attached to septal
grooves and interseptal ridges in some corallites,
as Tryplasma (R).

SCLERENCHYME. Calcareous tissue of corallites;
term used especially for notably thickened parts of
skeleton (see stereome) (R).

sclerodermite. Center of calcification and surround
ing cluster of calcareous fibers; apparent primary
element in septa (S).

scolecoid. Solitary corallite of cylindrical type but
bent irregularly in wormlike manner (see calceo
loid, cylindrical, discoid, patellate, pyramidal,
trochoid, turbinate) (R, S).

SEPTAL CYCLE. All septa belonging to a single
stage in ontogeny of corallite as determined by
order of appearance of septal groups, 6 protosepta
comprising first cycle and later-formed exosepta
and entosepta in constantly arranged succession
being introduced in sextants (S).

septal dentation. Same as septal tooth (S).

SEPTAL GROOVE. Longitudinal furrow on outer
side of corallite wall, corresponding in position to
a septum on inner side of wall (see interseptal
ridge) (H, R).

septal lamella. Radially disposed longitudinal plate
in axis of a corallite aligned with a septum but
not joined to it (R).

septal tooth. Small projection along upper margin
of a septum formed by extension of a trabecula
beyond calcareous tissue connecting it with others
(S).

septotheca. Corallite wall formed by thickened outer
parts of septa along axis of trabecular divergence
(see paratheca, synapticulotheca) (S).

SEPTUM. Radially disposed longitudinal partition
of corallite occurring between or within mesen
terial pairs (see acanthine, alar, amplexoid, cardi
nal, counter, counter-lateral, dilated, entoseptum,
exoseptum, fenestrate, laminar, lonsdaleoid, major,
metaseptum, minor, naotic, retiform, rhopaloid)
(H, R, S, T).

simple synapticula. Type formed by union of 2 op
posed granulations (see compound synapticula)
(S).

simple trabecula. Composed of a series of single
sclerodermites (see compound trabecula) (S).

SOLITARY. Corallite of polyp not forming part of
a colony (H, R, S).

solum. Small subhorizontal plate in tubule of
coenenchyme, as in Heliolites (T).

spongy columella. See trabecular columella (S).

squamula. Small plate projecting subhorizontally in
eavelike manner from wall of corallite toward
axis, as in Emmonsia (T).

STEREOME. More or less dense calcareous skeletal
deposit, generally covering and thickening various
parts of corallite (S).

STEREOZONE. Area of dense skeletal deposits in
a corallite, generally peripheral or subperipheral in
position (R, S, T).

sterigmatocneme. Longitudinal muscle sheet appear
ing as bulge in endoderm of coral polyp's body
wall forming base for development of a mesentery.
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stomodaeum. Esophagus-like tubular passageway or
pharynx leading from mouth of coral polyp to
gastrovascular cavity.

styliform columella. Solidly fused and longitudinally
projecting axial structure, in scleractinians with
entosepta fused to it by secondary stereome (see
other types: fascicular, lamellar, trabecular) (R, S).

substitution. Replacement of a temporary exoseptum
by a permanent entoseptum (S).

synapticula. Small rods or bar connecting opposed
faces of adjacent septa and perforating mesen
teries between them (see types: simple, compound)
(S).

synapticulotheca. Corallite wall formed by one or
more rings of simple or compound synapticulae
along axis of trabecular divergence (see paratheca,
septotheca) (S).

TABELLA. Small subhorizontally disposed plate in
central part of corallite forming part of an in
complete tabula (R, T).

TABULA. Transverse partition of corallite, nearly
plane, or upwardly convex or concave, extending
to outer walls or occupying only central part of
corallite (H, R, S, T).

tabular dissepiment. Somewhat flat plates extending
across an entire scleractinian corallite or confined
to its axial part (see tabula) (S).

TABULARIUM. Axial part of the interior of a
corallite in which tabulae are developed (H, R, S,
T).

talon. Buttress produced by outgrowth of corallite
wall, serving as aid in fixation (see radiciform
process) (R).

TENTACLE. Movable tubular extension of soft
integument rising from oral disc of coral polyp,
closed terminally at tip, commonly simple but
rarely forked (see entotentacle, exotentacle).

thamnasterioid. Massive corallum characterized by
absence of corallite walls and by confluent septa
that join neighboring corallites together, with pat
tern of septa resembling lines of force in a mag
netic field (see aphroid, astreoid, cerioid, meand
roid, plocoid; also footnote, p. F239) (R, S).

theca. See wall.

TRABECULA. Pillar of radiating calcareous fibers
comprising skeletal element in structure of septum
and related components (see simple trabecula,
compound trabecula, monocanth, rhabdacanth)
(H, R; S, T).

trabecular columella. Spongy axial structure formed
of trabeculae loosely joined with synapticulae or
paliform lobes (see other types: fascicular, lamel
lar, styliform) (S).

trabecular linkage. Connection between corallite
centers corresponding to indirect linkage of stomo
daea (see direct linkage, indirect linkage, lamellar
linkage) (S).

trabecular spine. More or less completely isolated
trabeculae in plane of a septum; may be vertically
discontinuous with interruption by endotheca (S).

transverse division. Formation of new coral polyps
by separation of parent by splitting into 2 parts
transverse to oral-aboral axis (S).

tricentric. Type of corallite formed by polyp retain
ing tristomodaeal condition permanently (see
monocentric, dicentric, polycentric) (S).

triple stomodaeal budding. Same as tristomodaeal
budding except that 3 stomodaea invariably form
triangle and only one interstomodaeal couple of
mesenteries occurs between each pair of neigh
boring stomodaea (see distomodaeal, tristomodaeal,
and polystomodaeal budding) (S).

tristomodaeal budding. Having 3 stomodaea de
veloped within a common tentacular ring, occur
ring in series or forming a triangle, with 2 inter
stomodaeal couples of mesen teries between original
and each new stomodaeum (see distomodaeal,
triple stomodaeal, and polystomodaeal types of
budding) (S).

trochoid. Solitary horn-shaped corallite with sides
regularly expanding from apex at angle of about
40 degrees (see calceoloid, cylindrical, discoid,
patellate, pyramidal, scolecoid, turbinate) (R, S).

turbinate. Solitary horn-shaped corallite with sides
expanding from apex at angle of about 70 degrees
(see calceoloid, cylindrical, discoid, patellate, pyra
midal, scolecoid, trochoid) (R, S).

tympanoid. Squat drum-shaped form of corallite
(S) .

umbelliferous. Corallum having corallites arranged
like ribs of an umbrella, growing outward in
whorls (T).

ventral. In oral aspect of polyp, direction toward
which the pleats of the first couples of lateral
protocnemes face (S).

WALL. Skeletal deposit inclosing column of polyp
and uniting outer edges of septa; it is variously
formed in different corallites (see septotheca, para
theca, synapticulotheca) (S).

yard-arm carinae. Oppositely placed carinae that
give appearance of yard-arms along a mast to
cross sections of septum (see zigzag carinae) (R).

zigzag carinae. Not quite oppositely placed carinae
on the 2 sides of a septum (see yard-arm carinae)
(R).

zooxanthella. Symbiotic unicellular yellow-brown
protistan in endoderm of hermatypic coral polyps.
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CLASSIFICATION

MAIN FEATURES
General agreement has not yet been

reached on subdivision of the Rugosa. The
rugose coral studies of the last half century,
led by STANLEY SMITH, have been concerned
very largely with the fixing and precise de
scription of type species and type specimens,
and with the description of stratigraphical
assemblages, all based on thin sections of
coralla as an essential preliminary to sys
tematic classification (33). Much further
such work is required before safe conclu
sions can be drawn, for we are still ignorant
of the precise internal structure of the type
specimens of many species; and perhaps we
would be well advised to wait yet longer
before attempting systematic classification
into families and superfamilies. Neverthe
less, several such attempts, all differing
widely, have been made recently, and an
other is made herein. The classification here
proposed has benefited from correspondence
with Dr. SMITH, and Dr. M. LECOMPTE, and
from study of the published views of WANG
(53), STUMM (52) and others, though there
are still differences of opinion between us. It
does not seem as if any single character,
such as septal structure, is the key to sub
division of the Rugosa.

It is considered herein that three sub
orders o~ rugose corals may be recognized,
each with characteristic marginaria and
tabulae; t~~se are termed Streptelasmatina,
Column~rIIna, and Cystiphyllina. The Strep
telas~atIlla may be divided into two super
famIlies, the Cyathaxoniicae and Zaph
renticae, and while the former appear to
have had a common descent, parts of the
latter probably derived from different
Cyathaxoniicae, as well as from Streptelas
ma itself. It is not improbable that all Strep
telasmatina developed from Lambeophyl
lum, .but our knowledge of the morphology
o~ thIS oldest of Rugosa genera is not pre
Cise. The Scleractinia may well have de
veloped from Permian Cyathaxoniicae. In
the Streptelasmatina, the tabulae are funda
mentally domed; in the Cyathaxoniicae the
marginarium, if developed, is a narro~ to
moderately wide stereozone, while in the
Zaphrenticae it may be a wide septal
stereozone or a dissepimentarium in which

~he dissepiments are small, globose, and
lllterseptal, not disrupting the major septa.
The septa of the Zaphrenticae show many
different complex arrangements of the
trabeculae and they may have lobed axial
edges; an axial structure is common par-
ticularly in late forms. '

The Columnariina are possibly all de
scended from Columnaria alveolata GOLDF.
Their tabulae are horizontal or broad flat
topped domes, or axially sagging; in late
fo~ms an axial structure develops. Margin
ana, where developed in width, are distinc
tive; a single series of impersistent dissepi
ments may form, or more commonly, a wide
septal ste!eoz?ne ~ay be replaced by long
lon~daleOld dissepiments whIch disrupt the
major septa. None have septa with lobed
axial edges and typically the septa are thin
in the tabularium.

The Cystiphyllina are possibly all derived
from Ordovician Tryplasma; they are char
acterized by acanthine septa and are divided
into 4 families. The Tryplasmatidae have
complete flat tabulae and a marginal
stereozone in which the cores of the trabe
culae appear set in lamellar sclerenchyme.
In the Cystiphyllidae, in which the tabulae
are incomplete and inversely conical, the
marginarium is a dissepimentarium with
discrete trabeculae based on the dissepi
ments. If WEDEKIND'S (54, 55) biostrati
graphical conclusions are correct, in the
Devonian these discrete trabeculae united
to form the partly laminar septa of the
Digonophyllidae. This suborder died out
with the Devonian.

A tabular summary of suprageneric divi
sions recognized in the order Rugosa show
ing stratigraphic range of each as now
known and including record of the number
of genera and subgenera recognized in each
taxonomic unit follows. The presence of 8
genera in a family, for example, is indicated
by "(8)" and occurrence of 4 genera and 8
subgenera in a family or other taxonomic
division is shown as "(4; 8)."

Suprageneric Divisions of Rugosa
Rugosa (order). septa introduced in 4 quadrants

with tendency to produce bilateral symmetry
(333; 12). Ord.-Perm.

Streptelasmatina (suborder). marginarium com-
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prising a septal stereozone or dissepimenrarium,
tabulae mostly domed (218). Ord.-Perm.

Cyathaxoniicae (superfamily) (77). Ord.-Perm.
Metriophyllidae (18). Ord.-Perm.
Laccophyllidae (4). Sil.-Perm.
Petraiidae (2). Sil.-Dev.
Polycoeliidae (21). ?Sil., Dev.-Perm.
Polycoeliinae (10). ?Sil., Carb.-Perm.
Plerophyllinae (6). M.Dev.-Perm.
Endotheciinae (1). Perm.
Tachylasmatinae (4). Carb.-Perm.

Hadrophyllidae (8). L.Dev.-M.Carb.
Cyathaxoniidae (2). Cm·b.-Perm.
Amplexidae (1). L.Carb.
Lophophyllidiidae (5). Carb.-Perm.
Timorphyllidae (5). L.Carb.-L.Perm.
Hapsiphyllidae (11). L.Carb.-L.Perm.

Zaphrenricae (superfamily) (141). Ord.-Perm.
Streptelasmatidae (24). AI.0rd.-M.Dev.
Streptelasmatinae (18). M.Ord.-M.Dev.
Kodonophyllinae (4). L.Sil.-L.Dev.
Acrophyllinae (2). L.Dev.

Halliidae (12). Ord.-Dev.
LykophylJinae (8). Ord.-Sil.
Halliinae (4). L.Dev.-M.Dev.

Arachnophyllidae (8). Sil.-Dev.
Arachnophyllinae (6). Silo
Kyphophyllinae (1). Silo
Ptychophyllinae (1). Silo

Acervulariidae (3). Silo
Mycophyllidae (4). M.Sil.-L.Dev.
Zaphrentidae (9). Dev.

Phillipsastraeidae (21). M.Sil.-L.Carb.
Phillipsastraeinae (14). Sil.-L.Carb.
Phacellophyllinae (7). Dev.

Craspedophyllidae (1). Dev.
Lithostrotionidae (13). L.Carb.-L.Perm.
Aulophyllidae (24). Carb.-Perm.

Aulophyllinae (15). Carb.-Perm.
Amygdalophyllinae (7). L.Carb.
Yatsengiinae (2). L.Pe,·m.

Cyathopsidae (19). L.Carb.-Perm.
Calostylidae (3). Silo

Columnariina (suborder) (60; 2). Ord.-Perm.
Stauriidae (18). Ord.-Dev., ?L.Carb.
Spongophyllidae (5). M.Sil.-U.Dev.
Chonophyllidae (14). Sil.-Dev.

Chonophyllinae (5). Silo
Endophyllinae (8). ?Sil., Dev.
Blothrophyllinae (1). M.Dev.

Ptenophyllidae (10). Sil.-Dev.
Stringophyllidae (1). L.Dev.-M.Dev.
Lonsdaleiidae (12; 2). Carb.-Perm.

Lonsdaleiinae (6). Carbo
Waagenophyllinae (6; 2). L.Perm.

Cystiphyllina (sttborder) (30; 10). Ord.-Dev.
Tryplasmatidae (9). Ord.-Dev.
Cystiphyllidae (7). Silo
Goniophyllidae (6). Sil.-Dev.
Digonophyllidae (8; 10). Dev.

Zonophyllinae (6). L.Dev.-M.Dev.
Digonophyllinae (2; 10). M.Dev.

Incertae sedis (25). Ord.-Perm.

STRATIGRAPHIC DISTRIBUTION

SUMMARY STATEMENT
The Rugosa are first known in Black

riveran strata of Middle Ordovician age in
North America; they immediately spread
round the globe, but remained relatively
unimportant until the late Early Silurian
and Middle Silurian, which were times of
active reef-building and rapid evolution of
new forms. They are less abundant in Up
per Silurian and lower Lower Devonian
strata but late Early Devonian and Middle
Devonian times once more produced a great
wealth of new forms. The Late Devonian
was in most parts a lean epoch, but the Early
Carboniferous was another time of great
activity in coral evolution. Until the Dev
onian the Rugosa was in general less im
portant in numbers of individuals than the
Tabulata, and during the Devonian approxi
mate equality was attained; but the Early
Carboniferous accession of coral vitality did
not affect the Tabulata, which then became
relatively unimportant. Middle and Late

Carboniferous times saw corals flourishing
in only a few regions; but in the Artinskian
there was a fresh access of vigor, this time
on a much-lessened scale; by the end of the
Artinskian practically all of the Rugosa, save
members of the Cyathaxoniicae, had died
out; and though these had failed by the end
of the Permian, it was apparently from this
group that the Mesozoic, Tertiary, and Re
cent Scleractinia arose (42).

RELATIVE IMPORTANCE OF
RUGOSA IN SUCCESSIVE PERIODS

ORDOVICIAN

The Rugosa first appeared in Black
riveran strata in the shallow seas associated
with the Appalachian geosyncline and it is
quite probable that all three suborders were
represented therein, the Streptelasmatina by
Lambeophyllum, the Columnariina by non
spinose Columnaria, and the Cystiphyllina
by spinose "Columnaria." They are thus of
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later appearance than the Tabulata, and the
possible relation between Tabulata and Ru
gosa is to be sought in these early North
American strata.

During the Ordovician, the Rugosa are
fewer in species and individuals than the
Tabulata, and all are without dissepimen
taria, the only type of marginarium de
veloped being a rather narrow septal stereo
zone. Further, the tabulae are complete or
represented each by only 2 or 3 tabellae.
Streptelasmatina and Stauriidae are com
mon, Tryplasmatidae rare.

SILURIAN

Early in the Silurian the curious Calostyli
dae appeared, forms with perforate septa,
reticulate axial structures, and marginaria
unknown in other forms. Perforate septa are
common in the Scleractinia; the Calostyli
dae seem to have tried this mode in the
Silurian, but were unsuccessful and left no
descendants in the Devonian.

Four bursts of evolutionary activity have
occurred in the Rugosa since their appear
ance in the Middle Ordovician. The first of
these was in late Llandovery times, when
the three suborders separately evolved dis
sepimentaria. Thus, in the Streptelasmatina,
we find the Lykophyllinae and the Arachno
phyllinae with their characteristic small in
terseptal dissepiments; in the Columnariina,
the early endophylloid, Strombodes contorti
septatum DYBOWSKI, developed its char
acteristic lonsdaleoid dissepiments which
disrupt the major septa in a septal stereo
zone; and in the Cystiphyllina, the Cysti
phyllidae and Goniophyllidae entered with
their cystlike plates and discrete trabeculae.
The Middle Silurian saw a continuation of
this burst; all these families, together with
the Streptelasmatidae, Metriophyllidae, Col
umnariina, and Tryplasmatidae, which con
tinued on from the Ordovician, developed
many new forms; and the 2 characteristically
Devonian families, Ptenophyllidae and
Phillipsastraeidae, originated, though their
representatives remained rare.

Whether this first burst of evolution was
promoted by exploitation of the reef habitat
is unclear; there may have been some con
nection. Coral reefs were already known in
the Ordovician, though rarely, if we under
stand by reefs, structures which grew above

the level of the surrounding sea floor, main
taining their upward growth against wave
base erosion by the activities of their frame
work organisms (algae, stromatoporoids, or
corals) and by filling in the interstices in
the framework by lime flour, shells, echino
derms, and their detritus; but the Middle
and Upper Silurian rocks contain many
such reefs, in which, however, Rugosa
played a part minor to that of Stromato
poroidea, Tabulata, and probably also of
algae. In these Silurian reefs, solitary as
well as colonial Rugosa occur.

DEVONIAN

The next climax of evolutionary actIvIty
is not clearly to be correlated with the as
sumption of some new morphological fea
ture like the dissepiment in the first climax;
most of its vitality of change went into the
wealth of families and species produced in
the late Early and early Middle Devonian,
and cannot as yet be bracketed with climatic
or other geographical factors. In the Zaph
renticae, the new subfamily Halliinae and
the Zaphrentidae appeared, probably first in
America, and the Phillipsastraeidae de
veloped in great fecundity and variability,
experimenting with the horseshoe dissepi
ment and with complex arrangements of
trabeculae in the septa. The Streptelasmati
dae themselves produced one or 2 genera
with the small globose interseptal dissepi
ments of other families. Cyathaxoniicae
diversified a little also. In the Columnariina,
the Stauriidae and Endophyllinae were only
moderately active, but the Ptenophyllidae
reached their acme, experimenting like the
new Stringophyllidae in septal arrangement
and structure, and dying out in the Late
Devonian. In the Cystiphyllina, the Tryplas
matidae waned and were extinct by the late
Middle Devonian; but the record shows
a great burst of activity in the Digono
phyllidae, which, according to WEDEKIND,
experimented in the production of laminar
septa from discrete trabeculae. These also
became extinct before the end of the Dev
onian.

CARBONIFEROUS

The transition from Devonian to Carboni
ferous coil cided with the greatest transfor
mation of rugose faunas, the chief feature
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being the development generally of axial
structures in all 3 suborders. The primitive
Cyathaxoniicae alone continued the slow
evolution of its old families, but one new
family, the Timorphyllidae, developed
an axial structure. Of the Zaphrenticae,
the older families Streptelasmatidae, Hallii
dae, Zaphrentidae, and Phillipsastraeidae
seem to have become extinct, but 2 new
families, Lithostrotionidae and the Aulo
phyllidae, each characterized by axial struc
ture, developed. In the Columnariina, also,
the Stauriidae and Endophyllinae became
extinct; the new family is the Lonsdaleiidae
with axial structures.

PERMIAN

The fourth great change in the Rugosa

was the final disappearance, during the
Artinskian, of all families except those of
the Cyathaxoniicae, which were distin
guished by having their protosepta devel
oped more strongly than the metasepta, and
by characteristic rhopaloid septa.

The earliest Scleractinia may have de
veloped directly from these Polycoeliidae
as surmised by SCHINDEWOLF (42), by the
general assumption of dominance by the 6
protosepta, the limiting of the minor septa
to 6, and the insertion of tertiary and later
septa in the counter quadrants as well as in
the cardinal and alar quadrants. The last
Rugosa were extinct by the end of the Per
mian.

ECOLOGY
Like the compound Scleractinia today,

compound Rugosa frequently acted as
framework organisms in reefs; whether
these profuse growths then, as now, oc
curred only in warm shallow seas is still
for consideration; the sedimentary environ
ment of the Paleozoic reefs certainly indi
cates a depth of formation quite similar to
that of today, and, in the Carboniferous, at
least, profuse coral growth, and in some
places reef growth apparently occurred in
warm-water seas (23).

In the Paleozoic too, it seems that small,
solitary corals (Cyathaxoniicae) were able
to exist in numbers in conditions where
the large compound corals could not flour
ish, the sedimentary environment suggest
ing deeper seas with less light; while in the
Carboniferous at least the large, solitary
Rugosa, chiefly Zaphrenticae, appear to have
flourished best in intermediate environments
(18).

ONTOGENY
Studies on the growth of individual coral

lites have been practically confined to soli
tary corals, and have concentrated in the
main on the position and order of insertion
of the septa. Fundamentally, it seems that
6 protosepta are first inserted, but their
order of appearance is not invariable (18); a
common mode is cardinal and counter to
gether and conjoined, then the 2 alar septa,
and last the 2 counter-lateral septa. There
after, major septa of the Rugosa are in
serted in only 4 positions, on either side of
the cardinal septum and on the counter side
of the alar septa; minor septa may appear
with these major septa, or may delay and
be inserted as a cycle between them.

Another aspect of ontogenetic studies is
the indication they may give of phylogeny.
CARRUTHERS' (4) work on the Carboni-

ferous cyathaxoniicid Zaphrentites delan
ouei shows that the arrangement of septa
characteristic of the adult appears in the
pre-adult stage in the ontogeny of its de
scendent species; but the number of such
ancestors reflected in the ontogeny is lim
ited. Individuals of a species share a char
acteristic ontogeny.

Dissepimentaria do not appear in the
earliest stages; nor do complex axial struc
tures.

Rejuvenescence (reversion of the coral
lites to an earlier ontogenetic stage) is com
mon in Rugosa, and is often associated with
a contraction in diameter; sometimes too,
the marginarium of the calice is deserted by
the polyp at the time of rejuvenescence, and
grows again only as the diameter increases.
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EVOLUTIONARY TRENDS
(1) The most important of the trends in

development of the Rugosa seems to
have been the production of a margin
arium between the epitheca and tabu
larium. Many kinds of marginarium
were evolved, but they may be grouped
into 3 main types:

i. A septal stereozone, formed by the
expansion to contiguity of the peri
pheral edges of the septa.

11. A regular dissepimentarium, in
which a series of small highly
arched dissepiments with troughlike
upper surfaces developed in the
loculi between major and minor
septa.

111. A lonsdaleoid dissepimentarium, in
which a series of moderately large
blister-like dissepiments disrupt
both major and minor septa; in
many they seem to have developed
within a septal stereozone.

(2) A universal trend is toward the re
placement of complete tabulae by
tabellae.

(3) Another trend is carried on in a great
variety of ways; it is towards compli
cation in arrangement of the trabeculae
within the septa, and this affects the
Streptelasmatina particularly. In the
Cystiphyllina it is a trend by which
laminar septa are developed from the
discrete trabeculae of the primitive
members of the suborder. A manifesta
tion of this trend also may be respon
sible for the development in many late
Paleozoic Rugosa of all the fibers at
right angles to the median plane of the
septum. A few Cyathaxoniicae are af
fected by a rhopaloid swelling of the
axial edges of the septa.

(4) A trend which is unimportant from the

point of view of number of genera af
fected is seen in the predominance of
the protosepta over the remaining septa
in some Cyathaxoniicae.

(5) Also unimportant in the number of
genera affected, is a 5th trend, toward
development of a 3rd order of septa
(tertiary septa) between the major and
minor septa, at different times, as in
the Silurian Acervularia and the Artin
skian lranophyllum.

(6) Similarly, the development of perforate
septa in the Silurian Calostylidae may
be recognized as a trend. This and
trends 4 and 5 affecting the septa seem
to be forerunners of developments char
acteristic in Scleractinia.

(7) Another trend affecting the septa,
which may appear in any lineage, is
their withdrawal from the axis, gen
erally combined with masking of their
original pinnate arrangement and with
their thinning.

(8) A very important development is the
axial structure. This forms infrequently
before the Early Carboniferous, but it
then appears in most families, either as
a simple axial rod, continuous or dis
continuous with the counter septum, or
as a complex of tabellae and septal
lamellae. Axial structures may disap
pear in an apparent reversal of this
trend, the septa withdrawing from the
axis, and the tabulae flattening.

(9) The formation of compound from soli
tary coralla may be noted as a trend,
culminating in such compaction of the
corallites that plocoid coralla are de
veloped. Stratigraphic evidence suggests
that solitary corals may evolve from
compound, in an apparent reversal of
this trend.

SYSTEMATIC DESCRIPTIONS

Order RUGOSA Milne-Edwards &
Haime, 1850

[nom. transl. NICHOLSON, 1872 (ex suborder Rugosa M.Enw.4

H., 1850) I [=suborder Stauracea VERRILL, 1865; subclass
Tetracorallia HAECKEL, 1866 (partim); subclass Tetracoralla
HKL., 1870 (partim); order Pterocorallia FRECH, 1890; order
Tetraseptata GRABAU, 1913 (non HAACKE, 1879); TetracoeJia

YABE & SUGIYAMA, 1940]

Solitary or compound epithecate corals

with septa typically in 2 orders alternating
in length but in some with 1 or 3 orders;
symmetry bilateral; in solitary corallites,
after insertion of the first 6 protosepta with
metasepta inserted in 4 positions only, on
the counter side of each alar septum and on
each side of the cardinal septum. A mar-
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ginarium, consisting of a dissepimentarium
or a peripheral stereozone formed by thick
ening of the septa, may be developed around
the tabularium in the zone of minor septa.
Tabulae may be conical, domed, horizontal,
sagging (in some with a median trough),
or inversely conical; each tabula may be
complete, consisting of one plate, or incom
plete, consisting of a number of tabellae. An
axial structure may develop. Ord.-Perm.

Diversity of structure in the Rugosa is
great, but the order seems divisible into 3
suborders in which diagnostic characters are
shape of the tabulae, type of marginarium,
arrangement of the septa, and arrangement
of trabeculae within the septa. Nevertheless,
a character dominant in one superfamily
may appear in another.

Suborder STREPTELASMATINA
Wedekind, 1927

[nom. correct. HILL, 1954 (pro suborder Strepte1asmacea
WDKD., 1927) 1 [Includes ?Cyathophylloidea, Zaphrentoidea

NICHOLSON, in NICH. & LYDEKKER, 1889]

Solitary or conical Rugosa with margin
arium a septal stereozone or dissepimen
tarium composed typically of small, globose
interseptal dissepiments; tabulae typically
domed. Ord.-Perm.

Superfamily CYATHAXONIICAE
Milne-Edwards & Haime, 1850

[nom. transl. HILL, herein (ex Cyathaxoniidae. nom. correct.
STUMM, 1949, pro Cyathaxonidae M.EDw.-H., 1850) 1 [In.
c1udes Semiplana POCTA, 1902; =Metriophyllacea HUDSON,

1945]

Small solitary corals with marked longi
tudinal costation; marginarium a very nar
row septal stereozone, without dissepiments
and with tabulae declined from the axis.
Major septa are at first long and grouped in
quadrants joining in the axial region to
form an aulos (Laccophyllidae) or vertical
rodlike columella free from the counter sep
tum throughout growth (Cyathaxoniidae);
septa in cardinal quadrants may be thicker
and fewer than in counter quadrants; car
dinal septum may shorten and counter sep
tum be very long and produced vertically
at the axis as a columella (Lophophyl
lidiidae); septa may withdraw unequally
from union at the axis and may have their
axial edges swollen (Polycoeliidae); minor
septa may be long and contratingent, lean
ing on or toward adjacent major septa on

the counter side; major septa may be flanged
parallel to their distal edges but are without
axial lobes. Ord.-Perm.

Family METRIOPHYLLIDAE Hill, 1939
[= ?Lindstroemiidae PoeTA, 1902 (nom. correct. GRABAU,

1928. pro Lindstromiidae PoeTA, 1902)]

Small, solitary Rugosa with marginarium
a very narrow stereozone. All major septa
unite at the axis with axial end of counter
septum swollen laterally in some forms;
cardinal fossula on the convex side of coral
lum and false counter fossula opposite;
minor septa short; the septa may be flanged
parallel to their calical edges. Tabulae dis
tant. Ord.-Perm.
Lambeophyllum OKULITCH, 1938 ["Cyathophyllum

profundum CONRAD, 1843]. Corallum with very
deep calice; septa in young stages very short, later
uniting in quadrants which join the unswollen
axial end of counter septum; cardinal septum in
constant; septa not flanged. M.Ord., N.Am.-
FIG. 174,1. "L. profundum (CONRAD); 1a,b,
transv. sees., X2 (62).

Duneanella NICHOLSON, 1874 ["D. borealis]. Very
small, slender, erect, apex without epitheca; major
septa straight, unflanged, uniting axially; minor
septa absent. M.Sil., N.Am.

Asthenophyllum GRUBBS, 1939 [*A. orthosepta
tum]. Very small; major septa twisting slighdy
together to form an axial structure; minor septa
short, tabulae rare. M.Sil., N.Am.--FIG. 174,2.
"A. orthoseptatum; 2a,b, side views, X2; 2c,d,
diagrams of septa (82).

Amplexiphyllum STUMM, 1949 ["Amplexus hamil
tonae HALL, 1876]. Septa withdrawn from axis
except at apex, unflanged; tabulae distant, com
plete, shallow domes (52). M.Dev., N.Am.-
FIG. 174,3. "A. hamiltonae (HALL); 3a,b, transv.
and long. sees., XI (127).

Stewartophyllum BUSCH, 1941 ["Amplexus inter
mittens HALL, 1876]. Very small, major septa
dilated, withdrawing from axis in adult stage;
tabulae tall domes; no minor septa (52). Up.M.
Dev., N.Am.--FIG. 174,4. "S. intermittens
(HALL); 4b,a,c, side view, transv. and long. sees.,
XI (63).

Metriophyllum M.EDw.·H., 1850 ["M. bouchardi]
[=Lopholasma SIMPSON, 1900; ?Paterophyllum
POCTA, 1902; Lophelasma LANG·S.·T., 1940 (nom.
van. pro Lopholasma)]. Straight thick septa bear
ing horizontal flanges usually with upturned edges;
axial edge of counter septum not swollen nor pro
duced into a columella but union of septa at the
axis forms a solid axial pillar (46). M.Dev.-U.Dev.,
N.Am.·Eu.-Austral.--FIG. 174,5. "M. bouchardi,
V.Dev., Eu.; 5a'c, transv. and 2 long. sees., XI
(117).

Stereolasma SIMPSON, 1900 ["Streptelasma rectum
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HALL, 1876 (partim)] [=Stereoelasma LANG-S.
T., 1940 (nom. van. pro Stereolasma)]. Like
Metriophyllum but septa not flanged (52). M.Dev.,
N.Am.--FIG. 174,7. "S. rectum (HALL); 7a,b,
transv. and long. secs., X2 (ll5).

Na1ivkinella SOSHKINA, 1939 ["N. profunda]. Major
septa flanged, and withdrawn evenly from axis,
leaving axial space in which tabulae sag; no aulos;
minor septa very short (48). U.Dev., USSR.-
FIG. 174,10. "N. profunda; lOa-c, 2 transv. secs.
and long. sec., X2 (122).

Buschophyllum STUMM, 1949 ["Caninia complexa
BUSCH, 1941]. Septa meet at axis in metriophylloid
manner in all save adult stage when they with
draw, leaving an axial space; minor septa very
short (52). Up.M.Dev., N.Am.

Rotiphyllum HUDSON, 1942 ["Densiphyllum rush
ianum VAUGHAN, 1908]. Septa dilated, with extra
thickening in inner third of their course, joined
at axis forming a dense axial structure; counter
septum may be longer than others; minor septa
long, contratingent (27). L.Carb., Eu.-N.Am.; L.
Perm.(?Artinsk.), N.Z.--FIG. 174,13. "R. rush
ianum (VAUGHAN) Vise., Eu.; transv. sec., X2
(132).

Meniscophyllum SIMPSON, 1900 ["M. minutum]
[=?Heptaphyllum CLARK, 1924; ?Caenophyllum
CLARK, 1926]. Like Rotiphyllum but with counter
and counter-lateral septa thinning and withdraw
ing a little from axis, and without minor septa
(10). L.Carb., Eu.-N.Am.--FIG. 174,8. "M.
minutum, Miss., N.Am.; transv. sec., X2 (ll5).

Disophyllum TOLMACHEV, 1924 ["D. symmetricum;
SD TOLMACHEV, 1933]. Counter septum and septa
of counter quadrants become thin and withdraw
slightly from axis in adult stages (18). L.Carb.,
Sib.--FIG. 174,9. "D. symmetricum; transv.
sec., X2 (131).

Bradyphyllum GRABAU, 1928 ["B. bellicostatum]
[=?Heterelasma GRABAU, 1922 (non GIRTY, 1908;
nec LANG-S.-T., 1940, nom. van. pro Heterolasma
EHLERS, 1919)]. Like Metriophyllum but without
flanges on septa which withdraw from axis in late
stages, the cardinal septum being then very short
and the counter septum not longer than others;
alar septa on convex and concave sides of coral
lum (13). M.Carb., China.--FIG. 174,12. "B.
bellicostatum; 12a,b, transv. secs., X3 (81).

Empodesma MOORE & JEFFORDS, 1945 ["E. imulum].
Calice very oblique, septa dilated except distally,
metriophylloid in arrangement only just above
tabulae, withdrawing from the axis between tabulae
into a calophylloid arrangement with the cardinal,
counter, and 2 alar septa longer than others; cardi
nal and counter septa remain in contact longer
(39). Penn., N.Am.--FIG. 174,11. "E. imulum,
Tex.; 11a,b, transv. secs., X2 (104).

Stereocorypha MOORE & JEFFORDS, 1945 ["S. annec
tans]. Like Metriophyllum but with fossula on
concave side and septa without flanges (39).

Penn., N.Am.--FIG. 174,14. "S. annectans,
Tex.; 14a,b, transv. secs., X2 (104).

Duplophyllum KOKER, 1924 ["D. zaphrentoides
(non Cyathophyllum? zaphrentoides ETHERIDGE,
1891)]. Septa in early stages thin toward axis
where they join but in adult stages are thickened
axially and may withdraw; minor septa very long,
contratingent; counter septum not enlarged (29).
Perm. (Artinsk.) , Timor.--FIG. 174,15. "D.
zaphrentoides; transv. sec., X2 (95).

?Lindstroemia NICHOLSON & THOMSON, 1876 [nom.
correct. GRABAU, 1928 (pro Lindstromia)] ["L. col
umnaris] [=?Stereolasma SIMPSON, 1900]. Small,
with axial structure; septal thickening and arrange
ment as in Stereolasma (type specimens missing,
52). Dev., N.Am.--FIG. 174,6. "L. columnaris;
6a,b, transv. and long. secs., X2 (105).

?Centrocellulosum THOMSON, 1883 ["C. demothe
cum]. L.Carb.(Vise), Scot.

?Antiphyllum SCHINDEWOLF, 1952 ["A. inopina
tum]. Septa not united axially; cardinal septum
long and swollen axially; counter septum short.
U.Carb.(Namur.), Ger.

Family LACCOPHYLLIDAE Grabau,
1928

[=Syringaxonidae HILL, 1939; Amplexocarininae SOSHKINA in
SOSHK.-D.-P., 1941]

Small, solitary Rugosa with axial ends of
major septa united at an aulos which divides
horizontal inner tabellae from inclined outer
tabellae; minor septa contratingent, dissepi
ments absent. Sil.-Perm.

Syringaxon LINDSTROM, 1882 ["Cyathaxonia silur
iensis M'Coy, 1850] [=Laccophyllum SIMPSON,
1900; Alleynia POCTA, 1902 (pro Nicholsonia
POCTA, 1902, non KIAR, 1899; nee SCHLUTER,
1885; nee others)]. Septa and aulos considerably
thickened (46). Sil.-Dev., Eu.-N.Am.--FIG. 175,
2. "S. siluriense (M'CoY), Sil., Eu.; 2a,b, transv.
and long. sees., Xl (117).

Barrandeophyllum POCTA, 1902 ["B. perplexum]
[=Retiophyllum POCTA, 1902]. Septa and aulos
thin, aulos commonly imperfect; minor septa may
not form (40). M.Dev.-U.Dev., Eu.-Austral.-
FIG. 175,1. "B. perplexum, M.Dev., Boh.; la,b,
transv. and long. secs., X2 (108).

Trochophyllum M.EDw.-H., 1850 ["T. verneuili]
[=Permia STUCKENBERG, 1895; Crassiphyllum
GROVE, 1935]. Septa and aulos extremely thick
ened; no minor septa (51). L.Carb., Eu.-Asia-N.
Am.--FIG. 175,4. T. eavernulum (HUDSON),
Eng.; 4a,b, transv. and long. sees., X2 (89).

Amplexocarinia SOSHKINA, 1928 ["A. mura/is]
[=Amplexiearinia LANG-S.-T., 1940 (nom. van.);
?Paralleynia SOSHK., 1936]. Septa and aulos thin
(49). Perm., Eu.--FIG. 175,3. "A. mura/is,
Artinsk., USSR; 3a-c, transv. secs., X2 (123).
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Family PETRAIIDAE de Koninck, 1872
[nom. correct. GIlABAU, 1922 (pro Petraiadae KON., 1872) J

[=Petrainae DYBOWSKI, 1873; Petraiaidae SANFORD, 1939J

Small solitary Rugosa with thin septa
typically meeting at the axis, minor septa
being inserted alternately with the meta
septa; calice very deep. Sil.-Dev.
Petraia MUNSTER, 1839 [*P. decussata MUNSTER,

1839 (partim); SD MILLER, 1889 (=*P. radiata
MUNSTER, 1839, partim)]. Septa very thin, minor
septa long, contratingent; no septal flanges, tabulae

few. U.Sil., Ger.--FIG. 175,6. *P. radiata; 6a,
transv. sec., X5; 6b, side view, X2 (113).

Orthophyllum POCTA, 1902 [*0. bifidum BARRANDE
in POCTA, 1902; SD LANG-S.-T., 1940]. Like
Petraia but septa somewhat withdrawn from axis,
order of septal insertion unknown (40). L.Dev.
M.Dev., Boh.--FIG. 175,5. *0. bifidum, L.Dev.,
Boh.; 5a,b, transv. sec. and side view, Xl (108).

Family POLYCOELIIDAE Roemer, 1883
[nom. correct SCHINDEWOLF, 1952 (pro Polycoelidae ROEMER,

1883. ex: Polycoelia KING, 1849, =Calophyllum DANA, 1846,

15
Duplophyllum

lOb94»

Stereocorypho

D;"'~Y"U•

• 3,..-.,,,.
Rotiphyllum ,.'\,,, '. l--l

lb

•60

FIG. 174. Streptelasmatina (Cyathaxoniicae): Metriophyllidae (p. F257·F258).
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Trochophyll um Orthophyllum Petraia

FIG. 175. Streptelasmatina (Cyathaxoniicae): Laccophyllidae, Petraiidae (p. F258-F259).

Endotheciinae Tochylasmatinae

FIG. 176. Streptelasmatina (Cyathaxoniicae): Char
acters of subfamilies of Polycoeliidae illustrated by

transverse sections (85).

Subfamily POLYCOELIINAE Roemer, 1883
[nom. transl. SCHINDEWOLF, 1942 (as Polycoelinae) et COffeet.,
SCHIND., 1952 (ex Polycoelidae ROEMER. 1883)] [=Sochkine

ophyllinae GRABAU, 1928]

Four protosepta (cardinal, counter and 2
alar) longer and commonly thicker than

other septa, especially near axial edges. ?Sil.,
Carb.-Perm.
Claviphyllum HUDSON, 1942 [*Cyathopsis? eruca

M'CoY, 1851]. Septa meeting axially in young
stages; in adult stages all but the rhopaloid counter
septum (which may be slightly produced vertically
into a low columella) withdrawn from axis, but 2
neighboring lateral septa in each quadrant are out
standing and rhopaloid; cardinal septum short;
tabellae globose (27). L.Carb., Eu.--FIG. 177,5.
*C. eruca (M'CoY); transv. sec., X2 (89).

Fasciculophyllum THOMSON, 1883 [*F. dybowskii;
SD GREGORY, 1917]. Septa meeting axially in
young stages, long, thin, possibly flanged and,
except counter septum, only slightly withdrawn in
adult stages (27). L.Carb., Eu.--FIG. 177,2. *F.
dybowskii; transv. sec., X2 (130) .

Kinkaidia EASTON, 1945 ["K. trigona/is]. Counter
and 2 alar septa dominant, axial edges not
markedly rhopaloid; cardinal septum short; meta
septa short in young stages (28). Miss., N.Am.
--FIG. 177,1. "K. trigona/is; transv. sec., X3
(72).

Clinophyllum GROVE, 1935 ["Zaphrentis chouteau
ensis MILLER, 1891]. Calical floor highly oblique,
counter quadrants on longer side of corallum;
counter septum dominant, cardinal septum strong,
alar septa short; minor septa developed only be
tween counter and counter-lateral septa (10).
Miss., N.Am.--FIG. 177,3. "C. chouteauense
(MILLER); 3a, side view, Xl; 3b,c, transv. and
long. sees., X3 (72).

Calophyllum DANA, 1846 [*C. donatianum KING,
1850 (="Turbinolia donatiana KING, 1848
=*Cyathophyllum protundum GEINITZ, 1842)]
[=Polycoelia KING, 1849 (obj.) (non DE FRO
MENTEL, 1860, nec FUHRMANN, 1907); Tetraphyl
lum LUDWIG, 1865; ?Phryganophyllum DE
KONINCK, 1872; Gerthia GRABAU, 1928; Pycnocoe-

2
Plerophyllinoe

4~
Polycoeliinoe

obj.) I [=Polycaeliens, Polycoeliens DE FROMENTEL, 1861 (in
valid vernacular names): Plerophyllidae KOKER, 1924; Polycoe
lacea LECOMPTE, 1952 (superfam.): Calophyllidae STUMM,

1953]

Small solitary Rugosa in which some or
all of the 6 protosepta are longer and thicker
than other septa; counter septum not pro
duced vertically into a columella; tabulae are
tall domes flattened or slightly concave axial
ly. Dissepiments absent except in highly de
veloped genera. ?Sil., Dev.-Perm.--FIG.
176, 1-4. Young stages of subfamilies of
Polycoeliidae. X5 (113).

~Sl Oqa
s::s: ~

~ ~
~ 1\ ~

• \I ~ ~
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lia SCHINDEWOLF, 1952 (pro Weissermelia SCHINDE
WOLF, 1942, non LANG-S.-T., 1940)]. Cardinal,
counter and 2 alar septa equally developed, longer
and thicker than others; septa united axially in
quadrants in young stages (42). L.Carb.-Perm.,
Eu.-Asia-Austral.--FIG. 177,4. "'C. profundum
(GEINITZ), Perm., Eu.; 4a,b, transv. sees., X3
(113).

Tetralasma SCHINDEWOLF, 1942 ["'T. quadriseptata].
Like Calophyllum but with 2 counter-laterals and
metasepta extremely short (42). L.Carb., Ger.-
FIG. 177,6. "'T. quadriseptata; 6a,b, transv. sees.,
X3 (113).

Sochkineophyllum GRABAU, 1928 ["'Plerophyllum
artiense SOSHKINA, 1925]. In late stages counter
septum, 2 alar septa and 1 or 2 metasepta in each
quadrant are outstanding, with slightly swollen
axial edges; cardinal septum short (42). L.Carb.
Perm., Eu.-Asia.--FIG. 177,13. "'S. artiense

..
Kinkoidio

.2
Fosciculophyllum

(SOSHKINA), L.Perm.(Artinsk.), USSR; 13a,b,
transv. and long. sees., X2 (122).

Prosmilia KOKER, 1924 ["'Plerophyllum cyathophy[.
loides GERTH; SD LANG-S.-T., 1940]. Like Calo
phyllum but with regular, moderately wide dis
sepimentarium in adult stages (42). Perm.
(Artinsk.) , Timor.--FIG. 177,11. "'P. cyatho
phylloides (GERTH); 11a,b, transv. and long. sees.,
X2 (95).

?Anisophyllum M.EDW.-H., 1850 ["'A. agassizi].
Cardinal? and 2 alar septa taller, thicker and
longer than others, meeting at axis; no columella
(38). Sil., N.Am.--FIG. 177,8. "'A. agassizi;
8a,b, side and calical views, Xl (73).

?Lophophrentis CHI, 1935 ['"L. trilobata]. Carb.,
China.

Subfamily PLEROPHYLLINAE Koker, 1924
[nom. transl. GRABAU, 1928 (ex Plerophyllidae KOKER, 1924) J

Five protosepta (cardinal, 2 alar and 2

Cloviphyllum

80
Anisophyllum

130
11 b Prosmilio Sochkineophyllum

FIG. 177. Streptelasmatina (Cyathaxoniicae): Polycoeliidae (p. F260-F262).
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counter-lateral) longer and thicker than
other septa; counter septum long in young
but shortened in adult stages; septa pin
nately arranged, meeting at axis in early
stages. No dissepiments or inner wall. M.
Dev.-Perm.
Oligophyllum PoeTA, 1902 [·0. quinqueseptatum].

Counter-lateral septa dub-shaped, dilated more
than alar and cardinal septa, which are typically
not swollen axially (42). M.Dev., Boh.--FIG.
177,7. ·0. quinqueseptatum; transv. sec., X2
(108).

Plerophyllum HINDE, 1890 [·P. australe; SD GRA
BAU, 1928] [=Timorosmilia KOKER, 1924]. Of
the 5 dominant protosepta the 2 counter-lateral are
outstanding (42). U.Dev.-Perm., Eu.-Asia-Austral.
--FIG. 177,ZO. ·P. australe, Perm. (Artinsk.),
Austral.; transv. sec., X2 (113).

Cystelasma MILLER, 1891 [·C. lanesvillense MILLER,
1892]. With epithecal talons; short cardinal, 2
alar and 2 counter-lateral septa developed, com
monly without metasepta; no minor septa; septa
may be separated from wall by large globose dis
sepiments (51). Miss., N.Am.--FIG. 177,9. ·C.
lanesvillense, 9a,b, transv. and long. sees., X2
(127).

Ufimia STUCKENBERG, 1895 [·U. carbonaria]
[=Rlzopalolasma HUDSON, 1936; Rlzopalelasma
LANG-S.-T., 1940]. Like Pleroplzyllum but with
cardinal septum short in adult stages, leaving only
4 outstanding protosepta (2 alars, 2 counter-lat
erals) (42). U.Dev.-Perm., Eu.-Asia.--FIG. 177,
l2a,b. ·U. carbonaria, Carb., USSR; 12a,b, transv.
sees., Xl (l26).--FIG. 177,l2c. ·U. taclzyblastum
(HUDSON), type species of Rlzopalolasma, L.Carb.,
Eu.; transv. sec., X3 (89).

Pseudobradyphyllum DOBROLYUBOVA, 1940 [·P.
nikitini]. Septa metriophylloid in arrangement in
early stages but withdrawn slightly from axis in
adult stages, cardinal and counter being shortest;
longest septa are counter-laterals, alars, and meta
septa nearest cardinal (7). U.Carb.(Gslzel.), USSR.
--FIG. 178,3. ·P. nikitini; 3a,b, transv. and long.
sees., X2 (68).

Pleramplexus SCHINDEWOLF, 1940 [·P. similis].
Like Pleroplzyllum in young stages, but in ephebic
stages all septa shorten toward periphery (42).
Perm. (Artinsk.}, Timor.--FIG. 178,7. ·P.
similis; 7a,b, transv. and long. sees., X2 (113).

Subfamily ENDOTHECIINAE, Schindewolf, 1942
[=Endotheciidae (nom. transl. LECOMPTE, 1952) I

Like Plerophyllinae but with inner wall
formed between septa; no dissepiments.
Perm.
Endothecium KOKER, 1924 (non FRASER, 1935)

[·E. apertum; SD LANG-S.-T., 1940]. Alar septa
outstanding, cardinal and counter short; septa
withdrawn from axis with inner wall near their

axial ends (42). Perm. (Artinsk.), Timor.--FIG.
178,2. ·E. apertum; transv. sec., Xl (95).

Subfamily TACHYLASMATINAE Grabau, 1928
[nom. correct. HILL, herein (pro Tachylasmainae GRABAU,

1928) I [=Pentaphyllinae SCHINDEWOLF. 1942; Tachyelasmidae
HILL, 1948: Tachyelasminae HILL, 1952]

Cardinal, 2 alar and 2 counter-lateral septa
outstanding; counter septum may be absent
throughout or developed only in late stages;
metasepta inserted relatively late and not
pinnately; without dissepiments. Carb.
Perm.
Cryptophyllum CARRUTHERS, 1919 [·C. hibernicum]

[=?Pentaplzyllum DE KONINCK, 1872]. Septa not
all radial in course (42). L.Carb.-Perm., Eu.-Asia.
--FIG. 178,5. ·C. hibernicum, L.Carb., Eu.;
transv. sec., X2 (64).

Pseudocryptophyllum EASTON, 1944 [.P. cavum]
[=Hexalasma SOSHKINA, 1928; Hexelasma LANG
S.-T., 1940 (non HOEK, 1915)]. Six protosepta
dominant, may be only septa developed (10).
Miss., N.Am.; Perm.(Artinsk.}, USSR.--FIG.
178,6a-c. ·P. cavum Miss., N.Am.; 6a,b, transv.
sees., X3; 6c, long. sec., X3 (l0).--FIG. 178,
6d,e. P. primitivum (SOSHKINA), type species of
Hexalasma, Artinsk., USSR; 6d,e, transv. sees.,
X4 (123).

Tachylasma GRABAU, 1922 [·T. cha] [=Tachye
lasma LANG-S.-T., 1940 (nom. van.); Prionophyl
lum SCHINDEWOLF, 1942]. Cardinal septum short
in adult stages (42). Perm. (Artinsk.), Asia
Austral.--FIG. 178,1. ·T. cha, China; transv.
sec., Xl (81).

Pentamplexus SCHINDEWOLF, 1940 [·P. simulator].
Young stages like Cryptophyllum with 5 dominant
septa; in adult stages all septa shorten toward
periphery, leaving wide axial space (42). Perm.
(Artinsk.), Timor.--FIG. 178,4. ·P. simulator;
transv. sec., X2 (113).

Family HADROPHYLLIDAE Nicholson
in Nicholson & Lydekker, 1889

Small, simple, broadly trochoid to button
shaped corals with flattened or recurved
calices; septa arranged in quadrants; minor
septa short, contratingent. Tabulae and dis
sepiments absent. L.Dev.-M.Carb.
Combophyllum M.EDw.-H., 1850 [·C. osismorum].

Small, free, discoid; without epitheea; minor septa
long, thinner than major septa, with bare edges
of septa on lower surface of disc crenulate; fossula
well marked, with low cardinal septum (38). L.
Dev., Fr.--FIG. 179,1. ·C. osismorum; 1a-c, top,
base, side, X2 (73).

Hadrophyllum M.EDw.-H., 1850 [·H. orbignyi].
Discoid to very widely trochoid; cardinal septum
in prominent fossula somewhat contracted near
periphery, other septa meeting in wall of fossula,
those of counter quadrants radially arranged, others
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pinnate (52). L.DefJ.-M.DefJ., N.Am.--FIG. 179,
2. '"H. orbignyi, M.Dev., N.Am.; 2a,b, top, side,
Xl (73).

Xenocyathellus BASSLER, 1937 ['"Homalophyllum
thedfordensis STEWART, 1936]. Very small, caleeo
loid, flattened, attached on cardinal side; cardinal
fossula contracted near periphery, with short cardi
nal septum; counter quadrants with many fewer
septa (52). L.M.DefJ., N.Am.--FIG. 179,5. '"X.
thedfordensis (STEWART); 5a,b, side, Xl; 5c,d,
transv. sees., X3 (125).

Microcyc1us MEEK & WORTHEN, 1868 (non SIMROTH,
1896) ['"M. discus]. Flat, discoid, very small, fos
sula opening inward into a wide shallow axial de
pression with slopes formed by contact of axial
edges of major septa (52). M.DefJ., N.Am.--FIG.
179,8. *M. discus; 8a,b, top, base, Xl (102).

Dipterophyllum ROEMER, 1883 ['"Zaphrentis glans
WHITE, 1862]. Short, turbinate, with counter and
cardinal septa shortened so that a deep median
trough crosses calice (1). Miss., N.Am.--FIG.
179,7. '"D. glans (WHITE); 7a, top, X2; 7b, side,
Xl (60).

Baryphyllum M.Enw.-H., 1850 ['"B. fJerneuilianum].
Discoid; septa exsert except for small axial epithe
cate part of base; counter septum short, cardinal

septum dominant and very long; septa twist re
markably in adults (1). Miss., N.Am.--FIG. 179,
4. '"B. fJerneuilianum, 4a,b, top, base, Xl (60).

Gymnophyllum HOWELL, 1945 ['"G. wardi]. Like
Baryphyllum but with cardinal and counter de
veloped equally with other septa. Penn., N.Am.
--FIG. 179,3. '"G. wardi; 3a-c, top, base, side,
Xl (87).

Cumminsia MOORE & JEFFORDS, 1945 ['"Hadrophyl
lum aplatum CUMMINS, 1891]. Patellate, apex al

most central, epitheca without septal grooves;
quadrants diverge from inner edge of rather short
counter septum; cardinal septum short, fossula long
and parallel-sided, expanding outwards near peri
phery; oldest metasepta are longest in each quad
rant (39). Penn., N.Am.--FIG. 179,6. '"C. aplata
(CUMMINS), Tex.; 6a,b, top, base, Xl (104).

Family CYATHAXONIIDAE Milne
Edwards & Haime, 1850

[nom. correct. STUMM, 1949 (pro Cyathaxonidae M.EDW.-H ••
1850) 1 [=Cyathaxoninae (nom. transl. DnowsKI. 1873) I

Small, ceratoid rugose corals with tall col
umella developed independently of the
major septa but in contact with them and
with long minor septa inserted alternately

Pentamplexus

~
.

,// .-'" . - .

i"' ••.... ~
6c

7b Pleramplexus 70 6d Pseudacryptophyllum

FIG. 178. Streptelasmatina (Cyathaxoniicae): Polycoeliidae (p. F262).
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FIG. 179. Streptelasmatina (Cyathaxoniicae): Hadrophyllidae, Cyathaxoniidae, Amplexidae (p. F262·F264).

with the metasepta; complete tabulae in
clined outward to the epitheca; dissepiments
lacking. Carb.-Perm.
Cyathaxonia MICHELIN, 1847 ["C. cornu; SD M.

EDW-H., 1850] [=?Zaphrentula BOLKHOVITNOVA,
1915]. Septa without flanges; minor septa long
and contratingent (10). L.Carb., N.Am.-Eu.·Asia·
AustraI.--FIG. 179,9. "C. cornu, L.Carb., Eu.;
9a,b. transv. and long. sees., X2 (64).

Cyathocarinia SOSHKINA, 1928 ["C. tuberculata; SD
LANG-S.-T., 1940]. Like Cyathaxonia but with
sides of septa strongly tuberculated (49). Perm.
(Artinsk.) , USSR.--FIG. 179,10. "C. tuberculata;
lOa,b, transv. and long. sees., X4 (123).

Family AMPLEXIDAE Chapman, 1893
[=Amplexinae (nom. transl. WANG, 1947)]

Solitary, without marginarium; tabulae
flat, with down-turned edges; major septa
thin, continuous vertically only at peripheral
edges, but may extend toward axis as low,
short ridges developed only on upper sur
faces of tabulae; minor septa absent or ap
pearing very late. L.Carb.

May possibly be more closely related to
Cyathopsidae than to the Cyathaxoniicae.
Amplexus SOWERBY, 1814 ["A. coralloides]. Long,

cylindrical or scolecoid; interseptal ridges absent;
tabulae with cardinal and alar fossular depressions.
L.Carb., Eu.--FIG. 179,11. "A. coralloides;
side, XO.5 (124).

Family LOPHOPHYLLIDUDAE Moore
& Je1I:ords, 1945

[=?Lophophyllidae GRABAU, 1928; Lophophyllidiinae, nom.
correct. WANG, 1950 (pro Lophophyllidinae, nom. trans/.

WANG, 1947) I
Small solitary coralla without dissepi

ments and with conical tabulae; septa long,
arranged in quadrants in young stages,
meeting enlarged counter septum at the
axis; columella formed by swollen, vertically
produced axial edge of the counter septum
which may be reinforced by vestigial axial
ends of other septa; cardinal septum short
ened and other septa withdrawn from the
axis in adult stages, commonly rhopaloid.
Carb.-Perm.
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Lophocarinophyllum GRABAU, 1922 ["'L. acanthi
septttm]. Columella a prolongation of counter sep
tum only, no septal lamellae taking part; septa
flanged parallel to their distal edges (28). Carb.,
China.--FIG. 180,1. "'L. acanthiseptum; la,b,
transv. sees., X3; Ie, long. sec., X3 (91).

Lophophyllidium GRABAU, 1928 ["'Cyathaxonia pro
Ii/era MCCHESNEY, 1860 [=Sinophyllum GRABAU,
1928; ?Malonophyllum OKULITCH & ALBRITTON,
1937]. Columella wide, typically with radial
lamellae conjoined to median lamella but not
tabellate, may be separated from counter septum in
adult stages; axial edges of other septa, except car
dinal, may be thickened and fused to one another
in a collar around the columella (28). Penn.-Perm.,
N.Am.-Eu.-Asia.--FIG. 180,3. "'L. proli/erum
(MCCHESNEY), Penn., USA; 3a,b, transv. sees.,
X3; 3c, long. sec., X3 (91).

Stereostylus JEFFORDS, 1947 ["'5. lenis]. Columella
a simple expansion of axial end of the long counter
septum, from which it may separate in adult
stages; other septa typically only slightly swollen
at axial edges, subequal (28). Penn.-L.Perm.
(Artinsk.), N.Am.-USSR-?N.Z.--FIG. 180,5. "'5.
lenis, Penn., USA; 5a-c, tramv. sees., X3; 5d,
long. sec., X3 (91).

Lophamplexus MOORE & JEFFORDS, 1941 ["'L. eliasi].
Like Stereostylus, but columella discontinuous or
lacking in upper part of corallite. Penn.-L.Perm.,
N.Am.--FIG. 180,4. "'L. eliasi, L.Perm., Kans.;
4a-c, transv. sees., X2; 4d, long. sec., X2 (91).

Lophotichium MOORE & JEFFORDS, 1945 ["'L. ves
cum]. Septa long, thin and flanged, meeting long
counter septum with its slight rhopaloid swelling
axially in all save the late adult stages, when they
withdraw, those of the cardinal quadrants re-

Crovenio 6b

Zeliophyllum

Lophophyllidium

Stereostylus

Timorphyllum

80

4d

Leonordophyllum

8b

Lophomplexus

Verbeekiello

FIG. 180. Streptelasmatina (Cyathaxoniicae): Lophophyllidiidae, Timorphyllidae (p. F265-F267).
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FIG. 181. Streptelasmatina (Cyathaxoniicae): Hapsiphyllidae (p. F267-F268).

treating first, leaving counter septum and its col
umellar vertical prolongation dominant (39).
Penn., N.Am.--FIG. 180,2. *L. vescum, Tex.;
2a,b, transv. secs., X3 (104).

?Lophophyllum M.EDw.-H., 1850 [*L. konincki].
L.Carb.(Tournais.), Belg.

Family TIMORPHYLLIDAE Soshkina in
Soshkina, Dobrolyubova & Porfiriev, 1941

[nom. transl. HILL, herein (ex Timorphyllinae SOSHK. in
SOSHK.-D.-P., 1941)]

Solitary coralla, typically without dissepi
ments; with an axial structure of median
lamella, radial lamellae, and tabellae; with
narrow peripheral stereozone and conical
tabulae. L.Carb.-L.Perm.(Artinsk.).
Cravenia HUDSON, 1928 [*C. dlytoides]. Small;

axial structure dibunophylloid: no dissepiments
(18). L.Carb., Eng.--FIG. 180,6. "C. rhytoides,
Tournais., Eng.; 6a,b, transv. and long. secs., X2
(89).

ZeIiaphyllum HERITSCH, 1936 [*2. suessi]
[=2elaeophyllum LANG-S.-T., 1940]. Axial struc
ture of tabellae and lamellae irregularly inter-

woven; minor septa short; only one series of dis
sepiments (14). L.Perm.(Artinsk·) , Carnic Alps.
--FIG. 180,10. *2. suessi; transv. sec., X3 (84).

Timorphyllum GERTH, 1921 [*T. wanneri]. Some
what scolecoid, with smooth epitheca; axial struc
ture simple, comprising a barlike columella typical
ly separate from septa in adult stages, buttressed
by sharply upturned narrow axial parts of tabulae,
which are otherwise flat but downturned at the
edges; no dissepiments (12). L.Perm.(Artinsk.),
Asia.--FIG. 180,9. "T. wanneri, Timor; 9a,b,
calical view, long. sec., Xl (79).

Verbeekiella GERTH, 1921 [pro Verbeekia PENECKE,
1908 (non FRITSCH, 1887; nec SILVESTRI, 1908)]
[*Verbeekia permica PENECKE, 1908]. Axial

structure large, with well-defined wall separating
its tabellae from periaxial tabellae; skeletal dilata
tion common; radial lamellae numerous, medial
plate generally not dominant; no dissepiments
(12). L.Perm.(Artinsk.) , Eu.-Asia-Austral.-
FIG. 180,7. *v. permica (PENECKE), Timor; side,
Xl (79).

Leonardophyllum MOORE & JEFFORDS, 1941 ["L.
distinctum]. Axial structure without defined wall;
counter septum typically continuous with medial
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lamella; peripheral stereozone moderately wide;
no dissepiments. L.Perm.(Leonard.} , N.Am.-
FIG. 180,8. • L. distinctum, W.Tex.; 8a,b, transv.
and long. sees., X2 (104).

Family HAPSIPHYLLIDAE Grabau,
1928

[=Zaphrentoididae SCHINDEWOLF. 1938; Zaphrentoidinae
(nom. Iransl. WANG, 1950); Zaphrentoidida (superfam.)

(nom. Iransl. SCHIND., 1952) I

Small, solitary, ceratoid or trochoid coralla
with fossula bounded laterally by cardinal
lateral septa and axially (in younger stages
at least) by a wall consisting of fused axial
ends of major septa of the counter quad
rants. The septa may withdraw from the
axis. Tabulae incomplete, conical, with
highest point at inner edge of the fossula.
No dissepiments. Minor septa present or
absent. L.Carb.-L.Perm.(Artinsk.}.

Group I

Fossula on the shorter, concave side of
the corallum. L.Carb.-L.Perm.
Hapsiphyllum SIMPSON, 1900 [·Zaphrentis calcari

formis HALL, 1882 (=Zaphrentis cassedayi M.
EDW., 1860)] [=Enallophyllum GREEN, 1901].
Fossula expanded axially; septa arranged pinnately
in cardinal and radially in counter quadrants;
minor septa long, contratingent; cardinal septum
short in adult stages (10). Miss., N.Am.-Eu.-
FIG. 181,1. ·H. cassedayi (M.EDW.), N.Am.;
transv. sec., X2 (115).

Zaphrentites HUDSON, 1941 [non VON BUBNOFF,
1926, p. 150 (?lapsus calami)] [·Zaphrentis paral
lela CARRUTHERS, 1910] [?=Cypellophyllum TOL
MACHEV, 1933 (pro Craterophyllum TOLMACHEV,
1931, non FOERSTE, 1909, nee BARBOUR, 1911)].
Septa may withdraw from fossula, first in cardinal
quadrants, then in counter quadrants, so that radial
arrangement supersedes earlier pinnate arrange
ment; minor septa absent or extremely short (26).
L.Carb., Eu.-Asia.--FIG. 181,2. ·Z. parallela
(CARRUTHERS), Eu., 2a,b, transv. sees., X3 (64).

Canadiphyllum SUTHERLAND, 1954 [·C. knoxi].
Septa dilated; fossula parallel-sided, met by septa
of cardinal quadrants almost at right angles; alar
fossulae almost bisect corallite; septa of counter
quadrants almost perpendicular to alar fossula.
Miss., B.C.

Allotropiophyllum GRABAU, 1928 [·A. sinense].
Major septa of counter quadrants and (in some)
alar and first metasepta of cardinal quadrants
grouped in a narrow crescentic area on the coun
ter (convex) side, other major septa direeted to a
point or points on its inner side roughly midway
between the corallum axis and epitheca; major
septa amplexoid in late stages; minor septa absent
or very short (13). L.Carb.-L.Perm.(Artinsk·} ,

Eu.-Asia.--FIG. 181,4. •A. sinense, Artinsk.,
Asia, 4a,b, transv. sees., X5 (81).

Amplexizaphrentis VAUGHAN, 1906 [·Zaphretttis
bowerbanki THOMSON, 1883; SD LANG-S.-T., 1940]
[=Triplophyllites EASTON, 1944; ?Barytichisma
MOORE & JEFFORDS, 1945]. Corallum large, may
be subquadrate in section; fossula commonly
oblique and septa wavy, arranged inequilaterally;
withdrawal from axis may begin first in counter
quadrants; minor septa very short; cardinal septum
long at first, short later (10). L.Carb., Eu-Asia
N.Am.; Penn., N.Am.--FIG. 181,6. A. curvilinea
THOMSON, L. Carb., Scot.; transv. sec., Xl (130).

Zaphriphyllum SUTHERLAND, 1954 [·Z. disseptum].
Like Amplexizaphrentis but with normal dissepi
mentarium. Miss., Can.

Lytvolasma SOSHKINA, 1925 [.L. asymetricum]
[=Lytvelasma LANG-S.-T., 1940]. Septa few and
dilated, slightly and irregularly withdrawn from
axis; fossula shallow, open axially in adult stages
when cardinal septum is short (49). L.Perm.
(Artinsk·) , USSR.--FIG. 181,3. • L. asymetri
cum; 3a,b, transv. sees., .X2 (123).

Euryphyllum HILL, 1937 [·E. reidi]. Calice oblique,
septa initially much dilated, dilatation decreasing
first midway between periphery and axis; counter
septum long and thin. L.Perm.(Artinsk.}, Austral.
N.Z.--FIG. 181,5. ·E. reidi, Austral.; 5a,b,
transv. and long. sees., X2 (85).

Group II

Fossula on the longer, convex side of the
corallum. L.carb.
Zaphrentoides STUCKENBERG, 1895 [·Zaphrentis
griffithi M.EDW.-H., 1851; SD SCHINDEWOLF,
1938]. Minor septa very short. Type specimen in
sufficiently known (10). L.Carb., Eu.-N.Am.-
FIG. 181,7. ·Z. griffithi (M.EDW.-H.), Eu., calical
view, Xl (73).

Menophyllum M.EDW.-H., 1850 [·M. tenuimargina
tttm]. Fossula long, narrow, deep and parallel
sided, containing a short cardinal septum in adult
stages; major septa of counter quadrants equal,
short and withdrawn from axis (38). L.Carb.,
Fr.--FIG. 181,8. ·M. tenuimarginatum,
Tournais., Fr.; calical view, X2 (73).

Homalophyllites EASTON, 1944 [·Lophophyllum
calceola WHITE & WHITFIELD, 1862]. Fossula ex
panded axially with bounding septa reinforced by
thickening: cardinal septum short; convex side of
corallum flattened near apex (10). Miss., N.Am.
--FIG. 181,9. ·H. calceola (WHITE-W.); 9a,
neanic transv. sec., X 6; 9b, ephebic transv. sec.,
X3; 9c, long. sec., X3 (72).

Neozaphrentis GROVE, 1935 [·Zaphrentis tenella
MILLER, 1891]. Counter septum longer than others
but not swollen axially; cardinal septum short,
fossula oblique and variably placed, usually on the
convex side: septa not rhopaloid (10). Miss., N.
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Am.--FIG. 181,11. *N. tenella (MILLER); transv.
sec., X3 (72).

Sychnoelasma LANG-S.-T., 1940 [pro Verneuilia
STUCKENBERG, 1895 (non HALL & CLARKE, 1894)]
[*Verneuilia urbanowitschi STUCK., 1895]. Major
septa withdrawn equally from axis, leaving space
in which the tabulae are infundibuliform (33).
L.Carb., VSSR.--FIG. 181,10. *S. urbanowitschi
(STUCK.); lOa,b, transv. and long. sees., Xl
(126).

Superfamily ZAPHRENTICAE
Milne-Edwards & Haime, 1850

[nom. transl. HILL, herein (ex Zaphrentidae M.EDW.-H.,
1850)] [=Zaphrentoidea, ICyathophylloidea NICHOLSON in
NrcH. & LVDEKKER, 1889; Streptelasmacea WEDEKIND, 1927;

Streptdasmaticae HILL, 1954]

Solitary or compound, with marginarium
consisting either of a septal stereozone or a
regular or herringbone dissepimentarium;
among forms with a septal stereozone, the
septa bear axial lobes; tabulae conical or
domed, rarely sagging. Ord.-Perm.

NICHOLSON based his conception of the
Zaphrentoidea on the Hapsiphyllidae, rather
than on Zaphrenthis, although he names
Zaphrenthis ("Zaphrentis") as the typical
genus.

The Cyathopsidae are placed in this super
family somewhat doubtfully because many
of them possess a lonsdaleoid dissepimen
tarium such as is typical of the Colum
nariina, but otherwise they are morpho
logically quite close to the Aulophyllidae.
The ontogeny of the early Cyathopsidae sug
gests that they developed from a member of
the Hapsiphyllidae, herein regarded as
Cyathaxoniicae.

Family STREPTELASMATIDAE Nichol
son in Nicholson & Lydekker, 1889

[nom. correct. WEDEKIND, 1927 (pro Streptdasmidae NICH.
in NICH.-L., 1889)] [=Streptdasmaidae GRABAU. 1922]

Solitary and conical or fasciculate coralla,
with short minor septa and marginarium
consisting of a septal stereozone; dissepi
ments typically not developed; major septa
lobed axially; early uniform septal dilatation
decreasing from the axis outwards; tabulae
domed, complete or incomplete. M.Ord.
MDev.

Subfamily STREPTELASMATINAE Nicholson in
Nicholson & Lydekker, 1889

[nom. transl. LECOMPTE, 1952 (as Strepldasminae (ex Strep·
te1asmatidae, nom. corr~ct. WEDEKIND., 1927, pro Streptelas
midae NlcH. in NlcH.·L., 1889)] [Includes Dinophyllidae
WANG. 1947; Dalmanophyllinae LECOMPTE, 1952; Dinophyl-

linae (nom. transl. LECOMPTE. 1952) J

Septal stereozone only moderately wide,
if present; axial edges of septa and axial
lobes typically not forming a conical boss in
calice. M.Ord.-MDev.

Streptelasma HALL, 1847 [*S. corniculum; SD C. F.
ROEMER, 1861] [=Streptoplasma HALL, 1847;
Palaeocyathus FOEltSTE, 1888]. Solitary; septa long;
axial lobes few, forming a loose, narrow axial
structure (20). M.Ord.-M.Sil., N.Am.-Eu.-Asia
Austra!'--FIG. 182,1. *S. corniculum, M.Ord.,
N.Am.; 1a,b, transv. and long. sees., Xl (66).

Palaeophyllum BILLINGS, 1858 [*P. rugosum]. Like
Streptelasma but phaceloid (30). M.Ord.-U.Ord.,
N.Am.-Eu.--FIG. 182,2. *P. rugosum, ?V.Ord.,
Can.; 2a, side of corallum, Xl; 2b,c, transv. and
long. sees., Xl (96).

Coelostylis LINDSTROM, 1880 [*C. tornquisti
(=Cyathaxonia? tornquisti LIND., 1873)]. Soli
tary; septa with axial lobes; bladelike columella
projecting into calice. M.Ord., Swed.--FIG.
182,8. *C. toernquisti (LIND.); long. sec., Xl
(100).

Grewingkia DYBOWSKI, 1873 [*Clisiophyllum bu
ceros EICHW., 1855; SD SHERZER, 1891] [=Kiaero
phyllum WEDEKIND, 1927]. Solitary; septa short,
axial lobes numerous, axial structure wide and
present even in young stages (55). U.Ord., Eu.
N.Am.--FIG. 182,10. G. kiaeri (WDKD.), type
species of Kiaerophyllum, Norway; lOa,b, transv.
sees., X 1.5; 10c, long. sec., X 1.5 (137).

Brachyelasma LANG-S.-T., 1940 [pro Dybowskia
WEDEKIND, 1927 (non DALL, 1876, nec others)]
[*Dybowskia prima WDKD., 1927]. Solitary; septa
short; axial lobes and axial structure absent in
adult stages (55). U.Ord., Eu.--FIG. 182,5. *B.
primum (WDKD.), Norway; 5a,b, transv. and long.
sees., Xl (137).

Dalmanophyllum LANG & SMITH, 1939 [*Cyathax
onia dalmani M.EDw.-H., 1851] [=Centrotus
LINDSTROM in THOMSON & NICHOLSON, 1876 (non
FABRICIUS, 1803); Tyria SCHEFFEN, 1933 (non
HUBNER, 1819)]. Solitary or compound; major
septa long and thick, with axial lobes joining a
bladelike columella produced upward from axial
parts of conjoined cardinal and counter septa;
minor septa very short, septal stereozone narrow.
L.Si/.-M.Sil., Eu.--FIG. 182,6a,b. *D. dalmani
(M.EDw.-H.); 6a,b, transv. and long. sees., X2
(73).--FIG. 182,6c. D. inserta (SCHEFFEN), type
species of Tyria, L.Si!., Norway; transv. sec., X5
(112).

Dinophyllum LINDSTROM, 1882 [*D. involutum
(=Clisiophylltlm hisingeri M.EDw.-H., 1851)]
[=Streptophyllum GRABAU in CHI, 1931]. Soli
tary; long major septa with few axial lobes but
reaching to axis where, with or without convolu
tion of their thin axial ends, they form an axial
structure with steeply conical tabulae; minor septa
extremely short (37). L.Sil.-M.Sil., Eu.-Asia.--
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FIG. 182,3. "'D. hisingeri (M.EDW.-H.), M.Si!.,
Got!.-Sib.; 3a, calical view, Xl; 3b, long. sec.,
Xl (100).

Rhegmaphyllum WEDEKIND, 1927 ["'Turbinolia tur
binata HISINGER, 1831 (partim) (? =Zaphrentis?
conulus LINDSTROM, 1868); SD SOSHKINA, 1937)
[=Regmaphyllum WDKD., 1927; Rhegmatophyl-

lum LANG-S.-T., 1940 (nom. van.»). Solitary;
major septa meeting near axis around inner edge
of strongly marked fossula; axial lobes few; cardi
nal septum thin or short (55). M.Sil., Eu.-Asia.
--FIG. 182,9. R. conulus (LIND.), Got!'; 9a,b,
sees., XI; 9c, calical view of septa, diagrammatic
(100) .

Streptelasma
2c

Palaeophyllum

2b•

Grewingkia
FIG. 182. Streptelasmatina (Zaphrenticae): Streptelasmatidae (p. F268-F270).
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FIG. 183. Streptelasmatina (Zaphrenticae): Streptelasmatidae (p. F270-F271).

Ditoecholasma SIMPSON, 1900 [*Petraia fanningana
SAFFORD, 1869] [=Ditoechelasma LANG-S.-T.,
1940 (nom. van.)]. Solitary, slender; septal
stereozone very narrow, septa grouped as in
Pctraia, minor septa long; axial septal lobes form
ing spongy axial structures; tabulae sagging axially,
incomplete. M.Sil., N.Am.--FIG. 182,7. *D. fan
ninganum (SAFFORD); transv. sec., X2 (115).

Enterolasma SIMPSON, 1900 [*Streptelasma (PettOlia)
stricta HALL, 1874] [=Entcrclasma LANG-S.-T.,
1940 (nom. van.)]. Solitary, small, septal stereo
zone narrow, septa with sides tuberculate and axial
edges lobed; cardinal and counter septa long (44).
L.Dev., N.Am.--FIG. 182,4. *E. strictum
(HALL); 4a,b, calice, side, Xl; 4c,d, transv. and
long. sees., X2 (127).

Kionelasma SIMPSON, 1900 [*Streptelasma mammi
ferum HALL, 1882] [;:::;Cionelasma LANG-S.-T.,
1940 (nom. van.)]. Solitary, septal stereozone
wide; dense axial structure formed from swollen
and twisted axial lobes and edges of major septa
united by dilating tissue (44). L.Dev., N.Am.-
FIG. 183,4. *K. mammiferum (HALL); 4a, side,
XO.5; 4b,c, transv. and long sees., Xl (127).

Heterophrentis BILLINGS, 1875 ["H. spatiosa BILL.,
1875 (=Zaphrcntis spatiosa BILL., 1858; Zaphrcn
tis prolifica BILL., 1858),; SD MILLER, 1889]
[=Triplophyllum SIMPSON, 1900]. Solitary, large,

conical, flattened in lateral parts of counter quad
rants, wtih fossula on convex side; septal stereo
zone very narrow; septa with sparse axial lobes,
withdrawn from axis; tabulae shallow domes with
axial depression (52). L.Dev.-M.Dev., N.Am.-
FIG. 183,2. *H. prolifica (BILL.); 2a,b, transv. and
long. sees., Xl (127).

Compressiphyllum STUMM, 1949 ["Zaphrentis com
pressa ROMINGER, 1876 (non M.EDw.-H., 1860);
renamed Zaphrentis davisana MILLER, 1889]. Like
Heterophrentis but compressed laterally with flat
tened alar regions (52). L.Dev., N.Am.--FIG.
183,3. "C. davisanum (MILLER); 3a, side, XO.5;
3b, calice, Xl (127).

Homalophyllum SIMPSON, 1900 [*Zaphrentis un
gula ROMINGER, 1876]. Solitary, small, flattened
on the fossular, convex side; with long major and
short minor septa (44). L.Dcv.-M.Dev., N.Am.
--FIG. 183,1. "H. ungula (ROMINGER); 1a,b,
calice and side, Xl (127).

Siphonophrentis O'CONNELL, 1914 ["Caryophyllia
gigantea LESUEUR, 1821]. Solitary, large, subcy
lindrical with septa withdrawn from axis, leaving
wide space with very sparse axial lobes; septal
stereozone very narrow; tabulae mesa-shaped, de
pressed at fossula (52). L.Dcv.-M.Dcv., N.Am.
--FIG. 183,7. *S. gigantca (LESUEUR); 7a,b,
transv. and long. sees., Xl (127).
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Breviphrentis STUMM, 1949 [.Amplexus intlaginatus
STUMM, 1937]. Solitary, cylindrical, with septa
withdrawn from axis and complete only on tops
of the tabulae, which become Hat-topped domes
with down-turned edges; tabulae not depressed at
fossula which is on convex side (52). L.Detl.
M.Detl., Nev.--FIG. 183,6. ·B. intlaginata
(STUMM); 6a,b, transv. and long. sees., Xl (127).

Nevadaphyllum STUMM, 1937 ['ON. masoni]. Large,
solitary; septal stereozone pardy replaced by a
regular dissepimentarium of small globose inter
septal dissepiments; major septa numerous and
convolute in the tabularium, where the domed
tabulae are incomplete (52). L.Detl., N.Am.-
FIG. 183,5. 'ON. masoni; transv. sec., Xl (127).

?Strobilasma SCHEFFEN, 1933 ['OS. dentatum]
[=Strobilelasma LANG-S.-T., 1940 (nom. tlan.)].
L.Sil., Norway.

Subfamily KODONOPHYLLINAE Wedekind, 1927
[nom. transl. LECOMPTE, 1952 (ex Kodonophyllidae WDKD.,

1927) 1

Marginarium a wide septal stereozone.
L.Sil.-L.Dev.

Schlotheimophyllum SMITH, 1945 [.Fungites patel
latus SCHLOTHEIM, 1820]. Solitary, large discoid or
patellate with reHexed calicular platform; minor
septa long, septal stereozone wide; major
septa long and twisted at axis into loose axial
structure, axial lobes few (44). L.Sil.-M.Sil., Eu.
--FIG. 184,3. 'OS. patellatum (SCHLOTlI.); 3a,b,
transv. and long. sees., XI (97).

Kodonophyllum WEDEKIND, 1927 [·Streptelasma
milne-edwardsi DYBOWSKI, 1873 (=Madrepora
truncata LINNE, 1758)] [=Patrophontes LANG &
SMITH, 1927; Codonophyllum LANG-S.-T., 1940
(nom. tlan.)]. Fasciculate or solitary with Hat
or sloping calicular platform; otherwise like
Schlotheimophyllum (31). M.Sil.-U.Sil., Eu.-
FIG. 184,1. 'OR. truncatum (LINNE); la,b, transv.
and long. sees., X2 (98).

Circophyllum LANG & SMITH, 1939 [pro Rhysodes
SMITH & TREMBERTH, 1927 (non ILLIGER in DAL
MAN, 1823)] [·Rhysodes samsugnensis SMITH-T.,
1927]. Fasciculate, corallites slender and septal
stereozone narrow; major septa long, straight,
united axially by secondary thickening. U.si/., God.

Schlotheimophyllum

Ib

Kodonophyllum

Circophyllum

Chlomydophyllum

I
2b

FIG. 184. Streptelasmatina (Zaphrenticae): Streptelasmatidae (p. F271-F272).
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--FIG. 184,2. *C. samsugnense (SMITH-T.); 2a,
transv. sec., X2; 2b, long. sec., Xl (120).

Chlamydophyllum POCTA, 1902 [*C. obscurum].
Solitary, with very wide septal stereozone from
which major septa project with moderate thick
ening into tabularium; major septa may unite at
axis in proximal parts of corallum, and on surface
of tabulae in distal parts, being then withdrawn
between tabulae; axial lobes few and thickened
(40). L.Dev., Eu.-Austral.--FIG. 184,5. *C.
obscurum, Czech.; 5a,b, transv. and long sees.,
X2 (108).

Subfamily ACROPHYLLINAE Stumm, 1949
[nom. transl. HILL, herein (ex Aetophyllidae STUMM, 1949) 1

Marginarium a narrow septal stereozone
or dissepimentarium; axial edges of septa
and axial lobes forming with tabulae a
conical boss in calice (52). LDev.
Scenophyllum SIMPSON, 1900 [*Zaphrentis conigera

ROMINGER, 1876]. Solitary, large, conico-cylindri
cal, with numerous long major septa with axial
lobes based on close, tall, conical tabulae forming
an axial structure with a dominant long irregular
lamella in its counter-cardinal plane; septal stereo
zone narrow (52). L.Dev., N.Am.--FIG. 184,4.
*S. conigerum (ROMINGER); 4a,b, transv. and
long. sees., Xl (127).

Acrophyllum THOMSON & NICHOLSON, 1876 ["Clisio
phyllum oneidaense BILLINGS, 1859]. Like Sceno
phyllum but with marginarium of angulo-con
centric dissepiments in which minor septa are sup
pressed (52). L.Dev., N.Am.

Family HALLIIDAE Chapman, 1893

Solitary coralla typically with elongate
cardinal septum; marginarium comprising
a narrow septal stereozone or regular dis
sepimentarium of small, globose, interseptal
dissepiments and thin septa; septa dilated
and in contact in the tabularium, dilatation
decreasing first from the axial edges and in
counter quadrants; septa without axial
lobes; in curved coralla the deep fossula is
on the convex side; tabulae domed or sag
ging, usually incomplete. Ord.-Dev.

Subfamily LYKOPHYLLINAE Wedekind, 1927
[nom. transl. HILL, herein (ex Lykophyllidae WOKO., 1927)]
[=Neoeystiphyllidae WOKO., 1927; ?Stratiphyllidae SCHEFFEN,

1933; Pyenaetidae HILL, 1940]

Pinnate arrangement of the septa mod
erate or weak. Ord.-Sil.
Holophragma LINDSTROM, 1896 [*Hallia calceo

loides LIND., 1866 (partim)]. Calceoloid, small;
long cardinal septum on the flattened side; mar
ginarium a septal stereozone without dissepiments
(37). U.Ord., N.Am.; Sil., God.--FIG. 185,1.

*H. calceoloides (LIND.), Sil., God.; la,b, side
views, Xl; Ie, calice, X2 (100).

Onychophyllum SMITH, 1930 [*0. pringlei]. Small;
long cardinal and short counter septa continuous in
young stages; septa of counter quadrants short,
dilated and in contact; septa of cardinal quadrants
longer, thinner and with axial edges bent like a
claw toward counter septum; no minor septa or
dissepiments (45). L.Sil., Eng.--FIG. 185,3. *0.
pringlei; 3a-h, transv. sees. (inverted), X2 (117).

Pycnactis RYDER, 1926 [*Hyppurites mitratus
SCHLOTHEIM (partim) , 1820]. Solitary, major
septa dilated, contiguous and pinnately arranged,
cardinal septum long; minor septa extremely short,
dissepiments absent except at rim of calice. Sil.,
Eu.--FIG. 185,5. *P. mitrata (SCHLOTH.); transv.
sec., X3 (137).

Phaulactis RYDER, 1926 [*P. cyathophylloides]
[=Mesactis RYDER, 1926; Desmophyllum (non
EHRENBERG, 1834), Lykophyllum, Lykocystiphyl
lum, Neocystiphyllum WEDEKIND, 1927; Semaio
phyllum VOLLBRECHT in WDKD., 1927; Hercophyl
lum JONES, 1936; Lycophyllum, Lycocystiphyllum,
Semaeophyllum LANG-S.-T. (nom. van.), 1940; all
synonyms or possibly subgenera of Phaulactis].
Solitary, large; dissepimentarium regular and wide,
septa unthickened in it but dilated in tabularium,
dilatation decreasing in adult; tabulae domed, flat
or sagging, complete or incomplete; pinnate ar·
rangement of septa generally not marked, and
cardinal septum commonly not elongate (55).
M.Sil.-U.sil., Eu.-N.Am.-Austral.--FIG. 185,
4a-d. P. tabulata (WDKD.), type species of Lyko
phyllum, God.; 4a,b, transv. and long. sees., X2;
4c,d, transv. sees., X3 (137).--FIG. 185,4e,j. P.
shearsbyi (SUSSMILCH), type species of Hercophyl
lum, N.S.W.; 4e,f, transv. and long sees., Xl (85).

Lamprophyllum WEDEKIND, 1927 [*L. degeeri].
Solitary; marginarium a herringbone dissepimen
tarium, minor septa suppressed; major septa thin,
short; tabulae horizontal, complete and incom
plete (55). M.Sil.-U.Sil., Eu.-N.Am.--FIG. 185,
2. *L. degeeri, Eu.; 2a,b, transv. and long. sees.,
Xl (137).

?Pseudocystiphyllum WANG, 1947 [*P. lini]. Large,
subcylindrical; marginarium a lonsdaleoid dissepi
mentarium; tabulae concave, incomplete, septa
thin and in a narrow irregular zone in outer
tabularium. M.Sil., China.--FIG. 186,1. *P. lini;
la,b, transv. and long. sees., Xl (136).

?Stratiphyllum SCHEFFEN, 1933 [non Stratophyllum
SMYTH, 1933 (=Ethmoplax SMYTH, 1933, nom.
van.; nee Stratiphyllum LANG-S.-T., 1940, nom.
van.)] [*S. cavernosum]. L.Sil., Norway.

?Phragmophyllum SCHEFFEN, 1933 [*P. corri
vatum]. L.Sil., Norway.

Subfamily HALLIINAE Chapman, 1893

[nom. transl. STUMM, 1949 (ex Halliidae CHAPMAN, 1893)]
[=Papiliophyllinae STUMM, 1949; Aulaeophyllidae SOSHKINA,

1951]
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Pinnate arrangement of septa well
marked. LDev.-MDev.
HaIlia M.EDW.-H., 1850 [*H. insignis]. Cardinal,

counter and 2 alar septa differently developed from
others, the cardinal very long and in deep fossula
on convex side; ~epta of cardinal quadrants longer
than others and directed pinnately (30 0

) to the
cardinal septum; septa of counter quadrants radial,
directed at 30 0 toward alar septa; marginarium a
septal stereozone in youth, a regular dissepi
mentarium later (52). L.Dev., N.Am.--FIG. 186,
5. "'H. insignis; side, Xl (73).

Aulacophyllum M.EDW.-H., 1850 [*Caninia sulcata
D'ORBIGNV, 1850] [=Pinnatophyllum GRABAU,
1922], Like Hallia but cardinal septum extremely

Ie

Holophrogmo

short, leaving fossula empty (52). L.Dev.-M.Dev.,
N.Am.; M.Dev., N.S.W.--FIG. 186,3a. *A. sul
catum (ORB.), L.Dev., N.Am.; side, XI (106).
--FIG. 186,3b,c. A. scyphus (ROMINGER), type
species of Pinnatophyllum, M.Dev., N.Am.; 3b,c,
calice, side, XI (127).

Odontophyllum SIMPSON, 1900 [*Aulacophyllum
convergens HALL, 1882]. Like Aulacophyllum but
with long thin cardinal septum; distal edges of
septa denticulate (52). L.Dev.-M.Dev., N.Am.-
FIG. 186,2. *0. convergens (HALL); 2a, calice,
XI; 2b,c, transv. and long. sees., Xl (127).

Papiliophyllum STUMM, 1937 ["'P. elegantulum]
[=Eurekaphyllum STUMM, 1937]. Like Aulaco
phyllum but with lonsdaleoid dissepimentarium
and septa withdrawing from axis (52). L.Dev.-

3e

306 (I) 3b

Onyehophyllum

Phaulaetis

FIG. 185. Streptelasmatina (Zaphrenticae): Halliidae (p. F272).
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FIG. 186. Streptelasmatina (Zaphrenticae): Halliidae (p. F272-F274).

M.Dev., Nev.--FIG. 186,4a,b. ·P. elegantulum
L.Dev., Nev.; transv. and long. sees., X I (127).
--FIG. I 86,4c,d. P. breviseptatum (STUMM),
type species of Eurekaphyllum, L.Dev., Nev.;
transv. and long. sees., XI (127).

Family ARACHNOPHYLLIDAE
Dybowski, 1873

Solitary or compound; marginarium a
regular dissepimentarium, in some with a
few lonsdaleoid dissepiments; major septa
either meeting in an axial boss formed by
steeply domed tabulae without axial lobes or
withdrawn slightly from the axis, where
tabular domes flatten or sag axially. Sil.
Dev.

Subfamily ARACHNOPHYLLINAE Dybowski,
1873

lnom. transl. HILL, herein (ex Arachnophyllidae DYB., 18731
[=Entelophyllidae, Entellophyllidae (misprint) HILL, 1940:

Entelophyllinae (nom. trand. WANG. 1950)1

Septa may be represented by a network
of vertical trabeculae or may be carinate;
dissepiments small, globose. Silo

Arachnophyllum DANA, 1846 [·Aeervularia baltica
SCHWEIGGER (partim), LONSDALE, 1839 (=Strom
bodes murehisoni M.EDW.-H., 1851) SD LANG &

SMITH, 1927] [=Favastraea ORB., 1850 (non
LANG-S.-T., 1940, nom. van pro Favastrea DE
BLAINVILLE, 1834); Darwinia DYBOWSKI, 1873
(non BATE, 1857; nee others); Arachniophyllum
LANG-S.-T., 1940 (nom. van. pro Arachnophyllum
DANA, 1846) (non SMYTH, 1915)]. Astreoid; tabu
larium narrow, tabulae steeply domed, incomplete;
dissepimentarium very wide, of numerous small
dissepiments based horizontally, in which septa de
velop sporadically; septa thickened and contiguous,
or each a network of small trabeculae standing
vertically on the dissepiments but not piercing
more than 1 or 2 successive dissepimental platforms
(31). L.Sil.-M.Sil., Eu.-N.Am.-Austral.--FIG.
187,3. • A. murehisoni (M.EDW.-H.), Eu.; 3a,b,
transv. and long. sees., X2 (98).

Petrozium SMITH, 1930 [·P. dewari]. Fasciculate,
corallites slender, like Entelophyllum but with
numerous long septa meeting to form an axial
structure; tabulae without axial sag (45). L.Sil.,
Eng.--FIG. 187,1. ·P. dewari; la,b, transv. sees.,
X2; lc, long. sec., X2 (117).
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Entelophyllum WEDEKIND, 1927 [·Madreporites
artieulatus WAHLENBERG, 1821; SD LANG-S.-T.,
1940] [=Xylodes LANG-S., 1927 (non WATER
HOUSE, 1876); Stereoxylodes WANG, 1947]. Solitary
or fasciculate; septa commonly with zigzag carinae,
may be thickened, slightly withdrawn from axis;
a narrow regular zone of lIat tabellae at outer mar
gins of the tabular domes which usually sag axially
(55). M.Sil.-U.Sil., Eu.-Asia-N.Am.-E.Austral.-
FIG. 187,2a,b. ·E. artieulatum (WAHLENBERG),
Eu.; 2a,b, transv. and long. sees., X2 (98).-
FIG. 187,2e. E. pseudodianthus (WEISSERMEL), type
species of Stereoxylodes), Eu.-Asia-N.Am.; transv.
sec., X2 (98).

Tenuiphyllum SOSHKINA, 1937 [·T. ornatum]. Like
Petrozium but cerioid and with some lonsdaleoid
dissepiments (47). M.Sil., Urals.--FIG. 187,5.
·T. ornatum; 5a,b, transv. and long. sees., X2
(122).

Craterophyllum FOERS1'E, 1909 [non BARBOUR,
1911; nee TOLMACHEV, 1931] [·Chonophyllum
(Craterophyllum) vuleanius; SD LANG-S.-T.,
1940] [=Naos LANG, 1926]. Large, solitary, with

inverted calice; septa long, major and minor equal,
naotic, with or without narrow interseptal loculi
with dissepiments; tabularium narrow, tabulae in
complete. M.Sil., N.Am.--FIG. 188,3a. ·C. vul
eanius; calice, Xl (75).--FIG. 188,3b,e. C. pa
goda (SALTER), type species of Naos; transv. and
long. sees., Xl (97).

Weissermelia LANG-S.-T" 1940 [pro Ptilophyllum
SMITH-T., 1927 (non GUERIN-MiNEVILLE, 1845;
non Weissermelia SCHINDEWOLF, 1942)] [·Ptilo
phyllum lindstromi SMITH-T" 1927]. Phace1oid,
corallites slender; septa thin, carinate; major reach
ing axis; tabulae incomplete, axially depressed;
dissepimentarium wide, peripheral plates large, in
terseptal, horizontally based and flattened. U.Sil.,
Gotl.--FIG. 187,4. ·W. lindstroemi (SMITH-T.);
4a,b, transv. and long. sees., X3 (120).

Subfamily KYPHOPHYLLINAE Wedekind, 1927
[nom, transl. HILL, herein (ex Kyphophyllidae WDKD., 1927) I

Solitary; septa not carinate, large lonsdale
oid dissepiments predominant over small
globose dissepiments. Silo

3b Arachnophyllum

FIG. 187. Strepte1asmatina «Zaphrenticae): Arachnophyllidae (p. F274-F275).
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Croterophyllum

6b

Diplophyllum

FIG. 188. Streptelasmatina (Zaphrenticae): Arachnophyllidae, Acervulariidae (p. F275-F277).

Kyphophyllum WEDEKIND, 1927 ["K. lindstromi]
[=Cyphophyllum LANG-S.-T., 1940 (nom. van.)]
(55). M.Sil., Gotl.--FIG. 188,1. "K. lindstroemi;
1a,b, transv. and long. sees., X2 (137).

Subfamily PTYCHOPHYLLINAE Dybowski, 1873
[nom. transl. HILL. herein (a Ptychophyllidae DYB .• 1873)]

Large, solitary; major septa reaching axis,
their axial ends similarly curved; with elon
gate blister-like dissepiments lining sides of
septa. Silo

Ptychophyllum M.EDW.-H., 1850 ["P. stokesi]
[=Cystiphorolites MILLER, 1889 (pro Vesicularia
ROMINGER, 1876, non THOMPSON, 1830)]. With
wide reflexed dissepimentarium; fossula in tabu
larium; tabulae domes, incomplete (46). M.Sil.,
N.Am.--FIG. 188,2. "P. stokesi; 2a, calice,
XO.5; 2b,c, transv. and long. sees., Xl (117).

Family ACERVULARIIDAE Lecompte,
1952

[=Acervulariens DE FaoMENTEL, 1861 (invalid vernacular
name)]

Phaceloid or cerioid with axial, quadri
partite increase; marginarium a complex
dissepimentarium; septa carinate and dilated
near inner ends of long minor septa, form
ing a wall within the dissepimentarium, at
which septal trabeculae diverge; tabulae in
versely conical. Silo
Acervularia SCHWEIGGER, 1819 ["A. baltica (=Mad

repora ananas LINNE, 1758)] [=Floscularia EICH
WALD, 1829 (non CUVIER, 1798, nec OKEN, 1815);
Favastrea DE BLAINVILLE, 1834; Favastraea LANG
S.-T., 1940 (nom. van.) (non D'ORBIGNY, 1850);
Arachnium KEYSERLING, 1846; Cyathogonium
CHAPMAN, 1893; Rhabdophyllum WEDEKIND,
1927]. Tabulae complete or in part incomplete;
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dissepimentarium with 3 zones, an outer com
prising 2 or more series of globose plates, a middle
consisting of flat plates just outside the inner wall,
and an inner composed of globose plates inside
this wall and merging into the tabulae; major
septa long; third order septa may develop (31).
Sil., Eu.-FIG. 188,4. "A. ananas (LINNE); 4a,b,
transv. and long. sees., X2 (II7).

Diplophyllum HALL, 1851 (non SOSHKINA, 1939)
["D. eaespitosum]. Like Aeervularia but with only
flat dissepiments developed, septa not extending
beyond inner wall, and tabulae complete. M.Sil.,
N.Am.--FIG. 188,6. "D. eaespitosum; 6a,b,
transv. and long. sees., X2 (l18).

?Rhaphidophyllum LINDSTROM, 1882 ["R. eonstel
latum]. Cerioid; septa each a lamina within the
narrow marginarium of small regular dissepiments,
but within the wide tabularium each represented
by long, separated spines, directed upward and
inward; tabulae flat, complete (35). Sil., Sib.-
FIG. 188,5. "R. eonstellatum; 5a,b, transv. and
long. sees., X2 (l00).

Family MYCOPHYLLIDAE Hill, 1940
[ex Mycophyllum LANG-S.-T., 1940 (nom .•an. pro Muco·
phyllum ETHERIDGE. 1894)] [=Pseudamplexinae STUMM, 1949]

Solitary, with tabularium surrounded by
a broad marginarium as wide as the minor
septa are long, in which the septa are so
dilated as to be in contact; trabeculae rhab
dacanthine, but lamellar sc1erenchyme not
continuous from one septum to another;
tabulae horizontal, complete; no dissepi
ments. M.Sil.-L.Dev.
Mucophyllum ETHERIDGE, 1894 ["M. erateroides]

[=Myeophyllum LANG-S.-T., 1940 (nom. van.)].
Corallites broadly trumpet-shaped, peripheral
stereozone expanding at calice into a wide rim
that may be everted (20). M.Sil.-U.Sil., Austral.
Gotl.--FIG. 189,3. "M. erateroides, M.Sil., N.S.
W.; 3a, long. sec., Xl; 3e, transv. sec. septa, Xl;
3b, tang. long. sec. septa, X I (85). •

Pseudamplexus WEISSERMEL, 1897 ["Zaphrentis
ligeriensis BARROlS, 1889] [=Pselophyllum PO~TA,

3bPseudamplexus

5b

Bethanyphyllum Heliophylloides

FIG. 189. Streptelasmatina (Zaphrenticae): Mycophyllidae, Zaphrentidae (p. F277-F278).
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1902; Pseliophyllttm LANG-S.-T., 1940 (nom
van.); Pseudomphyma WEDEKIND, 1927]. Coral
lites conico-cylindrical, large with wide tabularium
(55). Sil.-L.Dev., Eu.-AustraI.--FIG. 189,1. P.
bohemicus (POCTA), type species of Pselophyllum,
L.Dev., Czech.; 1a,b, transv. and long. sees.,
XO.5 (108).

Briantia BARROIS, 1889 ["B. repleta]. Solitary, mar
ginarium a broad septal stereozone; major septa
long and thin in tabularium, almost reaching axis;
tabulae broadly domed, complete or incomplete
(52). L.Det'., Fr.--FIG. 189,2. "B. repleta; 2a,b,
transv. and long. sees., Xl (59).

Aspasmophyllum C. F. ROEMER, 1880 ["A. erino
pMlum]. Corallum very broadly conical adherent
by outgrowths from sides and base, usually at
tached to a crinoid stem (52). M.Dev., Ger.-
FIG. 189,4. "A. erinophilum; side, Xl (1l0).

Family ZAPHRENTIDAE Milne-Edwards
& Haime, 1850

[nom. correct. ROEMER, 1883 (er Zaphrentinae M.EDW.-H.,
1850, er Zaphrentis HAIME, 1850, nom. tan. pro Zaphrenthis
RAFINESQUE & CLIFFORD, 1820)] [= ?Cyathophyllidae DANA,
1846; Zaphrentiniens DE FROMENTEL, 1861 (invalid vernaeular
name); Heliophyllidae NICHOLSON in NICH. &: LYDEKKER,
1889; Zaphrenthidae MOORE & JEFFORDS, 1945; Zaphrentiadae

MINATO, 1943; /BethanyphyJlidae STUMM, 1949]

Solitary or compound, marginarium
(when developed) a regular dissepimentar.
ium; major septa either meet in an axial boss
formed by steeply domed tabulae, or with
draw from the axis when the tabular domes
flatten or sag axially; septa commonly cari·
nate. Dev.

This name has been used previously for
small solitary corals which herein are placed
in the Cyathaxoniicae; the type genus of the
family (Zaphrenthis) differs from the Cya.
thaxoniicae and from the conception at·
tached to its name by possessing a dissepi
mentarium in its calical borders, within
which the septa have crossbar carinae; and
the type genus leads on, as SMITH (46) has
shown, to Heliophyllum HALL.

Zaphrenthis RAFINESQUE & CLIFFORD 1820 ["Z.
phrygia RAFINESQUE & CLIFFORD; SD MILLER, 1889
(=Caryophyllia cornicula LESUEUR, partim, 1821]
[=Zaphrentis HAIME, 1850 (nom. van.); Helen
terophyllum, Heliophrentis GRABAU, 1910]. Major
septa long, dilated equally in the tabularium where
they are in contact axially; a narrow dissepimen
tarium of single globose dissepiments appears in
the calical rim, in which the septa are thin with
yardarm carinae (46). Dev., N.Am.--FIG. 190,3.
"Z. phrygia; 3a,b, calice, long. sec., Xl (113).

Heliophylloides STUMM, 1949 ["Cyathophyllum
brevicorne DAVIS, 1887]. Like Zaphrenthis but
with dissepimentarium better and earlier developed
and with major septa commonly withdrawn from

the axis, when the tabular domes beeome flat
topped (52). L.Dev., N.Am.--FIG. 189,5. "H.
brevicornis (DAVIS); Sa, calice, Xl; 5b,c, transv.
and long. sees., Xl (127).

Heliophyllum HALL in DANA, 1846 ["Strombodes
helianthoides? (sic) GOLDF., HALL, 1843 (=Helio
phyllum halli M.EDw.-H., 1850) (non =Cyatho
phyllum helianthoides GOLDF., 1826)] [=Helio
gonium CHAPMAN, 1893]. Corallites large, aggre
gated or weakly compound; septa with yardarm
carinae, which may be dilated in the tabularium,
when all are thickened equally; fossula marked by
narrowing of the wide dissepimentarium and by
axial ends of neighboring septa being short and
curving around it; tabulae shallowly domed with
axial sag or sagging, incomplete (52). L.Dev.-M.
Dcv., N.Am.; M.Dev., Morocco; Dev., S.Am.--
FIG. 190,4. "H. halli M.EDw.-H., N.Am.; 4a,b,
transv. and long. sees., Xl (127).

Radiophyllum HILL, 1942 ["Entelophyllum arbores
cens HILL & JONES, 1940]. Like Heliophyllum but
septa not carinate, long and thin with lateral
blister-like plates; fossula not marked; tabulae
shallowly domed, incomplete; subequal, large
globose tabellae. L.Dev., E.AustraI.--FIG. 190,1.
"R. arborescens (HILL & JONES); 1a,b, transv. and
long. sees., Xl (85).

Keriophyllum WEDEKIND, 1923 ["K. heiligensteini]
[=Ceriophyllum LANG-S.-T., 1940 (nom. van.)].
Corallites turbinate; septa thin, with zigzag cari
nae; fossula not marked; tabulae domed, may be
complete (52). M.Dev., Eu.--FIG. 190,2. "K.
heiligensteini, Eifel; 2a, transv. sec., X2; 2b, long.
see. of dissepimentarium, X2 (137).

Moravophyllum KETTNEROVA, 1932 ["M. pteno
phylloides]. Like Heliophyllum but with very nu
merous long septa without yardarm carinae, thin
in tabularium in adult (52). Up.M.Dev., Eu.--
FIG. 190,5. "M. ptenophylloides, Czech.; 5a,b,
transv. and long. sees., Xl (93).

?Tortophyllum SLOSS, 1939 ["Zaphrentis cystica
WINCHELL, 1866]. Large, solitary, with numerous,
long, thin, noncarinate septa, convolute in an axial
structure with domed tabulae not sagging axially;
regular dissepimentarium wide, narrowing at fos
sula (52). UpM.Dev., Mich.--FIG. 190,6. "T.
cysticum (WINCHELL); 6a,b, transv. and long.
sees., Xl (1l6).

?Cyathophyllum GOLDF., 1826 ["C. dianthus; SD
DANA, 1846]. M.Dev., Ger. (Eifel). GOLDFUSS' 6
figured syntype specimens are probably all different
species. M.EDw.-H. (1851) selected the original of
pI. 15, fig. 13, as type by excluding the other 5.
This has not been sectioned; it may be close to
Heliophyllum.

?Bethanyphyllum STUMM, 1949 ["Cyathophyllum
robustum HALL, 1876]. Large, curved, fossula on
convex side; major and minor septa long, thin.
Up.M.Dev., N.Am.--FIG. 189,6. "B. robustum
(HALL); 6a,b, calice, side view, Xl (83).
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Family PHILLIPSASTRAEIDAE
C. F. Roemer, 1883

[er Phillipsastrara D'ORBIGNY, 1850 (nom, van, pro Phillips
astrra ORB" 1849) J [=Phillipsastraeidea ROEMER, 1883 '(mis
print); Disphyllidae HILL, 1939; MiclOphyllidae HILL, 1940;

Phillipsastreidae HILL, 1954]

Compound or solitary; major and minor
septa, carinate or dilated, typically reaching
epitheca; minor septa long; marginarium a
wide dissepimentarium of globose, usually
small dissepiments, commonly with one ver
tical series of plates which are horseshoe
shaped in vertical section, with septal trabe
culae diverging from the mid-plane; the
trabeculae are slender and when the septum

is dilated, they curve out laterally from its
median plane in regular zones; tabularium
in 2 regions separated at axial edges of
major septa which are somewhat withdrawn
from the axis; tabellae of axial region hori
zontal, periaxial ones being inclined either
inward or outward. M.sil.-L.Carb. (maxi
mum Dev.).

Subfamily PHILLIPSASTRAEINAE C. F. Roemer,
1883

[nom. transl. HILL, herein (ex Phillipsastraeidae C.F.RoEMER,
1883)] [=Disphyllinae HILL, 1939 (nom. transl. WANG,
1948, rx Disphyllidae HILL, 1939; includes BreYiphyllinae

TAYLOR, 1951]

Heliophyllum Moravophyllum Tortophyllum

FIG. 190. Streptelasmatina (Zaphrenticae): Zaphrentidae (p. F278).
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No aulos or well-defined series of horse
shoe dissepiments developed. Sil.-L.Carb.
Disphyllum DE FROMENTEL, 1861 [*Cyathophyllum
eaespitosum GOLDFUSS, 1826 (partim); SD LANG &
SMITH, 1934] [=Sehliiteria WEDEKIND, 1922 (non
FRITSCH, 1887; nee others); Pseudostringophyllum,
Megaphyllum SOSHKINA, 1939 (non VERHOEFF,
1894); Ceratinella SOSHK., 1941 (non EMERTON,
1882)]. Phaceloid, with lateral or peripheral in
crease; septa only slightly dilated, carinate in some;
dissepiments in several series of small, equal plates,
the innermost being highly inclined; horseshoe dis
sepiments not developed (32). M.Sil., N.S.W.;
Dev., cosmop.--FIG. 191,10. *D. eaespitosum
(GOLDF.), M.Dev., Eu.; IOa,b, transv. and long.
sees., X2 (97).

Cylindrophyllum SIMPSON, 1900 (non YABE &
H.<lYASAKA, 1915) [*C. elongatum] [=Cylindro
helium GRABAU, 1910; Spinaphyllum WEDEKIND,
1922]. Like Disphyllum but septa with yardarm
carinae; tabulae commonly complete (52). L.Dev.
M.Dev., N.Am.; Up.M.Dev., Ger.--FIG. 191,8.
*C. elongatum, L.Dev., N.Am.; long. sec., Xl
( 117).

Synaptophyllum SIMPSON, 1900 [*Diphyphyllum
arundinaceum BILLINGS, 1859]. Like Disphyllum
but corallites commonly connected by lateral pro
longations of dissepimentarium; septa thickest near
inner margin of dissepimentarium; trabeculate
thickening spreads as a coating over the dissepi
ments (52). Dev., N.Am.--FIG. 191,6. *S.
arundinaeeum (BILL.); 6a,b, transv. and long.
sees., X4 (98).

Breviphyllum STUMM, 1949 [*Amplexus lanensis
STUMM, 1937]. Solitary, with short septa; tabulae
flat, complete; dissepimentarium regular, narrow
(52). L.Dev., N.Am.-Eu.-Austral.--FIG. 191,5.
*B. lanense (STUMM); transv. sec., Xl (127).

Phillipsastrea D'ORBIGNY, 1849 [*Astraea hennahi
LONSDALE, 1840 (partim); SD M.EDw.-H., 1850]
[=Phillipsastraea ORB., 1850; Smithia M.EDw.-H.,
1851 (non SAUSSURE, 1855; nee others); Streptas
trea SANDBERGER & SANDBERGER, 1856; Pseuda
aeervularia SCHLUTER, 1881; Streptastraea LANG
S.-T., 1940 (non. van.)]. Massive, with walls be
tween corallites absent; septa dilated, especially at
inner margin of dissepimentarium (32). Dev., Eu.
Asia-Austral.--FIG. 191,3a. *P. hennahi
(LONSD.), U.Dev., Eu.; 3a, transv. sec., X2 (117).
--FIG. 191,3b. P. eurrani ETHERIDGE, ?M.Dev.,
N.S.W.; 3b, long. sec., X2 (117).

Billingsastraea GRABAU, 1917 [*Phillipsastrea ver
neuili M.EDw-H., 1851] [=?Asteroeycles VAN
UXEM, 1842; Radiastraea STUMM, 1937]. Like
Phillipsastrea but septa carinate and attenuate;
tabulae flat-topped domes (52). L.Dev.-M.Dev.,
N.Am.; M.Dev., Eu.--FIG. 191,7. *B. verneuili
(M.EDw.-H.); upper surface, Xl (73).

Hexagonaria GURICH, 1896 [*Cyathaphyllum hexa
ganum GOLDFUSS, 1826; SD LANG-S.-T., 1940]

[=Polyphyllum DE FROMENTEL, 1861 (non
BLANCHARD, 1850); Prismatophyllum SIMPSON,
1900; Hexagoniophyllum GURICH, 1909]. Cerioid;
septa thin, carinate or dilated, long, in some meet
ing or intertwining at the axis, when axial tabellae
may be arranged in an axial structure, otherwise
withdrawn slightly from axis when the axial
tabellae are horizontal, periaxial ones being in
clined inward or outward; dissepiments small and
globose, numerous (52). Dev., cosmop.; L.Carb.,
China.--FIG. 191,2. *H. hexagona (GOLDF.),
M.Dev., Eu.; 2a,b, transv. and long. sees., Xl
(127).

Haplothecia FRECH, 1885 [*Madrepora filata
SCHLOTHEIM (partim, var.a), 1820]. Cerioid, but
dividing walls weak; septa with regular close yard
arm carinae; trabeculae diverge in mid-region of
dissepimentarium (11). U.Dev., Ger.--FIG. 191,
1. *H. filata (SCHLOTH.); Ia,b, transv. and long.
sees., X2 (77).

Ceratophyllum GURICH, 1896 [*C. typus]. Solitary,
ceratoid, with complete or incomplete broad flat
tabulae and narrow dissepimentarium (52). M.
Dev., Ger.

Kunthia SCHLUTER, 1885 [*K. erateri/armis]. Small,
solitary, with calical floor extending almost to apex
of cone; septa as in Temnaphyllum (52). M.Dev.,
Ger.--FIG. 191,4. *K. erateri/armis; 4a,b, calice,
side view, Xl (113).

Mictophyllum LANG & SMITH, 1939 [OM. nobile].
Large, solitary, with a wide herringbone dissepi
mentarium in which minor septa are suppressed
(46). M.Dev., Austral.; U.Dev., Can.--FIG. 192,
7. *M. nobile, U.Dev., Can.; 7a,b, transv. and
long. sees., Xl (117).

Temnophyllum WALTHER, 1928 [*T. latum; SD
LANG-S.-T., 1940] [=Diplophyllum SOSHKINA,
1939 (non HALL, 1851); Temeniaphyllum LANG
S.-T., 1940 (nom. van.)]. Small, ceratoid, with
outer half of septa in the dissepimentarium so
dilated as to be in contact; trabeculae slender,
curving outward from median plane of septum;
dissepiments small and globose, merging with outer
tabellae (52). Up.M.Dev., Ger.; U.Dev., USSR.
--FIG. 191,l1a. T. arnatum WALTHER, Up.M.
Dev., Ger.; 11a, transv. sec., X2 (135).--FIG.
191,llb. *T. latum, Up.M.Dev., Ger.; 11b, long.
sec., X2 (135).

Charactophyllum SIMPSON, 1900 [*Campophyllum
nanum HALL & WHITFIELD, 1872]. Small, solitary,
with moderately dilated and carinate septa widely
withdrawn from axis; dissepimentarium narrow,
formed of steeply inclined plates; trabeculae slen
der but not divergent (46). U.Dev., N.Am.-
FIG. 191,9. *C. nanum (HALL-W.), 9a,b, transv.
and long. sees., X2 (117).

?Lyliophyllum KELUS, 1939 [*L. puleherrimum].
Weakly compound, a few conico-cylindrical indi
viduals united by lateral processes; internal structure
unknown (52). M.Dev., Pol.
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Subfamily PHACELLOPHYLLINAE Wedekind,
1921

[=PexiphyIlidae WALTHER, 1928; Phacdlophyllidae (nom.
transl. KETTNEROVA, 1932); Thamnophyllidae, Peneckiellidae

SOSHKINA, 1947; Pachyphyllinae STUMM, 1948]

Without aulos but with a well-defined
series of horseshoe dissepiments. Dev.
Thamnophyllum PENECKE, 1894 ["T. stachei; SD

LANG & SMITH, 1935]. Dendroid, corallites united
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PIG. 191. Strepte1asmatina (Zaphrenticae): Phillipsastraeidae (p. P280-P282).
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by dissepimental tissue at axils of branches; septa
short, dilated, the trabeculate thickening distributed
over the very small dissepiments, of which one
series comprises horseshoe plates; tabulae common
ly complete (32). L.Dell.-M.Dell., Eu.-Austral.-
FIG. 192,4. *T. stachei, Aus.; 4a,b, transv. and
long. sees., X2 (98).

Trapezophyllum ETHERIDGE, 1899 [*Cyathophyllum
elegantulum DUN, 1898J. Cerioid; dissepiments an
outer series of flat plates and inner vertical series
of horseshoe plates; tabulae complete (19). L.Dell.
M.Dell., E.Austral.--FIG. 192,8. T. coulteri
HILL, L.Dev., N.S.W.; transv. sec., X2 (85).

Phacellophyllum GURICH, 1909 [*Lithodendron
caespitosum GOLDFUSS, 1826 J [=Faseicularia
DYBOWSKI, 1873 (non LAMARCK, 1816, nee M.
EDW. in BUSK, 1859); Phacelophyllum LANG-S.-T.,
1940 (nom. lIan.)] . Dendroid or phaceloid;
branches may be united in their axils by dissepi
mental tissue; dissepiments in 2 series, an outer of
flat plates and an inner vertical series of horse
shoe-shaped plates (32). M.Dell.-V.Dell., Eu.-
FIG. 192,6. *P. caespitosum (GOLDF.), M.Dev.,
Eu.; 6a,b, transv. and long. sees., X2 (98).

Peneckiella SOSHKINA, 1939 [*Diphyphyllum
minus F. A. ROEMER, 1855J. Phaceloid or cerioid;
septa short, tabulae commonly in one series and
complete; one series of dissepiments, horseshoe
shaped but flattened above (48). V.Dell., Eu.-
FIG. 192,3. *P. minus (ROEMER); 3a,b, transv. and
long. sees., Xl (77).

Pachyphyllum M.EDw.-H., 1850 [*P. bouchardiJ
[=Medusaephyllum F. A. ROEMER, 1855 J. Massive,
may be aphroid, with walls between corallites ab
sent; septa dilated at inner margin of dissepi
mentarium; innermost dissepiments a vertical series
of horseshoe-shaped plates, coated by trabeculate
extensions from the dilated septa (52). V.Dell.,
Eu.-N.Am.--FIG. 192,5. P. ibergense (F. A.
ROEMER), type species of Medusaephyllum, GeL;
5a,b, transv. and long. sees., X2 (77).

Macgeea WEBSTER, 1889 [*Pachyphyllum solitarium
HALL & WHITFIELD, 1873; SD FENTON & FENTON,
1924J. Solitary or with a few offsets, epitheca not
extending to rim of calice so that peripheral edges
of septa are exposed distally; septa somewhat
dilated in the moderately wide dissepimentarium,
which includes one vertical series of horseshoe
shaped dissepiments; trabeculae slender, laterally
curving and divergent from horseshoe dissepi
ments (46). V.Dell., N.Am.,-Asia-Austral.--FIG.
192,2. *M. solitaria (HALL-W.), N.Am.; 2a, side,
Xl; 2b,c, transv. and long. sees., X2 (98).

Pexiphyllum WALTHER, 1928 [*P. rectum; SD
LANG-S.-T., 1940J. Small, slender, solitary, with
septa much dilated in dissepimentarium, which in
cludes one vertical series of horseshoe-shaped
plates and other globose plates (52). V.Dell., Eu.
--FIG. 191,12. *P. rectum, Ger.; 12a,b, transv.
and long. sees., X2 (135).

Family CRASPEDOPHYLLIDAE
Dybowski, 1873

[=Eridophylliens DE FROMENTEL, 1861 (invalid vernacular
name); Crepidophyllidae GRABAU in YO, 1934; Eridophyllinae

STUMM, 1949]

Compound, with carinate or dilated septa,
minor ones long; marginarium a wide dis
sepimentarium with small mostly globose
plates; carinae curving upward and inward
from peripheral bases of septa; an aulos sep
arates horizontal axial tabellae from out
wardly declined periaxial tabellae. Dev.
Eridophyllum M.EDw.-H., 1850 [*E. serialeJ

[=Craspedophyllum DYBOWSKI, 1873 (subj.);
Crepidophyllum NICHOLSON & THOMSON, 1876;
Schistotoecholasma STEWART, 1938; Schistotoechel
asma LANG-S.-T., 1940 (nom. lIan.)]. Phaceloid;
septa but slightly dilated, carinate in some; dis
sepiments in several series of small equal plates,
the innermost highly inclined; with an aulos (52).
L.Dell.-M.Dell., N.Am.; M.Dell., Morocco.--FIG.
192,1. "'E. seriale; 1a,b, transv. and long. sees.,
Xl (125).

Family LITHOSTROTIONIDAE
d'Orbigny, 1851

[pro Lithodendroninae M.EDW.-H., 1850, ex Lithodendron
PHILLIPS, 1836 (non SCHWEIGGER, 1819) =Lithostrotion
FLEMING, 1828] [=Nematophyllinae M'Coy, 1851; Stylaxi·
niens DE FROMENTEL, 1861 (invalid vernacular name); Axo
phylloidae (invalid), Diphyphyllinae DYBOWSK1, 1873; Stylaxi.
nidae GERTH, 1921; Lithostrotiontidae GRABAU in CHI, 1931;

includes Diphyphyllinae DYBOWSKI, 1873]

Compound Rugosa with an axial struc
ture, generally a columella formed by elon
gation and vertical prolongation of axial end
of counter septum, and conical tabulae; with
a regular concentric dissepimentarium in
which major and minor septa are continu
ous; diphymorphs are characteristic, when
the axial structure disappears and tabulae
flatten (19). L.Carb.-L.Perm.
Lithostrotion FLEMING, 1828 ["'L. striatum FLEM

ING; SD ICZN Opinion 117 (=Madrepora lIorti
calis PARKINSON, 1808) J [=Lithostrotium AGASSIZ,
1846; Nemaphyllum, Stylaxis, Siphonodendron
M'CoY, 1849; Lasmocyathus D'ORBIGNY, 1849;
Nematophyllum M.EDw.-H., 1850; Petalaxis M.
EDw.-H., 1852; ?Fischerina STUCKENBERG, 1904
(non TERQUEM, 1878); Cystidendron, Cystistrotion
SCHINDEWOLF, 1927; Stylostrotion CHI, 1935J.
Phaceloid or cerioid; typically with columella, long
major septa, and large conical tabulae, generally
supplemented by outer, smaller and nearly hori
zontal tabulae; dissepiments absent in very small
forms, normal and well developed in large forms;
increase nonparricidal; diphymorphs common
(18). L.Carb., cosmop.; M.Carb., C.Eu.-Asia.-
FIG. 193,2. L. clallaticum THOMSON, L.Carb., Scot.;
2a,b, long. and transv. sees., Xl (85).
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Orionastraea SMITH, 1916 ["Sarcinula phillipsi
M'Coy, 1849; SO SMITH, 1917] [=?Protolons
daleiastraea GORSKY, 1932]. Astreoid, thamnasteri
oid or aphroid; like Lithostrotion but with col·
umella weakly developed or absent; septa with
drawn from axis, and in some from periphery also
when dissepiments become lonsdaleoid (18). L.
Carb., Eu.-Asia-AustraI.--FIG. 193,3. O. phillipsi
(M'CoY), Eu.; transv. sec., X2 (117).

Oiphyphyllum LONSDALE, 1845 ["D. concinnum]
[=Depasophyllum Yii, 1934 (non GRABAU, 1936);
Donophyllum FOMICHEV, 1939]. Like fasciculate

Lithostrotion but with columella failing to develop,
and with tabulae domed or flattened axially and
downtucned peripherally (18). L.Carb., Eu.-Asia
AustraI.--FIG. 193,4. D. lateuptatum (M'Coy),
Br.I.; 4a,b, transv. sees., X2; 4c,d, long. sees.,
X2 (118).

Stylastraea LONSDALE, 1845 [non DE FROMENTEL,
1861] ["S. inconferta; SO MILLER, 1889] [=Di
phystrotion SMITH & LANG, 1930]. Cerioid, but
with columella absent or reduced to spines on
successive flat or slightly domed tabulae; minor
septa discontinuous through inosculating dissepi-

6b

Peneckiello

Thomnophyllum

70
Mictophyllum Tropezophyllum

FIG. 192. Streptelasmatina (Zaphrenticae): Phillipsastraeidae, Craspedophyllidae (p. F280-F282).
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FIG. 193. Streptelasmatina (Zaphrenticae): Lithostrotionidae (p. F282-F284).

ments (18). L.Carb., Eu.--FIG. 193,6. *5. in
conferta, USSR; 6a-c, transv. sees., X2; 6d,e, long.
sees., X2 (118).

Schoenophyllum SIMPSON, 1900 [*5. aggregatum].
Slender, fasciculate, with a single series of dissepi
ments and columella formed by elongation of
counter septum (44). Miss., N.Am.--FIG. 193,
5. *S. aggregatum, 5a,b, transv. and long. sees.,
X2 (115).

Cionodendrom BENSON & SMITH, 1923 [*C. colu
men]. Fasciculate, like Lithostrotion but with a
large dense round axial structure formed by axial
septal ends fused with columella (15). L.Carb.,
N.S.W.--FIG. 193,7. *C. columen; 7a,b, transv.
and long. sees., X3 (61).

Dorlodotia SALEE, 1920 [*D. briarti] [=?Lytvo
phyllum DOBROLYUBOVA in SOSHK.-D.-P., 1941].
Fasciculate, like Lithostrotion but with lonsdaleoid
dissepimentarium (18). L.Carb., Fr.-Ger.-?China;

?L.Perm.(Artinsk) , USSR.--FIG. 193,la,b. *D.
briarti, L.Carb., Fr.; la,b, transv. and long. sees.,
Xl (111).--FIG. 193,lc-e. L. tschernowi (SOSH
KINA), Artinsk., USSR; Ic,d, transv. sees., X2;
Ie, long. sec., X2 (122).

Nemistium SMITH, 1928 [*N. edmondsi]. Dendroid,
with peripheral, parricidal increase; with narrow,
regular dissepimentarium, short major septa and
axial structure consisting of an irregular medial
plate with few straggling septal lamellae imper
sistent in axial zone of globose, regularly super
posed tabellae, from which the outer tabellae slope
downward (18). L.Carb.(Vise.) , Eng.-Scot.-
FIG. 194,2. *N. edmondsi, Vise., Eng.; 2a, transv.
sec., X2; 2b,c, long. sees., X2 (117).

Aulina SMITH, 1916 [*A. rotiformis]. Compound,
with regular dissepimentarium and aulos but no
columella; septa may have zigzag but not yardarm
carinae in dissepimentarium (18). L.Carb. (D2-
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Namur.), Eu.-Asia.--FIG. 194,6. "'A. rotiformis,
Namur., Br.!.; 6a,b, transv. and long. sees., X2,
X3 (117).

Arachnastraea YABE & HAYASAKA, 1916 ["'A. man·
chttrica] [=Cystophorastraea DOBROLYUBOVA,
1935; Cystiphorastraea LANG-S.-T., 1940 (nom.
van.)]. Corallum astreoid, thamnasterioid, or
aphroid; septa thin, major septa meeting con
joined cardinal and counter septa which are only
faintly thickened to suggest a medial plate; tabulae

conical, complete or incomplete; dissepimentarium
regular (57). M.Carb., USSR; ?L.Perm.(Artinsk.) ,
Manch.--FIG. 194,3b,c. "'A. manchurica
?Artinsk., Manch.; 3b,c, long. and transv. sees.,
X2 (140).--FIG. 194,3a,d. A. molli (STUCKEN
BERG), type species of Cystophorastraea, M.Carb.,
USSR; 3a,d, transv. and long. sees., X2 (68).

Tschussovskenia DOBROLYUBOVA, 1936 ["'T. capti
osa]. Like Nemistium, but with impersistent dis
sepimentarium, and axial series of tabellae seldom

Aulino

60

3c

Arochnastraea

6b

Stelechophyllum

3b

Nemistium

Tschussovskenia

Paralithostrotion

FIG. 194. Streptelasmatina (Zaphrenticae): Lithostrotionidae (p. F284-F286).
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differentiated (49). U.Carb.-L.Perm.( Artinsk·} ,
USSR.--FIG. 194,4. "'T. eaptiosa; 4a,b, long. and
transv. sees., X2 (68).

Stelechophyllum TOLMACHEV, 1933 [pro Stylophyl
lum TOLM., 1924 (non REUSS, 1854] ["'Stylophyl
lum venukoffi TOLM., 1924; SD TOLM., 1933].
Cerioid, with long major septa almost meeting at
axis, without distinct columella or median plate,
and with border of lonsdaleoid dissepiments (18).
L.Carb.(Tournais.) , W.Sib.--FIG. 194,5. "'S.
venukoffi (TOLM.); transv. sec., Xl (131).

?Paralithostrotion GORSKY, 1938 ["'P. jermolaevi].
Fasciculate, with Lithostrotion-like columella, sin
gle series of dissepiments, rudimentary minor
septa, and concave tabulae (53). Carb., N.Zem.
--FIG. 194,1. "'P. jermolaevi; la,b, long. and
transv. sees., X2 (80).

Family AULOPHYLLIDAE Dybowski,
1873

Simple or less commonly compound Ru
gosa with numerous septa, a regular dis
sepimentarium, incomplete conical tabulae,
and generally an axial structure. Septa are
equally spaced and seldom curved about the
small, open cardinal fossula, which is
marked by extension of the tabularium into
the dissepimentarium; major septa may be
dilated in the tabularium, particularly in
cardinal quadrants; minor septa may be de
generate. Dissepiments are small and glo
bose, concentric, angulo-concentric, or in
osculating, rarely lonsdaleoid. The axial
structure normally consists of straight or
curved septal lamellae, commonly with a
columella or median plate, and an inner
series of tabellae. Carb.-Perm.

Subfamily AULOPHYLLINAE Dybowski, 1873
[nom. transl. HILL, herein (ex Aulophyllidae DYBOWSKI.
1873)1 [=Rhodophyllesia THOMSON, 1874 (tribe); Aspido
phyllacea THOMSON, 1875; Diplocyalhophyllidae THOMSON,
1882 (invalid, nol based on generic name); Clisiophyllidae
NiCHOLSON & THOMSON, 1883j Clisaxophyllidae GRABAU in
Yii, 1934, Dibunophyllinae, Koninckophyllinae WANG, 1950]

Tabularial part of fossula short, open and
narrowing axially. Carb.-Perm.
Clisiophyllum DANA, 1846 ["'C. keyserlingi M'Coy,

1849; SD DINGWALL, 1926] [=Araehniophyllum
SMYTH, 1915 (non LANG-S.-T., 1940, nom. van.
pro Araehnophyllum DANA, 1846); Clisaxophyllum
GRABAU in CHI, 1931; Clisiaxophyllum LANG-S.-T.,
1940 (nom. van)]. Solitary, with normal minor
septa in a regular dissepimentarium; axial structure
wide, with thin septal lamellae about half as
numerous as major septa, commonly convolute and
abutting on a short, thickened median plate (18).
L.Carb., Eu.-Asia.--FIG. 195,1a,b. "'C. keyser
lingi M'Coy, Vise.-Namur., Eu.; lap, transv. and
long. sees., Xl (85).--FIG. 195,le,d. C. coni-

septum (KEYSERLlNG) (type species of Clisaxophyl
lum), Carb., USSR; Xl (94).

Aulophyllum M.EDW.-H., 1850 ["'Clisiophyllum
prolapsum M'Coy, 1849 (=Turbinolia fungites
FLEMING, 1828)] [=Cyclophyllum DUNCAN &
THOMSON, 1867 (pro Cycloeyathus DUNCAN &
THOMSON, 1867, non M.EDW.-H., 1850); ?Seta·
mainella MINATO, 1943]. Solitary, with dissepi
mentarium as in Clisiophyllum; axial structure a
compact, well-defined column, cuspidate in trans
verse section and built up of closely packed lamel
lae and tabellae without a median plate (18). L.
Carb.(Vise.}, Eu.-N.Afr.-?Japan.--FIG. 195,3a,b.
"'A. fungites (FLEMING), Vise., Eu.-N.Afr.; 3a)J,
transv. and long. sees., Xl (85).--FIG. 195,3e.
"'S. hayasakai MINATO, Vise., Japan; 3e, transv. sec.,
X2 (103).

Auloclisia LEWIS, 1927 ["'A. mutatum]. Like Aulo
phyllum, but axial column with dibunophylloid
medial plate in young stages (18). L.Carb.(Vise.),
W.Eu.--FIG. 195,2. "'A. mutatum; 2a,b, transv.
sees., Xl; 2e, long. sec., Xl (99).

Dibunophyllum THOMSON & NICHOLSON, 1876 ["'D.
muirheadi (=Clisiophyllum bipartitum M'Coy,
1849); SD GREGORY, 1917] [=Rodophyllum
THOMSON, 1874; Rhodophyllum, Aspidiophyllum,
Kurnatiophyllum THOMSON, 1875; Kumatiophyl
lum THOMSON, 1876 (nom. van.), Aspidophyllum
THOMSON-N., 1876; Cymatiophyllum (nom. van.),
Albertia THOMSON, 1878 (non DUJARDIN, 1838, nee
RONDANI, 1843); Histiophyllum THOMSON, 1879;
Centrephyllum THOMSON, 1880; Centrophyllum
THOMSON, 1883 (nom. van.); Cymatophyllum
(nom. van.), Centrolamellum THOMSON, 1901;
?Protodibunophyllum LISSITZIN, 1925] . Solitary,
with inner parts of minor septa degenerate, leaving
inner dissepiments inosculating; axial structure
variable, typically one-third as wide as corallite,
consisting of a median plate and 4 to 8 septal
lamellae on either side; less typically, the lamellae
may become curved, the median plate disappear,
or the bilateral arrangement be lost (18). L.Carb.,
Eu.-N.Afr.-N.Am.; M.Carb., Carpathians-Japan.
--FIG. 196,la. "'D. bipartitum bipartitum
(M'Coy) (lectotype of D. muirheadi), Eu.; transv.
sec., Xl (85).--FIG. 196,lb. D. bipartitum bi
partitum (M'CoY, 1849, lectotype), Eu.; long. sec.,
Xl (85).--FIG. 196,le,d. D. bipartitum konin·
eki (M.EDW.-H.) (lectotype of Aspidiophyllum
koninekianum THOMSON, type of this genus), Br.I.;
transv. and long. sees., Xl (85).--FIG. 196,le,f.
D. bipartitum konineki (M.EDW.-H.) (lectotype of
Kurnatiophyllum eoneentrieum THOMSON, type of
this genus), Br.I.; transv. and long. sees., Xl
(130).--FIG. 196,lg. D. bipartitum eraigianum
(THOMSON) (type species of Rodophyllum). Vise.
Namur., Br.I.; transv. sec., Xl (85).

Koninckophyllum THOMSON & NICHOLSON, 1876
["'K. magnifieum; SD THOMSON, 1883] [=Lopho
phylloides STUCKENBERG, 1904; Eostrotion
VAUGHAN, 1915; ?Neokoninekophyllum FOMICHEV,
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FIG. 195. Streptelasmatina (Zaphrenticae): Aulophyllidae (p. F286-F289).
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Dibunophyllum Kionophyllum

FIG. 196. Streptelasmatina (Zaphrenticae): Aulophyllidae (p. F286-F290).

1939]. Solitary or fasciculate; minor septa may be
shortened axially in dissepimentarium; axial struc
ture a columella, which may be supported by a
few septal lamellae; tabulae tented and incom
plete; if columella is absent, the tabulae flatten and
may become complete (18). Carb., Eu.-Asia-N.Am.
--FIG. 195,7. "'K. magnificum, Vise.-Namur.,
Bd.; transv. and long. sees., Xl (85).

Arachnolasma GRABAU, 1922 ["'Lophophyllum.
sinense YABE& HAYASAKA, 1920] [=Yuanophyllum
Yii, 1931; Arachnelasma LANG-S.-T., 1940 (nom.

van.)]. Like Dibunophyllum but with narrow axial
structure, in which the median plate is much
thickened and septal lamellae fewer (3 to 5) on
each side (58). L.Carb., China; M.Carb., Spitz.
--FIG. 195,4a. "'A. sinense (YABE-H.), L.Carb.,
China; transv. sec., Xl (140).--FIG. 195,4b. A.
kansuense (Yii) (type species of Yuanophyllum),
L.Carb., China; transv. sec., Xl (143).

Corwenia SMITH & RYDER, 1926 ["'Lonsdaleia ru
gosa M'CoY, 1849]. Fasciculate, with dibunophyl
loid axial structure and dissepimentarium (18).
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L.Carb., Eu.-Asia.--FIG. 195,6. "C. rugosa
(M'Coy), Vise., Eu.; 6a,b, transv. and long. secs.,
X2 (119).

Carruthersella GARWOOD, 1913 ["C. compacta]. Soli
tary, small; columella of tightly packed septal
lamellae abutting on a medial plate; septa dilated,
dissepimentarium narrow, with lonsdaleoid plates
peripherally (18). L.Carb., Eng.--FIG. 197,5.
"C. compacta, U.Tournais., Eng.; 5a,b, transv. and
long. secs., X3 (78).

Symplectophyllum HILL, 1934 ["S. mutatum]. Soli
tary; axial structure variable, dibunophylloid;

W
··

(

. .

~. " :
-~\"i';;

Carruthersella

skeletal thickening great, not regular; septa naotic
peripherally (16). L.Carb., E.Austral.--FIG. 195,
5. "S. mutatum, Vise., E.Austral.; 5a,b, transv.
and long. secs., XI (85).

Nagatophyllum OZAWA, 1925 ["N. satoi]. Fascicu
late, corallites large; axial structure consisting of
median plate surrounded by tightly packed tabellae
without septal lamellae; major and minor septa
long, naotic peripherally; dissepimentarium wide;
tabulae conical. L.Carb.-M.Carb., Japan.--FIG.
197,3. "N. satoi; 3a,b, transv. and long. secs., X2
(107) .

4b

Palaeosmilia

Kueichouphyllum

FIG. 197. Streptelasmatina (Zaphrenticae): Aulophyllidae (p. F289-F290).
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Lonsdaleoides HERITSCH, 1936 ["L. boswelli]. Like
Symplectophyllum but corallum compound and
bushy, with large corallites (14). L.Perm.
(Artinsk·) , Carnic Alps.--FIG. 196,2. "L. bos
welli; transv. sec., X2 (84).

Kionophylhlm CHI, 1931 ["K. dibunum] [=Gey
erophyllum HERITSCH, 1936; Cionophyllum LANG
S.-T., 1940 (nom. van.)]. Like Koninckophyllum
but with lonsdaleoid dissepiments peripherally and
septal lamellae irregularly reinforcing columella
(5). M.Carb., China; U.Carb.(Triticites zone),
Carnic Alps.--FIG. 196,4a,b. "K. dibunum M.
Carb., China; 4a,b, transv. and long. sees., Xl
(65).--FIG. 196,4c. "K. carnicum (HERITSCH)
(type species of Geyerophyllum) , U.Carb. (Triti
cites zone), Carnic Alps; transv. sec., X2 (84).

Koninckocarinia DOBROLYUBOVA, 1937 ["K. flexu
osa]. Solitary, conico-cylindrical, with one septum
produced into an elongated columella not reached
by other septa; septa with tuberculate sides; periph
eral dissepiments lonsdaleoid, others normal;
tabulae flat, with upturned edges (6). M.Carb.,
USSR.--FIG. 196,3. "K. flexuosa; 3a,b, transv.
and long. sees., X2 (68).

Carniaphyllum HERITSCH, 1936 ["C. gortanii]. Soli
tary, with axial structure consisting of long thick
ened medial plate surrounded by tabellae arranged
tent-wise, and rarely crossed by septal lamellae;
dissepimentarium regular, wide (14). M.Carb.,
USSR; L.U.Carb.(Auernig), Carnic Alps.--FIG.
197,2. "C. gortanii, U.Carb.(Auernig), Carnic
Alps; transv. sec., X3 (84).

Amandophyllum HERITSCH, 1941 ["Clisiophyllum
carnicum HERITSCH, 1936]. Solitary, axial structure
of 4 or 6 septal lamellae developed on either side
of an irregular, unthickened median lamella to
which some run parallel; dissepimentarium nar
row, dissepiments inosculating; minor septa may
be withdrawn to periphery (14). M.Carb., USSR;
L.U.Carb.(?Triticites zone), Carnic Alps.--FIG.
197,1. "A. carnicum (HERITSCH), L.U.Carb., Car
nic Alps; transv. sec., X3 (84).

Subfamily AMYGDALOPHYLLINAE Grabau in
Chi,1935

[nom. transl. HILL. herein (ex Amygda10phyllidae GRABAU in
CHI, 1935) 1 [= ?Campophyllidae, ?Campophyllinae WEDE

KIND, 1921; Palaeosmiliidae HILL, 1940)

Fossula deepened, lengthened or ex
panded axially in tabularium; septa very
numerous. L.Carb.
Cyathoclisia DINGWALL, 1926 ["C. tabernaculum].

Dissepimentarium regular, minor septa normal;
axial structure crowded with convolute septal
lamellae as numerous as the major septa and com
monly continuous with them; median plate small
and thickened; tabellae not clearly differentiated
by change of slope into inner and outer series;
fossula expanding into outer part of tabularium

(18). L.Carb.(Tournais.) , W.Eu.--FIG. 198,5.
"C. tabernaculum; 5a,b, transv. and long. sees.,
Xl (67).

Heterocaninia YABE & HAYASAKA, 1920 ["H. tholusi
tabulata]. Large, solitary, with loose axial structure
of curved septal lamellae about one-sixth as nu
merous as septa and mostly not continuous with
them, usually without distinct medial plate; minor
septa absent, but dissepimentarium wide, with in
osculating dissepiments; major septa dilated in
tabularium in cardinal quadrants; fossula with
short cardinal septum (58). L.Carb., China.-
FIG. 198,6. "H. tholusitabulata; 6a,b, transv. and
long. sees., Xl (140).

Kueichouphyllum YO, 1931 ["K. sinense] [=Ya
beella Yo, 1934; Kesenella NAGAO & MINATO,
1941]. Like Heterocaninia but with long minor
septa developed in the wide dissepimentarium
(58). L.Carb., Asia; M.Carb., Spitz.--FIG. 197,6.
"K. sinense, L.Carb., Asia; 6a,b, transv. and long.
sees., Xl (143).

Turbophyllum PARKS, 1951 ["T. multiconum]
[=Faberophyllum PARKS, 1951]. Like Hetera
caninia but with long minor septa and septa not
generally dilated in tabularium; axial structure
weak, as in Heterocaninia, or with sharply tented
axial tabellae. L.Carb., N.Am.

Amygdalophyllum DUN & BENSON, 1920 ["A.
etheridgei] [=Echigophyllum YABE & HAYASAKA
in HAYASAKA, 1924; ?Carinthiaphyllum HERITSCH,
1936; Ekvasophyllum PARKS, 1951]. Solitary, with
large columella, almond-shaped in section, made
of dilated axial ends of the long major septa
welded together with intercalated septal lamellae
to form a medial plate; with wide normal dissepi
mentarium and incomplete domed tabulae having
upturned edges (15). L.Carb., E.Austral.-Eu.-Asia;
M.Carb., Eu.--FIG. 198,1. "A. etheridgei, Vise.,
E.Austral.; 1a,b, transv. and long. sees., Xl (70).

Palaeosmilia M.EDW.-H., 1848 ["P. murchisoni]
[=Strephodes M'Coy, 1849; Palastraea M'Coy,
1851; Palaeastraea LANG-S.-T., 1940 (nom. van.);
?Campophyllum M.EDW.-H., 1850; Clisiophyllites
L6wENECK, 1932]. Solitary or compound, with
numerous long septa, wide regular dissepimen
tarium, and fossula narrow at outer part of tabu
larium, widening slightly in middle of tabularium;
major septa reach the axial structure of incom
plete, domed tabulae sagging at the axis; no septal
lamellae (18). L.Carb., cosmop.--FIG. 197,4. "P.
murchisoni, Vise., Eu.; 4a,b, transv. and long.
sees., Xl (85).

Aphrophyllum SMITH, 1920 ["A. hallense]. Like
Palaeosmilia, but with corallites elongated in the
counter-cardinal plane, some skeletal dilatation;
dissepimentarium may have an irregular lonsdale
oid border (15). L.Carb., E.Austral.--FIG. 198,
2. "A. hallense, Vise., E.Austral.; 2a,b, transv.
and long. sees., X I (85).
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Subfamily YATSENGIINAE Hill, nov.

Corallites slender, septa few, minor septa
poorly developed, dissepimentarium very
narrow; axial structure dibunophylloid, com
monly without regular medial plate. L.
Perm.(Artinsk.}.
Yatsengia HUANG, 1932 [·Y. asiatica]. Fasciculate,

axial structure surrounded by an outer series of
tabellae sloping downward and outward; dissepi
mentarium commonly not crossed by the poorly
developed minor septa, dissepiments inosculating;
major septa dilated in tabularium (25). L.Perm.

(Artinsk.), Asia.--FIG. 198,3. "Y. asiatica; 3a,b,
transv. and long. sees., X4 (88).

Protowentzelella PORFIRIEV, 1941 [·P. simplex].
Like Yatsengia but cerioid, axial structure typically
weakly developed (49). L.Perm.(Artinsk.} , Eu.
Asia.--FIG. 198,4. "P. simplex, Eu.; 4a,b, transv.
and long. sees., X2 (123).

Family CYATHOPSIDAE Dybowski, 1873
[ex Cyathopsis D'ORBIGNY, 1849 (=Caninia, MICHELIN in

GERVAIS, 1840)] [=Caniniidae HILL, 1938]

Solitary or fasciculate Rugosa with an
open tabular fossula; septa typically dilated

Protowentzelella

Yatsengia

Aphrophyllum

lb

Amygdalophyllum

Cyathoclisia Heterocaninia

FIG. 198. Streptelasmatina (Zaphrenticae): Aulophyllidae (p. F290-F291).
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and amplexoid in the wide tabularium;
tabulae complete, domed or flat, with dow?
turned edges; marginarium a regular or (10
some) a lonsdaleoid dissepimentarium; car
dinal septum short, counter septum com
monly elongate. L.Carb.-I!erm.

The appearance of a lonsdaleoid dissepi
mentarium in some genera suggests rela
tionship to the Columnariina, but all o~her
characters are indicative of the Zaphrentlcae.
Caninia MICHELIN in GERVAIS, 1840 (non OWEN,

1846) ["C. cornucopiae] [=Cyathopsis D'ORBIGNY,
1849 (non THOMSON, 1883) (obj.); Pseudozaph
rentoides STUCKENBERG, 1904; Peetzia TOLMACHEV,
1924]. Solitary; in youth, the long major septa are
slightly sinuous, with lanceolate dilatation in tabu
larium, particuiarlY in cardinal quadrants; septa
become amplexoid and less dilated in adult stages,
when a marginarium of concentric, inosculating or
lonsdaleoid dissepiments may develop; fossula
open, neighboring septa curving about it; tabulae
flat with downturned margins (18). Carb.-Perm.,
N.Am.-Eu.-Asia-Austral.--FIG. 199,2. "C. cornu
copiae L.Carb., Eu.; 2a,b, transv. sees., Xl; 2c,
long. sec., Xl (64).

Siphonophyllia SCOULER in M'CoY, 1844 ["S. cylin
drica] [=Paleocaninia LISSITZIN, 1925]. Large,
solitary; like Caninia but with a wide lonsdaleoid
dissepimentarium. L.Carb., Eu.--FIG. 199,1. "S.
cylindrica; transv. sec., Xl (121).

Caninophyllum LEWIS, 1929 ["Cyathophyllum
archiaci M.EDW.-H., 1852] [=?Neocaninia LlssIT
ZIN, 1925]. Large, solitary, dissepimentarium wide,
with angulate, not lonsdaleoid dissepiments; fos
sula open; major septa long, not confluent at axis,
dilated in cardinal quadrants of tabularium in
youth (18). L.Carb., Eu.-Asia; M.Carb.-U.Carb.,
USSR.--FIG. 199,7. "C. archiaci (M.EDW.-H.),
L.Carb., Eu.; 7a,b, transv. sees., Xl (99).

Bothrophyllum TRAUTSCHOLD, 1879 ["E. conicum
(FISCHER) TRAUT. (?=Turbinolia conica FISCHER,
1830)] [=Rossophyllum, Pseudocaninia STUCKEN
BERG, 1888]. Like Caninophyllum but with axial
ends of longer major setpa commonly joined to
an elongate counter septum forming a weak, im
persistent axial structure; major septa dilated in
tabularium, those of counter quadrants less than
those in cardinal quadrants. L.Carb., Eu.-N.Am.
Austral.; M.Carb.-U.Carb., USSR.-China.--FIG.
199,6a,b. "E. conicum (FISCHER), M.Carb., USSR;
6a,b, transv. sees., X2 (68).--FIG. 199,6c,d. B.
novum (STUCKENBERG) (type species of Rosso
phyllum), M.Carb., USSR; 6c,d, transv. and long.
sees., Xl (126).

Lithodrumus GREENE, 1904 ["L. veryi] [=Litho
drymus LANG-S.-T., 1940 (nom. van.)]. Solitary,
fasciculate, or cerioid; corallites large; dissepi
mentarium wide, minor septa withdrawn to periph-

ery, leaving inosculating dissepiments; lonsdale
oid dissepiments may occur; major septa with
drawn somewhat from axis; tabulae flat, complete,
with downturned edges. Carb., Eu.-Asia-N.Am.

Timania STUCKENBERG, 1895 ["T. schmidti]. Large,
solitary; tabular fossula expanding inward, with
ends of major septa in cardinal quadrants twisting
sharply across its inner end; counter septum very
long, septa in counter quadrants radially arranged;
minor septa withdrawn to outer part of dissepi
mentarium which is not lonsdaleoid (50). M.Carb.
U.Carb., USSR-Spitz.--FIG. 199,4. "T. schmidti,
M.Carb., USSR; 4a,b, transv. and long. sees., Xl
(126).

Gshelia STUCKENBERG, 1888 ["G. rouilleri]. Like
Timania but with more evenly developed dissepi
mentarium in which minor septa extend to the
tabularium; counter septum longer than others
only in young stages, when it is connected with
a platelike columella absent in adult (7). M.Carb.,
China; U.Carb., USSR.--FIG. 199,3. "G. rouil
leri, U.Carb., USSR; 3a,b, transv. and long. sees.,
Xl (68).

?Bordenia GREENE, 1901 ["E. zaphrenti/ormis].
Solitary, with an epithecal talon; septa amplexoid;
no dissepimentarium (51). L.Carb., N.Am.-
FIG. 199,5. "B. zaphrentiformis; 5a,b, calice, nat.
long. sec., Xl (127).

?Vesiculophyllum EASTON, 1944 ["Chonophyllum
sedaliense WHITE, 1880]. Peripheral dissepiments
irregular, lonsdaleoid, inner dissepiments small,
regular; major tabulae sagging deeply and incom
plete (10). Miss., N.Am.--FIG. 200,5. "V. seda
liense (WHITE); 5a, transv. sec., X3; 5b, long.
sec., X2 (72).

?Enygmophyllum FOMICHEV, 1931 ["E. taidonense]
[=Aenigmatophyllum LANG-S.-T., 1940 (nom.
van.)]. Dissepimentarium narrow, regular; major
septa withdrawn from wide axial space in which
the tabulae have a wide deep flat-bottomed de
pression. L.Carb., USSR.--FIG. 200,6. "E. tai
donense; 6a,b, transv. and long. secs., Xl (76).

?Uralinia STUCKENBERG, 1895 ["Heliophyllum mul
tiplex LUDWIG, 1862; SD LANG-S.-T., 1940]
[=?Pseudouralinia Yo, 1931 (?subgenus)]. Dis
sepimentarium of lonsdaleoid dissepiments only,
septa represented only by short ridges at outer
edges of tabularium (50). L.Carb., USSR-China.
--FIG. 200,4a. "U. multiplex (LUDWIG); transv.
sec., Xl (126).--FIG. 200,4b,c. P. tangpakouen
sis (Yo) (type species of Pseudouralinia), China;
4b,c, transv. and long. secs., Xl (143).

?Cystophrentis Yo, 1931 ["C. kolaohoensis]
[=Cystiphrentis LANG-S.-T., 1940 (nom. van)].
Like Caninia but with more and longer septa in
counter than in cardinal quadrants, and without
minor septa (58). L.Carb., China.--FIG. 200,1.
"C. kolaohoensis; la,b, transv. sees., X2 (143).

?Humboldtia STUCKENBERG, 1895 ["H. rossica].
Large, solitary; dissepimentarium lonsdaleoid;
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septa of cardinal quadrants few, dilated and
grouped around the cardinal and alar fossulae;
septa of counter quadrants many, long and grouped
about counter fossula; counter septum short; tabu
lae incomplete (50). L.Carb., USSR-Fr.--FIG.
200,3. ·B. rossica, USSR; transv. sec., Xl (126).

?Keyserlingophyllum STUCKENBERG, 1895 ['Cysti-

phy//um obliquum KEYSERLlNG, 1846; SD LANG
S.-T., 1940]. Solitary; dissepimentarium wide in
counter, narrow in cardinal quadrants; major septa
long and dilated in tabularium but thinning in
counter quadrants in adult; septa grouped pin
nately about marked cardinal and alar fossulae,
radially arranged in counter quadrants; tabulae

3b

Gshelio

2c

Siphonophyllio

Bothrophyllum Coninophyllum

FIG. 199. Streptelasmatina (Zaphrenticae): Cyathopsidae (p. F292).
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Humboldtio

20

4c

Poroconinio2b

Cystophrentis

5b Vesiculophyllum 6b Enygmophyllum 7b Coninostrotion

FIG. 200. Streptelasmatina (Zaphrenticae): Cyathopsidae (p. F292-F295).

flat (50). L,earb., USSR.--FIG. 201,4. -K.
obliquum (KEYS.); 4a,b, transv. and long. sees.,
XI (126).

?Kakwiphyllum SUTHERLAND, 1954 [-K. dux]. Soli
tary; elongated in counter-cardinal plane; with
lonsdaleoid dissepiments peripherally and normal

dissepiments within; septa grouped; tabulae in
complete, may rise to axial boss. Miss., Can.

?Liardiphyllum SUTHERLAND, 1954 [-L, hagei].
Solitary; with irregular large, lonsdaleoid dissepi
ments, a long counter septum and septa of cardi
nal quadrants dilated. Miss., Can.
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?Paracaninia CHI, 1937 [-Po sinensis]. Like Caninia
but with epithecal spines, and without dissepi
ments, although short minor septa occur; septa
arnplexoid in cylindrical parts of corallum. L.Perm.
(Artinsk·) , China.--FIG. 200,2. -P. sinensis;
2a,b, transv. and long. sees., Xl (65).

?Endamplexus KOKER, 1924 [-E. dentatus]
[=Endoamplexus LANG-S.-T., 1940 (nom. van.)].
Solitary; septa short, thick, irregular, in places
separated from epitheca by an irregular lonsdaleoid
dissepimentarium (29). L.Perm.(Artinsk.), Timor.
--FIG. 201,1. -E. dentatus; transv. see., XI
(95).

?Caninostrotion EASTON, 1943 [-C. variabilis].
Large, conical, with peripheral increase; dissepi-

mentarium not completely crossed by minor septa,
some dissepiments angulate; major septal ends in
tabularium dilated, usually stopping short of axis,
but a few may form an impersistent axial struc
ture. May be an aulophyllid. U.Miss.(Chester.), N.
Am.; U.Carb.(Namur.) , Scot.--FIG. 200,7. -C.
variabilis, Chester., Ark.; 7a,b, transv. and long.
secs., XI (72).

?Caninella GORSKY, 1938 [-C. pulchra]. Dissepi
mentarium regular, wide, with lateral dissepiments
on septa. Genus inquirendum; fig'd. specimens
crushed axially. May be an aulophyllid. L.Carb.,
USSR.--FIG. 201,3. -C. pulchra; 3a,b, transv.
and long. sees., Xl (80).

?Rylstonia HUDSON & PLATT, 1927 [-R. benecom-

Coninella

Endamplexus

50

Helminthidium

Keyserl ingophyllum

Paloearoeo

Calostylis

FIG. 201. Streptelasmatina (Zaphrenticae): Cyathopsidae, Calostylidae (p. F293-F296).
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pacta] [=Hettonia HUDSON &. ANDERSON, 1928).
Curved, conico-cylindrical to cylindrical; margin
arium narrow, of large concentric dissepiments,
minor septa degenerate; major septa dilated and
in contact at first, dilatation disappearing first in
counter quadrants; an axial structure of dilated
median septal lamellae may develop discontinuous
from the septa, when the incomplete tabulae are
arched axially and incomplete, or the axial struc
ture may disappear when the incomplete tabulae
sag. May be an aulophyllid. L.Carb.(Vise.) , Eng.
--FIG. 201,2. R. fallax (HUDSON &. ANDER
SON) (type species of Hettonia); 2a,b, transv. and
long. sees., Xl (90).

Appendix to

STREPTELASMATINA
Family CALOSTYLIDAE C. F. Roemer,

1883

Solitary and colonial corals with major
and minor septa perforate; axial ends of
long major septa lobed and reticulate, form
ing a spongy axial structure; tabulae domed,
slender, complete and distant; dissepiments
of unusual type, large, distant, slender and
almost horizontally based; epitheca devel
oped in bands which fail to cover the coral
lum. Silo

The systematic position of this family is
doubtful.
Calostylis LINDSTROM, 1868 [·C. cribraria (=Clisio

plzyllum dentict/latum KJERULF, 1865)] [=Hemi
plzyllum TOMES, 1887). Solitary, conical, epithe
cate in apical region only; with narrow peripheral
zone where the highly perforate major and minor
septa are connected by irregular septal elements
(46). L.Sil.-M.Sil., Eu.-N.Am.--FIG. 201,7. ·C.
denticulata (KJERULF), M.Sil., Eu.; 7a,b, transv.
and long. sees., X2 (117).

Helminthidium LINDSTROM, 1882 [·H. mirum].
Solitary, scolecoid; all trace of radial arrangement
of the perforate and reticulate septa is lost (46).
M.Sil.-U.Sil., Eu.--FIG. 201,5. ·H. mirum; Sa},
side, long. sec., Xl; 5c, transv. sec., X4 (100).

Palaearaea LINDSTROM, 1882 [.P. lopatini]. Astre
oid; axial structure marked (35). Sil., Sib.--FIG.
201,6. ·P. lopatini; transv. sec., X2 (100).

Suborder COLUMNARIINA
Rominger, 1876

[nom. correct. HILL, 1954 (pro Columnariae ROMINGER, 1876)]
[=Columnanacea SOSHKINA. 1947; Stauriacea MOORE 1952·

includes Deuteroseptata GRABAU. 1922 (partim) j ,

<?orallum co~po~nd or (less commonly)
solItary; margmanum absent in oldest
forms, but later it develops as a septal stereo-

zone which may be replaced by a lonsdale
oid. dissepimentari~m,. or an incomplete
senes of elongate dlsseplments; septa invari
ably thin in tabularium, somewhat with
drawn from axis, not lobed axially; tabulae
complete and flat or with downturned edges
or. sagging medially; late forms develop a~
aXIal structure of septal lamellae and conical
tabellae. Axial increase may occur. Ord.
Perm.

Family STAURIIDAE Milne-Edwards &
Haime, 1850

[~m. correct. HILL, herein (pro Stauridae M.EDw.-H., 1950) I
[_Cyathophylloldae, Cyathophylloinae, Densiphyllinae Dy·
BOWSKI, 1873; Columnariae ROMINGER, 1876j ?Fletcherinae
ZITTEL, 1876; Colu~naridae NICHOLSON, 1879; ?Coe1ophyllidae
ROEMER, 1883j Favlste1.I..dae CHAPMAN, 1893; Columnariadae
LAMBE, 1901j ?Fletcherudae WEISSERMEL, 1939; Co1umnariidae
HILL, 1939; Columnariinae STUMM, 1949j ?pycnostylidae

STUMM in SHROCK & TWENHOFEL, 1953]

Fasciculate and cerioid coralla with slen
der corallites; a .marginarium may develop
as ~ narrow penphe!al s!ereozone; a single
senes of elongate dlsseplments, discontinu
ous vertically may occur between major and
minor septa. Ord.-Dev., ?L.Carb.
Favistella DANA, 1846 [·Columnaria alveolata GOLD

FUSS, 1826 (VAN CLEVE in WHITE, 1882) (=F.
stellata HALL, 1847») [=Favistella HALL, 1847).
C<;rioid, with major septa reaching almost to axis;
mmor septa very short; marginarium absent; tabu
late with downturned edges (24). M.Ord.-U.Ord.,
cosmop.--FIG. 202,5. ·F. alveolata (GoLDF.),
N.Am.; 5a,b, transv. and long. sees., X 1.5 (98).

Cyathophylloides DYBOWSKI, 1873 [·C. kassariensis;
SD SHERZER, 1891]. Cerioid, with major septa
running together in groups axially, and with long
minor septa; marginarium absent, tabulae highly
domed and incomplete (9). Ord., Est.--FIG. 202,
3.•c. kassariensis; 3a,b, transv. and long. sees.,
X3 (139).

Densiphyllum DYBOWSKI, 1873 [·D. tlzomsoni; SD
SHERZER, 1891] [=Pycnophyllum LINDSTROM,
1873; Densyplzyllum THOMSON, 1883). Small, soli
tary; minor septa buried in wide peripheral septal
stereozone; major septa straight and touching at
axis; tabulae flat; no dissepiments (9). Sil., Est.
--FIG. 202,2. ·D. tlzomsoni; 2a,b, transv. and
long. sees., X2, X4 (71).

Stauria M.EDW.-H., 1850 [·S. astreiformis
(=Madrepora favosa LINNE, 1758)] [=Ceriaster
LINDSTROM, 1883]. Like Favistella but with axial
increase (quadripartite or quinquepartite) and
with a few elongate dissepiments at periphery (38).
U.Si/., Balt.-China.--FIG. 202,1. ·S. favosa
(LINNE), God.; la, transv. sec., X2; 1b, long. sec.,
Xl (119).

Loyoiophyllum CHAPMAN, 1914 [·Columnaria
( Loyoloplzyllttm) cresswelli). Like Favistella but
with shorter septa and a discontinuous vertical
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series of elongate, in part lonsdaleoid dissepiments
and with sagging tabulae; increase intermural
(19). L.Dev., Austral.--FIG. 202,4. "'L. cress
welli, Viet.; 4a,b, transv. and long. sees., X2 (85).

Fasciphyllum SCHLUTER, 1885 ["'F. conglomeratum

(=Fascicularia? conglomerata SCHLUTER, 1880)].
Fasciculate; corallites slender, with peripheral
stereozone inside which a single series of elongate
dissepiments develops between the thin, long
major and short minor septa; tabulae distant and

Stereophyllum

FIG. 202. Columnariina: Stauriidae (p. F296-F298).

Loyolophyllum

Tabularia

Cyathophylloides

2b~3b~
Densiphyllum

6a0 6b IC:::::JYV

Depasophyllum

!W

Columnana

8b
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sagging. (22). L.Defl.-M.Defl., Eu.-Austral.-
FIG. 202,10. ·F. conglomeratum (SCHLUTER), M.
Dev., Ger. (Eifel); lOa, transv. sec., X4; lOb,
long. sec., X2 (114).

Vepresiphyllum ETHERIDGE, 1920 [·V. /old/orme].
Cerioid, major septa with lateral and axial up
curved spines, minor septa very short, marginarium
absent; tabulae sagging (52). L.Defl.-M.Defl.,
Austral.

Co1umnaria GOLDFUSS, 1826 (non LEVINSON, 1909)
[·C. sulcata; SD M'Coy, 1849] [=Lithostroma
RAFINESQUE in BRONGNIART, 1829]. Cerioid, septa
short, dissepiments absent or small, in 1 or 2 series;
tabulae complete (19). M.Defl., Eu.--FIG. 202,
8. ·C. sulcata; 8a, transv. sec., X1.5; 8b,c, long.
sees., X 1.5 (98).

?Tabu1aria SOSHKINA, 1937 [·T. turiensis]. Solitary,
cylindroconica1, small; septa very short thin lamel
lae; tabulae complete, /lat, with fossular depres
sion and median sag (47). M.Sil., USSR.--FIG.
202,7. ·T. turiensis; 7a,b, transv. and long. sees.,
X2 (122).

?Amp1exoides WANG, 1947 [·Amplexus appendi
culatus LINDSTROM, 1883]. Solitary, with major
septa as long low ridges on tabulae; minor septa
very short; tabulae complete, /lat, marginarium a
narrow septal stereozone. M.Sil., China.

?F1etcheria M.EDW.-H., 1851 [·F. tubi/era]
[=Pycnostylus WHiTEAVES, 1884; ?Synamplexus
GRABAU, 1922]. Phaceloid, with axial increase
typically quadripartite; septa very short, thin; no
dissepiments; tabulae /lat, complete (38). M.Sil.,
Eu.-N.Am.-Austral.

?Stereophyllum SOSHKINA, 1937 [non SCHLUTER,
1889; nec GRABAU, 1917] [·S. massiflum]. Ceri
oid, with long unequal major septa and long
minor septa; marginarium a wide septal stereo
zone; no dissepiments; tabulae /lat, complete (47).
U.Sil.-L.Defl., USSR.--FIG. 202,9. "S. massiflum,
U.Sil., USSR; 9a,b, transv. and long. sees, X2
(122).

?P1acophyllum SIMPSON, 1900 ["P. tabulatum].
Phaceloid; corallites without marginarium, tabulae
distant, complete, shallowly domed, septal ar
rangement unknown (52). L.M.Defl., Can.--FIG.
203,6. "P. tabulatum; long. sec., Xl (115).

?Depasophyllum GRABAU, 1936 [non Yu, 1934]
["D. adnetum]. Phaceloid; corallites without mar
ginarium, tabulae with very sharply downturned
edges, commonly resting on the tabula next below;
septa very short, thin; no minor septa (52).
M.Defl., USA.--FIG. 202,6. "D. adnetum; 6a,b,
transv. and long. sees., Xl (127).

?Cyathopaedium SCHLUTER, 1889 [pro Coelophyl
lum C. F. ROEMER, 1883 (non SCUDDER, 1875; nec
SCHRAMMEN, 1924)] ["Calophyllum paucitabula
tum SCHLUTER, 1880]. Fasciculate; corallites with
distant horizontal tabulae and septa developed only
as low nonspinose ridges at periphery and on
upper surfaces of tabulae (43). M.Defl., Ger.-
FIG. 203,7. "C. paucitabulatum (SCHLUTER); 7a,

side view of corallum, Xl; 7b, calice of corallite
showing peripheral increase, Xl; 7c, long. sec.,
Xl (114).

?F1etcherina LANG-S.-T., 1955 [pro Yabeia LANG-S.
T., 1940 (non Yabeia RESSER & ENDO, 1935), pro
Cylindrophyllum YABE & HAYASAKA, 1915 (non
SIMPSON, 1900)] [·Cylindrophyllum simplex
YABE-H.]. Fasciculate, corallites without septa or
marginarium, tabulae complete and horizontal
(22). Defl., China; U.M.Defl., Queensl.--FIG.
203,2. ·Y. simplex (YABE-H.), Dev., China; 2a,b,
transv. and long. sees., Xl (140).

?Decaphyllum FRECH, 1885 ["D. koeneni]. Massive;
marginarium of each corallite a wide septal stereo
zone merging with neighbors without bounding
wall; counter laterals, alars, and youngest septa
neighboring the cardinal septum may be longer
and stronger than the rest, meeting at the axis;
tabulae /lat (11). U.Defl., Ger.--FIG. 203,1. "D.
koeneni; surface, X4 (77).

?Kwangsiphyllum GRABAU & YOH in YOH, 1931
[pro Syringophyllum GRABAU & YOH in YOH, 1929
(non M.EDW-H., 1850; nec ULRICH in MILLER,
1889)] ["Syringophyllum permicum GRABAU &
YOH in YOH, 1929]. Fasciculate, corallites slender,
with connecting tubules; major septa short, minor
septa absent or very short, tabulae complete, hori
zontal; no dissepiments. L.Carb., China.

Family SPONGOPHYLLIDAE Dybowski,
1873

[=Spongophyllinae (nom. transl. WEDEKIND, 1922) I
Septa attenuate, minor septa and com

monly major septa discontinuous; major
septa carinate in tabularium; dissepimen
tarium wide, dissepiments lonsdaleoid in
part; tabulae close, thin, complete, and sag
ging (52). M.Sil.-UDev.
Spongophyllum M.EDW.-H., 1851 ["S. sedgwicki]

[=?Grabauphyllum FOERSTE, 1917]. Cerioid (52).
M.Sil., Austral.-?Ohio; M.Defl., cosmop.--FIG.
203,3. "S. sedgwicki, M.Dev., Eu.; 3a,b, transv.
and long. sees., X2 (127).

Battersbyia M.EDW.-H., 1851 ["B. inaequolis].
Phaceloid (41). Defl., Eng.

Neomphyma SOSHKINA, 1937 ["N. onginata]. Soli
tary, cylindrical (47). U.Sil.-Defl., USSR.--FIG.
203,4. "N. originatum, U.Sil., USSR; 4a,b, transv.
and long. sees., X4 (122).

Zenophila HILL, 1940 [·Phillipsastraea walli ETHER
IDGE, 1892]. Thamnasterioid or aphroid (20). M.
Sil., N.S.W.--FIG. 203,5. ·Z. wolli (ETHER
IDGE); 5a,b, transv. and long. sees., X2 (85).

?Tabellaephyllum STUMM, 1948 ["T. peculiare].
Cerioid; septa absent, large, irregular, rather /lat
lying dissepiments merging with sagging incom
plete tabulae. U.Defl., N.Am. May belong to the
Tabulata, subfamily Micheliniinae.--FIG. 203,8.
"T. peculiare, 8a,b, transv. and long. sees., X2
(127).
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Family CHONOPHYLLIDAE Holmes,

1887

Solitary or compound Rugosa, commonly
with rejuvenescence contractions; corallites

III
I Decaphyllum

2b 2a

Fletcherina

Placophyllum

large, with marginarium consisting of a
septal stereozone broken up by large lons
daleoid dissepiments; septa long and atten
uate in tabularium, tabulae complete, domes
or flattened domes. Sil.-Dev.

Cyathopaedium Tabellaephyllum

FIG. 203. Columnariina: Stauriidae, Spongophyllidae (p. F298).
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Subfamily CHONOPHYLLINAE Holmes, 1887
[nom. transl. STUMM, 1949 <ex Chonophyllidae HOL':''' ,

1887) 1 [=Omphymatidae WF.DEKIND, 1927; Ketophy1ltdae
LECOMPTE, 1952)

Solitary or compound; tabulae flat and
grouped (55). Silo
Chonophyllum M.EDW.-H., 1850 ["Cyathophyllum

per/oliatum GOLDFUSS in M.EDW.-H., 1850 .(pro
Cyathophyllum plicatum GOLDF., 1826, parttm)]
[=Omphyma WEDEKIND, 1927 (non RAFINESQUE
& CLIFFORD, 1820) The type specimen of O. verru
costtm RAF. & CLIFFORD, the type species of Omphy
ma RAF. & CLIFFORD cannot be traced; the locality
and horizon are uncertain and the description of
the species is insufficient for certain identification].
Solitary or compound, septa dilated wedgewise,
thickening toward the periphery; tabularium very
narrow (46). Many species unrelated to the type
have been referred to Chonophyllum, giving rise
to confused ideas of the family. No vertical section
of C. per/oliatum has been figured; the transverse
section is very like that illustrated by WEDEKIND
(55) as Omphyma flabellatum, which is known
from vertical section and seems closely related to
Ketophyllum. M.Sil.-U.Sil., GOtl.--FIG. 204,3a.
"C. per/oliatum (GOLDF.); transv. sees., Xl (117).
--FIG. 204,3b. C. flabellatum (WDKD.); long.
sec., Xl (137).

Ketophyllum WEDEKIND, 1927 ["K. elegantulum]
[=Omphyma auett. (non RAFINESQUE & CLIFFORD,
1820); ?Heterolasma EHLERS, 1919 (=Hetere
lasma LANG-S.-T., 1940 (nom. van. pro Hetera
lasma); non GIRTY, 1908; nee GRABAU, 1922);
Dokophyllum WDKD., 1927; Cetophyllum, Doeo
phyllum LANG-S.-T., 1940]. Solitary, with flat,
grouped tabulae and with long septa, slightly
dilated wedgewise in the marginarium, continued
over upper surfaces of tabulae as thin, low ridges;
fossula marked by depression in tabulae (55). M.
U.Sil., Eu.-China.--FIG. 204,6. K. ineurvatum
WDKD., M.SiL, Gotl.; 6a,b, transv. and long. sees.,
Xl (137).

?Lindstroemophyllum WANG, 1947 ["L. involu
tum]. Solitary, with a few very convolute major
septa which meet at the axis and are developed
axially as low ridges on upper surfaces of tabulae.
M.Sil., China.--FIG. 204,4. "L. involutum, Yun
nan; 4a,b, transv. and long. sees., Xl (136).

?Mictocystis ETHERIDGE, 1908 ["M. endophylloides].
Aphroid very large corallites with wide margin
arium of lonsdaleoid dissepiments, and tabularium
of flat, close, complete tabulae with downturned
edges; major septa developed as long crests on
upper surfaces of tabulae only. Sil., AustraL-
FIG. 204,1. "M. endophylloides, N.S.W.; surface,
XO.25 (74).

?Yassia JONES, 1930 ["Spongophyllum enorme
ETHERIDGE, 1913] [=Crinophyllum JONES, 1932].
Very large cerioid corallites with moderately wide
marginarium of very large lonsdaleoid dissepi-

ments; tabulae flat, complete; septa very attenuate
and discontinuous to absent (20). M.Sil., Austral.
--FIG. 205,2. "Y. enormis (ETH.), N.S.W.; 2a,b,
transv. and long. sees., Xl (92).

Subfamily ENDOPHYLLINAE Torley, 1933
[nom. transl. WANG, 1948 <ex Endophyllidae TORLEY, 1933)1

[=?Pilophyllidae HILL, 1942]

Solitary or compound; tabulae flat-topped
domes; major septa convolute in tabularium
(22). ?Sil., Dev.
Sinospongophyllum YOH, 1937 ["S. planotabula
tum]. Solitary, with a few very large lonsdaleoid
dissepiments; septa withdrawn from axis; tabulae
broad, flat-topped domes (52). L.Dev.-M.Dev.,
Asia-Austral.--FIG. 204,5. "S. planotabulatum,
M.Dev., Kwangsi; 5a,b, transv. and long. sees.,
Xl (142).

Endophyllum M.EDW.-H., 1851 ["E. bowerbanki;
SD SCHLUTER, 1889] [=Nieholsonia SCHLUTER,
1885 (non DAVIS, 1885; nee KIM, 1899; nee
POCTA, 1902; nee others)]. Subfasciculate, cerioid
or aphroid; corallites large, with septal stereozone
broken up by large irregular lonsdaleoid dissepi
ments; major septa long, attenuate, and commonly
convolute in tabularium; tabulae complete, domes,
mostly flattened (22). M.Dev., Eu.-Asia-E.Austral.
--FIG. 205,3a,b. E. abditum M.EDW-H., Eu.;
3a,b, transv. and long. sees., Xl (117).--FIG.
205,3e. "E. bowerbanki, Eu.; long. sec., Xl (114).

Sanidophyllum ETHERIDGE, 1899 ["S. davidis].
Alternatingly phaceloid and cerioid, the cerioid
parts being periodic thin horizontal expansions of
the septal stereozone; no dissepiments (21). Up.
M.Dev., Austral.--FIG. 206,5. "S. davidis,
N.S.W.; Sa, side of weathered corallum showing
successive levels of tabulae, X0.25; 5b,c, sees.,
Xl (74).

Tabulophyllum FENTON & FENTON, 1924 ["T. rec
tum] [=Apolythophyllum WALTHER, 1928]. Soli
tary with talons; septa mostly thin in the wide,
irregular lonsdaleoid dissepimentarium, amplexoid;
tabularium compressed, tabulae flat-topped domes
(52). U.Dev., N.Am.-Eu.-W.AustraL--FIG. 205,
1a,b. T. normale (WALTHER) (type species of
Apolythophyllum) , Ger.; 1a,b, transv. and long.
sees., Xl (135).--FIG. 205,1e,d. "T. rectum
N.Am.; 1e,d, long. and transv. sees., Xl (117).

?Strombodes SCHWEIGGER, 1819 [non GISTL, 1857;
nee SrOBRING, 1902] ["Madrepora stellaris LINNE,
1758; SD M'Coy, 1849] [=Strombastraea EHREN
BERG, 1834; Donaeophyllum DYBOWSKI, 1873].
Alternately phaceloid and cerioid, the cerioid parts
being horizontal expansions from the marginarium
which is a septal stereozone interrupted by large
lonsdaleoid dissepiments; tabulae axially sagging
domes, complete or incomplete (46). L.Sil.-M.Sil.,
Eu.--FIG. 204,2a-e. "S. stellar;s (LINNE), Gotl.
Oesel; 2a, side of corallum, Xl (117); 2b, transv.
sec., Xl (71); 2e, long. sec., Xl (117).--FIG.
204,2d. S. schrenk;; (DYBOWSKI) (lectotype of
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Donacophyllum), Bait.; long. sec., Xl (71).
?Pilophylluffi WEDEKIND, 1927 [oOP. keyserlingi].
Solitary or (less commonly) fasciculate; major
septa thin and convolute in tabularium; margin-

arium a septal stereozone interrupted by lonsdale
oid dissepiments; tabulae incomplete, domed (55).
V.Sil., Gotl.--FIG. 206,3. oOP. keyserlingi; 3a,b,
transv. and long. sees., XI (37).

~,;;;.

~;:__.

6b

Chonophyllum Si nospongophyll um

FIG. 204. Columnariina: Chonophyllidae (p. F300).

Ketophyllum
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Tabulophyllum

Coelenterata-Anthozoa

Endophyllum

FIG. 205. Columnariina: Chonophyllidae (p. F300).

3a

?Diversophyllum SLOSS, 1939 [·Zaphrentis traver
semis WINCHELL, 1866]. Large, solitary; septa
long, straight, meeting at axis, attenuate, except in
marginarium which is a septal stereozone con
taining lonsdaleoid dissepiments in adult stages;
tabulae flat (52). M.Dev.-U.Dev., N.Am.--FIG.
206,1. ·D. traversense (WINCH.), Mich.; 1a,b,
transv. and long. sees., Xl (116).

?Iowaphyllum STUMM, 1949 [·Smithia johanni
HALL & WHITFIELD, 1872]. Astreoid and aphroid;
marginarium a septal stereozone much interrupted
by large lonsdaleoid dissepiments; septa thin in
outer p?rt of narrow tabularium; tabulae steeply
domed, forming a false aulos at which axial edges
of septa are dilated (52). M.Dev. (Czech.)-U.Dev.
(N.Am.).--FIG. 206,4. *1. johanni (HALL-W.),
Iowa; 4a,b, transv. and long. sees., Xl (127).

Subfamily BLOTHROPHYLLINAE Stumm, 1949

Solitary; tabulae flat-topped domes with
a depression in the well-marked cardinal fos
sula (52). L.MDev.
Biothrophyllum BILLINGS, 1859 [.B. decorticatum].

Large, solitary, with wide lonsdaleoid dissepi
mentarium; thin straight major septa confined to
outer parts of tabularium; tabulae complete flat
topped domes, with down-sinking at the cardinal
fossula (52). L.M.Dev., N.Am.--FIG. 206,2. ·B.
decorticatum; 2b,a, corallite partly long. bisected,
transv. sec., XO.5 (96).

Family PTENOPHYLLIDAE Wedekind,
1923

[ex Ptenophyllum WDKD., 1923 (=Acanthophyllum DYBOW
SKI, 1873, ,ubj.)] [=Slenophyllidae WDKD., 1924; Actina·
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cystidae WDKD., 1927; Acanthophyllidae HILL, 1939; Acan
thophyIlinae (nom. transl. WANG, 1948); LeptoinophyIlidae,

LeptoinophyIlinae, GrypophyIlinae STUMM, 1949]

Solitary and compound corals with elon
gate septa and wide dissepimentarium, lons
daleoid in early forms but with regular
small globose dissepiments in later forms;
major septa long, unequal, their axial ends
commonly flanged and typically arranged in
4 groups differing in curvature; axial ends
of outer septa of each group directed toward
longer ends of inner septa; trabeculae so
closely spaced as to obscure lines of contact;
fossula insignificant; tabulae shallow fun
nel-shaped, very close and incomplete; tabel
lae elongate. Sil.-Dev.

This family is somewhat doubtfully
placed in the Columnariina; its small dis
sepiments suggest affinities with the Zaph
renticae, but Spongophylloides, from
which its members seem to stem, has a
lonsdaleoid dissepimentarium apparently de
veloped as in the Columnariina from a peri
pheral septal stereozone. The infundibuli
form tabulae also suggest affinities with the

Spongophyllidae and the Stringophyllidae.
The inconspicuousness of the fossula appears
a columnariine rather than a zaphrentid
character.
Cymatelasma HILL & BUTLER, 1936 ["C. cornicu
lum]. Solitary, with marginarium a wide septal
stereozone lacking dissepiments; major septa thin
and flanged in the tabularium, as in Spongophyl
loides. L.Sil.-U.Sil., Eng.--FIG. 207,3. "C. corni
culum, L.Sil.(U.Llandov.), Eng.; 3a,b, transv. and
long. sees., X3 (86).

Spongophylloides MEYER, 1881 ["S. schumanni
(=Cystiphyllum grayi M.EDw-H., 1851) ]
[=Actinocystis LINDSTROM, 1882]. Solitary, with
lonsdaleoid dissepimentarium; major septa have
lateral flanges parallel to their upper edges (31).
M.Sil.-U.Sil., Eu.-N.Am.--FIG. 208,4. "S. grayi
(M.EDW.-H.), M.Sil., Eu.; 4a, transv. sec., X2
(98); 4b, long. sec., X2 (BUTLER).

Acanthophyllum DYBOWSKI, 1873 ["Cyathophyllum
heterophyllum M.EDw.-H., 1851; SD SCHLUTER,
1889] [=?Grypophyllum, Mesophylloides WEDE
KIND, 1922; Ptenophyllum WDKD., 1923; Astro
phyllum, Rhopalophyllum WDKD., 1924; Stenophyl
lum AMANSHAUSER in WDKD., 1925 (non VER
HOEFF, 1897); Leptoinophyllum WDKD., 1925;

5cSonidophyllum"5b

40

IowophyllumPilophyllum

Diversophyllum

FIG. 206. Columnariina: Chonophyllidae (p. F300-F302).
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?Hooeiphyllum TAYLOR, 1951]. Solitary; septa com
monly with modifications such as lateral cystose
dissepiments; major septa dilated more than minor,
and parts in the tabularium may be much dilated in
young stages (22). M.Sil.-U.Sil., Eu.-N.Am.; L.
Dev.-M.Dev., cosmop.--FIG. 207,la. Acantho
phyllum sp., Dev., Eu.; long. sec., X3 (137).-
FIG. 207,lb. A. fibratum (WDKD.), L.M.Dev., Ger.
(Eifel); transv. sec., X3 (137).--FIG. 207,lc,d.

A.? denckmanni (WDKD.) (type species of Grypo
phyllum), U.M.Dev., Ger.; Ic,d, transv. and long.
sees., X2 (137).

Xystriphyllum HILL, 1939 [·Cyathophyllum dun
stani ETHERIDGE, 191 I]. Cerioid; corallites as in
Acanthophyllum but septa thin in tabularium (21).
L.Dev.-M.Dev., Eu.-Austra!.--FIG. 207,2. .X.
dunstani (ETH.), L.M.Dev., Queens!'; 2a,b, transv.
and long. sees., X2 (85).

Cymatelasma

FIG. 207. Columnariina: Ptenophyllidae (p. F303-F306).
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Dohmophyllum Spongophylloides

FIG. 208. Columnaruna: Ptenophyllidae (p. F303-F306).

© 2009 University of Kansas Paleontological Institute



F306 Coelenterata-Anthozoa

Eddastraea HILL, 1942 [·Phillipsastraea grandis
DUN in BENSON, 1918]. Like Xystriphyllum but
thamnasterioid, with very large eorallites (21). L.
Dev. orM.Dev., E.Austral.-?Ellesm.--FIG. 209,2.
OlE. grandis (DUN), E.Austral.; 2a,b, transv. and
long. sees., X2 (85).

Lyrielasma HILL, 1939 [·Cyathophyllum subcaespi
tosum CHAPMAN, 1925]. Phaeeloid, like Acantho
phyllum but with septa dilated at their bases, and
with their unequal axial ends in a bipartite pattern
(19). L.Dev.-M.Dev., E.Austral.-N.Am.--FIG.
208,1. OIL. subcaespitosum (CHAPMAN), M.Dev.,
Viet.; la,b, transv. sees., X2; Ie, long. sec., X2
(85).

Australophyllum STUMM, 1949 [·Spongophyllum
cyathophylloides ETHERIDGE, 1911]. Cerioid, like
Xystriphyllum but with septa discontinuous peri
pherally in a partly lonsdaleoid dissepimentarium
(52). L.M.Dev., Queensl.--FIG. 207,4. ·A. eya
thophylloides (ETH.); 4a,b, transv. and long. sees.,
X2 (85).

Neostringophyllum WEDEKIND, 1922 [·N. ulti
mum]. Like Aeanthophyllum but with septa with
drawn from the axis in a wide tabularium (52).
U.M.Dev., Ger.--FIG. 208,2. ·N. ultimum; 2a,b,
transv. and long. sees., Xl (137).

Dohmophyllum WEDEKIND, 1923 [OlD. involutum]
[=Trematophyllum WDKD., 1923; Sparganophyl
lum, Pseudoptenophyllum WDKD., 1925]. Solitary
or rarely eerioid, corallites large; septa irregularly
carinate or with lateral cystose dissepiments, twisted
and united in the tabularium, causing the close
tabulae to be irregularly domed, not funnel-shaped
52). M.Dev., Eu.-E.Austral.--FIG. 208,3a. OlD.
involutum; transv. sec., X2 (137).--FIG. 208,
3b. D. he/ianthoides (GOLDFUSS); Ger.(Eifel);
long. sec., X2 (85n).

Pseudochonophyllum SOSHKINA, 1937 [·Chonophyl
lum pseudohelianthoides SHERZER, 1892]. Solitary;
like Aeanthophyllum but septa naotie, with very
narrow dissepimental alleys (52). L.Dev., Eu.-
FIG. 209,1. ·P. pseudohelianthoides (SHERZER),
Boh.; la,b, transv. and long. sees., XI (108).

Family STRINGOPHYLLIDAE
Wedekind, 1921

[nom. transl. WDKD., 1925 (ex Stringophyllinae WDKD.,

1921) ]

Corallum solitary or phaceloid; septa
rather thick, each consisting of a single series
of very large monocanths which may be iso
lated from one another; long major septa
bilaterally arranged about the cardinal
counter plane; minor septa tend to be im
perfectly developed; dissepimentarium
usually lonsdaleoid; tabulae close, complete
and sagging, with deepening along median
plane (22). L.Dev.-MDev.
Stringophyllum WEDEKIND, 1922 [·S. normale; SD

WDKD., 1925] [=Neospongophyllum WDKD.,
1922; Loipophyllum, Schizophyllum WDKD., 1925
(non VERHOEFF, 1895); Loepophyllum LANG-S.-T.,
1940 (nom. van.); Vollbrechtophyllum TAYLOR,
1951 (=Sehizophyllum WDKD., 1925, obj.); Suno
phyllum WANG, 1948]. Up.M.Dev., Eu.-E.Austral.
--FIG. 209,3a,b. ·S. normale, Eu.; 3a, transv.
sec., X2; 3b, long. sec., Xl (137).--FIG. 209,
3c,d. S. variabile (WDKD.) (type species of Neo
spongophyllum), U.M.Dev., Eu.; 3c,d, transv. and
long. sees., X2 (137).

Family LONSDALEIIDAE Chapman,
1893

[nom. correct. CHI, 1931 (pro Lonsdalidae CHAPMAN, 1893)]
[=Lonsdaliens DE FROMENTEL, 1861 (invalid vernacular

name); Lonsdaleidae GRABAU, 1927]

Compound or rarely solitary Rugosa with
an axial structure containing a columella or
medial plate and axial tabellae; with lons
daleoid dissepiments peripherally and with
conical tabular floors upturned at margins.
Carb.-Perm.

Subfamily LONSDALEIINAE Chapman, 1893
[nom. transi. HILL, herein (ex Lonsdaleiidae, nom. correct.
pro Lonsdalidae CHAPMAN, 1893)] [=?Axophyllinae M.EDW.
H., 1851; ?Axophylliens DE FROMENTEL, 1861 (invalid ver
nacular name); ?Axophyllidae (nom. transi. DYBOWSKI,

1873); ?Axaphyllidae DVB., 1873 (misprint); Carcinophy1
linae HUDSON, 1942; Lithostrotionellidae SHROCK & TWENH(}o

FEL, 1953]

Lonsdaleoid dissepiments predominant;
only 2 orders of septa present. Carb.-L.Perm.
(Artinsk·)·
Lonsdaleia M'Coy, 1849 [·Erismatolithus Madre

porites (duplicatus) MARTIN, 1809, lCZN pend.]
[=Actinoeyathus D'ORBIGNY, 1849 (non KENT,
1882); ?Chonaxis M.EDw.-H., 1851; Stylidophyl
lum DE FROMENTEL, 1861; Protolonsdalia LISSIT
ZIN, 1925; Protolonsdaleia LANG-S.-T., 1940 (nom.
van.)]. Fasciculate or cerioid; corallites with an
axial structure of septal lamellae, medial plate, or
columella, and conically arranged, shallowly curved
tabellae (18). L.Carb.-M.Carb., Eu.-Asia, L.Carb.,
E.Austral.-N.Am.--FIG. 210,4. OIL. duplieata
(MARTIN), L.Carb., Eu.; 4a,b, transv. and long.
sees., X2 (117).

Thysanophyllum NICHOLSON & THOMSON, 1876 [·T.
orientale; SD GREGORY, 1917] [=?Sublonsdalia
LISSITZIN, 1925; Sublonsdaleia LANG-S.-T., 1940
(nom. van.)]. Fasciculate or cerioid, with wide
lonsdaleoid dissepimentarium; septa withdrawn
from axis except for counter septum which may
be very long, particularly in young stages; tabulae
complete, cones or flat-topped domes (18). L.Carb.,
Eu.-Asia.--FIG. 2JO,3a,b. ·T. orientale, Scot.;
3a,b, transv. and long. sees., Xl (85).--FIG.
210,3c,d. T. ? intermedia (LISSITZIN) (type species
of Sublonsdalia), Asia; 3c,d, transv. and long. sees.,
Xl (101).

Lithostrotionella YABE & HAYASAKA, 1915 [OIL.
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unica] [=?Aerocyathus D'ORBIGNY, 1849]. Like
Thysanophylltlm but with columella a persistent
vertical lath, in some corallites continuous with
counter and cardinal septa (57). Carb., N.Am.;
L.Perm.(Artinsk.), China.--FIG. 21O,la. L.
flori/ormis (ORB.), Carb., N.Am.; upper surface,

XO.5 (l06).--FIG. 210,lb,c. •L. unica, Artinsk.,
Yunnan; 1b,c, transv. and long. sees., Xl (140).

Sciophyllum HARKER & McLAREN, 1950 [·S. lam
barti]. Cerioid, without septa and axial structure;
dissepimentarium a single series of lonsdaleoid
plates; tabulae complete, flat. Carb., Can.

Pseudochonophyllum

Eddastraea Stringophyllum

FIG. 209, Columnariina: Ptenophyllidae, Stringophyllidae (p. F306).
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Lonsdaleia

Carcinophyllum THOMSON & NICHOLSON, 1876 ["C.
kirsopianum THOMSON, 1880; SD THOMSON, 1880]
[=?Axophyllum M.EDW.-H., 1850 (type speci
mens require restudy); Agassizia THOMSON, 1883
(non BEHR, 1870; nee VETTER, 1881) (non Agas
sisia VALENCIENNES, 1846)]. Solitary; axial struc
ture of irregular anastomosing dilated lamellae,
with a median plate; marginarium a peripheral
stereozone interrupted by lonsdaleoid dissepiments;
tabulae flat or sagging periaxially, conical in the
axial structure (18). L.Carb., Eu.--FIG. 211,4.
"C. kirsopianum Scot.; 4a,b, transv. and long.
secs., Xl (85).

Ivanovia DOBROLYUBOVA, 1935 ["I. podolskiensis]
[=Cystophora YABE & HAYASAKA, 1916 (non
NILSSON, 1820); Cystiphora LANG-S.-T., 1940
(nom. van.) (non KIEFFER, 1892)]. Aphroid,
with some traces of wall, septa long, dilated in
tabularium; axial structure compact, thickened,
with a few tabellae arranged in cones; periaxial
tabulae sagging (57). M.Carb., USSR; ?L.Perm.,
Manch.--FIG. 211,3a,b. 1. manehuriea DOBR.
(type species of Cystophora) , ?Artinsk., Manch.;
3a,b, transv. and long. sees., X2 (85n).--FIG.
211, 3e,d. "I. podolskiensis, M.Carb., USSR; 3e,d,
transv. and long. secs., X 1.5 (68).
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Subfamily WAAGENOPHYLLINAE Wang, 1950

Dissepimentarium of small interseptal
plates; lonsdaleoid dissepiments rare except
in Polythecalis, third-order septa commonly
developed. L.Perm.
Iranophyllum DOUGLAS, 1936 ["I. splendens] Soli

tary; axial structure of medial plate, septal lamellae,
and tented tabellae, surrounded by flat tabulae in
the narrow space left free of septa and just out
side this by elongate tabellae which slope down
ward and inward; dissepimentarium not lonsdale
oid, wide, with tertiary as well as minor septa
(8). L.Perm.(?Artinsk.), Iran-?China.--FIG.
211,2. "I. splendens, Iran; 2a,b, transv. and long.
sees., X2 (69).

Waagenophyllum HAYASAKA, 1924 [pro Waagenella
YABE & HAYASAKA, 1915 as Warganella) (non
Waagenella DE KONINCK, 1883)] ["Lonsdaleia
indica WAAGEN & WENTZEL, 1886; SD GRABAU,

1931]. Fasciculate, corallites slender, like Irano
phyllum internally but without tertiary septa (8).
L.Perm.(Artinsk.), USSR-Asia-N.Z.--FIG. 210,
5. "W. indica (WAAG.-W.), India; 5a,b, transv.
and long. sees., X 10 (134).

Wentzelella GRABAU in HUANG, 1932 ["Lonsdaleia
salinaria WAAGEN & WENTZEL, 1886]. Like
Waagenophyllum but massive (8). L.Perm.
(?Artinsk.), Asia.

W. (Wentzelella). Cerioid (8). ?Artinsk., Asia
N.Z.--FIG. 211,1. "W. (W.) salinaria (WAAGEN
& WENTZEL), India; la, transv. sec., X4; lb,
long. sec., X20 (134).

W. (Wentzelloides) YABE & MINATO, 1944 ["W.
(W.) maiyaensis]. Like W. (Wentzelella) but
with incomplete fission, so that the cora!lum is
partially meandroid. Artinsk., Japan.--FIG. 212,
3. "w. (W.) maiyaensis; 3a,b, transv. and long.
sees., X4 (141).

Iranophyllum 3b

Wentzelella

Ivanovia

4a

Careinophyllum

3c

FIG. 211. Columnariina: Lonsdaleiidae (p. F307-F309).
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30
Wentzelello (Wentzelloidesl 3b Polythecolis

FIG. 212. Columnariina: Lonsdaleiidae (p. F309-F310).

20

Lonsdaleiastraea GERTH, 1921 ["L. vinassai].
Thamnasterioid or partly aphroid; like lranophyl
lum internally, but with some lonsdaleoid dissepi
ments (12). L.Perm.(Artinsk·} , Asia.--FIG. 212,
1. "L. vinassai, Timor; transv. sec., X2 (79).

Polythecalis YABE & HAYASAKA, 1916 ["P. con
fluens]. Cerioid or in part aphroid; like lranophyl
lum internally but with lonsdaleoid dissepimen
tarium (25). L.Perm.(Artinsk·} , Asia.--FIG.
212,2. "P. confluens; 2a,b, transv. and long. sees.,
X4 (88).

Heritschiella MOORE & JEFFORDS, nom. nov. [pro
Heritschia MOORE-I., 1941 (Kans. Geol. Survey
Bull. 38, p. 94) (non TEPPNER, 1922)] ["Herits
chia girtyi MOORE-J., 1941]. Fasciculate; like
Waagenophyllum but with thin, numerous septa;
tertiary septa present; periaxial zone of tabulae
wide, with tabulae flat or outwardly and upwardly
inclined. L.Perm., N.Am.-Eu.-Asia.--FIG. 210,2.
"H. girtyi (MOORE-J.), Kans.; 2a,b, transv. and
long. sees., X2 (104).

Suborder CYSTIPHYLLINA Nichol-
son in Nicholson & Lydekker, 1889

[nom. correct. HILL, herein (pro Cystiphylloidea NICH., in
NICH.-L., 1889)] [=Lythophyllacea WEDEKIND, 1925; Cysti
phyllida. Cystiphyllacea WDKD., 1927; Calceolacea WDKD.,
1937; Cystiphylalacea WANG, 1948 (misprint); includes Try-

plasmacea LECOMPTE, 1952 (superfam.)]

Solitary or compound Rugosa; septal
trabeculae large; marginarium either a
stereozone in which cores of trabeculae ap
pear set in a mass of lamellate sclerenchy~e,

or a dissepimentarium of small globose dls
sepiments, typically with septa represented
by separate trabeculae based on upper sur
faces of the dissepiments; tabulae flat and
complete, or inversely conical and incom
plete. Ord.-Dev.

Family TRYPLASMATIDAE Etheridge,
1907

[nom. correct. HILL, herein (pro Tryplasmidae ETHERI?GE,

1907)] [= ?Palaeocyclidae DYBOWSKl, 1873; IPalaeocyclmae
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(nom. transl. ZITTEL, 1876); ?Cyclinidae CHAPMAN, 1893 (in
valid); Pholidophyllidae, Pholidophyllida WEOEKINO, 1927;
Acanthocyclidae HILL, 1936; ?Paleocyclidae BASSLER, 1937j
Rhabdocydidae HILL, 1940; ?Porpitidae MOORE {It JEHORDS,

1945) 1

Solitary and compound Rugosa with com
plete, horizontal or inversely conical tabulae,
rarely with a narrow median notch; typi
cally without dissepiments, marginarium a
stereozone with very numerous septa, each
represented by a vertical series of trabeculae
bound together by lamellate sclerenchyme

but free at their inner ends; major septa may
be continued toward axis as small spines on
upper surfaces only of tabulae; trabeculae
rhabdacanthine or holacanthine. Ord.-Dev.
Rhabdocyclus LANG & SMITH, 1939 [pro Acantha-

cyclus DYBOWSKI, 1873 (non LUCAS, 1844)]
[*Palaeacyclus fletcheri M.EDW.-H., 1851]. Dis
coid or patellate, with cone of attachment excen
tric; without tabulae or dissepiments, with stereo
zone of rhabdacanthine septa (17). Sil., Eu.-N.
Am.--FIG. 213,1. *R. fletcheri M.EDW.-H., M.
Sil., Eu.; 1a,b, calice, long. sec., X2 (98).

o~

Rhobdocyclus

Ii Sf 5 oilIt

40'/' 4b
1./

4
Storthygophyllum

Sb

- 80
4 Sf 2

Polyorophe
~

7 8b

Zelophyllum
Se 3

Bojocyclus

Se I

8fContrillio Porpites

FIG. 213. Cystiphyllina: Tryplasmatidae (p. F31l-F312).
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Tryplasma LONSDALE, 1845 [*T. aequabile; SD
ETHERIDGE, 1907] [=Pholidophyllum LINDSTROM,
1871, Pholadophyllum LANG-S.-T., 1940 (nom.
van.); Spinijerina PENECKE, 1894 (pro Acan
thodes DYBOWSKI, 1873; non AGASSIZ, 1833; nee
DE HAAN, 1833; nee BALY, 1864); Aphyllostylus
WHITEAVES, 1904; ?Tyrrellia PARKS, 1913 (non
KOENIKE, 1895); Stortophyllum WEDEKIND, 1927;
?Aphyllum SOSHKINA, 1937 (non Aphylum BERG
ROTH, 1906)]. Solitary, with marked rejuvenescence
rims, or fasciculate; minor septal grooves on
epitheca weaker than major septal grooves (17).
Sil.-L.Dev., Eu.-Asia-N.Am.-Austral.--FIG. 213,
2. T. loveni (M.EDW.-H.), M.Sil., Eu; 2a,b, transv.
and long. secs., Xl (85).

Storthygophyllum WEISSERMEL, 1894 [*S. megalo
cystis (partim)] [=Xiphelasma SMITH & LANG,
1931]. Like Tryplasma but cerioid, and with a
narrow zone of lonsdaleoid dissepiments. Sil., Got!.
--FIG. 213,4. S. tubulatum (SCHLOTHEIM) (type
species of Xiphelasma) , 4a,b, transv. and long.
secs., X3 (118).

Cantrillia SMITH, 1930 [*C. prisca]. Like Tryplasma
but with infold of peripheral stereozone, and tabu
lae invested with lamellate sclerenchyme continu
ous with that of the stereozone (17). L.Sil., BLI.
--FIG. 213,5. *C. prisca, U.Llandov., Br.I.; 5a-c,
long. secs., X3; 5d-g, transv. secs. (incl. 2 onto
genetic series), X3 (117).

Polyorophe LINDSTROM, 1882 [*P. glabra]. Like
solitary Tryplasma but with remarkable develop
ment of epithecal outgrowths of attachment (36).
L.Sil.-M.Sil., Gotl.--FIG. 213,3. *P. glabra, 3a,b,
side view of corallites, XO.5; 3c, calice, Xl; 3d,e,
long. secs., Xl, X5 (100).

Zelophyllum WEDEKIND, 1927 [*Z. intermedium].
Fasciculate, with no free ends of trabeculae project
ing beyond narrow peripheral stereozone (55).
M.Sil., Gotl.--FIG. 213,7. *Z. intermedium;
long. sec., Xl (137). .

?Porpites SCHLOTHEIM, 1820 [non GUETTARD, 1770
(non Linnean) ] [*P. haemisphericus; (=Madrepora
porpita LINNE, 1767 partim; SD LANG-S.-T., 1940]
[=Palaeocyclus M.EDW.-H., 1849]. Discoid, with
central cone of attachment; stereozone of mona
canthine septa, no tabulae and no dissepiments
(17). L.Sil.-M.Sil., Eu.-N.Am.--FIG. 213,8. *P.
porpita (LINNE), L.Sil. (U.Llandov.), Eng.; 8a,b,
base, side, XI; 8c, top, X2; 8d-j, transv. and long.
secs. of septa showing trabeculae, enlarged (85).

Kitakamiphyllum HILL, nom. nov. [pro Maia SUGI
YAMA, 1940 (Sci. Rept. Tohoku Imp. Univ., ser. 2,
v. 21, p. 122) (non BRISSON, 1760; nee LAMARCK,
1801; nee REICHENBACH, 1850; nee FREDERICKS,
1924)] [*Maia cylindrica SUGIYAMA, 1940]. Like
Tryplasma but without trace of septa. M.Sil.,
Japan.

?Bojocyclus PRANTL, 1939 [*B. bohemicus]. Discoid
with cone of attachment excentric; calice with

smooth, aseptate outer border; septa strongly crenu
late (52). M.Dev., Czech.--FIG. 213,6. *B.
bohemicus; calice, X2 (109).

Family CYSTIPHYLLIDAE Milne
Edwards & Haime, 1850

[=Cystiphyllinae (nom. transl. M'Coy, 1851); Araeopomati.
dae LINDSTROM, 1883; Cystiphyllacea WEDEKIND, 1927 (sub.

order); Holmophyllinae WANG, 1947]

Solitary or fasciculate; septa very numer
ous, each represented by a vertical series of
discrete, typically holacanthine trabeculae
commonly set in lamellar sclerenchyme
which coats the horizontal skeletal elements;
tabulae sagging to inversely conical, incom
plete; dissepimentarium wide, dissepiments
usually smaller than tabellae. Silo
Cystiphyllum LONSDALE, 1839 [*C. siluriense; SD

M.EDW.-H., 1850] [=Conophyllum HALL, 1851].
Solitary; with long septa, each represented only by
distant, separate trabeculae developed only on up
per surfaces of successive globose dissepiments and
tabellae; minor septa very long, dissepimentarium
very wide; calicular floor inversely conical, inclina
tion of dissepiments and tabellae being similar
(31). Sil., Eu.-Asia-Austral.-N.Y.--FIG. 214,1.
C. cylindricum LONSD., M.Sil., Eu.; la,b, secs., Xl
(98).

Hedstroemophyllum WEDEKIND, 1927 [nom. correct.
HILL, herein (pro Hedstromophyllum WDKD.,
1927)] [*H. articulatumJ. Like Cystiphyllum but
corallites slender, with trabeculae long enough to
pierce several successive dissepimental floors (55).
M.Sil., Gotl.--FIG. 214,3. *H. articulatum; 3a,
transv. sec., X3; 3b, long. sec., X2 (137).

HolmophylluID WEDEKIND, 1927 [*H. holmi]. Like
Cystiphyllum but trabeculae extending from epi
theca into tabularium; tabulae complete and flat
or sagging (55). U.Sil., Gotl.-Austral.--FIG. 214,
6. *H. holmi, Gotl.; 6a,b, transv. and long. secs.,
X3 (137).

Gyalophyllum WEDEKIND, 1927 [*G. angelini].
Like Cystiphyllum but with lamellar sclerenchyme
forming a dense zone as wide as the minor septa
are long and broken only by dissepiments de
veloped on distant calical floors (55). U.Sil., Got!.
--FIG. 214,7. *G. angelini; 7a, transv. sec., Xl;
7b, long. sec., X2 (137).

Araeopoma LINDSTROM, 1883 [*A. prismaticum
(=Cystiphyllum prismaticum LIND., 1868)]. Like
Cystiphyllum but square in section in the erect part
of corallum (36). L.Sil.(U.Llandov.)-M.Sil., Got!.
--FIG. 214,4. *A. prismaticum (LIND.); side
view, XI (100).

Mieroplasma DYBOWSKI, 1873 [*M. gotlandicum;
SD WEDEKIND, 1927J. Like Cystiphyllum but fasci
culate, corallites slender; trabeculae confined to ex
tremely narrow peripheral stereozone; horizontal
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skeletal elements large, not distinctly divisible
into dissepiments and tabellae (9). M.Sil.-U.Sil.,
Eu.--FIG. 214,2. *M. gotlandicum; 2a,b, long.
sees., Xl; 2c, transv. sec., X2 (71).

?Nipponophyllum SUGIYAMA, 1940 [*N. giganteum]
[=Baeophyllum HILL, 1940]. Fasciculate, coral
lites slender, with connecticg processes formed by
outgrowths of dissepimentarium; septa represented
by separate trabeculae or by segments in which 2
or 3 trabeculae are in contact; dissepiments large,
in 1 or 2 series, inner edges steeply sloping; tabulae
concave, complete or supplemented by wide tabellae
(20). M.Sil., Japan-E.Austral.--FIG. 214,5. *N.
giganteum, Japan; 5a, transv. sec., Xl; 5b,c, long.
sees., Xl (128).

Family GONIOPHYLLIDAE Dybowski,
1873

[=Goniophyllinae (nom. transl. ZITTEL, 1876); Calceolidae

LINDSTROM. 1883 (also Calceolidae ROEMER. 1883); Calceolacea
WEDEKIND. 1937]

Corallites semicircular (calceoloid) or
square in transverse section; calice with an
operculum of 1 or 4 plates of dense scleren
chyme; corallites either with wide dissepi
mentarium and incomplete, inversely conical
tabulae or completely filled with dense scler
enchyme; septa may be confined to a few
short plates on flat side of corallum or de
veloped as short plates so thick as almost to
preclude dissepiments, and with little dif
ference between major and minor septa. Sil.
Dev.
Goniophyllum M.EDw.-H., 1850 [*Turbinolia pyra

midalis HISINGER, 1831]. Solitary, square in sec
tion, with operculum of 4 triangular plates; septa

20

~.lb
Cystiphyllum

1\/0,: ~

. '2c

Microplosmo

6b

2b

Holmophyllum

Hedstroemophyllum 3b

Sb

Nipponophyllum

Gyolophyllum

Aroeopomo

FIG. 214. Cystiphyllina: Cystiphyllidae (p. F312-F313).© 2009 University of Kansas Paleontological Institute
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thick, mostly contiguous, as long as the dissepi
mentarium is wide; dissepiments and tabellae nu
merous, commonly thickened (36). L.Sil.-M.Sil.,
Eu.--FIG. 215,2. *G. pyramidale (HISINGER);
2a, corallite, Xl; 2b,c, sees., Xl, X2 (100).

Rhizophyllum LINDSTROM, 1866 [*Calceola got
landica F. A. ROEMER, 1856J. Calceoloid; dissepi
ments and tabulae little thickened or not at all;
septa developed only along flattened side as short
plates not distinguishable into major and minor
cycles (36). M.Sil.-L.Dev., Eu.-Asia-N.Am.-Austral.
--FIG. 215,3. *R. gotlandicum (ROEMER), U.Sil.,
Gotl.; 3a,b, side view, long. sec., Xl (100).

Teratophyllum LANG-S.-T., 1940 [pro Platyphyllum
LINDSTROM, 1883 (non AUDINET-SERVILLE, 1831) J
[*Platyphyllum sinense LIND., 1883 J. Calceoloid;
septa numerous; dissepiments and tabulae as in
Goniophyllum (36). M.Sil., China; L.Dev., USSR.
--FIG. 215,1. *T. sinense (LIND.), M.Sil., China;
1a,b, sees., Xl, enlarged (100).

Rhytidophyllum LINDSTROM, 1883 [*R. pusillum].
Minute, operculate and calceoloid, with faint septa;
?cystiphylloid structure (36). V.Sil., Gotl.--FIG.
215,5. *R. ptlsilltlm; side view, X4 (100).

Calceola LAMARCK, 1799 [non SWAINSON, 1840]
[*Anomia sandalitlm GMELlN, in LINNE, 1791
(=Anomia sandalinum LINNE, 1771)J [=Calceo
lina RAFINESQUE, 1815 (non ADAMS, 1863) ].
Corallites semicircular in section, with semicircular
operculum; completely filled with dense scleren
chyme (36). L.Dev.(Ems.)-M.Dev., Eu.-Asia; M.
Dev., Afr.-Austral.-Calif.--FIG. 215,4. *C. sanda
lina (LINNE); 4a, convex side; 4b,c, convex side
and interior of another specimen; 4d,e,g, exterior,
interior, side of operculum; 4/, diagram of septal
arrangement in calice and interior of operculum
(C, cardinal septum; K, counter septum); all Xl
(129).

?Protaeropoma TING, 1937 [*P. wedekindi] [=Pro
taraeopoma LANG-S.-T., 1940 (nom. van.)]. Sil.,
Gotl.

Family DIGONOPHYLLIDAE Wedekind,
1923

[==?Plasmophyllidae, ?Plasmocystidae DYBOWSKI, 1873; ?Plas~

mophyllinae (nom. transi. ZITTEL, 1876); Lythophyllidae,
Lythophyllacea WDKD., 1925; Arcophyllidae MARCOV, 1926;
Lytophyllidae, Lytophyllinae, Cosmophyllinae WDKD. & VOLL

BRECHT, 1931 (invalid); Glossophyllidae KETTNEROVA, 1932j
Cystiphylloidae, Cystiphylloinae, Arcophyllinae STUMM, 1949
(=Cystiphylloididae, nom. correct. HILL, herein, ex Cyst;-

phylloides) 1

Solitary coralla with inversely conical cali
cular floors, wide dissepimentarium merg
ing into tabularium; in some, septal tissue is
developed only in successive inverse cones of
thickening (septal cones of WEDEKIND), in
which individual large trabeculae may be
distinguished, or septa may be developed in
short, thick, contiguous laminar segments or

in part as discrete trabeculae; in others, septa
are developed as contiguous laminae, and in
these a minor septum near the counter sep
tum is elongated into the axial region. Dev.

In this family, if WEDEKIND'S (54) analy
sis is correct, laminar septa are built up from
discrete trabeculae and from discontinuous
laminar septal segments in which the tra
beculae are contiguous and may be indis
tinguishable. The family thus may have
been derived from the earlier family Cysti
phyllidae with discrete trabeculae, in which
some genera (Gyalophyllum) show extreme
dilatation affecting tissue in successive in
versely conical calicular floors ("septal
cones"), just as in the Digonophyllidae. It
is possible, however, to regard the "septal
cones" as rejuvenescent returns to earlier
stages of ontogeny in which the septa were
of thick, contiguous laminae, and in this
view ancestors of the Digonophyllidae may
be outside the Cystiphyllina altogether,
though at present no satisfactory ancestor for
such an origin can be suggested for them.
Therefore, they are herein referred to the
Cystiphyllina and placed close to the Cysti
phyllidae.

Subfamily ZONOPHYLLINAE Wedekind, 1924

[= ?Plasmophyllidae, ?Plasmocystidae DYB., 1873; Lythophyl.
lidae WDKD., 1925; Lytophyllidae, Lytophyllinae WDKD. &
VOLLBRECHT, 1931 (invalid); Zonophyllidae (nom. transl.

WDKD., 1937) 1
Solitary or rarely fasciculate coralla with

inversely conical calicular floors of globose
tabellae and smaller, less globose dissepi
ments; septa discontinuous, of monacanthine
trabeculae (separate in some) developed
only in successive zones (calicular floors,
"septal cones") of skeletal dilatation; the
separate trabeculae do not pierce successive
dissepiments; there is no trace of any long
counter minor septum, nor of crossbar cari
nae. LDev.-MDev.
Zonophylluffi WEDEKIND, 1924 [*Z. duplicatum;

SD LANG-S.-T., 1940J [=?Coleophyllum HALL,
1883; Legnophyllum, Psettdozonophyllum WDKD.,
1924; Lyt/lOphyllum, Nardophyllum, Paralytho
phyllum WDKD., 1925; Plagiophyllum WDKD. &
VOLLBRECHT, 1931; Lithophyllum (nom. van. pro
Lythophyllttm), Paralithophyllum (nom. van. pro
Paralythophyllum) LANG.-S.-T., 1940 (non Litho
phyllum MULLER, 1859); Wedekindophyllum
STUMM, 1949 (nom. van. pro Lythophyllum)J.
Solitary, conical or cylindrical; calicular floors erect
or oblique inverse cones (54). L.Dev.-M.Dev., Eu.
Asia-N.Am.--FIG. 216-1a-c. *Z. duplicatum,
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Ger.; Ia-c, transv. sees., X2 (137).--FIG. 216,
Id,e. Z. marginatum WDKD. (type species of Lytho
phyllum WDKD. and Wedekindophyllum STUMM),
U.M.Dev., Ger.; Id,e, transv. and long. sees., Xl
(137).--FIG. 216,If,g. Z. pseudoseptatum
(SCHULZ), U.M.Dev., Ger.; If,g, transv. and long.
sees., XI (138).--FIG. 270,1 h,i. Z.? romingeri
(HALL) (type species of Coleophyllum), L.Dev.,
N.Am.; 1h,i, side and calical views of corallite,
XO.s (83).

Cayugaea LAMBE, 1901 ["C. whiteavesiana]. Sub
cylindrical without trace of septa; tabulae large,
saucer-shaped, complete, distinctly demarcated
from dissepimentarium formed of rather steeply

2c

Calceola

sloping plates (52). L.Dev., N.Am.--FIG. 216,2.
"C. whiteavesiana, Can.; 2a,b, transv. and long.
sees., XO.s (96).

Skoliophyllum WEDEKIND, 1937 ["Cyathophyllum
lamellosum GOLDFUSS, 1826; SD LANG-S.-T., 1940]
[=Scoliophyllum LANG-S.-T., 1940 (nom. van.)].
Solitary, with flat calicular floors and repeated re
juvenescence, giving a series of laminae en echelon;
practically filled by skeletal dilatation (52). Upper
most L.M.Dev., Ger.--FIG. 216,3. "S. lamello
sum (GOLDF.); side view, Xl (137).

?Bucanophyllum ULRICH, 1886 ["B. gracile]. Small,
solitary, slender at first, then rapidly expanding.
L.Dev., N.Am.

Rhizophyllum

5
Rhytidophyllum

FIG. 215. Cystiphyllina: Goniophyllidae (p. F314).
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?Plasmophyllum DYBOWSKI, 1873 [*Cyathophyllllm
goldfllssi M.EDW.-H., 1851] [=Stereophyllllm
SCHLUTER, 1889 (non GRABAU, 1917; nee SOSH
KINA, 1937)]. Small, curved, conical; typically
filled with skeletal dilating tissue except at calical

periphery, where lonsdaleoid dissepiments develop
(52). M.Dev., Ger.--FIG. 216,6. *P. goldfllssi
(M.EDW.-H.); 6a, calice, Xl; 6b,e, transv. and
long. sees., Xl (114).

?Diplochone FRECH, 1886 [*D. striata]. Solitary;

2b Coyugoeo

~~

Digonophyllum (Digonophylluml

FIG. 216. CystiphyIlina: Digonophyllidae (p. F314-F318).

Plosmophyllum
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Rugosa-Cystiphyllina F317

Digonophyllum (Zonodigonophylluml Digonophyllum (Hemicystiphylluml

FIG. 217. Cystiphyllina: Digonophyllidae (p. F318).

septa developed only as very low ridges (not
spinose) on upper surfaces of tabulae and on inner
side of wall, but numerous and rather long; dis
sepimentarium very narrow, of I or 2 series of
elongate, highly inclined plates; tabulae complete
or incomplete, funnel-shaped (52). Up.M.Dev.,
Ger.--FIG. 216,4. *D. striata; 4a,b, transv. and
long. sees., XI (77).

Subfamily DIGONOPHYLLINAE Wedekind, 1923
[=Arcophyllidae MARKOV. 1926; Cosmophyllinae WEDEKIND 8<
VOLLBRECHT, 1931j Glossophyllidae KETTNEROVA, 1932; Cysti
phylloidae STUMM, 1949 (errore pro Cysliphylloididae);

Atelophyllinae. Mochlophyllinae TAYLOR. 1951]

Large solitary Rugosa with inversely coni
cal calicular floors of globose tabellae and

small, less globose dissepiments; septa are
continuous vertical plates thinnest near
periphery, or are represented in dissepimen
tarium or throughout by septal crests, by
separate crossbar carinae, or they are quite
absent (especially minor septa); they may
be lined by lateral dissepiments; usually one
minor septum near counter septum is very
long; arrangement of septa in tabularium
characteristic; fossula like a keyhole in
transverse section, being outlined in cardinal
part of tabularium by deepening of the cali
cal floor, by parallelism of the short axial
ends of 2 major septa nearest to the short
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cardinal septum, and by sudden inward
expansion of this trough into a circular
space left by axial ends of septa in cardinal
quadrants. MDev.
Digonophyllum WEDEKIND, 1923 [*D. schulzi].

Large; septa typically continuous laminae, but
minor septa may be represented by sparse crests
only (22). M.DetJ., Eu.-Austral.
D. (Digonophyllum). Very large; minor septa

continuous vertical plates except near periphery;
major septa thick in tabularium, the thickening
dying away in inner parts of dissepimentarium;
lateral dissepiments line the septa, and crossbar
carinae may develop at periphery (22). L.M.DetJ.,
Ger.--FIG. 216,5. *D. (D) schulzi; 5a,b,
transv. and long. sees., XO.25 (133).

D. (Glossophyllum) WEDEKIND, 1924 [*G. dohmi;
SD LANG-S.-T., 1940]. Like D. (Digonophyllum)
but with well-developed minor septa (54). L.M.
DetJ., Ger.--FIG. 217,1. *D. (G.) dohmi;
transv. sec., X2 (137).

D. (Zonodigonophyllum) VOLLBRECHT, 1926 [*Z.
primum; SD LANG-S.-T., 1940]. Minor septa
represented by rare crests only; major septa
typically continuous plates, septa withdrawn from
axis; rejuvenescent cones of septal thickening
marked (52). L.M.DetJ., Ger.--FIG. 217,2. *D.
(Z.) primum; 2a-h, series of transv. sees. show
ing growth changes, Xl (133).

D. (Hemicystiphyllum) WEDEKIND, 1925 [*H.
frechi]. Minor septa commonly continuous; major
septa in adult stage withdrawn from tabularium
or represented there by crests (52). U.M.DetJ.,
Ger.--FIG. 217,3. *D. (H.) frechi; 3a-c, transv.
sees., X2 (137).

D. (Mochlophyllurn) WEDEKIND, 1923 [*Actino
cystis maximus SCHLUTER, 1882 (=Mesophyllum
maximum SCHLUTER, 1889] [=Pseudocosmo
phyllum WEDEKIND & VOLLBRECHT, 1931]. Ex
ceptionally large; major and minor septa con
tinuous plates except near periphery where they
are replaced by separate crossbar carinae; lateral
dissepiments line septa; septal ends in tabularium
dilated, unequal, not straight, shorter ones im
pinging on longer; one counter minor septum
very long, extending into tabularium; keyhole
fossula may be obscured (52). U.M.DetJ., Ger.
Austral.--FIG. 218,lc. *D. (M.) maximum
(SCHLUTER), Ger.; transv. sec., X0.25 (133).
--FIG. 218,la,b. D. (M.) geigeri WDKD. &

VOLLBRECHT (type species of Pseudocosmophyl
lum), Ger.; 1a,b, transv. and long. sees., Xl
(138).

D. (Enteleiophyllum) WALTHER, 1928 [*E. sund
wigense; SD LANG-S.-T., 1940]. Septa continu
ous plates except near periphery, with slight
dilatation, without crossbar carinae; major septa
unequal, not straight in tabularium rarely leav
ing a rounded axial space at inner end of the

fossula (52). U.M.DetJ., Ger.--FIG. 218,2. *D.
(E.) stmdwigense; transv. sec., Xl (135).

D. (Uralophyllum) SOSHKINA, 1936 [*U. unicum].
Like D. (MocMophyllum) but with septa dilated
only in tabularium, and thread-thin in the inner
parts of dissepimentarium (52). U.M.DetJ., USSR.
--FIG. 218,3. *D. (U.) unicum, Urals; 3a,b,
transv. and long. sees., Xl (122).

Mesophyllum SCHLUTER, 1889 [non HAHN, 1911]
[*M. defectum SCHLUTER, 1889 (=Actinocystis
defecta SCHLUTER, 1882); SD WDKD., 1925]. Septa
represented in dissepimentarium or throughout by
septal crests, by separate yardarm carinae, or by
rare traces, especially the minor septa; commonly
one counter minor septum very long; keyhole fos
sula characteristic (22). M.DetJ., Eu.-Asia-Austral.
M. (Mesophyllum). Septa withdrawn from axis,

leaving an axial space, pear-shaped in transverse
section, with cardinal fossula at the edge of tabu
larium; septa unthickened, represented periph
erally by discrete yardarm carinae and axially
by narrow laminar segments (22). U.M.DetJ.,
Ger.-Austral.-Asia:-FIG. 219,5. *M. (M.) de
fectum (SCHLUTER), Ger.; transv. sec., X2 (137).

M. (Dialytophyllum) AMANSHAUSER in WEDEKIND,
1925 [*D. complicatum] [=Bothriophyllum
VOLLBRECHT, 1926]. Like M. (Mesophyllum) but
with major septa dilated, continuous but partly
replaced by lateral dissepiments, and without dis
crete yardarm carinae peripherally (22). U.M.
Del'., Ger.-Austral.--FIG. 219,4. *M. (D.)
complicatum, Ger.; transv. sec., Xl (137).

M. (Hemicosmophyllurn) WEDEKIND & VOLL
BRECHT, 1931 [*H. limbatum]. Like M. (Meso
pllyllum) but septa may be dilated in inner parts
of dissepimentarium, major septa proceeding as
continuous dilated vertical plates to axis, with
shorter ones impinging on longer, keyhole fos
sula obscure (52). Lowermost U.M.DetJ., Ger.
--FIG. 219,3. *M. (H.) limbatum; 3a-c, transv.
sees., Xl (138).

M. (Lekanophylium) WEDEKIND, 1923 [*L. punc
tattJm; SD LANG-S.-T., 1940] [=Lecanophyllum
LANG-S.-T., 1940]. Like M. (Mesophyllum) but
with septa represented in young stages by sparse
monacanthine trabeculae and in adult by more
or less continuous, moderately thick plates (52).
Lowermost U.M.DetJ., Ger.--FIG. 219,2a-c. *M.
(L.) punctatum; 2a-c, X2 (54).

M. (Arcophyllum) MARKOV, 1926 [*A. typus]
[=Cosmophyllum VOLLBRECHT, 1922 (non
BLANCHARD, 1851)]. Like M. (Mesophyllum) but
with greater continuity in septa in inner parts of
dissepimentarium (52). U.M.DetJ., Eu.--FIG.
219,1. *M. (A.) typus, Ger.; enlarged (133).

M. (Atelophyllum) WEDEKIND, 1925 [*A. emsti].
Like M. (Arcophyllum) but with peripheral dis
crete crossbar carinae rare or absent (52). U.M.
DetJ., Eu.-Asia.--FIG. 218,4a,b. *M. (A.) emsti,
4a,b, Xl (137).
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M. (Cystiphylloides) CHAPMAN, 1893 (*Cystiphyl
lum aggregatttm BILLINGS, 1859] (=Cystiphyl
loides YOH, 1937; ?Cystiplasma TAYLOR, 1951].
Solitary or weakly aggregate, with septa repre
sented only by radiating striae in calice (52).

U.M.Dev., Eu.-N.Am.-Asia.--FIG. 219,6. *M.
(C.) aggregatttm (BILL.), Can.; Xl (BILLINGS).

RUGOSA Incertae Sedis
Akiyosiphylluffi YABE & SUGIYAMA, 1942 (*A. stylo-

Digonophyllum (Enteleiophylluml

Digonophyllum (Uralophylluml

Digonophyllum (Mochlophyllum I

FIG. 218. Cystiphyllina: Digonophyllidae (p. F318).
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20

Mesophyllum (Leconophylluml

Mesophyllum (Mesophylluml Mesophyllum (Cystiphylloidesl

FIG. 219. Cystiphyllina: Digonophyllidae (p. F318·F319) (For Lecanophyllum read Lekanophyllum).

© 2009 University of Kansas Paleontological Institute



Rugosa-References F321

phorum]. Perm., Japan [not seen].
Astraeophyllum NICHOLSON & HINDE, 1874 ["A.
gracile]. Sil., Can. [types missing].

Axinura CASTELNAU, 1843 ["A. canadensis]. Drift,
ex Dev., N.Am. [holotype lost (=?Eridophyl
lum)].

Barbouria LANG-S.-T., 1940 [pro Craterophyllum
BARBOUR, 1911; non FOERSTE, 1909; nec TOLMA
CHEV, 1931] ["Craterophyllum verticillatum BAR
BOUR, 1911]. Penn., Nebr.

Brochiphyllum WEDEKIND, 1923 [genus caelebs].
M.Dev., Ger.

Campsactis RAFINESQUE & CLIFFORD, 1820 ["C.
canaliculata; SD LANG-S.-T., 1940]. Dev., Ky.
[types lost].

Chusenophyllum TSENG, 1948 ["c. palonoidea].
Perm., China [not seen].

Cyathaxonella STUCKENBERG, 1895 ["C. gracilis].
L.Carb., USSR [?Cyathaxoniidae or ?Timorphyl
lidae].

Cystostylus WHITFIELD, 1880 ["C. typicus]
[=Cystistylus LANG-S.-T., 1940 (nom. van.)]. M.
Sil., USA.

Duncania DE KONINCK, 1872 ["D. simplex]. L.
Carb., Belg.

Edaphophyllum SIMPSON, 1900 ["Cystiphyllum bi
partitum HALL, 1882]. L.Dev.(Onond.), N.Am.
[d. Coleophyllum; types lost].

Elasmophyllum HALL, 1882 ["E. attenuatum]. L.
Dev.(Onond.), N.Am. [types lost].

Exostega RAFINESQUE & CLIFFORD, 1820 ["E. tecta;
SD LANG-S.-T., 1940]. Dev., Ky. [types lost].

Gangamophyllum GORSKY, 1938 ["G. boreale].
Carb., N.Zem.

Huangophyllum TSENG, 1948 [OH. symmetricum].
Perm., China [not seen].

Kenophyllum DYBOWSKI, 1873 [OK. subcylindricum]
[=Cenophyllum RYE, 1875]. Ord. (Z2)' Est.

Omphyma RAFINESQUE & CLIFFORD, 1820 ["0. ver
rucosum]. ?Miss., Ky. [types lost].

Peripaedium EHRENBERG, 1834 ["Cyathopl,yllum
turbinatum GOLDF., 1826]. M.Dev., Ger.

Polydilasma HALL, 1851 ["P. turbinatum] [=Poly
diselasma LANG-S.T., 1940 (nom. van.)]. M.Sil.,
N.Y. [types missing].

?Prisciturben KUNTH, 1870 ["P. densitextum]. Sil.,
Swed. (See p. FI33.)

Pterorrhiza EHRENBERG, 1834 [OCyathophyllum
marginatum GOLDF., 1826; SD LANG-S.-T., 1940].
M.Dev., Ger. [type missing].

Rhipidophyllum SANDBERGER, 1889 [OR. vulgare].
L.Dev., Ger. [not seen].

Sphaerophyllum WEDEKIND, 1923 [genus caelebs].
L.M.Dev., Ger.

Stegophyllum SCHEFFEN, 1933 ["S densum]. U.
Ord., Norway.

Sugiyamaella YABE & MINATO, 1944 ["S. carbon
arium]. Perm., Japan [not seen].
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HETEROCORALLIA
By DOROTHY HILL

MORPHOLOGY
The heterocorals are a small, short-lived

(Carboniferous) order of very elongate soli
tary corals. They possess septa (longitudinal
radial plates) and tabulae (transverse plates)
but may lack an external sheath (epitheca)
and their narrow wall is formed by thick
ening and apposition of the steeply sloping
edges of their tabulae. The method of in
sertion of their septa is characteristic. Mate
rial so far collected consists of fragments
only, which show little change in diameter
from one end to another. There are but rare
indications of branching and the corallites
may be slightly twisted, or may show sud
den changes in direction of growth.

The skeleton is a framework of radial
longitudinal and transverse skeletal ele
ments; each consisting of fibers of CaC03

at right angles to the growth lamellation,
which is weakly apparent. An external
sheath or epitheca is absent, according to
SCHINDEWOLF (41), but HILL (18) thought

it to be present in one species (Heterophyllia
phillipsi) .

The only radial skeletal elements are the
septa, plates in which the fibers are arranged
approximately at right angles to the median
plane. The outer edges of septa typically
project, so that the corallum is fluted rather
than cylindrical, and they may have a
linear series of denticulations which may be
hooked. The inner edges of septa are scarce
ly anywhere free, but each typically abuts
on to another septum, the abutted septum
commonly diverging outwardly from its
radial course at the point of contratingency,
so as to give an appearance of forking. This
attachment of inner edges of the septa is one
of the distinctive features of the order. The
septa are flexuous, and serial sections show
that the roles of apparent abutter and
abutted may be interchangeable.

Owing to the fragmentary nature of the
material, and the very slow change in diam
eter with consequently slow rate of appear-
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FIG. 220. Arrangement of septa in Heterocorallia. 1, Development of septa in Heterophyllia kitakamiensis
YABE & SUGIYAMA, L.Carb., Japan, shown by transverse sections of juvenile part of corallite (la,b) and
ephebic part (le), X15; C, cardmal septum; K, counter septum; a, accessory (alar) septa; p, protoseptum;
1-5, metasepta in order of appearance (140). 2, Diagram of septal arrangement in Heterophyllia; p, proto
septum; 1,2, metasepta in order of appearance (113). 3, Diagrams ;;howing insertion of 2nd-order meta
septa (light-weight lines) in a quadrant as illustrated by various heterocorals, heavy lines indicating proto-

septa and 1st-order metasepta; the ideal regular plan (3d) is commonly not realized (113).

ance of new septa, the insertion of septa has
been the subject of deductive rather than
inductive studies. Thus, YABE & SUGIYAMA
(1940) consider that 6 protosepta were pres
ent, as in Rugosa and Scleractinia, and that
new septa (metasepta) were thereafter pin
nately inserted, as in Rugosa, not cyclically
as in Scleractinia, but that this pinnate in
sertion occurred only in 2 positions, as
against 4 positions in Rugosa (Fig. 220,la-c).

SCHINDEWOLF (1941), however, included
in his studies serial sections from fragmen
tary coralla, and his strikingly different con
clusions may be outlined as follows. There
are 4 original septa (protosepta). Each of
these may split into 2 near the periphery;
new septa are inserted only in the 4 spaces
formed between the 2 split portions of each
such septum, thus in "quadrants," and do
not arise in the original 4 spaces ("fos
sulae") between the protosepta (Fig. 220,2).
Of these 4 insertion spaces, 2 opposing ones,
regarded as lateral, show far more newly
formed septa than the remaining 2, of
which one, the "upper" (oriented in
SCHINDEWOLF'S drawings in the position he
usually assigns to the cardinal septum) is

more backward than the other. The new
septa develop in groups of 8 irregularly, ap
pearing neither pinnately nor cyclically, the
various possible arrangements being as in
dicated in Fig. 220,3. There may be 16 in
the group derived from "splitting" of each
lateral septum, as against 2 from the cardi
nal, and 4 from the counter septum. In
SCHINDEWOLF'S view, the new septa are in
serted in the original endocoeles, leaving
the original 4 exocoeles undivided.

The only transverse skeletal elements are
tabulae. These are domed (or in SCHINDE
WOLF'S opinion saucered) floors with steeply
sloping edges. Each is formed of fibrous
CaC03, the fibers growing on one surface
only, which in HILL'S view is the upper sur
face. Each floor consists of a series of seg
ments developed in the loculi between septa,
the segments being discontinuous through
the septa, but on the same level in neigh
boring loculi. Each segment is curved both
from axis of corallite to periphery, and from
one septum to its neighbor. In HILL'S view,
the latter curve is concave on the growing
side, as in similar tabulae or dissepimental
segments in Rugosa; but according to inter-
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FIG. 221. Heterophylliidae (p. F327).

pretation of the tabulae as saucered, not for fibers to grow grouped about straight or
domed, the curve from septum to septum is curved axes perpendicular to the outer sur
domed, not saucered, and is thus the oppo- face of the corallum. This is the only type
site of the condition in all other corals. Scat- of marginal zone developed in the Hetero
tered incomplete tabulae developed in one or corallia; dissepiments are observed nowhere
only a few interseptal loculi indicate by (Fig. 221,3).
their manner of adhesion that the tabulae CLASSIFICAnON
are domes, not saucers. . . .

In their steeply sloping edges, the tabu- The cl~sslficatIo~of.the Heteroc?ralha as
lae, thickened by outward growth of their ~oanthana seems JustIfied by their posses
fibers, are in contact in a zone of dense tis- slon of septa ~nd tabulae .of fibrous CaCOs;

h 1 b h' k d h' but the groupmg, contratmgency, and flexu-
sue; t e septa a so ecome t IC ene at t elr f th t d th . f, ., ousness 0 e sep a, an eIr manner 0
p~npheral ed~es m this zone, and t~e com- septal insertion as known at present, clearly
bmed result IS a stereozone, called hetero- distinguishes them from Tabulata, Rugosa,
theca" by SCHINDEWOLF. In this stereozone, and Scleractinia. They consist of one small
trabeculae may develop from the tendency family only, divisible into 2 genera.

© 2009 University of Kansas Paleontological Institute



Heterocorallia F327

DISTRIBUTION
Their stratigraphic distribution is limited,

both in time and space, for they are known
only in the Visean and Namurian divisions
of the Carboniferous system in Europe and
Asia. At most localities, both genera occur
together, and in view of the fragmentary
nature of the material, KUNTH'S suggestion
that the more primitive genus, Hexaphyllia,
may be merely the young stage of Hetero
phyllia, is not unreasonable. Because of
their fragmentary nature, also, we have
direct knowledge only of later parts of their
ontogeny. It is not possible at present to in
dicate ancestry for the order, which seems
to have left no descendants in post-Namur
ian time.

They are found in calcareous shales and
in pure limestones, and SCHINDEWOLF (41)
suggests that their elongate nature, and the
hooks on outer septal edges of some, indi
cate a pseudo-planktonic existence attached
to seaweeds.

SYSTEMATIC DESCRIPTIONS

Order HETEROCORALLIA
Schindewol£, 1941

[as suborder; =Dicoelia YABE & SUGIYAMA, 1940 (subdivision
of Tetracoralla) 1

Elongate coralla originally with 4 septa

conjoined axially and with new septa
formed in attachment to these so that the
4 original interseptal loculi remain un
divided; marginarium a narrow trabeculate
stereozone; tabulae complete, domes with
steeply sloping to vertical edges. Carbo

Family HETEROPHYLLIIDAE
Dybowski, 1873

[nom. transl. HILL, 1940 (ex Heterophyllinae DYBOWSKI
1873); Heterophyllidae YAB. & SUGIYAMA, 1940] ,

Hexaphyllia STUCKENBERG, 1904 ["H. prismatica].
Slender, with only 6 septa (41). Carb.(Vise.
Namur.) Eu.-Asia.--FIG. 221,1. H. mirabilis
(DUNCAN), Eu.; 1a,b, transv. and long. sees.,
XlO (113).

Heterophyllia M'Coy, 1849 [non D'ORBIGNY, 1849]
["H. grandis; SD M.EDW.-H., 1850]. With nu
merous septa. Carb.(Vise.-Namur.), Eu.-Asia.

H. (Heterophyllia). With all 4 original interseptal
loculi separated by new septa (41). Carb.(Vise.
Namur.) , Eu.-Asia.--FIG. 221,3. "H. (H.)
grandis (M'CoY), Eu.; 3a,c, transv. sees., X4,
X20; 3b, long. sec., X2 (113).

H. (Heterophylloides) SCHINDEWOLF, 1941 ["H.
(H.) reducta]. With 2 of the original interseptal
loculi not separated by new septa or separated
by but one new septum (41). Carb.(Vise.
Namur.), Eu.--FIG. 221,2. "H. (H.) reducta;
2a, exterior of eorallite, X 1.5; 2b, transv. sec.,
X4; 2c,d, long. sees., X2, X20 (113).

REFERENCES AND SOURCES OF ILLUSTRATIONS

See preceding section on Rugosa (p. F321, F323)
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GENERAL CHARACTERS

The order Scleractinia is the major divi
sion of the Zoantharia which includes nearly
all post-Paleozoic fossil and Recent corals. It
includes solitary and colonial forms with
polyps less specialized than those of the
Actiniaria and resembling more closely
those of the Corallimorpharia, a highly spe
cialized and probably closely parallel group.
The Scleractinia are distinguished by a cal
careous external skeleton consisting essen
tially of radial partitions or septa situated
between the mesenteries and secreted by
the ectodermal body layer within upward
infoldings of the basal part of the polyp
wall, together with a more or less developed
external sheathing and variously developed
attendant supporting structures. In onto
geny the septa are developed following the
pattern of the mesenteries: after the estab
lishment of the first 6 septa, others normally
are inserted between those previously
formed in successive groups of 6, 12,24, and
so on.

As in all other anthozoans, scleractinian
corals are exclusively marine in habit. They
are commonest in warm, clear, shallow
waters of the tropical zone, but some are
adjusted to shallow or deep, cold water and
may be found in all latitudes. They have
little or no tolerance for other than normal
salinity.

The oldest known Scleractinia are a few
shallow-water forms of primitive aspect from
the Middle Triassic, and like the majority
of other invertebrates, were essentially mod
ernized by the beginning of Cenozoic time.
Scleractinians obviously are allied so closely
to the soft-bodied actiniarian and coralli
morph anemones that either the 3 groups
had a common origin, or as is more likely,
the scleractinians were a late Paleozoic or
early Mesozoic development from the same
stock as the corallimorphs.

Morphological terminology applied to
the scleractinian corals is explained in fol
lowing sections on anatomy of the polyps
and morphology of the skeleton, most spe
cial terms being called to notice by printing
the name in boldface type where it first ap
pears. In addition, an alphabetically ar
ranged glossary of morphological terms used
in description of Scleractinia, Rugosa,
Heterocorallia, and Tabulata is given on
pages F245 to F251.

For valuable criticism and suggestions re
lating especially to the organization of gen
eral discussion of the Scleractinia, it is ap
propriate to express acknowledgment and
appreciation to Dr. H. DIGHTON THOMAS,
of the British Museum (Natural History)
and the Treatise Editor, Dr. RAYMOND C.
MOORE.

ANATOMY OF POLYPS

Scleractinian polyps resemble those of the
simpler types of actiniarians (Fig. 222).
Alive, they are variously colored and assume
different aspects as they are fully expanded

or contracted. The expanded polyp shows
2 distinct regions: the smooth, cylindrical
column, terminated above by the horizontal
oral disc, below by the basal disc. In the
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FIG. 222. Relations of polyp and skeleton in scleractinian corals. A, Young ",uyvphylliid, with edge zone
(mesenteries not shown between septa in foreground) (I85). B. Flabellum, lacking edge zone. C,D, Trans

verse sections of Flabellum along line a-a' and bob' (151).

center of the oral disc is the mouth, a hole
leading to the polyp interior. The oral-disc
region around the mouth is the peristome,
peripherally bounded by one or more rings
of tentacles. The stomodaeum is an eso
phagus-like connection between the mouth
and the interior gastrovascular cavity. The
latter is hollow and subdivided by 2 series
of vertical radial partitions. One series is
formed by the mesenteries, fleshy plates at
tached to the inner surface of the oral disc

and column wall. Their upper parts may
or may not be connected to the stomodaeum,
and their lower edges commonly are free.
The other series of partitions comprises the
septal invaginations, which are inturnings
of the basal disc occupied by the calcareous
septa, and which alternate in position with
the mesenteries or pairs of mesenteries.

BODY LAYERS
Microscopically the column wall, oral
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connecting mesentery
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FIG. 223. Body layers of scleractinian polyps (83). A, Longitudinal section of exotentacle of Favia doreyensls
M.EDW.-H., Maldives, X90. B, Transverse section of mesentery of Favia bertholleti M.EDw.-H., Ceylon,
X42. C, Transverse section near upper part of column wall of Favites pentagonus (ESPER), Maldives,

X315. D, Transverse section of part of oral disc of Favia hululensis GARDINER, Maldives, X37.

disc, tentacles, and basal disc (but not the
mesenteries), are composed of 3 distinct
layers of tissue: ectoderm, mesogloea, and
endoderm (Fig. 223). The outer layer of
ectoderm is externally ciliated and contains
nuclei, granular and mucous vacuoles, and
nematocyst capsules. The middle, support
ing lamina of mesogloea is nearly homo
geneous, noncellular, nucleated, and jelly
like. The inner layer of endoderm consists
of glandular and muscular elements, and
granular vacuoles. The endoderm of most
reef-dwelling corals contains large numbers
of symbiotic, unicellular, yellow-brown,
dinoflagellate algae, termed zooxanthellae.

The ectoderm consists of 2 histologically
distinct regions: (1) the exposed surface of
the polyp: oral disc, tentacles, and outer

areas known as edge zone, if they merely
extend over the corallite wall, and coenosarc,
if they are continuous between polyps of
colonial coralla; and (2) the calicoblast
layer, comprising whatever parts of the
ectoderm that lie directly against the skele
ton. The calicoblast layer, nonexistent in the
larval stage, is differentiated after fixation
of the larva from the ectoderm of the basal
disc antecedent to development of the skele
ton which it secretes.

MESENTERIES
NATURE AND KINDS

The radial partitions of the gastrovascular
cavity, the mesenteries, are the most vital
part of anthozoan polyps. With their fila
ments, they are the organs of digestion, ab-
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dorsal

ventralventral

between neighboring pairs is an exocoele.
In all solitary (monostomatous) polyps

and in each of the new polyps of colonial
corals developed by budding outside the
tentacular ring, the mesenteries of 2 oppos-

FIG. 225. Development of first cycle of mesenteries
(protocnemes) in Pocillopora and Seriatopora, 1,2,
4,6 (=orthocnemes); 3,5 (=sterigmatocnemes).
Position of muscular pleats indicated by short lines

perpendicular to mesenteries (76).

mesoglaea

Coelenterata-Anthozoa

dorsal

stomodaeal ridge

--exocoele

FIG. 224. Generalized transverse section of part of
polyp, showing relations of normal mesenterial

couple (151).

F332

sorption, and excretion, and are the site of
development of the gonads; their arrange
ment and order of development are the dis
tinguishing feature of the Anthozoa. Mesen
teries are laminar in appearance and consist
of 2 layers of endoderm between which is
a sheet of mesogloea (Fig. 223). They are
attached above to the under surface of the
oral disc and along their outer margins to
the inner surface of the hard parts by wedge
shaped mesogloeal processes. Those that ex
tend to and join the inner surface of the
stomodaeum are said to be complete mesen
teries; those that do not reach the stomo
daeum are incomplete mesenteries. A short
distance below the stomodaeum the inner
free margin of the mesentery may be drawn
out into long ribbon-like prolongations
(mesenterial filaments) which lie coiled in
the gastrovascular cavity.

On each side of the mesogloea, as seen in
the cross section of a mesentery, is a longi
tudinal layer of retractor muscle fiber. In
variably one of these muscle layers is better
developed than the other and the mesogloea
beneath it is extended as a series of longi
tudinal folds or pleats (Fig. 223). The posi
tion of these pleats is constant in all mesen
teries of the same relative position and is
useful in orientation of the polyp. Most of
the mesenteries in a polyp are disposed ra
dially with respect to an axis passing
through the stomodaeum; they are arranged
in pairs in which the mesogloeal pleats of
each member face those of the other (Fig.
224). The space between the mesenteries of
such a pair is an entocoele, and the space
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FIG. 226. Development of second cycle of mesenteries (metacnemes) in Manicina; A,B,C, successive stages.
Second cycle of mesenteries (metacnemes) indicated in order of appearance by 1,2,3 (26).

ing pairs in a so-called dorsoventral plane
have their pleating reversed; these are direc
tive pairs or directive mesenteries. In some
forms, the tentacles lying over these direc
tive pairs and skeletal septa within are en
larged. Where colony-formation is by bud
ding within the tentacular ring, the founder
polyp has 2 directive pairs, but upon "divi
sion" of the polyp, the pairs are separated
and the vast majority of the polyps in such
a colony have no directive pairs, although
theoretically each original pair is in some
polyp somewhere in the colony. In such
cases it is convenient to regard the polyps as
lacking directive mesenteries.

DEVELOPMENT

Before the appearance of mouth opening
or tentacles in the larva (planula), 2 oppos
ing bulges consisting of longitudinal mus
cular sheets appear in the endoderm, and.
define a polarity designated as dorsoventral
(Fig. 225a). These sheets, called sterigmato
cnemes, are substrates on which the mesen
teries develop. The dorsal bulge precedes
the ventral and undergoes cleavage in which
the 2 halves spread apart from each other
(Fig. 225b-d). The ventral bulge does the
same, but later on. Another sheet, termed
orthocneme, develops on the surface of each
sterigmatocneme, undergoes cleavage, and
elongates toward the axis. These new sheets
are predecessors of complete mesenteries.

After the mouth and stomodaeum have
appeared (Fig. 225d), musculature and
pleats appear on the orthocnemes, the ven
tral couple of which becomes the ventral
pair of directive mesenteries, and the dorsal
pair becomes the first pair of complete
mesenteries. Thus far, development of the
first 2 pairs of orthocnemes has been simi
lar, the ventral pair being slightly retarded,

but subsequently the sterigmatocnemes of
the ventral pair retrogress and disappear
(Fig. 225e-h). The laterodorsal part of the
2 dorsal sterigmatocnemes also disappears
(Fig. 225 f-h), but thickening of the ventral
part produces the third couple of mesen
teries which form pairs with the dorsal
orthocnemes (Fig. 225g,h). Repetition of
this sequence in the dorsal sector (Fig.
225i,j) gives rise to another couple of mesen
teries before the dorsal directive pair ap
pears. When the first 6 mesenteric pairs
(comprising 12 protocnemes) have devel
oped (Fig. 225j) the embryonic period is
terminated. Mesenteries developed subse
quently are called metacnemes.

The sequence just described seems to
represent the primitive order of appearance.
In most groups of scleractinians develop
ment of orthocnemes in the dorsal sector is
greatly accelerated, and they may be well
formed before the appearance of the ventral
directives.

The developmental order of the meta
cnemes (Fig. 226) follows the dorsoventral
sequence established by the protocnemes.
The second cycle of 6 metacnemic pairs ap
pears after fixation of the planula, one pair
at a time within the exocoeles of the protoc
nemic pairs. The first are introduced in the
spaces between a dorsal directive and the
first lateral protocnemes (Fig. 226A), the
next between the first and second lateral
pairs of protocnemes (Fig. 226B), and so
on (Fig. 226C). The 12 pairs of third-eycle
metacnemes arise in 2 series of 6 couples
each (Fig. 227), the first in the exocoeles on
the dorsal side of the second-cycle couples
(Fig. 227A), and in the same order. After
the appearance of the first series, the second
series arises in the ventral exocoeles (Fig.
227B,C).
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FIG. 227. Development of 3rd cycle of r.lesenteries
(metacnemes) in Manicina. First cycle (protoc
nemes) (P) and 2nd cycle (metacnemes) (5) indi
cated by shading between mesentery pairs; order of
appearance of 3rd-cycle metacnemes indicated by se
quences 1a,2a,3a (lst series) and 1b,2b,3b (2nd

series) (26).

The dorsoventral succession in each of 2
moieties of mesenterial insertion, which is
characteristic for the Scleractinia, Coralli
morpharia, and most of the Actiniaria, is
basically bilateral, as in the Rugosa, not
radial. But the sites of insertion and order
contrast with the Rugosa, as inferred from
the septal succession in the latter, where a
dorsoventral (or ?ventrodorsal) succession
occurred in each of 4 quadrants defined by
the cardinal-counter and alar pairs of septa,

NEMATOCYSTS
Stinging or adhesive structures, termed

TENTACLES
The tentacles arise from the oral disc as

out-pushings of the mesenterial chambers be
low-entotentacles from entocoeles, and exo·
tentacles from exocoeles. They are arranged
in one or more rings around the mouth,
from the edge of which they ale separated
by the peristome, or they may be spread
over much of the entire oral disc. They are
mostly simple, formed by a single tubular
extension, but in Siderastrea the entoten
tacles are bifurcated near their tips. The
tips of the tentacles are swollen or knobbed
with concentrated nematocyst batteries, or
obtuse with scattered batteries. In most
corals, a longitudinal ectodermal muscula
ture is capable of retracting the tentacle, but
in some forms (Stephanophyllia, Fungia
cyathus, Euphyllia) , the tentacles are non
retractile. In a few genera of the Agariciidae,
the tentacles are very small or even rudi
mentary. The function of the tentacles is
tactile and prehensile, to detect and seize
food particles and move them toward the
mouth.

after the establishment of the protocnemes
and the 6 primary entocoelic septa; or, to
put it differently, in the Scleractinia addi
tions of metacnemes (and septa) occur in
all 6 of the primary exocoeles, and in only
4 of the 6 primary exocoeles in the Rugosa.

STOMODAEUM
The stomodaeum connects the mouth

with the gastrovascular cavity (Fig. 222). It
is generally rather short and compressed lat
erally with respect to the directive mesen
teries. The complete mesenteries are at
tached to its inner surface and over the
points of attachment the ectoderm may be
raised into vertical ridges (Fig. 224). In
some groups, these stomodaeal ridges are
lacking and the stomodaeum is smooth
(Astrocoeniina, Agariciicae, Poriticae).
Since free-swimming larvae lack stomodaeal
ridges, their absence in adult forms may be
a primitive character, or it may simply be
correlated with size of the polyps. In polyps
with directive couples of mesenteries, 2 ver
tical grooves in the stomodaeum face these
couples.

2b
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FIG. 228. Edge zone and coenosarc: diagrammatic
vertical sections. A, Solitary caryophylliid (151). B,

Colonial plocoid faviid (151).

the strict homology between intra- and extra
mural skeletal structures, but in some
groups (acroporids, dendrophylliids), the ex
tended mesenterial chambers are modified
into a network of canaliculae. In corals with
perforate skeletal wall (Acropora, Porites),
the interior of the coenosarc and the intra
mural gastrovascular cavity of the polyps
are directly connected through the wall as
well as over it. In corals with epitheca, the
edge zone is narrow and extends down to
the edge of the upgrowing epitheca (Caryo
phyllia), or is absent (Flabellum).

~~~ septotheca

~~~------endotheca

____tentacle

If' -------.--oral disc

~stomodaeum
'1~sePtum

~edge zone

\.--: ,f!!!!!:.. - column watll

~ cos a

~~~~:=======::sePtotheca
~ epitheca

basal plate

nematocysts or cnidocils, are found in all
scleractinian polyps. They are ectodermal,
differing in shape and structure in different
species or in different parts of the same
polyp. Four main types are recognized, of
which some have a stinging function, where
as others may be merely adhesive. The com
bination of nematocyst types found in scler·
actinian polyps is similar to that in the
Alrallimorph anemones, and much less

varied than in the Actiniaria.

EDGE ZONE AND COENOSARC
The edge zone is the part of a polyp that

lies outside the wall of a solitary coral
(Figs. 222, 228A). It is simply a horizontal
outfold of the column wall overflowing the
corallite wall, and contains a continuation
of the gastrovascular cavity. In solitary
corals, only edge zone is developed; in col
onies the edge zone becomes coextensive
between the polyps, constituting the coeno
sarc (Fig. 228B).

The calicoblast layer is present on the
under surface of edge zone or coenosarc and
lays down calcareous deposits called costae,
which are essentially prolongations of the
septa outside the column wall, and other
extramural skeletal deposits such as dissepi
ments and stereome, which are collectively
termed coenosteum when deposited by
coenosarc. Coenenchyme is a term often ap
plied to either coenosteum or coenosarc, or
to both together; and properly speaking, it
refers to the latter combination, a connota
tion unnecessary in scleraetinian termin
ology.

Edge zone and coenosarc typically con
tain extensions of the mesenteries, hence

MORPHOLOGY OF THE SKELETON

The scleractinian skeleton (Fig. 229) con
sists of a thin basal plate from which rise
radiating vertical partitions called septa, and
attendant structures. An upward continua
tion of the basal plate, marking the limit of
the oral disc or edge zone, is termed
epitheca. The column wall of the polyp is
enclosed by a limiting calcareous deposit
(wall or theca) consisting of different struc
tures in different corals. Costae are exten
sions of the septa beyond the wall into the
edge zone of coenosarc.

The entire skeleton deposited by a single

polyp or by a colony of polyps is a corallum.
Individual polyp skeletons in a colony are
corallites. The upper or open end of a coral
lum or corallite is the calice (pl., calices),
usually concave and deepest in the center,
and occupied in life by the polyp. Extra
thecal structures supporting the edge zone
and coenosarc are collectively termed coeno
steum. Dissepiments are thin, curved or
tabular sheets in the spaces between septa
or costae that support the lower surface of
the soft parts and cut off the void left by
upward growth (Fig. 230). Endotheca com-
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FIG. 229. General relations of polyp and corallum in Galaxea (98).

prises dissepiments inside the wall of a
corallum or corallite, exotheca those outside
the wall. A central axial structure, originat
ing from various modifications of the inner
ends of the septa, is the columella. Septa and
thecal structures are commonly thickened
secondarily by a deposit of stereome, similar
in structure to epitheca.

COMPOSITION AND ORIGIN
The exact way in which the skeleton is

deposited by the polyp is not thoroughly
understood, but it has been supposed that it
is carried out within certain specialized cells
of the calicoblast layer of the body wall
ectoderm (intraprotoplasmic) , and that it
constitutes an exoskeleton. The calcareous
tissue of the exoskeleton consists of minute
crystalline fibers or needles of aragonite
(CaCOs), about 2 microns in diameter and

FIG. 230. Structure of scleractinian dissepiment.
Vertical section of dissepiment of Galaxea, ca.

X50 (98).

each an orthorhombic crystal, arranged nor
mal to the secreting surface of the ectoderm.
In the basal plate, dissepiments, and
stereome, all of which are deposited from
unfolded, even-surfaced ectoderm, the skele
tal tissue appears as dense, fibrous sheets
marked only by growth laminations (Fig.
230).

When septa and structures derived from
them are examined in thin section under
considerable magnification (Fig. 231), they
are seen to contain numerous dark spots or
"centers of calcification," from each of
which fibrous crystals radiate toward those
of neighboring centers. The centers of calci
fication and their clusters of fibers are
termed sclerodermites, and are considered
for practical purposes as the primary units
of the septa. However, sclerodermites do
not differ fundamentally from the fibrous
sheets of the basal plate and its related struc
tures. They are secreted in the upfoldings of
the basal disc of the polyp by persistent areas
of calcification in hollows, often very small
and close together along the upper ectoder
mal surface of the upfold. The dark "centers
of calcification" of the sclerodermites may
be an optical effect or possibly patches of
residual organic matter in the center toward
which the fibrous crystals have grown. The
remaining ectodermal surface of the upfold
does not lack the ability to secrete crystalline
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FIG. 231. Scleractinian septal structure. A, Radial section of septum and columella of Galaxea, ca. X50
(98). B, Tangential section of septum of Galaxea, ca. X50 (98).

fibers, sheets of which (stereome) may
afterwards be laid over the sclerodermites,
thickening and strengthening the septa.

SEPTA
GENERAL NATURE

Relative to the polyp, the septa lie in the
ento- and exocoeles, their function being that
of support and separation of the mesenteries.
In development, they are the first skeletal
structures to appear after the deposition of
the basal plate. All other skeletal parts are
subsequent to the septa and of secondary im
portance.

The sclerodermites are more or less per
sistent vertically in the plane of the upfold
from the basal disc of the polyp, and de
velop spines or rods called trabeculae (Fig.
231). A septum is a palisade of trabeculae.
Depending on the development of the sclero
dermites along the crest of the upfold, the
trabeculae vary widely in different scler
actinian groups. They are simple trabeculae,
if composed of series of single sclerodermites
(Fig. 232), or compound trabeculae, if com
posed of bundles of sclerodermites (Fig.
233). Sclerodermites are rarely arranged in
a uniformly continuous vertical series; com
monly they incline outward from the axis
of the trabecula and emerge from the septal
plane as striae or granulations. They may
emerge at the same level in adjacent trabe-

culae and fuse laterally in form ridges paral
lel to the upper or growing margin of the
septum. Trabeculae are rarely parallel to
one another, but are so arranged that they
are increasingly inclined outward from an
axis of divergence which may be vertical,
inclined, or even horizontal (Fig. 234). The
pattern thus produced constitutes a fan sys
tem. Septa may consist of more than one
fan system lying in the septal plane (Fig.
232B). If the trabeculae are closely united
without intervening spaces to form a con
tinuous sheet (Fig. 232), the septum is
laminar and in cross section the centers of
calcification may be discrete or so close to
gether as to form an apparently continuous
dark line. If trabeculae are more or less
loosely connected, they form a fenestrate
septum (Fig. 223), in which pores or per
forations appear more or less regularly be
tween adjacent trabeculae. Such perfora
tions may become filled secondarily. In a
few primitive genera of stylophyllids and
astrocoeniids, the trabeculae may be more
or less completely isolated from each other
in the septal plane as trabecular spines (Fig.
235). These spines may also be discontinu
ous vertically and interrupted by endotheca,
as if septal secretion began anew after each
period of growth. This structure is homolog
ous with the acanthine septal type of some
Rugosa.
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Septal teeth or dentations are formed
along the upper margin of the septum if
the trabecular axes project beyond the con
nective tissue or if the trabeculae are too
far apart for intervening spaces to be filled
(Fig. 236). They reflect the underlying
structure of the septum. Granular or bead
like teeth are found in scleractinians having
the septa composed mostly of simple trabe
culae arranged in one fenestrate fan system
(Astrocoeniidae, Calamophylliidae, Agari
ciidae, Thamnasteriidae, Microsolenidae).
Nearly smooth, acute teeth occur (Mont
livaltiidae, Faviidae) where the septa are
composed of simple trabeculae in 1 or 2

FIG. 232. Trabecular structure of scIeractinian septa. A, Single fan system of silJ1ple trabeculae in laminar
septum of Galaxea (98). B. Multiple fan systems of simple trabeculae in laminar septum of Mussa (98).

~
If!

~

II

FIG. 233. Trabecular structure of sc1eractinian sep
tum. A, Single fan system of compound trabeculae
in fenestrate septum of Cyclolites (105). B, Com-

pound trabeculae enlarged (105).
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FIG. 235. Trabecular structure of scleractinian sep
tum. Trabecular spines in Oppelismilia, X2 (172).

septa. The first-formed septa, called proto
septa, are the 6 located in the entocoeles of
the first cycle of mesenterial pairs. Unlike
the protocnemes, however, the protosepta
appear simultaneously rather than in suc
cession in basal invaginations of the pro
septa, the latter being high vertical endoder
mal ridges which appear on fixation of the
polyp. Other cycles of septa, collectively
termed metasepta, are subsequently intro
duced one after the other. If only one cycle
of mesenteries (protocnemes) has developed
when the 6 protosepta appear, the second
cycle of septa appears in the exocoeles as
exosepta. If 2 cycles of mesenteries (proto
cnemes and first-cycle metacnemes) have
developed, both the protosepta and second
cycle metasepta appear nearly simultane
ously and both are entoseptal. The first-cycle
protosepta develop simultaneously, and the
second-cycle ento- or exosepta apparently
also originate simultaneously, but in some
forms the order of appearance of the second
cycle is arranged in a dorsoventral order
following that of the metacnemes, emphasiz
ing the basic bilaterality of the scleractinian
polyp and corallum. This order of succes
sion in sextants constitutes the most obvious
difference between the Scleractinia and the
Rugosa. In the latter, the metasepta develop
in a dorsoventral (?ventrodorsal) direction
in each of 4 quadrants of insertion.

The succession of septal cycles after the
first 2 may be complicated by the first ap
pearance of the second- or third-cycle exo
septa in the positions ultimately occupied by
the entosepta (Fig. 238). This substitution

Scleractinia-Morphology
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laminar fan systems. Dentations like the
last but larger and tending to be irregularly
lacerate or hirsute, are common in groups
(Pectiniidae, Merulinidae) in which the
septa are laminar but with compound trabe
culae. In the stylophyllid corals of large size
(Oppelismilia), the compound trabeculae
emerge as blunt, lobulate teeth. In the
Fungiidae, trabeculae are compound, form
ing small beadlike dentations in the fene
strate primitive forms and early stages of
advanced types, and large, hirsute, acute to
lobulate teeth in later stages. Where the
septa are formed by a number of small fan
systems, as in the Mussidae, each system
may form a single large, lobulate, conical,
or triangular tooth. Even septa which ap
parently have quite smooth upper margins
are very minutely dentate (Caryophylliidae).

The septal structure, as briefly outlined
a~ove, varies regularly from group to group
within the Scleractinia. This variation of a
fundamental structure forms the principal
basis for the classification of the order into
suborders, superfamilies, and families (Fig.
237).

ARRANGEMENT AND DEVELOPMENT

In general, the septal order of appearance
and arrangement corresponds to that of the
mesenteries, as is to be expected. Septa de
veloped within mesenterial entocoeles are
entosepta, those in the exocoeles are exo-

FIG. 234. Axis of trabecular divergence in fungiid
genera (A, Aerasmilia; B, Fungia; C, Cyclalitapsis;

D, Cyclalites) (151).
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FI,G. 236. Septal margins. A, Lacerate teeth (compound trabeculae), Merulina, X8 (172). B, Beaded teeth
(simple trabeculae), Acttnastrea, X12 (172). C, Minute teeth (simple trabeculae), Caryophyllia, X8 (151).
D, Acute teeth (~imple trabeculae), Montlivaltia, X4 (151). E. Lobulate teeth (compound trabeculae),

Oppeltsmzlza, X 8 (151), F, Fan system teeth (simple trabeculae), Acanthophyllia, X 1.5 (172).

of a permanent entoseptum for a temporary
exoseptum is brought about by bifurcation
of the outer (with respect to the axis of the
corallum and polyp) end of the exoseptum
as it grows upward, by coincident develop
ment of a mesenterial pair between the exo-

septal branches, and by the growth of a new
entoseptum within the entocoele formed by
the new mesenteries. The 2 exosepta formed
by branching of the original exoseptum may
remain united proximally, fuse to the new
entoseptum, or become free. This process

~
Fungiidae

~=
Pectiniidae

\
"00, 0, 0 ~.'., 0 0< ~_..~v-~.~.. ~
~ .....~:. :~..•: .\. ~~ G;;J ----

po,;t;~ Ago';d;d~ /1;';dO,=MU,\Sidae ;Fjidae,;/giidae

:::S:::>Oc ~ Dendrophylliidae V
Calamophylliidae Synastreidae / ~~OO

"'" / -..--..----... - Montlivaltiidae Stylophyllidae
:::::::::=:=: Car/phYlliida~

Astrocoeniidae Procyclolitidae 1 ----
FIG. 237. Principal types of septal structure and probable relationships of important scleractinian groups.
The figures, which are highly schematic and not to ~cale, represent horizontal sections of septa, and the

fine dots indicate grouping of trabecular centers (151).
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FIG. 238. Septal substitution and origin of pali. A, Sextant of solitary scleractinian (primary entoseptum to
right is cut away). B, Same sextant with horizontal layers cut away. C,D,E,F, Sections of corallum and

polyp at various levels (entocoeles indicated by stippling) (185).

may be repeated with the formation of new
entosepta and doubling of the exosepta. In
some groups (notably the dendrophylliids),
the development of the exosepta is com
monly much greater than that of the ento
septa, so that, except for the first 1 or 2
cycles, they appear subordinate to the exo
septa: the Pourtales plan (Fig. 239). If septa
of a higher cycle unite with those of a lower,
it may be assumed that substitution has
occurred, but if their inner ends are free,
substitution mayor may not have taken
place, generally not. But in some genera no
exosepta are ever formed, and in a few
others even the first cycle is exocoelic.

The primary plan of the septa, like that
of the mesenteries, is hexameral and seem
ingly radial (Fig. 240A). The 6 protosepta,
appearing simultaneously, form the first
cycle. The second cycle also consists of 6
septa inserted in spaces between the first.
The third cycle includes 12 septa, the fourth
24, the fifth 48, and so on. Only very excep
tionally are found other than traces of more
than 8 cycles (768 septa, if complete). Septa

of the second and third cycles commonly do
not appear until all septa of the previous
cycle have been formed. This general rule
holds true for many scleractinians, but ex
ceptions are common. Thus, in some forms,
septa of equal size and apparent rank may
be octameral or decameral in arrangement:
8/8/16/32, or 10/10/20. In such corals,
certain mesenterial couples of the normal
second cycle have attained a level of de-

14

FIG. 239. Types of Pourtales plan in dendrophylliid
corals. Numbers indicate septal cycle: 1=proto
septa; 2,3=substitute entosepta; 4=exosepta con
stituting fourth cycle. Greater development and
curvature of fourth cycle exosepta is characteristic of

the Pourtales plan (151).
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FIG. 240. Septal cycles in scleractinian corals. A, Normal cyclical order (numbers indicate cycles) (175).
B, Cyclical order in calice elongated in plane of directive septa and mesenteries (higher cycles accelerated

in end sextants; lower cycles retarded in lateral sextants) (175).

FIG. 241. Development of pali and paliform lobes
in Trochocyathus rawsoni POURTALES, off South
Africa (55). A, Early stage with central columellar
tubercle (unshaded) resulting from fusion of ends
of primary entosepta (1), surrounded by 6 pali
form lobes (shaded) offset from entosepta. B, Later
stage with a 2nd ring of 6 paliform lobes (shaded)
before primary entosepta (1) [I st ring of paliform
lobes (unshaded) now forming columellar tuber
cles]. C, Still later stage with 1st crown of 6 pali
(black) resulting from substitution of 2nd cycle
entosepta (2) for former 2nd cycle exosepta which
have doubled and now form 3rd cycle (3). D, Adult
stage, with 2nd crown of 12 pali, in pairs of
chevrons, resulting from substitution of 3rd cycle
entosepta (3) for former 3rd cycle exosepta now

doubled and forming the 4th cycle (4).

velopment equal to those of the first cycle,
the complement of the second-cycle mesen
teries, being filled by couples belonging to
the third normal cycle.

The rule that septa of one cycle must be
complete before those of the next cycle ap
pear does not hold for septa of cycles higher
than the third, especially in forms having an
elongate calice (Fig. 240B). Higher-cycle
septa tend to be accelerated and to appear
in order from positions nearest the 2 oppos
ing protosepta in the entocoeles of the direc
tive mesenterial couples (Flabellum, Noto
phyllia, Fungia) and to be retarded in the
transverse sextants.

SPECIAL STRUCTURES OF SEPTAL
ORIGIN

PALl AND PALIFORM LOBES

Vertical lamellae or pillars along the in
ner edges of certain entosepta, especially in
the Caryophylliidae (Figs. 238, 241), are
called pall. They are structurally identical
with the septa and secondary to them, and
are the internal portions of exosepta which
remain after substitution, as shown by their
attachment basally to the united inner ends
of exosepta. In forms of Caryophyllia with
48 septa (in 4 cycles), for example, the first
2 cycles (6/6) are entoseptal, the third (12)
is originally exoseptal but by substitution be-
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comes entoseptal, the doubled exosepta
forming the fourth and last cycle (24), and
the inner or proximal ends of the third exo
septal cycle are left in the form of a circle or
crown of pali adjacent and opposite to the
inner edges of the permanent third-cycle
entosepta. Thus, when pali are present, the
number of crowns equals the number of
cycles of exosepta less one.

Paliform lobes resemble pali, and are often
difficult to differentiate in some genera.
They are more or less detached trabecular
offsets from the inner edges of some septa,
appear in vertical succession, and appar
ently are not the result of septal substitution.
Paliform lobes from the first 1 or 2 cycles
of septa may mingle axially to form a col
umella (Fig. 241).

COLUMELLA

An axial structure found in many corals
is termed columella. A trabecular (parietal
or spongy) columella is formed by the inter
mingling of loose trabeculae, synapticulae,
or paliform lobes from the inner septal mar
gins of lower-cycle septa. It may be a
weakly developed and loose, or a compact,
spongy mass. A fascicular columella appears
as a group of twisted vertical ribbons or
rods similar to pali and paliform lobes in
origin, that is, composed of remnant inner
portions of exosepta, or offsets from the first
1 or 2 cycles. In some corals these elements
may be solidly fused together as a single
columnar rod, a styliform columella, free
at its upper end with the entosepta sec-

ondarily fused to it by stereome. A lamellar
columella is a plate, commonly free in its
upper part, lying lengthwise in the longer
axis of elongate calices. In calicular series
resulting from intratentacular budding, a
lamellar columella may be continuous or
discontinuous between calicular centers. It
originates by elongation of the dorsal direc
tive protoseptum into the axis of the coral
lite. Later it may become separated and ap
pear free. In no case does the columella
originate independently of the septa, but in
~ome forms its development may be acceler
ated and it may appear nearly at the same
time as the protosepta.

SYNAPTICULAE

Rods or bars connecting opposed faces of
adjacent septa and perforating mesenteries
'-Jetween them are termed synapticulae (Fig.
2+2). They first develop as large granula
tions formed by horizontal growth of strong
ly diverging trabecular elements, and may
include 1 or 2 extra sclerodermites. Simple
synapticulae are rods formed by 2 opposed
granulations, as in Siderastrea; compound
synapticulae are broad bars formed by the
fusion of opposing ridges on 2 adjacent
septa, parallel to the upper septal margin, as
in Fungia. Synapticulae are found in nearly
every scleractinian, especially in inner and
outer parts of septa, and are particularly
characteristic of forms with fenestrate septa
(Fungiina).

A

synapticulotheca

compound synapticulae

synapticulae

B

c
FIG. 242. Synapticulae. A, Simple synapticulae between septa of Micrabacia (30). B, Simple synapticulae in
Siderastrea: longitudinal section parallel with septal plane (98). C, Compound synapticulae in Fungia:

longitudinal section parallel with septal plane (98).
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FIG. 243. Epitheca of Trochocyathus hyatti
VAUGHAN, Paleoc.(Midway.), Ala. A, Schematic
transverse section of mural region, X 8 (144). B.
Lateral aspect of corallite, showing growth-wrinkled

epitheca overlying costae, X3 (144).

OTHER STRUCTURES
BASAL PLATE, EPITHECA, AND ROOTLETS

The first-formed part of the skeleton is
the basal plate, which is deposited by the
basal disc shortly after fixation of the larva,
before the appearance of any septa. It is
very thin, nearly transparent, firmly adher
ent to the substrate, and is commonly thick
ened by a later deposit of stereome.

As the polyp grows upward from the
basal plate, the margin of the latter turns
upward, forming a cup. This extension of
the basal plate is the epitheca, secreted by
the lower or outer edge of the calicoblast
layer of the column wall where it is flexed
upward, or at the lower margin of the edge
zone where this is present. It is thin and
externally marked only by growth lines. In
corals lacking an edge zone, the epitheca
unites the outer ends of the septa and keeps
pace with their upward growth, forming
the outer part of the epithecal wall. In
forms with an edge zone, if this extends to
the base, the epitheca may never be devel
oped or it may lag considerably behind the
septa and wall. If the edge zone extends only
part way to the base, the epitheca extends
from it to the base, closely covering the
costae (Fig. 243).

Rootlets occur in a few genera, such as
Monomyces, without an edge zone. Tem
porary extrusions of a tongue of edge zone
over the margin of the calice toward the
substrate may develop, depositing a layer of
epitheca around themselves, then degenerat
ing and leaving a hollow tube as an added
element of stability. Such hollow rootlets are

A septotheco B epitheco

structurally distinct from the solid costal
spines serving the same function, which are
found in some genera provided with an
edge zone.

DISSEPIMENTS

These are the partitions by which the
polyp is cut off from the lower part of the
corallum which it no longer occupies by
reason of upward growth. Just how they
are formed is not known exactly, but they
seem to be responses to strains and shifts of
the basal disc and column wall of the polyp
resulting from secretion of vertical skeletal
elements such as septa and walls. As skeletal
deposition takes place along the tops of septa
and wall, the soft parts are drawn upward,
developing tensions sufficient to pull away
the basal disc of the polyp from contact with
the basal plate, either as a whole (whence
tabular dissepiments) or as blister-like up
ward bulges (whence vesicular dissepi
ments). After the development of such
bulges new skeletal tissue is deposited on
the ectodermal surface. Dissepiments thus
are successive, locally constructed basal discs.

Two types of dissepimental structures are
tabular and vesicular (Fig. 235). The former
are more or less flat plates extending across
the whole corallite or confined to the axial
part. Vesicular dissepiments appear as small,
curved, overlapping plates inclined down
ward and inward hom the corallite bound
ary or wall, and appear vesicular in section.
Dissepiments developed between septa in
side the corallite are endothecal; those out
side the corallite, between costae or costal
elements, are exothecal (Fig. 229).

STEREOME

The surfaces of the septa and other struc
tures may be thickened secondarily by a
closely adherent layer of variable thickness
with smooth or lightly granular surface, the
stereome. Structurally this is identical with
the basal plate and dissepiments, and is es
pecially common in corals having laminar
septa, as the Faviina and Caryophylliina.

COENOSTEUM

In colonial corals, the corallites are united
to each other by structures deposited by the
coenosarc and referred to generally as
coenosteum. Where the coenosarc contains
extrathecal extensions of the mesenteries,
the coenosteum is made up of costae, which
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septotheca
trabecular columella

costa

vesicular exothecal dissepiments

corallite

FIG. 244. Coenosteum. A, Montastrea: coenosteum composed of costae and vesicular exothecal dissepiments,
in vertical section (98). B, Astreopora: porous coenosteum, in vertical section (57).

may be confluent between corallites, and
tabular or vesicular exothecal dissepiments
(Fig. 244). Where the extrathecal mesen
teries are not developed, with consequent
reduction or absence of costae, the coenos
teum consists wholly of dissepimental tissue
(Fig. 229). In such groups as the Poritidae,
Acroporidae, and Dendrophylliidae, the
lower part of the coenosarc is modified into
a tangle of canaliculae with ramifying ver
tical and lateral connections. The coenos-

teum laid down around this soft tissue
consists of sclerodermites united horizontally
and vertically by rods in more or less dis
tinct laminae (Fig. 244); or, if the canali
culae do not extend downward, as in the
Pocilloporidae, the coenosteum is either a
solid or vesicular granulated or spinulose
deposit lacking sclerodermites.

Modifications of coenosteal structure paral
lel those of the septa, for increasing porosity
of the septa is accompanied by porosity of

A epithecal wall B septotheca

synapticulothecaD

synapticula ----::P:::-.-::.::;;~~~:z::P

parathecac
FIG. 245. Wall structures (198n). A, Epithecal wall. B, Septotheca. C, Paratheca. D, Synapticulotheca.
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the coenosteum, and reduction of the extra
thecal mesenterial continuations to canali
culae results in porous coenosteum.

WALL

The skeletal wall or theca encloses the
column wall of the polyp, and unites and
secures the outer ends of the septa. It is en
tirely secondary in origin and its function
is assumed by different structures in differ
ent groups. In many primitive (Pinacophyl
lum, procyclolitids, stylophyllids)l and a few
neotenic (flabellids, guyniids) scleractinians,
the epitheca encircles the outer ends of the
septa, with an internal thickening of stere
orne (Fig. 245A). Such a wall is found in
the earliest stages of nearly all corals, but
generally is superseded during ontogeny by
other types of mural structure. In forms with
an edge zone, where the development of

epitheca is limited or even prevented, an
other type of wall, the septotheca, is devel
oped by thickening of the outer part of
the septa along the axis of trabecular di
vergence, with or without additional sclero
dermites (Fig. 245B). A septotheca is solid,
forming a partition between the septa and
costae. In some corals having well-devel
oped dissepiments, these may push upwards
so as to reinforce the septotheca, or even re
place it as the wall (Fig. 245C). In the latter
instance the wall is termed paratheca. Simi
lar to septotheca but not solid, is a synapticu
lotheca, formed by one or more rings of
simple or compound synapticulae along the
axis of trabecular divergence (Fig. 245D).
Such a wall enables direct communication
through the wall as well as over it between
the gastrovascular cavity and its extension
into the edge zone or coenosarc.

REPRODUCTION
SEXUAL REPRODUCTION

Scleractinian polyps are hermaphroditic,
unisexual, or sterile. In hermaphroditic
forms, ovaria and spermaria are closely asso
ciated in the same polyp, commonly on the
same mesentery. Dioecious forms are com
mon, the ovaria usually bearing but one
large egg at a time.

c

FIG. 246. Planulae and early stages of Siderastrea
radians, ca. X25 (28). A, Larva immediately on
extrusion. B, Second-day larva just before settling,
with six pairs of mesenteries (protocnemes). C,
Polyp a few days after fixation. First two cycles of

ento- and exosepta beginning to develop.

Viviparity is the rule, Before extrusion,
the larvae are free in the gastrovascular cav
ity of the parent, and are ejected through the
mouth singly or in batches up to a dozen or
more at a time. The breeding season for
many reef corals seems to have a roughly
lunar periodicity, but some species have an
almost continuous season, and still others
have a prolonged annual season.

The young larva or planula (Fig. 246A)
is spheroid, pyriform, or elongate-cylindrical,
ranging in length from 1 to 3 mm., exter
nally ciliated, and able to swim very shortly
after extrusion. At first, the oral aperture is
not visible, but soon appears as a minute
opening at or near one end. Initially almost
opaque, the planula later becomes more
transparent, and the mesenterial attachments
to the wall can be seen, generally with 6
orthocnemes developed (Fig. 246B).

Planulae may swim about sometimes for
weeks, but settling on a substrate usually
occurs within a few days. Fixation is by the
aboral end, which flattens and broadens as
the basal disc and column wall become dif
ferentiated. The first complete cycle of
mesenteries appears within a few days after
fixation when the entocoeles of the protoc
nemic mesenteries have been formed, and
at about the same time the first cycle of
septa is developed (Fig. 246C).
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ASEXUAL REPRODUCTION AND
COLONY FORMATION

To be discussed here are the various
modes by which new polyps or stomodaeal
may be produced from other polyps, either
as separate, solitary individuals, or as mem
bers of colonies with or without organic
continuity between parent and daughter
polyps. The many modes by which this is
accomplished and the different conditions
to which they lead are one of the most re
markable aspects of the Scleractinia; they
have great systematic importance because
the form of the colonies is largely deter
mined by them.

New stomodaea or polyps arise (I) by
invagination, either of the oral disc inside
the tentacular ring (intratentacular bud
ding), or of the edge zone or coenosarc out
side the tentacular ring (extratentacular
budding), into the coelenteric cavity; (2) by
union of the marginal filaments of the
broader subsidiary mesenteries, with open
ings in the oral disc (intratentacular), or in
the edge zone or coenosarc (extratentacu
lar), and (3) by transverse division of the
polyp. For practical purposes the first 2 gen
erally have essentially the same result, and it
is more convenient to recognize 3 main
modes: (1) intratentacular budding ("fis
sion"), (2) extratentacular budding ("bud
ding"), and (3) transverse division.

INTRATENTACULAR BUDDING

The development of 2 or more mouths
with stomodaea within the same tentacular
ring, (a) with one or more couples of mesen
teries between each pair of neighboring
stomodaea (indirect linkage), or (b) with
neighboring stomodaea connected by mesen
terial strands (direct linkage), characterizes
intratentacular budding. Indirect linkage of
stomodaea, which concerns soft parts, is re
flected in the hard parts by trabecular link
age between corallite centers (Fig. 247A);
in direct linkage of stomodaea, corallite cen
ters are joined by lamellar septal plates
(lamellar linkage) (Fig. 247B).

1 A "polyp" includes a mouth and stomodaeum enclosed
by a tentacular ring or rings, but in many scleractinian
polyps intrattntacu!ar budding ends with 2 or more mouths
and stomodaea enclosed within the same tentacular ring. It
is not yet settled whether this latter condition (di- to poly.
stomodaeal) constitutes one "polyp" or as many polyps as
there arc mouths and stomodaea within a common tentacu
lar ring.

FIG. 247. Linkages after intratentacular budding.
A, Trabecular linkage of centers in Isophyllia (88).

B, Lamellar linkage in Symphyllia (88).

Modes of lntratentacular Budding
I. Distomodaeal budding, with 2 stomodaea devel

oped within a common tentacular ring and 2 in
terstomodaeal couples of mesenteries between
original and each new stomodaeum (Fig. 248A;
249,2).

2. Tristomodaeal bl/dding, like distomodaeal bud
ding except that 3 stomodaea occur in series or
forming a triangle (Fig. 249;1,3,6).

3. Triple stomodaeal budding, like tristomodaeal
budding except that the 3 stomodaea invariably
form a triangle and only one interstomodaeal
couple of mesenteries occurs between every 2
neighboring stomodaea.

4. Polystomodaeal budding, with more than 3
stomodaea developed within a common tentacu
lar ring; includes 3 types, as follows.

a. Intramural budding, with stomodaea directly or
indirectly linked in a single linear series; the
polystomatous polyps may be continuous or dis
continuous throughout a colony and exhibit lat
eral branching or terminal forking (Fig. 248B;
249,4).

b. Circl/moral budding, with directly linked stomo
daea arranged concentrically around central par
ent stomodaeum (Fig. 248C).

c. Circl/mml/ral budding, with indirectly linked
stomodaea arranged around discontinuous col
lines or monticules of corallum (Fig. 248D).

The several basic modes of budding indi
cated in the tabular outline just given may

© 2009 University of Kansas Paleontological Institute



F348 Coelenterata-Anthozoa

FIG. 248. Intratentacular budding. A, Distomodaeal budding in Goniastrea retiformis (LAMARCK), Rec.,
Rotuma X3 (83). B, Intramural budding with indirect linkage in Diploria strigosa <DANA), Rec., W.
Indies, >(3 (88). C, Circumoral budding in Halomitra philippinensis STUDER, Rec:, Jalmt, Xl (165). D,

Circummural budding in Hydnophora microconos (LAMARCK), Rec., MaldIves, X3 (88).

be permanent or only temporary. After di
or tristomodaeal budding, the new stomo
daea may remain within the same tentacular
ring or they may become individualized as
separate polyps, each with its own tentacular
ring. In the latter case, the monostomodaeal
condition is said to be permanent, and the
corallites are monocentric. If the permanent
condition is di- or tristomodaeal: the coral
lites are cli- or tricentric, and when the
polystomoclaeal condition is permanent the
corallum is polycentric. These conditions,
and likewise conditions of linkage, are gen
erally the same within the limits of a genus.

In many genera, the mode of colony for
mation changes as the colony grows: at first
it may be circumoral, followed by intra
mural or di- or tristomodaeal budding.
When polystomodaeal budding occurs, in
dividualization of polyps or corallites rarely
takes place.

EXTRATENTACULAR BUDDING

The presence of only one stomodaeum
within a tentacular ring, combined with de
velopment of new stomodaea from edge
zone or coenosarc outside the tentacular ring
of the parent, characterizes extratentacular
budding (Fig. 250). Significant also is the
absence of interstomodaeal mesenterial cou
ples or mesenterial strands between stomo
daea of neighboring polyps, as well as the
absence of polystomodaeal polyps or poly
centric corallites.

Solitary corals normally lacking an edge
zone, as Culicia, or with a very narrow edge
zone, as Rhizangia, may develop reptoid
colonies by the outpushing of a temporary
tongue of edge zone on which a new extra
tentacular bud is formed. Such stoloniferous
expansions may lay down a ca1careou~ b~se,

or degenerate and sever organic contmulty.
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FIG. 249. Recent hermatypic scleractinian corals. l, Caulastrea tumida, Japan, showing phaceloid mono
to tristomodaeal intra tentacular budding; la,b, XO.5, Xl (YABE & SUGIYAMA). 2, Favia speciosa, Fiji,
showing plocoid mono- to distomodaeal intratentacular budding, XO.5 (VAUGHAN). 3, Gonias/rea pee/ina/a.
Fiji, showing cerioid mono- to tristomodaeal intratentacular budding, X 0.5 (VAUGHAN). 4, Lep/oria phrygia,
Bonin 1., showing meandroid polystomodaeal intramural intratentacular budding, XO.8 (WELLS). 5,
Hydnophora microeonos, Murray 1., Great Barrier Reef, showing hydnophoroid circummural intratentacular
budding, X2 (VAUGHAN). 6, Pavona crassa, Ryukyu 1., showing thamnasterioid mono- to tristomodaeal

intratentacular budding, X4 (WELLS).
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FIG. 250. Extratentacular budding in Diploastrea
heliopora (LAMARCK), Rec., Minikoi, X2 (83).

septum

¥-:"h~O
basal plate

synapticulotheca
c

TRANSVERSE DIVISION

Transverse fission with complete sever
ance of connection has been observed in only
a few scleractinians.

Fungia may reproduce by transverse divi
sion of a fixed conical solitary polyp and
corallum, the anthocaulus or anthoblast
(Acrosmilia stage of ontogeny) (Fig. 251).
An anthocaulus is the result of sexual gen
eration, an anthoblast, of extratentacular
budding. Anthocyathi (neanic Fungia
stage) are the buds separated from antho
cauli or anthoblasts. This is a special form
of transverse division, differing from the
usual concept of fission in that the antho
caulus or anthoblast apparently never attains
the adult Fungia condition and either dies
or remains in the Acrosmilia stage and pro
duces more anthocyathi (successive trans
verse division). Other genera related to
Fungia show the same mode of division,
but in some the anthocyathi do not break
away from the anthocaulus and a fixed adult
corallum results. Genera of extinct groups,

FIG. 251. Transverse division in Fungia (schematic
vertical sections) (151). A, Early post-embryonic
stage (anthocaulus) with 'epithecal wall. B, Later
anthocaulus stage, with synapticulotheca developing
inside epithecal wall. C, Aerosmilia stage. D, De-

tached anthocyathus.

such as the Cyclolitidae, may have had this
mode of increase.

REGENERATION

Genera of the Fungiidae and a few others
have remarkable ability to regenerate more
or less complete adult coralla from frag
ments. The minimum amount of polyp and
corallum necessary for successful regenera
tion is a segment between and including 2
adjacent entosepta of the first cycle, about
one-sixth of most solitary scleractinians.

In several genera, such as Dasmosmilia,
the conical corallite shows a strong tendency
to split lengthwise into wedge-shaped frag
ments, either as a result of injury or an in
herent structural weakness. Each fragment
is able to produce one or more buds on its
inner surface (parricidal budding).

MORPHOGENESIS OF CORALLUM
SOLITARY CORALLA

The form of the corallum depends on the
character of the polyp, the relative growth
rates of its parts, and in colonial forms, on
the mode of asexual increase.

The basic corallum, as suggested by the
earliest stages of living forms, is a disc
formed by the horizontal basal plate fixed to
the substratum (Fig. 252). In development,

this is followed immediately by a narrow
band of epitheca forming a shallow cup,
after which the first septa appear. The adult
corallum of some groups (Flabellidae, Guy
niidae) is of this simple type, but in most it
is followed by development of more ad
vanced types of wall and the epitheca is to
be regarded as an early post-embryonic
structure of diminishing importance. Ability

© 2009 University of Kansas Paleontological Institute



Scleractinia-Morphogenesis of Corallurn F351

scolecoid

C
cylindrical

cuneiform

"...... :.

trochoid

K

ceratoid

discoid

~X'~'. c' \ c.·

B

patellate

flabellate

turbinate

J

E cupolate

LllA
tympanoid

FIG. 252. Forms of solitary coralla.

with closely appressed prismatic corallites
united directly to each other by fused walls;
aphroid, found only in a few amphiastreids,
with septa withdrawn or separated from the
wall by a zone of dissepiments; thamnasteri
oid (Fig. 249,6), with corallites lacking def
inite walls and with directly confluent septa
or septocostae; hydnophoroid (Fig. 248D),
with corallite centers arranged around pro
tuberant collines or monticules, the result of
circummural budding; or meandroid (Fig.
248B; 249,4), with corallites forming linear
series or groups of series within the same
walls. In meandroid coralla the exsert edges
of the septa and walls may form a ridge or
colline on each side of the series. Collines of
adjacent series may be fused to form a single
colline (Fig. 248B), or separated by a trough
of coenosteum, an ambulacrum. Meandroid
coralla with a single continuous slightly con
torted or straight laterally free linear series
are termed flabellate.

COLONIAL CORALLA
The form of a colonial corallum depends

to a great extent on the mode of colony
formation. It may be reptoid (creeping),
with stolon-like expansions of edge zone
from which new corallites are budded;
dendroid, with spreading branches; phacel
oid (bushy), with parallel or nearly parallel,
laterally free corallites forming tufts; plocoid
(Fig. 250), with more or less cylindrical
corallites having distinct walls and united
to each other by confluent or nonconfluent
costae and dissepiments; cerioid(Fig. 248A),

to form epitheca, however, is always re
tained by the edge zone and it frequently
develops when the edge zone is retracted as
upward growth proceeds. Some genera in
which the corallum is wholly covered by
the polyp, invariably lack all traces of epi
theca (turbinolians).

The commonest form of the solitary coral
lum is conical or turbinate, with a basal
angle of 600 to 80 0 (Fig. 252). If the angle
is about 40 0

, the corallum is termed troch·
oid, and if the angle is only about 200 the
corallum is said to be ceratoid. These essen
tially conical coralla result from differing
rates of vertical and peripheral growth, ver
tical growth generally being faster than
peripheral. If peripheral enlargement ceases
in the adult stage, and vertical growth con
tinues, the resulting corallum is elongate
and cylindrical if regular, or scolecoid if ir
regular. In a few forms peripheral growth
ceases at a very early stage and the corallum
resembles a short, squat plug, or drum, the
tympanoid form. Cupolate coralla, with flat
base and highly convex oral surface, are the
result of nearly equal rates of peripheral and
vertical growth. Discoid coralla, with hori
zontal wall and flat or slightly concave or
convex oral surface, develop if peripheral
growth is much faster than vertical. Patellate
coralla, which are broadly flattened conical
in form, are the result of slight acceleration
of peripheral over vertical growth. Cunei
form (wedge-shaped) and flabellate (fan
shaped) coralla develop if the calice is
elongated in the direction of the directive
entosepta. If the polyp continues to grow
in the gerontic stage, the skeletal structures
generally show a reduction in size from
their maxima and the calices become
smaller.
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FIG. 253. Morphogenetic trends in colony formation (198mod.). A, Intratentacular budding; B, Extra
tentacular budding; C, Transverse division.

Cerioid, plocoid, thamnasterioid, hydno
phoroid, and meandroid coralla are massive
in habit if they form more or less thick
masses or heads; ramose if branching; foli
aceous if they form thin, expanding, over
lapping sheets with a small basal attach
ment, like Savoy cabbages; and incrusting
if they form thin sheets adherent to and fol
lowing the substrate. Reptoid coralla result
only from extratentacular budding; tham
nasterioid, hydnophoroid, meandroid, and
flabellate, only from intratentacular bud
ding; and dendroid, phaceloid, cerioid, and
plocoid from either mode.

Colonial coralla may also be produced by
the fixation of a number of planulae of the
same species in such close proximity that
they subsequently fuse together.

MORPHOGENETIC TRENDS

Most scleractinian families show trends
from solitary to various types of complex
colonial coralla, especially if the principal
mode of colony formation is by intratentacu
lar budding, as partly summarized in Fig.
253. In addition to the trends there shown,
it should be noted also that trends from
solitary to thamnasterioid occur, and from
plocoid and cerioid to thamnasterioid like
wise. Thus, from a solitary progenitor some
13 colonial forms can arise by various modes
of colony formation, 6 of these forms hav
ing 4 distinct habits apiece, a total of at
least 31 principal growth forms of specific
to generic value.
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Scleractinian corals may be divided into
two ecological groups: (I) hermatypic (reef)
corals (Figs. 254-256), characterized by the
presence of vast numbers of symbiotic, uni
cellular, dinoflagellates or zooxanthellae in
their endodermal tissues, and (2) aherma
typic ("deep-sea") corals, which lack zo
oxanthellae and are less restricted environ
mentally than reef corals (Fig. 257). Seem
ingly, the hermatypic corals are closely de
pendent on their contained zooxanthellae for
general well-being and vigorous growth, and
their restricted habitat is largely controlled
by the ecologic requirements of the sym
bionts.

CONTROLLING FACTORS
DEPTII

Hermatypic corals live between the sur
face and a maximum depth of about 90 m.,
but most of them occur in depths less than
50 m., and the most luxuriant growth is at
tained where the water is less than 20 m.
deep. Ahermatypic corals live at all depths
down to a maximum of nearly 6,000 m.,
but mostly between the surface and 500 m.

TEMPERATURE

A few hermatypic corals can live in tem
peratures as low as 15°C. but most are found
in waters above 18°C. and they flourish best
between 25° and 29°C.; the maximum en
durable temperature is about 36°C. Aherma
typic corals live within a range from average
reef temperatures to a minimum of about
-1.l oC., but maximum development is
found between 4.5° and lOoC.

SALINITY

The salinity tolerated by scleractinians lies
between 27 and 40 parts per thousand, but
they live best in salinities at or near the
ocean normal of 36 ppm.

LIGHT

Strong sunlight is essential for vigorous
growth of hermatypic corals, whereas aher
matypic corals live in partial to total dark
ness.

WATER MOVEMENT

Circulation of water is necessary, both to
insure adequate supplies of nutrients (large
ly zooplankton) and oxygen, and to remove

sediment. Corals rarely survive or live in
areas where sedimentation is rapid.

The duration of the free-swimming plan
ula stage of sexual increase is frequently a
matter of days or weeks, and the transporta
tion of planulae by currents is responsible
for the wide distribution of many species,
whereas shortness of the planula stage in
other species accounts for their absence in
some regions, even where the environment is
suitable, as adjacent to Hawaii and Ber
muda.

SUBSTRATUM

Coral planulae can settle only on a firm
substratum such as bed rock, other corals,
shells and skeletal parts of other sedentary
organisms, loose blocks and smaller stable
particles down to a few millimeters in size.
In general, fine sand, silt, or mud bottoms
are inimical to coral development unless
there are scattered larger, clean particles and
sedimentation is slow.

GROWTH RATE
The growth rate of corals differs in differ

ent areas and is greater in places where the
annual average water temperatures are mod
erately higher. It also varies according to
the structure of the skeleton, being slower
in types with dense coralla, and faster in
types with light, porous skeletons. In the
tropical Indo-Pacific region, where ecologic
conditions are more or less optimum, the
annual growth increment of hermatypic
corals, expressed in percentage gain in
weight of coralla weighing 100 to 200
grams, ranges from as little as 20 per cent
in solid coralla such as Leptastrea, to as
much as 1,200 per cent in coralla with high
ly porous light skeletons, such as Porites.
Annual increments in overall height range
from 5 mm. (with 20 per cent weight incre
ment) to 82 mm. (with 78 per cent weight
increment).

FORM AND SIZE OF COLONIES
To some extent hermatypic corals,

whether massive, foliaceous, ramose, or in
crusting, owe their growth form to their
situation on the reefs with respect to water
movements.

The development of enormous colonies
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consisting of millions of polyps and coral
lites, surpassing anything found amongst
Paleozoic corals, is attributable to the de
velopment of (1) the porous, fast-growing
skeletons of many forms and (2) the sym
biosis of polyps and zooxanthellae.

PALEOECOLOGY
Certain ecologic factors controlling the

distribution and development of corals, such
as salinity, substratal requirements and sedi
mentation, certainly have been significant
since the first appearance of the Scleractinia.
Probably they were similarly operative on
earlier occupants (rugose and tabulate
corals) of the same ecologic niche. How
long the single most important ecologic fac
tor among the living hermatypic corals, the
symbiosis with zooxanthellae, has existed,
is uncertain, since it has no direct reflection
in the skeletal structure and only an indirect
effect on growth form. It is a characteristic
and invariable condition only in a few fam
ilies, and most families include both her
matypic and ahermatypic genera. The con
dition certainly was a gradual development,
at first ecologically insignificant, but of in
creasing importance as zooxanthellae-coral
symbiotic lineages became more and more
mutually interdependent. Coral groups with
established dinoflagellate symbiosis became
further limited not only by factors control
ling growth of the zooxanthellae, such as
temperature and light intensity, which
change with depth, but also of effects of
resultant vastly increased colonial habit. In
spite of these rather severe restrictions,
which effectively limit hermatypic corals
to the tropical surface temperature zone of

the seas, this ecologic group has developed
to an extent unknown in the Paleozoic corals
and thus construction of true coral reefs
became possible.

The earliest scleractinians, of Triassic age,
were, by analogy with living forms, reef
types. Symbiosis wtih zooxanthellae may
have existed among Triassic corals, for they
thrived best under conditions similar to
those governing modern hermatypic forms,
but presumably the relationship was not yet
very significant and therefore development
of vast reef structures was not possible. In
the Jurassic, ahermatypic caryophylliids first
appear in nonreef environments and a slow
spread of corals into cooler, darker water
began. In later Jurassic and Cretaceous time,
ahermatypic corals representing other fam
ilies are found less frequently in reef en
vironments and more and more commonly
in areas interpreted as marginal to the then
tropical zone and beyond, and in areas of
deeper and deeper water. Whereas modern
ahermatypic corals at present equal or even
surpass reef-builders in number of genera,
less than a third of these are colonial in
habit. The small colonies, many of which
are delicately dendroid (an effect of sedi
ment control in regions below wave base),
can develop extensive banks and thickets
only in a few places where food supplies are
high, such as along the edge of the conti
nental shelf off western Europe. Aherma
typic corals represent amongst the scleracti
nians the deployment away from the an
cient, ancestral, and most fitted hermatypic
environment, into all other possible en
vironments so characteristic of the later his
tory of successful organic groups.

STRATIGRAPHIC AND GEOGRAPHIC DISTRIBUTION

TRIASSIC
Scleractinian corals have not yet been

found in rocks older than Middle Triassic.
The oldest are found in lower Middle Trias
sic (Anisian-Muschelkalk) deposits of Ger
many, the southern Alps, Corsica, and Sicily;
they include representatives of the Tham
nasteriidae, Astrocoeniidae, Stylinidae, Pro
cyclolitidae, and Montlivaltiidae, all of
which seem to be hermatypic forms that
lived on banks and in patches rather than
forming true reefs. The late Middle Triassic

(Ladinian) faunas of the same region are
very similar.

The Late Triassic (Carnian, Norian,
Rhaetian) witnessed world-wide extension
of the earlier scleractinian faunas and con
siderable increase in their variety, including
the first appearance of the Stylophyllidae in
the Carnian. Species of the Montlivaltiidae,
Procyclolitidae, Stylophyllidae, and Tham
nasteriidae formed scattered reef patches
during the Norian in southern and south
eastern Europe, southeastern Asia, and
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FIG. 254. Recent hermatypic scleractinian and alcyonarian corals. 1, Calm-water reef tract at low tide, Low
Isles, Great Barrier Reef, Australia (STEPHENSON). 2, Map of coral colonies in area about 6 by 7 feet on

part of Yonge Reef, Great Barrier Reef, Australia (MANTON).
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Malaysia. These, with the exception of the
Stylophyllidae, had already reached western
North America in the Carnian.

The maximum range of the Late Triassic
patch reefs and banks was from 60 0 N. to
100 S., greater than that of succeeding pe
riods, but it is possible that hermatypic
corals had not so close an adjustment to the
tropical zone as they had later.

JURASSIC
The Early Jurassic (Liassic) corals were

not greatly different from those of the Late
Triassic. The families were practically the
same; a few genera died out and a few new
ones appeared. They were still of herma
typic type, but no important reefs are
known. The Pinacophyllinae disappeared,
and the Procyclolitidae lost most of their
more primitive types as genera with more
advanced septal structure developed. The
Stylophyllidae culminated and became ex
tinct by the Middle Jurassic. The most im
portant addition was the appearance of the
first caryophylliids in the Toarcian of north
ern Europe, marking the beginning of the
distinction between reef and nomeef corals.

The Middle Jurassic (Aalenian-Bajocian
Bathonian) was a turning point in scler
actinian evolution. From the Bajocian, di
versification and multiplication of families
and genera increased, with the center of
this acceleration seemingly located in the
western part of the Tethys. New groups
were the Microsolenidae, Amphiastreidae,
Calamophylliidae, and Synastreidae. In
Bathonian time, conditions suitable for reef
types extended eastward in the Tethys and
southward along the eastern border of
Africa. New Bathonian groups were the
Stylininae, Parasmiliinae, and Rhipidogyri
dae. Few reefs were built, but patches and
banks were common.

The Upper Jurassic was an epoch of ex
tensive reef development, especially in the
Tethys and its extensions into northern Eu
rope, and as far east as Japan. Important
new groups were the Actinacididae, Haplar
aeidae, and Faviidae.

The early Late Jurassic (Callovian-Ox
fordian) was much like the late Liassic in
its lack of large faunas, but beginning in
Lusitanian time corals are a most important
element of the Tethyan faunas, even though
they are almost absent in the Americas.

Especially typical are the Rhipidogyridae,
Amphiastreidae, Enallhelia, and Tiaraden
dron. The northernmost reef patches of this
time are in England at 54°30'N., in Ger
many at 54°N., and in Japan at 38°N. Scat
tered occurrences of reef types are known
as far north as 58° in Scotland. The most
southerly are about 50 S. in eastern Africa.
The reef-coral belt had about the same ex
tent as today, but the zone as a whole was
nearly 20° farther north.

CRETACEOUS
Little or no reef development is observed

in earliest Cretaceous rocks and the corals
of the Valanginian and Hauterivian are
Jurassic in aspect; they are found mainly in
Tunisia, Portugal, France, Italy, Carpathi
ans, eastern Balkans, and the Crimea, where
they lived on banks under conditions some
what less than optimum.

In the Barremian and Aptian, another
world-wide epoch of reef building began
(Urgonian phase). Sizable reefs are known
in France, Switzerland, Capri, Tunisia, Al
geria, Catalonia, western Balkans, Bulgaria,
Rumania, the Crimea, Kenya-Tanganyika,
Japan, Venezuela, Mexico, and Texas. Coral
banks existed as far south as Neuquen, Ar
gentina (37°S.), and in Europe north to
the Isle of Wight (50 0 45'N.). New families
and subfamilies include the Cyclolitidae,
Placosmiliinae, Montastreinae, Siderastrei
dae, Rhizangiidae, Micrabaciidae, and Des
mophyllinae. The Rhipidogyridae died out,
and the Thecocyathinae and Amphiastreidae
declined.

Little reef development occurred during
the Middle Cretaceous (Albian-Cenoman
ian), while ahermatypic corals living in the
varied environments of neritic and bathyal
zones became increasingly abundant. Albian
deep- or cold-water coral faunas are known
from France, Switzerland, England, Texas,
and Antarctica (Graham Land), reef-coral
faunas from Texas, northern Mexico, Eng
land, France, and central India. Cenomanian
hermatypic faunas occur in Devon, France,
northern Italy, Westphalia, Czechoslovakia,
Bavaria, Albania, Greece, western Balkans,
Belgium, Algeria, Egypt, Asia Minor, and
southern India. They are similar to those of
the Urgonian phase but few reefs are
known. Cenomanian ahermatypic corals are
widespread from Antarctica to England,
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FIG. 255. Turbinaria, a typical hermatypic scleractinian coral. 1, T. sp. ct. T. tie/uta, Bikini Atoll, showing
typical form of colony with folia 10 to 20 em. in width growing in quiet water about 1 fathom deep
(WELLS). 1, T. sp., Low Isles, Great Barrier Reef, Australia, showing part of a colony with polyps ex-

panded, XI (YONGE).
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Poland to Texas, and in Mexico, Madagas
car, and India.

The Late Cretaceous was yet another time
of reef building, but less so than the Late
Jurassic or Early Cretaceous. The most im
portant reefs are in Austria, Carinthia,
southern France, Tunisia, Serbia, Switzer
land, Czechoslovakia, Catalonia, and India.
By the latest Cretaceous (Campanian-Maas
trichtian) the Tethyan reef-coral fauna ex
tended westward as far as the West Indies
and Mexico and eastward to Malaysia, and
the extent of the reef zone at this time was
from about the equator to SooN., although
most of the reefs lie between 30° and 47°N.

By the Late Cretaceous, ahermatypic cor
als had secured a firm foothold in nearly
every part of the littoral, neritic, and bathyal
environments, and occur in Late Cretaceous
beds of England, northern France, Cata
lonia, northern Germany, Scandinavia, Ba
varia, Volga Basin, Poland, northern Africa,
southeastern Africa, Arabia, India, United
States, Chile, and Antarctica.

By the end of the Cretaceous, the modern
aspect of both hermatypic and ahermatypic
coral faunas became evident; this is marked
by the appearance of early representatives
of the Pocilloporidae, Poritidae, Turbino
liinae, and Dendrophylliidae, and disap
pearance of the Microsolenidae and Amphi
astreidae.

TERTIARY
During the Paleocene and Eocene epochs,

conditions favorable for extensive formation
of reefs seemingly were absent everywhere,
both hermatypic and ahermatypic types liv
ing sporadically in the Tethys, the coastal
plains of the United States, the West Indies,
and a few other spots. In the eastern Tethys,
the Indian and Malaysian faunas began to
become distinct from those of the central
Tethys, as did those of the West Indies.

At the close of Eocene times most of the
older elements of coral faunas had become
extinct or were rapidly dying out; these in
clude the Placosmiliinae, Montlivaltiinae,
Haplaraeidae, Cyclolitidae, Actinacididae,
Calamophylliidae, and Cyathophorinae.
Dominant groups at this time were nearly
the same as those of the present day: Eu
smiliinae, Dichocoeniinae, Mussidae, Pocillo
poridae, Poritidae, Acroporidae, Agariciidae,
Siderastreidae, Fungiidae, and Faviidae.

Ahermatypic groups, especially the Caryo
phylliidae, Dendrophylliidae, Flabellidae,
and Rhizangiidae, were developing rapidly.

In the Oligocene, fringing reefs were built
in the southeastern United States, West In
dies, Mexico, northern South America,
northern Italy, and India, and in the latest
Oligocene in the East Indies and Japan. In
Europe,reef-coral banks occurred in Bavaria,
southeastern France, and the Balkans. Dur
ing the late Oligocene, the European ele
ments of the West Indian fauna began to
die out, leaving Miocene faunas composed
of essentially the same genera as those of
today.

In Miocene time the final severance of
connection between the Mediterranean and
Indian Ocean areas eliminated the eastward
route by which reef corals had migrated
from the central Tethys to the East Indies,
and from this epoch originate the 2 great
modern reef-coral provinces, the Caribbean
and Indo-Pacific.

During the later Tertiary, the Indo-Pa
cific coral faunas, already richer than those
of the Caribbean, expanded greatly. Espe
cially significant is the enormous develop
ment of the Pocilloporidae, Poritidae, and
Acroporidae, which had been relatively un
important in the early Tertiary, but now
accounting for more than two-thirds of the
present reef fauna.

The relic hermatypic fauna of the Eu
ropean Miocene consisted of a few genera
related to both Indo-Pacific and Caribbean
faunas, but few reefs were built and adverse
conditions soon wiped out reef corals, leav
ing only a European Pliocene fauna of
ahermatypic genera which is similar to that
of the Mediterranean of the present day.

The contraction of the tropical zone in
Pliocene time shifted the northern limit of
reef coral growth southward to a maximum
of 35°N., the southern boundary remaining
nearly the same, and with little change of
faunal composition.

Development of ahermatypic corals (Fig.
258) in the later Tertiary shows no sharp
differentiation into faunal provinces. Be
cause of their adaptability to extremes of
temperature and depth, in strong contrast
to reef corals, many genera and even species
are cosmopolitan in distribution. Of the 11
families and subfamilies which include aher
matypic forms, all had appeared by the
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FIG. 256. Turbinaria, a typical hermatypic sc1eractinian coral. l, T. peltata, Formosa; la, part of corallum,
XO.3; lb, calices, X3 (YABE II< SUGIYAMA).

Eocene. None is peculiar to any single en
vironment, although the Rhizangiidae as a
whole prefer rocky bottoms in the littoral
and shallow neritic zones, whereas the Tur
binoliinae, Anthemiphylliinae, and Micra
baciidae, which include only free-living soli
tary types, occur on sandy or silty bottoms
at depths below wave base. Several families,
such as the Micrabaciidae and Flabellidae,
which were cosmopolitan in the early Terti
ary, are now mostly confined to the Indo
Pacific-Antarctic region, whereas the Paras
miliinae are more abundant in the North
Atlantic and West Indies. Several genera,
such as Conocyathus and Platytrochus,
which originated in the Tethyan or West
Indian areas, now survive in the Australian
area.

PLEISTOCENE AND RECENT
Pleistocene conditions had little noticeable

effect on hermatypic corals, except possibly
for a slight reduction in their numbers, and
the faunal effect was an accentuation of
porous types, such as the Poritidae and
Acroporidae. Known Pleistocene coral
faunas show almost no difference between
those of the Pliocene and the present day.

In general, Recent hermatypic corals are
found in the shallow waters of oceans and
seas in the subtropical and tropical zones
within an earth-encircling band from about
35°N. to 32°S. These are the extreme limits

of reef-coral growth but reefs are only well
developed within somewhat narrower limits,
around oceanic islands away from influxes
of quantities of terrigenous sediments, and
in places along the eastern sides of conti
nental masses.

Two large provincial areas of hermatypic
corals are recognizable within the tropical
zone: (1) Caribbean and (2) Indo-Pacific.
The Caribbean province lies within the area
bounded by the southeastern coast of the
United States, eastern coast of Mexico and
Central America, and northern coast of
South America eastward to the Windward
Islands, between latitudes 27°30'N. and 11 °
30'N. In this area, however, corals do not
occur everywhere, even where the water is
sufficiently shallow. They are not found
along the margin of the Gulf of Mexico
from north of Cape Roxo around to Tampa,
Fla., and are very sparse from the latter
place southward to Cape Sable. Along the
South American coast they are found only
around a few islands off Colombia and
Venezuela. They are most abundant in the
West Indies away from large land masses,
and in the Bahamas and Florida Keys,
where fringing reefs are fairly well devel
oped.

The Caribbean reef fauna consists of
about 20 genera and 36 species of the Acro
poridae, Faviidae, Mussidae, Poritidae, Eu
smiliidae, Meandrininae, Dichocoeniinae,
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FIG. 258. l, Sphenotrochus auritus POURTALES, Plio.,
Venez.; la,b, X 13 (WELLS).

Siderastreidae, Agariciidae, and Astrocoeni
idae. Distinctive is the absence of any Pocil
loporidae (except Madracis), and Fungiidae
and the genera Montipora, Astreopora,
Goniopora, Alveopora, Hydnophora, and
Pavona, although all are known in the
Caribbean middle Tertiary.

Outposts of the Caribbean fauna occur
on the Bermuda reefs (32°N.), off the
Brazilian coast between Alcantara (2 oS.)
and Rio de Janeiro (23°S.), and in the Gulf
of Guinea, West Africa.

The Indo-Pacific province includes the
Red Sea, Gulf of Aden, Persian Gulf, Gulf
of Oman, Indian Ocean south to 26°S., the
Australasian region, China Sea, Tropical
Pacific, Bay of Panama, and the lower part
of the Gulf of California. Nowhere in this
vast area are any strongly marked faunal
differences found, with exception of the
Panamanian region which is depauperate
rather than different. Coral growth in gen
eral is farmore luxuriant and vigorous than
that of the Caribbean, and in favorable

places the annual growth rate is several
times that of Caribbean species. The total
number of species within the entire area is
not less than 500, representing about 80
genera and subgenera, and the number of
species living on a single reef tract ranges
from 50 to as many as 200. As a whole, con
trasting with the Caribbean, the fauna is
notable for the protean development of the
Acroporidae, of which the genera Acropora,
Astreopora, and Montipora have at least 250
species, compared with 3 only of Acropora
in the Caribbean; the Poritidae, with about
50 species of Porites, Goniopora, and Alveo
pora, compared with 3 only of Caribbean
Porites; and the Seriatoporidae, with some
25 species of Pocillopora, Stylophora, and
Seriatopora, all unrepresented in the Carib
bean. A few genera have only local distribu
tion and subprovincial areas can be broadly
outlined.

The Indo-Pacific hermatypic coral fauna
shows more differentiation bathymetrically
than geographically. This variation as yet is
only partially studied in a few localities, but
2 broad ecologic associations are evident:
(1) surface reefs to a depth of 15 to 20 m.,
limited downward by normal wave base,
and (2) quiet waters of lagoons and sea
ward slopes of reefs below wave base to
the extreme lower limit of hermatypic
coral growth, about 90 m. A number of
forms are confined to the second association,
but they are very widely distributed; ex
amples are Anacropora, Leptoseris, eye/o
seris, Madracis, and delicately branching and
thinly foliaceous species of common surface
reef genera.

The ahermatypic corals are not readily
separable into distinct faunal provinces,
partly because of their commonly wide,
seemingly erratic distribution, and partly
because of lack of adequate information con
cerning certain areas. In general, their dis
tribution varies with depth: the deeper the
normal habitat of a species the greater is its
geographic range, and forms occurring be
low about 500 m. are mostly cosmopolitan.
Most species occur within definite bathy
metric zones; also, more species occur in
tropical than in temperate or cold seas.
Corals inhabiting the littoral and shallower
parts of the neritic zones along the coasts of
great land masses generally are sparse both
in variety and individuals, and in the tropics
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FIG. 257. Recent ahermatypic scleractinian corals. 1, Cyathelia axillaris, Amboina; la, corallum, XO.5; 1b,
calice, X3.5 (BEDOT). 2, Paracyathus stearnsi, 011 Calif., depth 110 m.; 2a,b, X2 (DURHAM & BARNARD). 3,
Cycloseris vaughani, Hawaii; 3a,b, Xl, x1.2 (BOSCHMA). 4, Caryophyllia clavus, 011 Azores, depth 1,900

m.; 4a,b, Xl (GRAVIF.R). 5, Stephanophyllia formosissima, Kii I., E.Indies; 5a,b, X 1 (WELLS).

© 2009 University of Kansas Paleontological Institute



F362 Coelenterata-Anthozoa

Bathymetric Distribution of Ahermatypic
Corals

away from large land masses these zones
are even more thinly populated by aherma
typic corals.

The greatest development of ahermatypic
corals occurs near and down the edges of the
continental shelves and the equivalent bathy
metric zone around oceanic islands in depths
from 175 to about 800 m., below the light
Boor of the ocean, in temperatures of 4° to
21°C. The family and subfamily groups
consisting wholly of or including these
corals are shown in the following tabulation.

Littoral-neritic

Rhizangiidae

Littoral-bathyal

Oculinidae

Dendrophylliidae

Littoral-abyssal

Caryophylliinae

Desmophyllinae

Flabellidae

Neritic-bathyal

Anthemiphylliidae

Parasmiliinae

Guyniidae

Neritic-abyssal

Fungiidae

Micrabaciidae

Turbinoliinae

EVOLUTION

GENERAL DISCUSSION

The major source of information on the
evolution of scleractinian corals, in the ab
sence of information on the polyps of ex
tinct forms, is the structure of the septa
(Fig. 237). The latter are the most impor
tant skeletal structures and differ from sub
order to suborder, family to family, in
progressive and orderly fashion. Wall struc
tures are of some value, but since the same
type of wall may appear in analogous gen
era of widely separated families, or 2 dif
ferent types may appear in the same coral
lum or even in the same corallite, they are of
secondary significance (Fig. 259). Structures
independent of the septa, such as dissepi
ments, epitheca, and basal plate, are of little
value. Evolution within small, compact
groups, such as the Rhipidogyridae, is best
shown by morphogenetic trends (Fig. 260).

A large question in the evolution of antho
zoan corals is the relation of scleractinians
to rugosans: whether the scleractinians were
filiated from the rugosans or whether they
were independently derived from skeleton
less anemone stocks-the scleractinians from
the same stock that led to the living coral
limorphs and actiniarians and the rugosans
from earlier stocks leading to the zoanthids.
Chronologically and to some extent ecologic
ally, the scleractinians succeeded the rugose
corals and many have wished to view them
as redivived rugosans (Fig. 261). If this
were so, it would seem that the ancestral
stock should be found among the Late
Paleozoic rugose corals, perhaps in the Per
mian calophyllids (plerophyllids), the spe
cialized end-forms of a long-lived line of
conservative solitary forms. To derive the

Scleractinia from these it would have to be
assumed that there was ( 1) a change in
septal structure from laminar to subfenes
trate, (2) a change in the pattern of mesen
terial and septal insertion, and (3) a possible
change in skeletal substance from calcite to
aragonite. Further, this involves acceptance
of a monophyletic derivation by sudden mu
tation on the ordinal level (typostrophism)
affecting some early ontogenetic stage (pro
terogenesis) of the Late Permian ancestor.
The Scleractinia, however, like the Rugosa,
are seemingly not a monophyletic group. At
the earliest recorded appearance of both
orders, each already included widely diver
gent groups at the subordinal level, such as
the columnariids in the Rugosa and the
astrocoeniids in the Scleractinia. Supposed
survival of aspects of the rugosan mode of
septal insertion in scleractinians, indicative
of transitional characters, seems more appar
ent than real. In the absence of any known
corals in latest Permian and Early Triassic
or other evidence clearly linking the known
early scleractinians with Paleozoic forms, no
definite conclusion as to origin is now war
ranted. At present it seems most probable
that the Rugosa and Scleractinia were de
veloped at different times from different
lines or stocks of the ancient anemones.

ASTROCOENIINA
The isolated suborder Astrocoeniina, of

exclusively colonial habit, is first known
from the Middle Triassic, where it is repre
sented by the Pinacophyllinae. This little
group, with spinelike septal trabeculae, was
either an early offshoot from the astrocoeniid
line, or represented the primitive type of the
suborder, but a considerable previous history
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FIG, 259. Evolutionary pattern of the scleractinian suborders and families (198 mod.). [The author chooses
to recognize superfamily Faviicae in preference to Oculinicae, which has priority, despite Copenhagen

Decisions (1953).-ED.]

must be inferred, for no solitary astro
coeniids are yet known. The Astrocoeniinae,
with more compact septa and closely united
corallites, appeared in the Late Triassic, and
within a relatively short time were world
wide in distribution. No marked change is

apparent until the late Middle Cretaceous
when the development of a more or less
solid coenosteum between the corallites, the
result of expansion of coenosarc, led to the
Pocilloporidae. The Acroporidae came in
the Late Cretaceous and were the result of
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FIG. 260. Evolution in the Rhipidogyridae, a middle Mesozoic family (198mod.).

great compaction of the first-cycle septal
trabeculae to form thin, laminar, smooth
margined but commonly reduced septa, ac
companied by development of porous,
canaliculate coenosteum. This group, on the
basis of their light, very rapidly growing
skeleton, and enormous numbers of small
polyps forming huge colonies, is perhaps the
most successful of all scleractinians.

The main astrocoeniid line weakened in
the Tertiary, and there are now only 3 or 4
living species of Astrocoenia, its recent deriv
ative Stylocoeniella, and Stephanocoenia.

The Thamnasteriidae, which very early
were derived from astrocoeniids by develop
ment of the intratentacular mode of colony
formation and septa supported by synapti
culae, appeared in the Middle Triassic and
persisted with little modification or diversi
fication until the close of the Cretaceous.
Late in the Cretaceous, however, canalicular
modification of the extratentacular exten
sions of the mesenteries, similar to that
which took place in the poritids, gave rise to
Ahrdorffia and a few Tertiary and living
forms such as Psammocora, without achiev
ing any great success.

The Stylinidae, a distinct family of un
certain relations, were colonial corals with
small corallites and relatively few, smooth-

margined septa, suggesting an astrocoeniid
connection. The structure of the earliest and
most primitive of the Cyathophorinae, Cas
sianastraea of the Middle Triassic, further
strengthens such a supposition. The Stylini
nae appeared in the Late Triassic, the
Euheliinae in the Middle Jurassic, and the
whole group was practically extinct and
without issue by the end of the Mesozoic.

FUNGIINA
The suborder Fungiina consists of 3

superfamily groupings, Agariciicae, Fungii
cae, and Poriticae, derived from the Pro
cyclolitidae, an early Mesozoic central
agariciid family. One of the earliest mem
bers of this family, Triadophyllum of the
Middle Triassic, is a prototypic form with
rather simply constructed septa in which
each trabecula consists of a single vertical
series of sclerodermites scarcely diverging
from the vertical plane and closely placed
side bv side to form a continuous laminar
sheet. Progressively, however, in later mem
bers of the family, the trabeculae were less
closely united laterally in the septal plane
and the sclerodermites were inclined more
and more away from the plane, appearing on
the face as granulations or ridges, so as to
make fenestrate septa. The earlier stages of
Late Triassic genera, such as Margarophyl-
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FIG. 261. Chronologie distribution of major groups of sc1eraetinian and rugose corals (198mod.).
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lia and Conophyllia, have the laminar Tri
adophyllum-type of septum and more fenes
trate septa in later stages.

Early in the Jurassic, the procyclolitids
diverged along 2 lines. In one, the septa
were composed of mostly simple trabeculae,
tending to become increasingly fenestrate
and perforate. In the earliest family (Cala
mophylliidae) of this line, the septa have
only scattered perforations. The Agariciidae,
first known in the Middle Cretaceous
(Trochoseris) , originated from calamophyl
liids with very compact septa, resulting from
such close growth of the trabeculae that
they were staggered in the septal plane.
From the Early Jurassic calamophylliids de
veloped the Microsolenidae with highly per
forate, confluent septa. In the Middle Juras
sic, mesenterial continuations beyond the
tentacular ring began to break down (Acti
naraea) into canaliculate gastro-vascular pro
longations, resulting in the disappearance of
definite septocostae outside the calice
(Actinacididae). From the actinacidids in
Late Cretaceous time came the modern,
highly successful Poritidae, in which the
extracalicular coenosteum diminished as the
corallites became smaller and more numer
ous, and the number of septal trabeculae
and septa diminished. Late Jurassic offshoots
from the calamophylliids were the Sideras
treidae, in which extratentacular mesenteries
nearly disappeared as common synapticular
walls developed between corallites, and com
pound trabeculae developed, coarsening the
septa.

From the other procyclolitid line arose
the Fungiicae of probable Thecoseris ances
try, in which the number of vertical series
of sclerodermites in each trabecula increased
from 1 or 2 to 4, 8, or even more, resulting
in compound trabeculae whose emergent
edges appeared as spinose or granulose teeth
instead of the small, nearly smooth, bead
like teeth of the Agariciidae and Poriticae.
The earliest in this line of development were
the Synastreidae of the Middle Jurassic-Cre
taceous, with nearly imperforate septa. Early
offshoots in the Middle Jurassic were the
Haplaraeidae with large, irregularly spaced
septal perforations. A later one comprised
the Cyclolitidae, Cretaceous-Early Tertiary
ecologic predecessors of the Fungiidae, with
regular septal perforations and - broad flat-

based coralla adapted for lying loose on soft
or shifting substrates.

In the Middle Cretaceous, the axis of
trabecular divergence, which had remained
essentially vertical in the cyclolitids, became
inclined towards the horizontal in some
synastreids, resulting in coralla shaped like
those of the cyclolitids but lacking epitheca.
The septal structure in earlier forms was
more or less perforate (as it still is in early
developmental stages of modern fungiids)
but later it became more compact. These
were the earliest Fungiidae (Cycloseris).
Reduction of the solid septotheca to a more
or less perforate synapticulotheca gave direct
connection between oral and aboral sur
faces, allowing development early in the
Tertiary of large coralla characteristic of
Fungia and its derivatives. Living fungiids
pass through a very brief procyclolitid stage
with epithecal wall, followed by a trochoid
acrosmiliid stage and a short cycloserid stage
during the anthocaulus and anthocyathus
periods of ontogeny.

FAVIINA

The suborder Faviina had its origin in
Triassic procyclolitids from which there are
2 possible lines of development: (1) through
the Stylophyllidae to the Montlivaltiidae, or
(2) directly through the Montlivaltiidae
from which the stylophyllids may have been
early derivatives. The Stylophyllidae first
appeared in the Middle Triassic and were
marked by septa having compound trabecu
lae different from those of the fungiids, by
retention of the simple epithecal type of
wall, and by more or less nonexsert septa
with trabeculae either completely united
vertically or discontinuous and appearing as
more or less free spines, but never uniting
as a fenestrate sheet. Later forms showed a
trend towards the laminar septum. Abun
dant and widely distributed in the Late
Triassic and Liassic, they declined and dis
appeared by Middle Jurassic time. The fam
ily Amphiastreidae, with septa similar to
those of advanced stylophyllids and a ten
dency towards the aphroid condition in the
corallites, are provisionally associated here.
Many genera showed a greater development
of one or more adjoining (dorsal?) septa,
leading to the development of a lamellar col
umella in some later forms. The group as a
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whole was not a success---edge zone was
never developed-and after attaining wide
distribution in Late Jurassic and Early Cre
taceous time, disappeared before the end of
the Cretaceous.

The earliest montlivaltiids, of Late Tri
assic age, are not easily distinguished from
procyclolitids with compact septa, but they
soon developed an edge zone leading to
septothecal or parathecal walls. The char
acteristic laminar septa of the faviids, with
sharp, conical dentations, resulted from
closely spaced trabeculae with scleroder
mites laterally diverging only slightly from
the septal plane. By Mid-Jurassic, the Mont
livaltiidae were highly developed.

Some of the earliest derivatives of the
montlivaltiids, the Faviidae, appearing in
the Late Jurassic and increasing steadily to
the present day, owe much of their success
to broadening of the edge zone with con
sequent reduction of epitheca, and thorough
exploitation of various modes of colony for
mation. The earlier forms were intratentacu
lar in mode of colony formation (Faviinae),
but early in the Cretaceous the extratenta
cular mode became dominant in the Mont
astreinae, which are artificially separated
from the Faviinae solely on this distinction.
The Faviidae will eventually be more prop
erly reorganized on the basis of subfamilial
lineages. Late in the Tertiary, the Merulini
dae appeared, characterized by small com
pound trabeculae produced by very irregu
lar divergence of the sclerodermites. The
Trachyphylliinae and Agathiphylliinae are
minor offshoots from the Faviidae.

The Mussidae, first definitely known early
in Tertiary time, show the culmination of
septal development in the main montlivaltiid
line, with large polyps, and septa formed by
a number of fan systems of trabeculae, each
system forming a large dentation. An early
Tertiary group was the Pectiniidae, with
irregular, ragged, reduced dentations.

The Rhizangiidae are first known in the
Early Cretaceous and are now widely dis
tributed in the littoral and neritic zones.
The earliest form, Arctangia, like the pro
genitors of other faviid groups, was small
and solitary, with irregular septal denta
tions resulting from irregular divergence of
sclerodermites, probably developed from
some early montlivaltiid. In many later
rhizangiid genera the entosepta are nearly

smooth-margined, but the exosepta retain
the more primitive, coarse teeth.

The Anthemiphylliidae as yet have no
paleontological history, but the septal struc
ture suggests a rhizangiid ancestry.

The Meandrinidae, which are distin
guished by the minutely dentate septal mar
gins, were seemingly derived from montli
valtiids late in the Jurassic. The group in
cludes 2 short, but well-defined lineages of
hermatypic corals with lamellar columella
dating from the Cretaceous. The Pachygyra
lineage lasted only into the Eocene; the
Meandrina lineage still survives. The Dicho
coeniinae are a very small group dating
from the Late Cretaceous, distinguished by
development of a heavy coenosteum.

CARYOPHYLLIINA
The earliest Caryophylliina, the most suc

cessful of all scleractinian groups in adap
tation to extremes of environment and pro
lific in generic differentiation, are 2 genera
which constitute the Thecocyathinae.
Thecocyathus, of the Early Jurassic, had an
epithecal wall. By the Middle Jurassic, Dis
cocyathus had developed an edge zone and
the beginnings of a septotheca. The first
Caryophylliinae came in the Middle Jurassic,
living in a neritic, nonreef environment. By
the commencement of the Tertiary, some
genera had become adjusted to the littoral
zone, and on the other hand, penetration of
the deep waters of the bathyal zone had
begun.

The Turbinoliinae, first known in the
Late Cretaceous, are a curious group of
handsome little corals especially adapted to
substrates affording few or very small sites
for larval fixation. Except in the very earliest
ontogenetic stages, these exclusively solitary
corals are unattached, the edge zone com
pletely covering the exterior of the corallum
which lies loose on the bottom or partly im
bedded in it.

Earlier in the Cretaceous appeared the
small group of the Desmophyllinae, caryo
phyllians in which septal substitution was
scarcely developed, with little or no devel
opment of columella and pali. The Para
smiliinae came later in the Jurassic from
caryophyllians in which the relatively great
vertical extent of the corallum provoked the
development of dissepiments. The herma-
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typic Eusmiliinae are parasmilian deriva
tives.

Septal substitution had diminished in an
even earlier offset from the caryophyllians
during the Middle Jurassic, the Rhipido
gyridae, a compact lineage extinct by the
Early Cretaceous.

The ahermatypic Flabellidae, dating from
the Cretaceous, contain a few neotenic forms
which seem to have been derived from
caryophyllians by arrested development of
the edge zone, resulting in a wholly epithe
cal wall. The somewhat similar Guyniidae,
first appearing in the Middle Jurassic, may
represent a still earlier neotenic caryophyl
lian offshoot.

DENDROPHYLLIINA
The dendrophylliids were the last of the

scleractinian suborders to evolve. About the
middle of the Cretaceous, the sclerodermites
of the septa of some caryophyllians became
very irregular in development, diverging
strongly sideward from the plane of the nor
mally compact, laminar septum, especially
in the vicinity of the wall with locally open
ing perforations. This brought about a
thickening of the outer parts of the septa,
and the septotheca gave way to an irregu
larly porous synapticulotheca. In this new
group, the Dendrophylliidae, the substitu
tion of entosepta for exosepta, a common
occurrence in scleractinians, became very
marked, and the Pourtales plan of septal
arrangement is characteristic of the sub
order.

SUMMARY OF MAIN
EVOLUTIONARY TRENDS

(1)' Increase or decrease in compactness of
septa. Increase in compactness of some pro
cyclolitids led to the laminar septa of the
Faviina and Caryophylliina. Irregular de
velopment of sclerodermites in the latter led
in turn to the porous septa of the Dendra
phylliina. Decrease in compactness in other

procyclolitids led to the fenestrate septa of
the Fungiina. A trend from simple to com
pound trabeculae can be observed in some
family groups, and from many to few septa
in others.

(2) Suppression of primitive epithecal
wall. The development of an edge zone with
septotheca, paratheca, or synapticulotheca,
and coenosteal structures, accompanied by
suppression of the primitive epithecal wall,
is regularly observed in the Fungiina, Favi
ina, and Caryophylliina. Reduction of extra
mesenterial extensions to canalicular mazes,
with modification of coenosteal structure, is
found especially in some lines of the Astro
coeniina and Fungiina.

(3) Development of colonial habit. This is
particularly notable in hermatypic corals,
which display many modes of colony for
mation, many of which are significant by
making possible large, efficient colonies.

Broadly speaking, the classification used
here is based on the following features, in
order of decreasing taxonomic importance:

(1) Structure of septa and ancillary struc
tures such as wall, synapticulae, and costae;
and nature of polyps: suborders, superfam
ities, and some families.

(2) Primary mode of colony formation,
and relative development and structure of
extrathecal structures: families.

(3) Secondary modes of colony forma
tion, involving shape of colonial coralla and
lineages of trends, habit of colonial coralla,
shape of solitary coralla, secondary septal
structures such as pali and columella, rela
tive development and form of dissepiments:
some families, subfamilies, genera, and sub
genera.

(4) Dimensions of corallites, number, ar
rangement and structural details of septa
and costae, habit of colonial coralla and
shape of solitary coralla, and features of the
coenosteum: species and subspecies, varie
ties, formae, etc.

Suprageneric Divisions of Scleractinia
Scleractinia (order) (450; 57). M.Trias.-Rec.

Astrocoeniina (mborder) (46; 14). M.Trias.-Rec.

CLASSIFICATION
by "(10)" and occurrence of 6 genera and
2 subgenera in a family or other taxonomic
division is shown as "(6; 2)."

A tabular summary of suprageneric divi
sions recognized in the order Scleractinia,
showing stratigraphic range of each as now
known and including record of the number
of genera and subgenera recognized in each
taxonomic unit, follows. The presence of 10
genera in a family, for example, is indicated
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Astrocoeniidae (13). M.Trias.-Rec.
Pinacophyllinae (2). M.Trias.-U.Trias.
Astrocoeniinae (11). U.Trias.-Rec.

Thamnasteriidae (4; 5). M.Trias.-Rec.
Pocilloporidae (4). U.Cret.-Rec.
Acroporidae (6; 2) U.Cret.-Rec.
Stylinidae (19; 7). M.Trias.-Eoc.
Cyathophorinae (6; 3). M.Trias.-Eoc.
Stylininae (8; 4). U.Trias.-Cret.
Euheliinae (5). M.Jur.-L.Cret.

Fungiina (suborder) (108; 12). M.Trias.-Rec.
Agariciicae (superfamily) (51; 10). M.Trias.-Rec.

Procyclolitidae (10). M.Trias.-M.Jur.
Calamophylliidae (23). M.Jur.-Cret.
Agariciidae (12; 5). M.Cret.-Rec.
Siderastreidae (6; 5). Cret.-Rec.

Fungiicae (superfamily) (35). M.Jur.-Rec.
Synastreidae (7). M.Jur.-Rec.
Cyclolitidae (5). Cret.-Eoc.
Haplaraeidae (9). U.Jur.-Eoc., ?Oligo.-?Mio.
Fungiidae (11). M.Cret.-Rec.
Micrabaciidae (3). Cret.-Rec.

Poriticae (superfamily) (22; 2). Jur.-Rec.
Microsolenidae (14). Jur.-Cret.
Actinacididae (4). U.Jur.-Oligo.
Poritidae (4; 2). M.Cret.-Rec.

Faviina (suborder) (178; 13). M.Trias.-Rec.
Stylophyllicae (superfamily) (28). M.Trias.-Cret.

Stylophyllidae (7). M.Trias.-L.Jur.
Amphiastreidae (21). M.Jur.-Cret.

Faviicae (superfamily) (150; 11). M.Trias.-Rec.
Montlivaltiidae (20). M.Trias.-Eoc.
Montlivaltiinae (15). M.Trias.-Cret.

Placosmiliinae (5). U.Jur.-Eoc.
Faviidae (58,4). M.Jur.-Rec.

Faviinae (30; 2). U.Jur.-Rec.
Montastreinae (19,2). M.Jur.-Rec.
Agathiphylliinae (4). Eoc.-Mio.
Trachyphylliinae (5). Oligo.-Rec.

Rhizangiidae (14; 3). L.Cret.-Rec.
Oculinidae (15; 2). Cret.-Rec.

Oculininae (11; 2). Cret.-Rec.
Galaxeinae (4). Mio.-Rec.

Meandrinidae (14; 2). Cret.-Rec.
Meandrininae (9). Cret.-Rec.
Dichocoeniinae (5; 2). U.Cret.-Rec.

Merulinidae (4). Rec.
Mussidae (17; 2). ?U.Jur., Eoc.-Rec.
Pectiniidae (6). Oligo.-Rec.
Anthemiphylliidae (2). Rec.

Caryophylliina (suborder) (93; 18). Jur.-Rec.
Caryophylliicae (superfamily) (79; 19). Jur.-Rec.

Caryophylliidae (73; 19). Jur.-Rec.
Thecocyathinae (2). Jur.-M.Cret.
Caryophylliinae (27; 12). U.Jur.-Rec.
Turbinoliinae (16; 6). U.Cret.-Rec.
Desmophyllinae (8). Cret.-Rec.
Parasmiliinae (14). U.Jur.-Rec.
Eusmiliinae (6). Eoc.-Rec.

Rhipidogyridae (9). M.Jur.-L.Cret.
Flabellicae (superfamily) (12). M.Jur.-Rec.

Flabellidae (6). Cret.-Rec.
Guyniidae (6). M.Jur.-Eoc.

Dendrophylliina (suborder) (24; 2). U.Cret.-Rec.
Dendrophylliidae (24; 2). U.Cret.-Rec.

SYSTEMATIC DESCRIPTIONS

Order SCLERACTINIA Bourne,
1900

[Zoanlharia aporosa el perforala M.Eow.-H., 1851; Madre·
poraria M.Eow.·H., 1857 (partim); Hexaeorallia HAEeKEL,
1866 (partim); Hexaeorallidae DELAGE & HiROUARO, 1901;

Cycloeorallia SeHINoEwOLF, 1942]

Solitary or colonial Zoantharia with cal
careous external skeleton secreted by the
ectodermal body layer, consisting essentially
of radial partitions or septa, which are inter
mesenterial in position and formed within
upward infoldings of basal part of polyp
column wall, and attendant supporting
structures: basal plate, epitheca, dissepi
ments, synapticulae, and mural structures.
Septa developed in ontogeny following pat
tern of mesenteries: additional septa after
first 6 being inserted in all 6 primary mesen
terial exocoeles in successive cycles of 6, 12,
24, 48, and so on, in dorsoventral order. M.
Trias.-Rec.

The classification followed here is a modi
fication of that proposed by VAUGHAN &

WELLS (1943), and the 5 suborders are sep
arable by characters stated in the following
key.

Key for Recognition of Scleractinian
Suborders

1. Septa composed of relatively few
(up to 8) simple trabeculae;
mostly colonial, with small coral
lites (diam. 1 to 3 mm.); polyps
rarely with more than 2 cycles of
tentacles, and lacking stomodaeal
ridges uu ASTROCOENIINA

2. Septa composed of numerous
trabeculae; solitary or colonial,
with corallites generally larger in
diameter than 2 mm.; polyps
commonly with more than 2
cycles of tentacles, and stomo
daea generally ridged.
A. Synaptieulae present

i. Septa basically fenestrate,
more or less 'perforate ....... u ......... FUNGITNA
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11. Septa basically laminar, ir-
regularly perforate ........ DENDROPHYLLJlNA

B. Synapticulae rarely present
i. Septal margins dentate FAVJlNA

ii. Septal margins smooth CARYOPHYLLJlNA

Suborder ASTROCOENIINA
Vaughan & Wells, 1943

[nom. transl. WELLS, herein (ex Astrocoeniida VAUGHAN &
WELLS. 1943)]

Colonial, rarely solitary: corallites small.
Septa formed by relatively few (up to 6 or
8) simple or compound trabeculae, appear
ing as simple spines to solid laminae, in
clined in series from wall rather than in
divergent fan systems, dentate to practically
smooth marginally; sclerodermites regularly
continuous or irregularly divergent along
trabecular axes. Polyps small, with smooth
stomodaea, rarely with more than 12 ten
tacles arranged in a single ring. M.Trias.
Rec.

Family ASTROCOENIIDAE Koby, 1890
Colonial; hermatypic; phaceloid to cerioid

by extratentacular budding. Corallite walls
septothecal (except Pinacophyllum). Septa
exsert (except Pinacophyllum) , composed
of one series of simple trabecular spines pro
jecting inward and upward from the wall,
those of lower cycles fusing in the septal
plane to form nearly smooth- or beaded-mar
gined laminae. Columella absent or styli
form and continuous. Endothecal dissepi
ments tabular; exothecal dissepiments tabu
lar when developed. M.Trias.-Rec.

Subfamily PINACOPHYLLINAE Vaughan &

Wells, 1943

Primitive astrocoeniids with septa formed
by distinct trabecular spines; columella ab
sent. M.Trias.-U.Trias.
Pinacophyllum FRECH, 1890 [*Amplexus? parallelus

FRECH, 1889; SD DIENER, 1921]. Small phaceloid
colonies. Corallites with wall of epitheca internally
thickened by stereome. Septa not exsert. U.Trias.,
Eu.--FIG. 262,2. *P. parallelum FRECH, U.Trias.
(Nor.), Aus.; 2a,b, Xl, X2 (50);2c. XI0, long.
sec. (151).

Koilocoenia DUNCAN, 1884 [*Phyllocoenia decipiens
LAUBE, 1865] [=Coelocoenia (nom. van.), ?Cya
thocoenia VOLZ, 1896 (non DUNCAN, 1867)].
Small, plocoid to cerioid colonies. Corallite walls
septothecal, costae nonconfluent. Septa exsert. M.
Trias.-U.Trias .• Eu.--FIG. 262,4. *K. decipiens
(LAUBE), U.Trias., Aus.; 4a. X2 (155); 4b, transv.
sec., X5 (155); 4c, long. sec., X7 (151).

Subfamily ASTROCOENIINAE Koby, 1890
[nom. transl. FELIX. 1898 (ex Astrocoeniidae KoBY. 1890)]

Astrocoeniids with septa of lower cycles
laminar. Columella generally present, con
tinuous. U.Trias.-Rec.
Actinastrea ORB., 1849 [*Actinastrea goldfussi

(=Astrea geminata GOLDFUSS, 1826 ( partim)]
[=Aplosastrea (partim), Enallocoenia ORB., 1849;
Cyathocoenia DUNCAN, 1867 (non VOLZ, 1896);
Stelidioseris TOMES, 1893; ?Toechastraea VOLZ,
1896; Praestephanocoenia OPPENHEIM, 1930;
Platastrocoenia GREGORY, 1930; Araiocoenia ALLOI
TEAU, 1948; ?Septastraeopsis ALLOITEAU, 1954;
Astrocoenia auct!. (non. M.EDW.-H., 1848). Ceri
oid; ramose, massive, or incrusting; by extratenta
cular budding. Columella generally well developed,
styliform. U.Trias.-Rec., cosmop.--FIG. 262,6a,b.
A. ramosa (M.EDW.-H.), U.Cret.(Turon.) , Gosau,
Aus.; long. transv. sees., X25 (42).--FIG. 262,
6c. A. matheyi (KOBY), U.Jur.(Sequan.), Switz.;
lateral aspect of septum, X2 (71).--FIG. 262,6d.
A. guadalupae (ROEMER), L.Cret.(Alb.) , Tex.;
X5 (157).

Stylocoeniella YABE & SUGIYAMA, 1935 [*Stylocoenia
hanzawai YABE-S., 1933 (=Stylophora armata
EHR., 1834)]. Like Actinastrea but with striate,
columniform projections arising at junctions of
adjacent calices. Eoc.-Rec., USA-W.Indies-IndoPac.
--FIG. 262,7a,b. *S. armata (EHR.), Rec., Bikini,
Marshall I.; 7a, X2; 7b, X5 (163).

Platycoenia VAUGHAN, 1900 [*P. jacksonensis]. Like
Actinastrea but plocoid with echinulate coenosteum.
Eoc.-Mio., USA-Eu.

Isastrocoenia GREGORY, 1900 [*1. kachensis]. Like
Actinastrea but subplocoid with some intratentacu
lar budding. Columella absent or very weak. M.
lur., India-E.Afr.--FIG. 262,3. *1. kaclzensis,
M.Jur.(Bath.), Cutch; transv. sec., X6 (65).

Columactinastraea ALLOITEAU, 1952 [*C. rennensis]
[=Stephanastraea FROMENTEL, 1886 (non ETAL
LON, 1862)]. Like Actinastrea but with pali before
first 2 septal cycles in one crown. Cret., Eu.

?Stephanastrea ETALLON, 1862 [*S. ramulifera].
Like Columactinastraea but with pali in 2 crowns.
U'/ur.-Cret., Eu.

Stylocoenia M.EDW.-H., 1849 [*Astrea emarciata
LAMARCK, 1816] [=Aplosastrea (partim) , Tri
phyllocoenia ORB., 1849]. Like Stylocoeniella but
much lighter corallum and thin laminar septa
with acute dentations. Eoc.-Mio., Eu.-W.Indies.
--FIG. 262,8. *S. emarciata (LAM.), M.Eoc.
(Lut.), Paris Basin, Fr.; 8a, X I; 8b, X5 (95).

Astrocoenia M.EDw.-H., 1848 [*Astrea numisma
DEFRANCE, 1826] [=Goniocoenia ORB., 1849].
Like Stylocoenia but lacking intercorallite pillars
or styliform columella. Eoc.-Mio., Eu.

Lithostrotionoides ALLOITEAU, 1952 [*L. tessieri]
Like Astrocoenia but walls very thin and zigzag
in cross section; columella sublamellar. U.Cret.
(Maastr.), Senegal.
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Stephanocoenia M.EDW.-H., 1848 [*Astrea inter
septa LAMARCK, 1816 (non Madrepora intersepta
ESPER, 1719) (=*S. michelini M.EDW.-H., 1848]
[Antillastraea DUNCAN, 1884]. Plocoid to sub
cerioid, massive. Costae short. Septa with minutely
dentate margins, one crown of 12 pali before first
2 septal cycles. Columella styliform. Cret.-Rec.,
Eu.-USA-W.Indies.--FIG. 262,1. *S. michelini
M.EDW.-H., Rec., W.Indies, X5 (95).

Columastrea ORB., 1849 [*Astrea striata GOLDF.,
1827] [=Columellastrea ORB., 1850; Columnas
trea M.EDW.-H., 1851, ?Psammocoenia M.EDW.-H.,
1857; Haldonia DUNCAN, 1879; ?Stylinopsis CHEV-

ALlER, 1954]. Like Stephanocoenia, but with one
crown of 6 pali before second cycle. U.Jur.-U.Cret.,
Eu.-USA.--FIG. 262,5. C. striata (M.EDW.-H.),
U;Cret.(Turon.), Gosau, Aus.; transv. sec., X 12
(42).

Family THAMNASTERIIDAE Vaughan
& Wells, 1943

Colonial, hermatypic; massive, ramose, or
incrusting, growth by intratentacular mono
to tristomodaeal budding. Corallite walls ab
sent or weakly defined by synapticular rings.

Actinastrea

Isastrocoenia

Columastrea

Pinacophyllum

2c

II

7b

Stylocoeniella

Koilocoenia

FIG. 262. Astrocoeniina: Asu'ocoeniidae (p. F370-F371).
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Septa confluent between centers, similar in
structure to those of the astrocoeniids, mostly
of simple trabeculae with sclerodermites
diverging laterally and producing granula
tions or continuous ridges, more or less
porous, with beaded margins. Columella
styliform or absent. Dissepiments tabular.
M.Trias.-Rec.
Thamnasteria LESAUVAGE, 1823 ["T. lamourouxi

(=Astrea dendroidea LAMARCK, 1821)] [=Tham
nastraea LESAUVAGE, 1832; Centrastrea, Dactylas
trea, Dactylocoenia, Dendrastrea ORB., 1849; Mol'
phastrea ORB., 1850; Holocoenia M.Eow.-H., 1861;
?Thamnoseris FROMENTEL, 1861; Stylomaeandra
FROM., 1873; Mesomorpha PRATZ, 1883; Astraeo
fungia ALLOITEAU, 1952]. Massive, ramose, or
incrusting colonies. CoraIlite centers closely united
by confluent, short, septocostae. Columella styli
form. Septa with rows of granulations or discon
tinuous ridges parallel to margins. M.Trias.-M.
Cret., Eu.-Asia-Afr.-N.Am.-S.Am.

T. (Thamnasteria). M.Trias.-M.Cret., cosmop.-
FIG. 263,1. T. (T.) rectilamellosa (WINKLER),
U.Trias.(Nor.), Gosau, Aus.; la, Xl; 1b, transv.
sec., X5 (50).

T. (Astraeomorpha) REUSS, 1854 ["A. crassisepta].
Septal ridges strong and continuous. V.Trias., Eu.

Stereocaenia ALLOITEAU, 1952 ["Holocoenia col·
linaria FROMENTEL, 1867]. Like Thamnasteria but
septa thickened by development of irregular mul
tiple series of large trabeculae. L.Cret., Eu.-
FIG. 263,2. "S. collinaria (FROM.), L.Cret.
(Neocom.), Yonne, Fr.; transv. sec., X35 (172).

Ahrdorffia TRAUTH, 1911 ["Porites stellulata REUSS,
1854]. Nodular or ramose. Corallites small, sep
arated by ramifying, uniting septocostae. Columella
a single trabecular pillar. V.Cret., Eu.--FIG.
263,5. "A. stellulata (REUSS), U.Cret. (Turon.) ,
Gosau, Aus.; X 10 (112).

Psammocora DANA, 1846 ["Pavona obtusangula
LAMARCK, 1816; SD M.Eow.-H., 1850]. Massive,
foliaceous, ramose, columnar, or incrusting. Coral
lites small, structures as in Ahrdorffia. Collines low
and rounded, enclosing several centers or series of
centers. Mio.-Rec., W.lndies-IndoPac.

P. (Psammocora), Mio.-Rec., W.Indies-IndoPac.
--FIG. 263,3a. P. (P.) folium UMBGROVE, Rec.,
Indon.; X5 (138).--FIG. 263,3b. P. (P.)
nierstraszi HORST, Rec., Indon.; X5 (141).

P. (Stephanaria) VERRILL, 1867 [pro Stephanocora
VERRILL, 1866 (non EHR., 1834)] ["Stephano
cora stellata VERRILL, 1866]. Intercorallite areas
very narrow and low, the collines enclosing one
center or series, or absent. Rec., IndoPac.

P. (Plesioseris) DUNCAN, 1884 ["Maeandroseris
australiae ROUSSEAU, 1854]. C..nters or series sep
arated by high, acute, collines. Rec., IndoPac.

Family POCILLOPORIDAE Gray, 1842
Plocoid, generally ramose, mostly herma

typic, colony formation by extratentacular
budding. Septa rarely more than 2 cycles,
reduced to narrow laminae or striae, even
to spines. Columella styliform, vertically dis
continuous. Coenosteum solid or vesicular.
U.Cret.-Rec.
Stylophora SCHWEIGGER, 1819 ["Madrepora pistil

lata ESPER, 1797; SD M.Eow.-H., 1850] [=Sidero
pora BLAINV., 1830; Anthopora GRAY, 1835; Ena/
lastrea ORB., 1849; Phyllopora T.-Wooos, 1879;
Stylomadrepora OPPENHEIM, 1923; Palauastrea
YABE & SUGIYAMA, 1941; Stylacropora KUHN,
1948]. Ramose to submassive. Corallites tending
to spiral irregularly around branches, set in solid,
spinose coenosteum. Septa of first cycle uniting
with styliform columella. Eoc.-Rec., Eu.-N.Am.
S.Am.-IndoPac.--FIG. 263,8. S. mordax DANA,
Rec., Fanning I., Pac.; 8a, XO.5; 8b, Xl0 (148).

Seriatopora LAMARCK, 1816 ["S. subulata; SD M.
Eow.-H., 1850]. Like Stylophora but corallites
arranged in longitudinal series along branches.
Mio.-Rec., IndoPac.--FIG. 263,7. S. hystrix
DANA, Rec., Fiji; XO.5 (148).

Pocillopora LAMARCK, 1818 ["P. acuta; SD M.Eow.
H., 1850]. Ramose, rarely massive or incrusting.
Calices commonly borne on short protuberances
(verrucae) from the branches. Septa rudimentary,
represented by striae or spines. Endothecal dissepi
ments solid or tabular. Columella a low boss. Eoc.
Rec., W.Indies-IndoPac.--FIG. 263,6a. P. elegans
DANA, Rec., Banda, E.Indies; XO.5 (129).--FIG.
263,6b. P. eydouxi M.Eow.-H., Rec., Torres Strait,
Austral.; X 10 (148).

Madracis M.Eow-H., 1849 ["M. asperula] [=Axhe
lia M.Eow.-H., 1849; Axohelia M.Eow.-H., 1857;
Reussia DUCHAISSING & MICHELOTTI, 1860; Penta·
lophora SAVILLE-KENT, 1871; ?Stylopsammia OP'
PENHEIM, 1930]. Ramose to submassive. Septa well
developed with smooth margins, higher cycles re
duced to spines, arranged in groups of 8 or 10.
Columella styliform, prominent. V.Cret.-Rec., ?Eu.
IndoPac.-N.Am.-W.Indies.--FIG. 263,4a. "M.
asperula, Rec., 15 m. depth, Porto Rico; XI0
(195).--FIG. 263,4b. M. mirabilis DUCH. &

MICH., Rec., Porto Rico; Xl (195).

Family ACROPORIDAE Verrill, 1902

Massive or ramose colonies by extratenta
cular budding; hermatypic. Corallites small,
synapticulothecate, pseudocostate, slightly
differentiated from coenosteum. Septa non
exsert, in 2 cycles, formed by simple spini
form trabeculae projecting inward and up
ward from vertical mural trabeculae, com
monly fusing to form laminae. Columella
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absent or trabecular and weak. Dissepiments
thin and tabular when developed. Coeno
steum extensive, light reticulate, flaky, gen
erally spinose or striate on surface. U.Cret.
Rec.

Acropora OKEN, 1815 ['*'Millepora mttricata LINNE,
1758; SD VERRILL, 1902J [=Madrepora attctt.
(non LINNE, 1758), Heteropora EHR., 1834; Iso
pora STUDER, 1878; Conocyathtts, Distichocyathtts,
Ettmadrepora, Lepidocyathtts, Odonrocyathtts, Poly
stachys, Rhabdocyathtts, Trachylopora, Tylopora

6b
Pocillopora

8a ,i:""

Stylophora
8b

30

7
Seriatopora

3b
Psammocoro (Psommocoral

10

FIG. 263. Astrocoeniina: Thamnasteriidae, Pocilloporidae (p. F372).
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BROOK, 1893]. Ramose, rarely massive or incrust
ing; branches with an axial or leading corallite
larger than the more numerous radial corallites
budded from it, united by light, reticulate, spinose
or pseudocostate coenosteum. Columella and dis
sepiments absent. Eoc.-Rec., Eu.-W.Indies-N.Am.
IndoPac. The most important and protean genus
of hermatypic corals, with more than 200 living
species representing about 40 per cent of living
sderactinians; not yet satisfactorily divided sub
generically.--FIG. 264,2a. A. formosa (DANA),
Rec., Formosa; XO.2.--FIG. 264,2b. A. tub;
cinaria (DANA), Bikini, Marshall I.; X 4.

Dendracis M.EDW.-H., 1849 ["Madrepora gervillei
DEFRANCE, 1823]. Like Acropora but without per
sistent axial corallite, with coenosteum solid be
low. Eoc.-Mio., Eu.-Afr.-E.Indies-W.Indies.-
FIG. 264,3. D. mammillosa REUSS, M.Olig.(Rupel.),
Mte.Grumi, Italy; X2 (116).

Astreopora BLAlNv., 1830 ["Astrea myriophthalma
LAMARCK; SD M.EDW.-H., 1850] [=Phyllopora
ERR., 1834; Araeacis M.EDW.-H., 1849; Polysolenia
REUSS, 1867; Astraeacis QUENST., 1880; Octotrema
cis GREGORY, 1899; Annulopora, Palaestraeopora
KUHN & ANDRUSOV, 1937]. Massive or subramose;
no axial corallites. Coenosteum reticular, formed
by outwardly inclined trabeculae, with spinose sur-

face. Dissepiments tabular. Corallite walls solid.
U.Cret.-Rec., Eu.-W.Indies-IndoPac.
A. (Astreopora). U.Cret.-Rec.--FIG. 264,1. A.
listeri BERNARD, Rec., Bikini, Marshall I.; la,
XO.4; Ib, X2.

A. (Cebuphyllia) YABE & SUGIYAMA, 1941 ["C.
chitanii]. Like A. (Astreopora), but with well-de
veloped trabecular columella and thick septa.
?Plio., Philip.--FIG. 264,4. "A. (C.) chitanii,
transv. sec., X3 (200).

?Gravieropsammia FILLIOZAT, 1910 ["G. cornu
copiae]. Solitary, free, ceratoid. Corallite wall im
perforate, with interseptal costae; a solitary Astreo
pora (?). M.Eoc., Fr.

Montipora QUOY & GAIMARD in BLAINV., 1830 ["M.
verrucosa (non Madrepora verrucosa LAMARCK,
1816); SD M.EDW.-H., 1850 (=Manopora foveo
lata DANA, 1846)] [=Manopora DANA, 1846].
Submassive, foliaceous, ramose or incrusting; no
axial corallite. Corallite walls porous. Columella
feeble or absent. Coenosteum reticular with strong
vertical trabeculae, thin horizontal connections, sur
face spinulose or hirsute. No dissepiments. Eoc.
Rec., IndoPac.--FIG. 265,la. M. foliosa (PAL
LAS), Rec., COCOS Keeling; XO.l (148).--FIG.
265,lb. M. turgescens BERNARD, Rec., Bikini, Mar
shall I.; X 12.

Anacropora RIDLEY, 1884 ["A. forbesi]. Like Monti-

Astreopora (Astreoporal

Acropora

Dendracis

4

Astreopora (Cebuphyllial

FIG. 264. Astrocoeniina: Acroporidae (p. F373-F374).
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Montipora

FIG. 265. Astrocoeniina: Acroporidae (p. F374).

F375

Ib

pora but invariably ramose, with dense coenosteum.
Rec., IndoPac.

Family STYLINIDAE d'Orbigny, 1851
Colonial, hermatypic; colony formation by

intra- and extratentacular budding. Septo
theca present, generally thickened by stere
orne. Septa composed of a single fan system
of simple trabeculae, upper margins smooth
to beaded, laterally smooth or finely granu
lated. Endothecal dissepiments tabular when
developed, rarely vesicular. M.Trias.-Eoc.

Subfamily CYATHOPHORINAE Vaughan &

Wells, 1943

Ramose or plocoid, rarely cerioid; colony
formation by extratentacular budding. Septa
rarely more than 2 cycles, slightly exsert. No
columella. Endothecal dissepiments thin and
tabular, or absent. Coenosteum vesicular or
tabular, surface spinose. M.Trias.-Eoc.
Cassianastraea VOLZ, 1897 ["Stylina reussi LAUBE,

1865]. Small clumps consisting of ramose branches
with crowded corallites lacking costae, united by
some vesicular coenosteum. No endothecal dissepi
ments or columella. U.Trias., Aus.--FIG. 266,1.
"C. reussi (LAUBE), Cam., Aus.; la, X2; 1b,
transv. sec., X4 (155).

Procyathophora WEISSERMEL, 1928 ["Cyathophora
furstenbergensis ECK, 1880]. Massive, plocoid;
corallites noncostate, united by spinose tabular
coenosteum. Septa rudimentary. Endothecal dis
sepiments tabular. M. Trias., Ger.--FIG. 266,11.
"P. furstenbergensis, Baden; 11a-c, surf., transv.
and long. sees., X2 (156).

Cyathophora MICHELIN, 1843 ["C. richardi
(=Astrea bourgeti DEFRANCE, 1826)] [=Penta
coenia ORB., 1850; Depaphyllum, Bathycoenia,
Scyphocoenia TOMES, 1883; Orbignycaenia ALLOI-

TEAU, 1948]. Massive, plocoid. Costate corallites
united by more or less costate tabular coenosteum.
Septa well developed but rarely extending to coral
lite axis. No columella. Endothecal dissepiments
tabular. Jur.-Cret., Eu.-N.Am.-S.Am.
C. (Cyathophora). JlIr.-Cret.--FIG. 266,2. C.

haysensis WELLS, L.Cret.(U.Apt.), Tex.; 2a,b,
long. and transv. sees., X2 (157).

C. (Holocystis) LONSDALE, 1849 ["H. elegans]
[=Tetracoenia ORB., 1850; Cyathocoenia
FROMENTEL, 1884 (non DUNCAN, 1867)]. Like
C. (Cyathop/lOra), but with vesicular coenosteum
and tetramerally arranged septa. L.Cret., Eu.

C. (Cyathophoropsis) ALLOITEAU, 1947 ["C.
hupei]. Reputed to differ from C. (Cyathop/lOra)
by having intercalicular pillars as in Stylocoenia
and Stylocoeniella. L.Cret.(Gargas.), Sp.

Heterocoenia M.EDW-H., 1848 ]"Lithodendron exi
guum MICHELIN, 1847] [=Crinopora, Cyclocoenia
ORB., 1849; Baryhelia M.EDW.-H., 1857; Hexas
milia FROMENTEL, 1873; Trinacis, Bacillastraea
QUENST., 1881; ?Pachycaenia, Heterocaeniopsis
ALLOITEAU, 1952]. Plocoid; massive, foliaceous, or
ramose; corallites noncostate, united by extensive
vesicular or nearly dense coenosteum. Septa rarely
more than 2 cycles, trimerally arranged; some may
be reduced to rudimentary spines. Columella ab
sent or weakly developed (Heterocaeniopsis). Cret.,
Eu.-N.Am.-Japan.--FIG. 266,6. H. provincialis
(MICH.), U.Cret.(Turon.), Fr.; 6a, Xl; 6b, nat.
long. sec., Xl.5 (181).

Miyakosmilia EGUCHI, 1936 ["M. densa]. Like
Heterocoenia, but corallites with low costae. L.
Cret., Japan.

Ewaldocoenia OPPENHEIM, 1921 ["E. hawelkai].
Like Hete1'Ocoenia, but cerioid. U.Eoc., Eu.

Subfamily STYLININAE d'Orbigny, 1851
fnom. transl. VERRILL; l~64 (t"x Stylinidae ORB., 1851)]

Phaceloid, plocoid, meandroid, or rarely
hydnophoroid; colony formation by extra-
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or intratentacular budding. Septa exsert.
Columella styliform, lamellar, or absent.
Endothecal dissepiments subtabular or vesi
cular. Coenosteum, where developed, sub
tabular or vesicular. U.Trias.-Cret.
Aplophyllia ORB., 1849 [*Lithodendron dichoto-

mum MICHELIN, 1843 (non GOLOF., 1827) (=*A.
orbignyi M.Eow.-H., 1851). Phaceloid clumps by
extratentacular budding. Costae distinct only near
calicular margins, covered below by dense granu
lar stereome. Columella feeble, trabecular. No
coenosteum. M./ur.-U./ur., Eu.

Stylosmilia M.Eow.H., 1848 [*S. michelini). Like
Aplophyllia but with strong styliform columella.
M./ur.-L.Cret., Eu.-S.Am.--FIG. 266,7b-d. *S.
michelini, U.Jur.(Raur.), Switz.; 7b-d, X2 (71).
--FIG. 266,7a. S. suevica BECKER, U.Jur.
(Kimm.), Ger.; Xl (7).

Stylina LAMARCK, 1816 [*S. echinulata) [=Fasciett
laria LAM., 1816; Branchastrea BLAINV., 1830;
Gemmastrea BLAINV., 1834; Stylopora M'Co¥,
1848; ?Adelocoenia, Conocoenia, ?Convexastrea,
Cryptocoenia, ?Decacoenia, ?Dendrocoenia, Lobo
coenia, ?Tremacoenia ORB., 1849; Acanthocoenia,
?Octocoenia, Pseudocoenia ORB., 1850; Platysmilia
TouLA, 1889; Dendroseris GREGORY, 1929). Ploc
oid; massive or ramose; corallites protuberant,
united by costate, subtabular coenosteum. Colum
ella styliform or absent. Septa variously arranged
(hexamerally, octamerally, etc.). U.Trias.-L.Cret.,
Eu.-AsiaM.-Afr.-N.Am.-S.Am.
S. (Stylina). U.Trias.-L.Cret.--FIG. 266,8. S.

girodi ETALLON, U.Jur.(Raur.), Switz.; calices,
Xl (71).

S. (Heliocoenia) ETALLON, 1859 [*H. variabilis)
[=Dendrohelia ETALLON, 1860; Pleurostylina,
Psammohelia, ?Stylohelia FROMENTEL, 1861).
Like S. (Stylina) but coenosteum noncostate,
surface granulate. U./ur.-L.Cret., Eu.--FIG.
266,9. S. (Heliocoenia) corallina KOBY, U.Jur.
(Raur.), Switz.; long. sec., X3 (71).

Elasmocoenia M.Eow.-H., 1851 [*Oculina explanata
MICHELIN, 1845; SD WELLS, 1936). Thick laminae
produced by marginal extratentacular and some
intratentacular budding. Corallites strongly costate,
united by extensive vesicular exothecal dissepi
ments. No columella. M.Cret.-U.Cret., Eu.

Myriophyllia ORB., 1849 [*Meandrina rastellina
MICHELIN, 1843) [=Ettgyra FROMENTEL, 1857;
Ktenodema SCHAFHAUTL, 1877; ??Diplothecophyl
lia ALLOITEAU, 1952). Meandroid colonies pro
duced by intratentacular polystomodaeal budding;
series unitetl tlirectly by walls. Septa short. Col
umella lamellar, continuous, discontinuous, or ab
sent. U./ttr.-L.Cret., Eu.-Afr.-N.Am.-S.Am.-
FIG. 266,5. M. angttStata (ORB.), U.Jur.(Lusit.),
Port.; Xl (73).

Diplogyra ECUCHI, 1936 [*D. lamellosa). Like
Myriophyllia but with series separatetl by ambu
lacra. L.Cret., Japan.

Felixigyra PREVER, 1909 [*F. deangelisi) [=Eohyd
nophora YABE & EGUCHI, 1936). Hydnophoroid;
series continuous; collines short, discontinuous.
Columella weak, usually not developed. L.Cret.
M.Cret., Eurasia-Tex.

?Haimesastraea VAUGHAN, 1900 [*H. conferta).
Plocoid; massive or ramose colonies produced by
extratentacular budding; corallites small, united by
tlense, costate coenosteum. Septa marked by strong
lateral tlivergence of trabeculae from septal plane,
alternately or oppositely, protlucing thin ridges or
carinae parallel to margins. Columella trabecular.
L.Eoc.-M.Eoc., N.Am.-S.Am.
H. (Haimesastraea). L.Eoc.-M.Eoc.--FIG. 266,

10. *H. conferta, L.Eoc. (Wilcox.), Ala.; lOa.
XO.5; lOb, X5 (144).

H. (Peruviastrea) VAUGHAN, 1922 [*P. peruviana).
Like H. (Haimesastraea) but columella com
pressed, substyliform. M.Eoc., Peru.

Subfamily EUHELIINAE de Fromentel, 1861

Dendroid colonies formed by extraten
tacular budding, generally in one plane.
Coenosteum dense, surface nearly smooth or
finely granulated. Hermatypic. M./ur.-L.
Cret.
Euhelia M.Eow.-H., 1850 [*Oeulina gemmata

MICHELIN, 1843). Colonies small; buds produced
simultaneously on opposite sides of branches in
pairs. Costae concealed below by stereome. Col
umella absent or weak. M./UI·.-U./ur. Eu.

Tiaradendron QUENST., 1857 [*Lobophyllia gel'
minans QUENST., 1852). Larger than Euhelia,
with calices tending to alternate, and with 2 op
posing septa (?directives) larger and lying in the
plane of the branch. U./ur., Eu.-Afr.--FIG.
266,4. *T. germinans, U.Jur.(Kimm.), Wiirtt.,
Ger.; XO.6 (110).

?Pseudogatheria EUCHI, 1951 [*P. hiraigaensis).
Fasciculate tufts produced by irregular budding at
right angles. Columella formed by 2 to 3 trabecu
lar papillae. L.Cret., Japan.

Enallhelia M.Eow.-H., 1849 [*Lithodendron com
pressum GOLOF., 1829; SD M.Eow.-H., 1850).
Branches generally anastamosing with tendency to
lie in one plane; calices alternately produced. Costae
short, becoming covered by granular stereome.
Columella styliform, well tleveloped. M./ur.-L.Cret.,
Eurasia-S.Am.--FIG. 266,3. E. tubulosa BECKER,
U.Jur.(Kimm.), Wiirtt., Ger.; 3a, XO.6; 3b, X3.

Stylangia FROMENTEL, 1857 [*S. neocomiensis)
[=Pro/lelia FROM., 1857). Like Enallhelia but
cal ices produced from only one side of branches.
L.Crct., Eu.-N.Am.-S.Am.

Suborder FUNGIINA Verrill, 1865
[110m. correct. \\'J::LLS, herein (ex Fungiida DUNCAN, 1884;

ex Fungacea VERRILL, 1865)]

Solitary and colonial. Septa fenestrate,
formed by simple or compound trabeculae
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united by simple or compound synapticulae,
margins beaded or dentate. M.Trias.-Rec.

Superfamily AGARICIICAE Gray,
1847

[nom. correct. WELLS, herein (ex Agaricioidae VAUGHAN &
WELLS. 1943, nom. transl. ex Agariciidae GRAY, 1847)]

Solitary and colonial. Septa fundamentally
fenestrate, irregularly porous, formed by one
(rarely more) fan system of mostly simple
trabeculae, united by simple synapticulae,
margins beaded, commonly laminar in later
stages. M.Trias.-Rec.

Myriophyllia

lOb

5

Heterocoenia

Stylina (Heliocoenial

TiaradendronEnallhelia

8
Stylina (Stylina)

lIb

lb

Stylosmilia

Cassianastraea
la

1f12a0002b

11a Procyathophora Haimesastraea (Haimesastraea)

FIG. 266. Astrocoeniina: Stylinidae (p. F375-F376).
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Family PROCYCLOLITIDAE Vaughan &
Wells, 1943

Solitary and colonial; hermatypic. Coral
lite wall epithecal. Septa primarily formed
by one fan system of simple trabeculae;
compound trabeculae in advanced forms;
fenestrate structure not strongly developed.
Synapticulae simple, uncommon. Endo
thecal dissepiments well developed. Colum
ella trabecular or absent, rarely otherwise.
M.Trias.-M./ur.
Triadophyllum WEISSERMEL, 1925 ["T. posthu

mum]. Solitary, trochoid, free in ephebic stage.
Septa few, slightly exsert, margins beaded, lat
erally striate or spinose. No columella. M.Trias.,
Eu.--FIG. 267,1. "T. posthumum, Anis., Ger.;
1a,b, Xl (156).

Gigantostylis FRECH, 1890 ["G. epigonus]. Like
Triadophyllum but one septum forms an elongate
styliform columella. V.Trias., Aus.--FIG. 267,6.
"G. epigonus, Nor., Aus.; 6a,b, X I (50).

Margarophyllia VOLZ, 1896 ["Montlivaltia capitata
MUNSTER, 1841]. Solitary, subcylindrical, fixed.
Septa faintly fenestrate in later stages. V.Trias.,
Eu.--FIG. 267,4. M. crenata (MUNSTER), Cam.,
Aus.; 4a, X I; 4b, transv. sec., X 10 (155).

Margarosmilia VOLZ, 1896 ["Cyathophyllum con
fluens MUNSTER, 1841; SD DIENER, 1921]. Like
Margarophyllia but small phaceloid colonies formed
by intratentacular budding. M.Trias.-V.Trias., Eu.
--FIG. 267,3a. M. septanectens (LORETZ), M.
Trias.(Ladin.), Aus.; transv. sec., X 15 (204).--

FIG. 267,3b. M. zieteni (KLIPSTEIN), M.Trias.
(Ladin.), Aus.; Xl (155).

Craspedophyllia VOLZ, 1896 ["C. cristata (=Om
phalophyllia boleti/ormis LAUBE, 1865, non Mont
livaltia boleti/ormis MUNSTER, 1841); SD VAUGHAN,
1905]. Like Margarophyllia but with septal struc
ture as in Triadophyllum. Columella trabecular.
V.Trias., Eu.

Conophyllia ORB., 1849 ["Montlivaltia granulosa
MUNSTER, 1841] [=Omphalophyllia LAUBE,
1865]. Like Craspedophyllia in early stages but
septa developing more distinct fenestrate structure.
M.Trias.-V.Trias., Eurasia.--FIG. 267,5. C. bole
ti/ormis (MUNSTER), M.Trias.(Ladin.), Aus.; 5a,b,
transv. and long. sees., X2 (155).

Procyclolites FRECH, 1890 ["P. triadicus] [=Myrio·
phyllia VOLZ, 1896 (non ORB., 1849)]. Solitary or
with some polystomodaeal intratentacular budding,
fixed, subcylindrical to subturbinate. Septa laminar
and imperforate with tendency toward porous
fenestrate condition with simple (Trias. species)
and compound (Trias.-Jur. species) trabeculae,
commonly with strong lateral ridges. V.Trias.-L.
Jur., Eurasia.--FIG. 267,2. "P. triadicus, V.Trias.
(Nor.) , Aus.; 2a, corallum, Xl; 2b, long. sec.,
X2 (50).

Thecoseris FROMENTEL & FERRY, 1869 ["T. patel
lata; SD FROM., 1870]. Like Procyclolites but
compound trabeculae well developed; septa porous,
united by simple trabeculae. L.Jur.-M.Jur., Eu.

Tricycloseris TOMES, 1878 ["T. anningi]. Like
T hecoseris but small thamnasterioid colonies
formed by incomplete mono- to tristomodaeal in
tratentacular budding. L.Jur., Eng.

40
Morgorophyllio Conophyllia Phylloseris Morgarosmilia

30

FIG. 267. Fungiina (Agariciicae): Procyclolitidae (p. F378-F379).
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Epistreptophyllum Co lomophyll ia

FIG. 268. Fungiina (Agariciieae): Calarnophylliidae (p. F379-380).

Phylloseris TOMES, 1882 ["Po mgosa]. Structures as
in T heeoseris and Proeyclolites but corallites smaller,
forming foliaceous colonies by ?extratentacular
budding. MoJur., Engo--FIG 267,7. "P. rugosa,
Baj., Eng.; 7a, XO.6; 7b, X2 (131).

Family CALAMOPHYLLIIDAE Vaughan
& Wells, 1943

Solitary and colonial; hermatypic. Colony
formation mostly by intratentacular bud
ding, linkages generally lamellar. Wall syn
apticulothecal, tending to be thickened sec
ondarily and solid, costate. Septa fenestrate,
formed by one fan system of simple trabe
culae, axis of divergence vertical or slightly
inclined and coinciding with the wall, more
or less perforate internally, upper margins
beaded, laterally granulated or ridged.
Synapticulae sparse except near walls. Endo
thecal dissepiments thin or absent. Exo
thecal dissepiments and coenosteum present
in some forms. Columella trabecular, feeble
or well developed. M.Jur.-Cret.
Cyc1astraea ALLOITEAU, 1952 ["Cyclolites spinosa

FROMENTEL, 1864]. Solitary, cupolate, with basal
epitheca. Septa imperforate with strong dentations
and vertical carinae. M.Cret.( Cenom.), Fr.

Epistreptophyllum MILASCHEWITSCH, 1875 ["E. com
mune; SD WELLS, 1936] [=Phegmatoseris MILAS
CHEWITSCH, 1876; Phragmatoseris DUNCAN, 1884;
Lithoseris KOBY, 1886; Freehia, Metethmos, Pro
tetllmos GREGORY, 1900; Calamosmilia KOBY,
1904]. Solitary, turbinate to cylindrical. Epitheca
more or less developed. Dissepiments present. M.

Juro-M.Cret., Eurasia-N.Am.--FlG. 268,1. E.
typum (KOBY), U.Jur.(Sequan.), Port.; Xl (73).

Gonioseris DUNCAN, 1872 ["G. angulata]. Solitary,
free, hexagonal-pyramido-cupolate with flat base.
Basal costae prominent, parallel, extending inward
at right angles from sides of each basal segment.
M.lur., Eng.

?Antilloseris VAUGHAN, 1905 ["Turbinoseris eoeaen
iea DUNCAN, 1873]. Solitary, turbinate, subceratoid
or subpatellate, generally compressed. No columella
or dissepiments. Eoe., W.Indies-N.Am.

Dermosmilia KOBY, 1884 ["D. ditJergens; SD
WELLS, 1936 [ [=Calamophylliopsis ALLOITEAU,
1952]. Dendroid colonies produced by complete
monostomodaeal intratentacular budding, corallites
united basally. V.Jur.-L.Cret., Eu.--FIG. 269,2.
D. erassa (ETALLON), U.Jur.(Raur.), Switz.;
XO.3 (71).

Sematethmos GREGORY, 1900 ["S. sinuosa]. Low
colonies formed by circumoral budding with 1 or
2 concentric series of centers. M.lur.-V.lur., Eur
aSIa.

Protoseris M.EDw.-H., 1851 ["P. waltoni] [=lllino
dendron QUENST., 1880]. Colony formation at first
circumoral followed by polystomodaeal budding,
several series of centers formed between walls with
common forking and formation of collines, re
sulting in foliaceous or contorted fronds. V.lur.,
Eu.--FIG. 268,2. "P. waltoni, Coral., Eng.;
XO.6 (94).

?Synhe1ia M.EDw-H., 1849 ["Lithodendron gibbo
sum GOLDF., 1829]. Slender ramose, like Oeulina
in form, corallites superficial, with confluent septo
costaeo Structures apparently calamophylliid but
secondarily thickened by heavy stereome. Cret.,
Eu.
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Viminohelia GEYER, 1954 [*V. seminttda). Like
Synhelia but espalier-like in form, with calices on
one side of corallum. V.lttr., Eu.

Calamophyllia BLAINV., 1830 [*C. striata; SD M.
EDW.-H., 1850) [=Rhabdophyllia M.EDW.-H.,
1851; Calamoseris ALLOITEAU, 1952). Phaceloid
clumps produced by complete polystomodaeal bud
ding, centers permanently monocentric. M·lur.
Cret., Eurasia-Afr.-N.Am.-W.lndies.--FIG. 268,3.
C. stokesii M.EDW.-H., U.Jur.(Raur.), Eng.; 3a,
XO.3; 3b, X2; 3e, Xl (94). •

Latomeandra M.EDW.-H., 1849 [*Lithodendron
plieatum GOLDF., 1827) [=Latimaeandra M.EDW.
H., 1857; Chorisastrea FROMENTEL, 1861; Thori
sastrea ETALLON, 1864; lugodendron, Plieodendron,
QUENST., 1880). Like Calamophyllia but corallites
mostly di- or tricentric. M.lur.-L.Cret., Eu.--FIG.
269,6. *L. plieatum, U.Jur.(Kimm.), Ger.; Xl
(7) .

Gyrodendron QUENST., 1880 [*G. lobatum; SD
WELLS, 1936). Like Latomeandra but polycentric
condition mostly permanent, corallum fasciculate,
formed by clusters of polycentric corallites. V.lur.,
Eu.--FIG. 269,4. *G. lobatum, Kimm., Ger.;
Xl (7).

Comophyllia ORB., 1849 [*C. elegans) [=Dimor
phophyllia BECKER, 1875; Arehaeoseris GREGORY,
1900). Circumoral followed by intramural bud
ding, with irregularly radiating collines between
groups of serial centers. V.lur., Eu.--FIG. 269,3.
C. polymorpha (KOBY), U.Jur.(Raur.), Port.; Xl
(73)

Rabdastrea ETALLON, 1859 [*R. jurensis; SD WELLS,
1936). Submassive subplocoid colonies, with mono
to tricentric corallites closely united nearly to the

calices by costae and exothecal dissepiments. V.lur.,
Eu.

Baryphyllia FROMENTEL, 1857 [*Barysmilia gregaria
ORB., 1850; SD WELLS, 1936). Like Rabdastrea
but corallites monocentric. Cret., Eu.

Ovalastrea ORB., 1849 [*Astrea earyophylloides
GOLDF., 1827) [=Ebrayia FERRY, 1870; Fat/oidio
uris WELLS, 1933; Fat/ioseris WELLS, 1934; Am
biguastraea ALLOITEAU, 1952). Plocoid colonies by
mono- to tristomodaeal budding, corallites mono
to tricentric, united by costae and exothecal dissepi
ments. M.lur.-Cret., Eurasia-Afr.-N.Am.-W.lndies.
--FIG. 270,2a. O. bihinensis (GREGORY), U.Jur.
(Kimm.), Br.Somali.; transv. sec., X2 (130).-
FIG. 270,2b. *0. earyophylloides, U.Jur.(Kimm.),
Ger.; Xl (130).

Isastrea M.EDW-H., 1851 [*Astrea helianthoides
GOLDF., 1827; SD QUENST., 1857) [=Desmastraea
FROMENTEL, 1865; Plaeastrea STOLICZKA, 1873;
Platastrea TOMES, 1886). Laminar to massive ceri
oid colonies; corallite walls septothecal to para
thecal, but commonly partly absent with septa
confluent; corallites mono- or dicentric. M.lur.
Cret., Eu.-Afr.-N.Am.--FIG. 269,1a. 1. limitata
(LAMx.), M.Jur.(Bath.), Eng.; X2 (94).
FIG. 269,1b. 1. bonanomii (KOBY), U.Jur.(Raur.),
Switz.; lat. aspect of septum, X4 (71).

Periseris FERRY, 1870 [*Agarieia elegantula ORB.,
1850) [=?Fungiastraea ALLOITEAU, 1952). Like
lsastrea but thamnasterioid, corallite walls absent
at surface, parathecal below; calices superficial.
Septa laterally carinate. M.lur.-Cret., Eu.-N.Am.
S.Am.--FIG. 269,5. P. irregularis (FELIX), L.
Cret.(Apt.), Tex.; transv. sec., X2 (157).

Gyrodendron

lb

Isostreo

6-~".:d

Lotomeondro

Comophyllio

Brochyseris

FIG. 269. Fungiina (Agariciicae): Calamophylliidae (p. F379·F381).
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Ovalastrea

FIG. 270. Fungiina (Agariciicae): Calamophyllidae (p. F380-F381).

F381

Ferrya FROMENTEL in FERRY, 1870 [*F. burgun
diae]. Like Ovalastrea but meandroid, the calicular
series separated by broad ambulaera. M.lur., Eu.

Stibastrea ETALLON, 1859 [*S. edwardsi]. Mean
droid, derived from Latomeandra by incomplete
separation of corallites with intramural budding.
Ambulacra narrow, costate. V.lur., Eu.

Stiboria ETALLON, 1862 [*S. suprajurensis]. Like
Stibastrea but ambulacra granulated, noncostate.
V.lur., Eu.

Microphyllia ORB., 1849 [*Meandrina soemmeringii
MUNSTER in GOLDF., 1829] [=Axophyllia ORB.,
1849; Comastrea FROMENTEL, 1862; ?Koilomorpha
ALLOITEAU, 1952]. Like Stibastrea but lacking
ambulacra; collines subacute; series in single rows
of centers in the valleys, or less commonly several
rows or groups. V.lur., Eurasia-Afr.-S.Am.--FIG.
270,1. *M. soemmeringii, U.Jur.(Kimm.), Ger.;
Xl (7).

Brachyseris ALLOITEAU, 1947 [*Latimeandra mor
chella REUSS, 1854]. Like Microphyllia, but series
short (1 to 3 centers), surrounded by acute col
lines; centers with trabecular linkage. Cret., Eu.
--FIG. 269,7. *B. morchella, U.Cret.(Turon.),
Gosau, Aus.; Xl (112).

Family AGARICIIDAE Gray, 1847

Solitary and colonial; hermatypic. Colony
formation mainly by intratentacular bud
ding. Wall synapticulothecal, usually becom
ing solid, or absent. Septa formed by one
fan system of simple trabeculae, rarely por
ous, margins beaded, directly confluent be
tween centers, united by some compound
synapticulae. Endothecal dissepiments most
ly absent. Columella trabecular or absent.
M.Cret.-Rec.

Trochoseris M.EDW.-H., 1849 [*Anthophyllum dis
tortum MICHELIN, 1844] [=Gyroseris REUSS,
1854; Palaeoseris DUNCAN, 1870; Trochoseropsis
SOHLE, 1897]. Solitary, turbinate or trochoid, fixed.

Columella papillose or weak. M.Cret.-Oligo., Eur
asia-W.Indies.

Vaughanoseris WELLS, 1934 [*V. catadupensis].
Solitary, discoid-patellate, free. Well-developed
trabecular columella. V.Cret., W.Indies.--FIG.
272,1. *V. catadupensis, Camp., Jamaica; 1a-c,
XO.5 (198).

Elliptoseris DUNCAN, 1880. [*E aperta]. Like Tro
choseris but lacking columella. Eoc., India.

Brachyphyllia REUSS, 1854 [*B. dormitzeri; SD
REUSS, 1864]. Small subplocoid colonies formed
by extratentacular budding. V.Cret., Eu.--FIG.
271,2. B. depressa REUSS, Turon., Gosau, Aus.;
2a,b, Xl (112).

Cyathoseris M.EDW.-H., 1849 [*Pavonia in/undi
()Uli/ormis BLAINV., 1830] [=Dimorphophyllia
REUSS, 1864; ?Spinellia D'AcHiARDI, 1867; Pteras
trea DUNCAN, 1880; Pratzia DUNCAN, 1884; Myce
toseris REIs, 1889; Axoseris OPPENHEIM, 1901;
Kuhnophyllia WELLS, 1937]. Like Trochoseris but
expanding colonies formed by circumoral, followed
by marginal or intramural budding with terminal
forking. Collines more or less radiating. V.Cret.
Mio., Eurasia.--FIG. 271,la,b. C. irradians
(REuss), M.Oligo.(Rupel.), Italy; la, XO.6; 1b,
X3 (1I6).--FIG. 271,lc. C. centri/uga (REUSS),
M.Oligo.(Rupel.), Italy; XO.6 (1I6).--FIG. 271,
Id,e. C. applanata REUSS, M.Oligo.(Rupel.), Italy;
XO.6 (1I6).--FIG. 271,1/. C. oxylopha (REUSS),
M.Oligo.(Rupel.), Italy; XO.6 (116).

Hydnophorabacia D'AcHiARDI, 1875 [*H. variabilis].
Hydnophoroid; colony formation by circummural
budding. Eoc., Eu.

Agaricia LAMARCK, 1801 [*Madrepora undata ELLIS
& SOLANDER, 1786; SD M.EDW.-H., 1850] [=Vn
daria OKEN, 1815; Mycedia DANA, 1846]. Colony
formation by circumoral budding followed by
marginal budding, forming foliaceous unifacial or
bifacial fronds or submassive coralla. Collines dis
continuous, enclosing several centers. Corallite walls
well developed, calices inclined slightly toward
margin. Mio.-Rec., W.Indies.--FIG. 273,2. A.
agaricites (PALLAS), Rec., Fla.; Xl (151).

Heterogyra REUSS, 1868 [*H. lobata]. Colony for-
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FIG. 271. Fungiina (Agariciieae): Agarieiidae (p. F381).

mation by intramural budding with lateral branch
ing and terminal forking; series generally discon
continuous, laterally free or closely united with
acute collines. Oligo., Eu.--FIG. 273,1. *H.
lobata, Rupel., Italy; 1a,b, XO.6 (II6).

Pavona LAMARCK, 1801 [*Madrepora cristata ELLIS
& SOLANnER, 1786 (=M. cactus FORSKAL, 1775);
SD VAUGHAN, 1918] [=Pavonia LAM., 1816;
Lophoseris M.Enw.-H., 1849; Pseudastraea REUSS,
1864; Reussastraea n'AcHiARDI, 1875; Heteroseris
FERRY, 1870]. Massive to foliaceous with bifacial
fronds. Corallite walls absent. Collines radiating,
discontinuous. Oligo.-Rec., Eu.-W.Indies-IndoPac.
P. (Pavona). Oligo.-Rec.--FIG. 273,3. P. frondi-

fera LAM., Rec., Jaluit, Marshall 1.; 3a, XO.6; 3b,
X4.

P. (Polyastra) EHR., 1834 [*Polyastra venosa]
[=Tichoseris QUELCH, 1884; Asteroseris VERRILL,

1902; (non FROMENTEL, 1867)]. Like Pavona but
centers in short or submeandriue series, bounded
by well-developed, acute walls. Corallum massive
or incrusting. Rec., IndoPac.

P. (Pseudocolumnastraea) YABE & SUGIYAMA, 1933
[*Pseudocolumnastraea yamanarii]. Like Pavona
but corallites bounded by distinct walls, appearing
plocoid; no collines. Rec., IndoPac.

Leptoseris M.Enw.-H., 1849 [*L. fragilis] [=Halo
seris, Helioseris M.Enw.-H., 1849; Domoseris, Cyl
loseris QUELCH, 1886; Folioseris REHBERG, 1892;
Agariciella MA, 1937]. Circumoral followed by
marginal budding, forming thin, unifacial folia,
crateriform to digitate. Centers superficial, pro
tuberant in some species; coHines poorly developed.
Oligo.-Rec., W.Indies-IndoPac.--FIG. 274,1. L.
hawaiiensis VAUGHAN, Rec., depth 45 m., Hawaii;
1a,b, XO.6 (146).

_u.il~'"J. 2b
Pachyseris (Pachyseris)

FIG. 272. Fungiina (Agarieiicae): Agariciidae (p. F381-F383).
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Agaricia

';,tt."

Pavona (Pavona)

FIG. 273. Fungiina (Agarieiicae): Agariciidae (p. F381-F382).

Coeloseris VAUGHAN, 1918 ["C. mayeri]. Corallum
cerioid; colony formation by monostomodaeal bud
ding. Columella absent, axial space open. Rec.,
IndoPac.--FIG. 275,1. "C. mayeri, Rec., Torres
Strait, Austral.; la, X2; 1b, transv. sec., XlO
(148).

Pachyseris M.Enw.-H., 1849 ["Agaricia rugosa
LAMARCK, 1801]. Foliaceous, unifacial or bifacial.
Centers in concentric rows between long collines
parallel to margin, indistinct, linked by columellar
laminae or trabeculae. Walls well developed in
collines. Mio.-Rec., IndoPac.
P. (Pachyseris), Mio.-Rec.--FIG. 272,2. P. (P.)

speciosa DANA, Rec., E.Indies; 2a, XO.6; 2b, X5
(148) .

P. (Pavonaraea) UMBGROVE, 1946 ["Pavonaraea
irregularis]. Like Pachyseris but centers distinct.
Plio., Java.--FIG. 275,2. "P. (P.) irregularis;
XO.5 (140).

Family SIDERASTREIDAE Vaughan &
Wells, 1943

Colonial, rarely solitary; hermatypic. Col
ony formation by intra- or extratentacular
budding. Synapticulothecate. Septa com
posed of one fan system of small, simple or
compound trabeculae, laterally strongly
granulated, more or less porous, margins
beaded or dentate, laterally united by simple
synapticulae. Columella composed of one or

more papillary trabeculae. Endothecal dis
sepiments present. Cret.-Rec.

FIG. 274. Fungiina (Agariciicae): Agariciidae
(p. F382).

© 2009 University of Kansas Paleontological Institute



F384 Coelenterata-Anthozoa

Pachyseris (Pavanaraea)

la

2

FIG. 275. Fungiina (Agariciicae); Agariciidae (p. F383).

Siderastrea BLAINV., 1830 [*Madrepora radians
PALLAS, 1766] [=Siderina DANA, 1846]. Massive,
ramose or incrusting, cerioid colonies formed by
extratentacular budding. Corallite walls well de
fined, formed by several synapticular rings. Cret.-

Rec., Eu.-Afr.-N.Am.-S.Am.-W.Indies-Red Sea-W.
Ind.a.
S. (Siderastrea), Cret.-Rec.--FIG. 276,1a. S.

(S.) radians (PALLAS), Rec., Fla.; Xl (151).-
FIG. 276,1b. S. (S.) italica (DEFRANCE), Mio.,

Coscinaraea
5

Anomastraea (Anomastraea)

Pironastrea

3

Anomastraea (Pseudosiderastrea) •

FIG. 276. Fungiina (Agariciidae): Siderastreidae (p. F384-F385).
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Poland; transv. sec., X8 (190).--FIG. 276,1c.
S. (S.) siderea (ELLIS & SOLANDER), Rec., Baha
mas; X6 (149).

S. (Siderofungia) REIs, 1889 [·Columnastraea
bella REUSS, 1869]. Like S. (Siderastrea) but
corallite walls indistinct; septa confluent, corallum
thamnasterioid. Cret.-Oligo., Eurasia-N.Am.

S. (Stephanomorpha) VAUGHAN, 1900 [·Ste:phano
morpha monticuliformis]. Like E. (Siderastrea)
but inner ring of mural synapticulae strongly de
veloped, giving corallum a plocoid aspect. Eoc.,
N.Am.

Sideroseris WELLS, 1945 [·S. durhami]. Like S.
(Siderastrea) but solitary, Eoc., Barbados.

Pironastrea D'AcHIARDI, 1875 [·P. discoides]. Like
S. (Siderastrea) but intratentacular circumoral
budding forms explanate corallum with centers in
concentric rings separated by low concentric col
lines. Eoc.-Oligo., Eu.-W.Indies.--FIG. 276,3. P.
anguillensis VAUGHAN, Oligo., W.Indies; X2 (149).

Maeandroseris ROUSSEAU, 1854 [·M. bottae; SD
WELLS, 1936]. Like Pironastrea but circumoral
followed by intramural budding forms irregularly
radiating series separated by collines. Pleisto., Red
Sea.

Anomastraea VON MARENZELLER, 1901 [·A. irregu
laris] [=?Thalamocaeniopsis ALLOITEAU, 1954].
Like S. (Siderastrea) but colony formation by in
tratentacular budding. Corallite wall nearly solid,
formed by a single synapticular ring. Septa partly
perforate, nonexsert. ?L.Cret., N.Afr. (Thalamo
caeniopsis). Rec., W.Ind.O.-W.Pac.
A. (Anomastraea).--FIG. 276,5. ·A. (A.) ir
regularis, Pt.St.Johns, Pondoland; X4 (176).

A. (Pseudosiderastrea) YABE & SUGIYAMA, 1935
[·Pseudosiderastrea tayamai]. Like A. (Anomas
traea) but colony formation by extratentacular
budding; septa nearly imperforate. W.Pac.-
FIG. 276,2. ·A. (P.) tayamai, Aru I., X4 (200).

Coscinaraea M.EDW.-H., 1848 [·C. bottae (=Astrea
monile FORSKAL, 1775)] [=Coseinastrea M.EDW.
H., 1848]. Massive, subspherical, columniform, or
incrusting colonies by intratentacular mono- to
tristomodaeal budding. Synapticulotheca formed
by several rings of synapticulae forming low col
lines. Septa perforate, formed mostly by compound
trabeculae. Pleisto.-Rec., IndoPac.--FIG. 276,4.
·C. monile (FORSKAL), Rec., E.Afr.; X4 (195).

Superfamily FUNGIICAE Dana, 1846
[nom. correct. WELLS, herein (ex Fungioidae VAUGHAN &

WELLS, 1943, nom. transl. ex Fungiidae DANA, 1846) I
Solitary and colonial; colony formation

commonly by intratentacular budding. Cor
allite wall synapticulothecal, secondarily
septothecal. Septa formed by compound tra
beculae, united by mostly compound syn
apticulae, irregularly porous in early genera,
more regularly porous in later ones, strongly
dentate on margins. M.Jur.-Rec.

Acrosmilio
FIG. 277. Fungllna (Fungiicae): Synastreidae

(p. F385).

Family SYNASTREIDAE Alloiteau, 1952
[=Leplophylliidae VAUGHAN, 19051

Solitary and colonial; hermatypic. Synapti
culothecate, wall more or less perforate near
calice, solid basally, costate. Septa exsert,
axis of divergence coinciding with wall, ver
tical or inclined outward; perforate inwardly
and near upper margins, strongly beaded
marginally. Endothecal dissepiments well
developed. Columella trabecular. M.Jur.
Rec.
Acrosmilia ORB., 1849 [·Turbinolia cernua MICHE

LIN, 1846 (non GOLDF., 1826) (=Trochosmilia
erassa M.EDW.-H., 1850] [=Polyphyllia ORB.,
1849 (non QUOY & GAIMARD, 1830); Leptophyllia
REUSS, 1854; Placoseris FROMENTEL, 1863; Tur
binoseris DUNCAN, 1870; Septophyllia QUENST.,
1881; ?Carantoseris, ?Proleptophyllia ALLOITEAU,
1952]. Solitary, turbinate, with weak columella.
M.Jur.-Cret., Eu.-N.Am.--FIG. 277,2. A. clavata
(REUSS), U.Cret.(Turon.), Aus.(Gosau); vert. sec.,
X2 (105).

Leptophyllastraea OPPENHEIM, 1930 [.L. irregu
laris]. Like Aerosmilia but small colonies produced
by irregular mono- to tristomodaeal budding, coral
lites remaining closely united. V.Cret., Eu.--FIG.
277,1.•L. irregularis, U.Cret.(Turon.), Aus.
(Gosau); calicular surface, Xl (100).

Felixastraea OPPENHEIM, 1930 [·Cyathoseris zitteli
FELIX, 1903]. Like Acrosmilia but thamnasterioid,
colony formation by polystomodaeal intramural
budding with terminal forking; centels with lamel
lar linkages. Series free later:\lly near summits,
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Dimorphoseris

Croteroseris

Synostreo
FIG. 279. Fungiina (Fungiicae): Synastreidae

(p. F386).

4b

lite wall synapticulothecate, epithecate.
Septa as in Synastreidae, perforations gen
erally filled secondarily, axis of trabecular
divergence inclined outwards. Endothecal
dissepiments and columella weak or absent.
Homeomorphic with Fungiidae. eret.-Eoe.
Cyclolites LAMARCK, 1801 [*C. ellipticus] [=?Por-

pites SCHLOTH., 1820; Cyclolithas EHR., 1834;
Ft/nginella ORB., 1849; Orbitolina ORB., 1850;
Episeris FROMENTEL, 1861; Zitteloft/ngia DUNCAN,
1884; ?Cunnolites GAGNEBIN, 1772, Plesioct/n
nolites ALLOITEAU, 1952]. Solitary, cupolate; septa
mostly perforate, axis of divergence nearly vertical.
Cret.-Eoc., Eurasia-N.Afr.-W.Indies.--FIG. 280,
4a. C. sp. restored long. sec., X2 (105).--FIG.
280,4b,c. *C. ellipticus, U.Cret. (Turon.) , Aus.
(Gosau); XO.5 (112).

Felixostroeo

FIG. 2/8. Fungiina (Fungiicae): Synastreidae
(p. F385).

with narrow ambulacra. V.Cret., Eu.--FIG. 278
1. *F. zitteli, U.Cret.(Turon.), Aus.(Gosau); Xl
(100).

Edwardsoseris ALLOITEAU, 1946 [*Latomeandra
corrugata M.EDw.-H., 1849] [=Kobymeandra
ALLOITEAU, 1954]. Like Felixastraea but lacking
ambulacra. M.lur.-Cret., Eu.--FIG. 279,1. *E.
corrugata, M.Jur., Switz.; 1a,b, XO.7; 1c, lat.
aspect of septum, X 4 (71).

Synastrea M.Eow.-H., 1848 [*Astrea agaricites
GOLDF., 1826] [=Thamnastrea at/ctt. (non Tham
nastraea LESAUVAGE, 1832, =Thamnasteria LESAUV
AGE, 1823); Adelastrea REUSS, 1854; Mesoseris
FERRY, 1870; Aphragmastraea SOLOMKO, 1888].
Thamnasterioid, colony formation by incomplete
polystomodaeal budding, corallites united to sum
mits; calices flush. M.lt/r.-Cret., Eu.-N.Am.-W.
Indies.--FIG. 279,4a. S. raristella (REUSS), U.
Cret.(Turon.), Aus.(Gosau); XO.5 (112).-
FIG. 279,4b. S. arachnoides (PARKINSON), U.Jur.
(Raur.), Switz.; lat. aspect of septum, X4 (71).

Dimorphoseris DUNCAN, 1872 [*D. oolitica]
[=Kobya GREGORY, 1900]. Thamnasterioid, col
ony formation by circumoral budding; homeo
morphic with Dimorphastrea, etc. M.lt/r.-Cret.,
Eurasia.--FIG. 279,3. D. waehneri (FELIX), U.
Cret.(Turon.), Aus.(Gosau); Xl (100).

Crateroseris TOMES, 1883 [*C. ft/ngiformis]. Like
Dimorphoseris but calices protuberant as bosses
(bourrdets); homeomorphic with PolYP/lylloseris.
V.lt/r., Eu.--FIG. 279,2. *c. ft/ngiformis,
Sequan., Eng.; XO.5 (194).

Family CYCLOLITIDAE d'Orbigny, 1851
Solitary and colonial, free in ephebic

stage, subdiscoid, patellate, or cupolate; her
matypic. Colony formation by circumoral or
circummural intratentacular budding. Coral-
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Cyclolitopsis REUSS, 1873 ['"Cyclolites patera
D'AcHIARDI, 1867]. SoliIary, paIellate, fixed basally
in early stages. Septa nearly imperforate, axis of
divergence outwardly inclined. Eoc., Eu.

Paracycloseris WELLS, 1934 ['"P. elizabethae]. Like
Cyclolites but discoid or patellate, with well-de
veloped columella. U.Cret., W.Indies-Mex.--FIG.
280,2. '"P. elizabethae Campan., Jamaica; 2a,b, Xl
(198).

Aspidastraea KUHN, 1933 ['"A. orientalis]. Like
Cyclolites but small colonies formed by circumoral

budding. Homeomorphic with Halomitra and
Genabacia. V.Cret., SW.Asia.--FIG. 280,3. '"A.
orientalis, Senon., Iran; X I (78).

Aspidiscus KONIG, 1825 ['"A. shawi (=Cyclolites
eristata LAMARCK, 1801)] [=Cyclophyllia M.EDw.
H., 1848; Helladastraea AVNIMELECH, 1947].
Small, cupolate, hydnophoroid colonies produced
by circummural budding. M.Cret., Eu.-AsiaM.-N.
Afr.--FIG. 280,7. A. felixi RENz, Cenom.,
Greece; 7a, lat. aspect, Xl; 7b, transv. sec., X2
(188) .

Leptophylloroeo

70

5
Astraroeo

60 <lliaBI
Hoplaroeo

.8b
Pseudofovia

FIG. 280. Fungiina (Fungiicae): Cyclolitidae, Haplaraeidae {po F386-F388).
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Family HAPLARAEIDAE Vaughan &
Wells, 1943

Solitary and colonial; hermatypic. Colony
formation by intra- and extratentacular bud
ding. Wall synapticulothecate, porous,
poorly defined, costate. Septa exsert, formed
by one fan system of compound trabeculae,
vertical axis of divergence, irregularly por
ous and thick. Dissepiments thin. Columella
trabecular and weak, or absent. V.fur.-Eoe.,
?Oligo.-?Mio.
Haplaraea MILASCHEWITSCH, 1876 ["H. elegans].

Solitary, cylindrical, fixed, epitheca thin. V.fur.
Cret., Eu.--FIG. 280,6. H. pratzi FELIX, U.Cret.
(Turon.), Aus.(Gosau); 6a, X I; 6b, transv. septal
sec., X2 (42).

Leptophyllaraea ALLOITEAU, 1952 ["Leptophyllia
granulata FROMENTEL, 1863]. Like Haplaraea but
turbinate and lacking epitheca. M.Cret.-V.Cret.,
Eu.--FIG. 280,1. L. conclatlina (OPPENHEIM),
U.Cret.(Turon.) , Aus.(Gosau); 1a,b, Xl (100).

Physoseris VAUGHAN, 1905 ["Trochoseris insignis
DUNCAN, 1873]. Like Haplaraea but lacking epi
theca and with lower part of wall parathecal. Eoc.,
W.Indies.

Diplaraea MILASCHEWITSCH, 1876 ["D. arbuscula].
Like Haplaraea but phaceloid colonies formed by
intratentacular budding, corallites monocentric.
V.fur.-L.Cret, Eu.-S.Am.

Pseudofavia OPPENHEIM, 1930 [pro Parastraea
REUSS, 1854 (non M.EDW.-H., 1848) ] ["Parastraea
gl'andiflora REuss, 1854] [=Cretastraea KUHN,
1930]. Like Haplaraea but massive plocoid heads
formed by extratentacular budding. Corallites close
ly united by short costae. V.Cret., Eu.--FIG. 280,
8. "P. grandiflora (Turon.), Aus.(Gosau); 8a,
XO.5; 8b, transv. sec., X2.5 (100).

Trechmannaria WELLS, 1935 ["T. montanaroae]
[=?Stiboriopsis VAUGHAN, 1899]. Like Pseudo
fatlia but colony formation by intratentacular poly
stomodaeal budding, with short meandrine series;
centers linked by porous lamellae. V.Cret., W.
Indies.

Summiktaraea ALLOITEAU, 1952 ["Meandrastrea
reticulata ORB., 1850]. Like Trechmannaria but
series long and contorted. V.Cret., Eu.

Astraraea FELIX, 1900 ["Thamnastrea media SOWER
BY, 1832; SD WELLS, 1936]. Like Pseudofatlia but
corallites much smaller, colony formation by intra
tentacular mono- to tristomodaeal budding; coral
lites permanently monocentric. V.Cret., Eu.-
FIG. 280,5. A. columellata OPPENHEIM, Turon.,
Aus.(Gosau); Xl (100).

?Confusastraraea GERTH, 1933 ["Confusastraea ob
soleta GERTH, 1921] [=?Polyaraea FRITSCH,
1878]. Small plocoid colonies formed by intra
tentacular budding. with large corallites; septa
very porous. ?Eoc., Mio., E.Indies.

Family FUNGIIDAE Dana, 1846
Solitary and colonial, fixed or free, mostly

hermatypic. Solitary corallites discoidal or
elongate-oval, aboral surface flat or concave.
Colonies discoidal or elongate-oval, free or
foliaceous and fixed; colony formation by
incomplete intratentacular polystomodaeal
budding. Wall synapticulothecate, common
ly secondarily septothecal or thickened. Septa
numerous, fenestrate in early stages, perfor
ate or solid, composed of a single fan system
of compound trabeculae producing simple
or compound marginal dentations, laterally
united by stout compound synapticulae (Fig.
242C). Axis of trabecular divergence hori
zontal in ephebic stage. Costae continuous or
broken up into spinose projections. Colum
ella trabecular, feeble. Dissepiments absent;
epitheca only in early anthoblast stage.
Homeomorphic with Cyclolitidae. M.Cret.
Ree., Eurasia-IndoPac.
Cycloseris M.EDW.-H., 1849 ["Fungia cyclolites

LAMARCK, 1801] [=Diaseris M.EDW.-H., 1849;
Actinoseris ORB., 1849; Asteroseris FROMENTEL,
1867; Microseris FROM., 1870; fatlanoseris GERTH,
1922; ?Funginellastraea ALLOITEAU, 1952]. Soli
tary, small discoid to cupolate. Wall imperforate,
with well-defined costae. Lower-cycle septa im
perforate with acute dentations; higher cycles more
or less perforate; cyclolitid in structure. M.Cret.
Rec., Eurasia-IndoPac., depth range, 0-411 m.-
FIG. 281,1. C. fragilis ALCOCK, Rec,. Sulu 1., 37 m.;
XO.5 (175).

?Discotrochus M.EDW.-H., 1848 ["D. orbignyanus].
Like Cycloseris but smaller, with relatively few
septa (4 cycles), beaded on margins; ahermatypic.
Eoc., USA; Oligo.-Mio., ?Russia, ?Italy.--FIG.
281,2. "D. orbignyanus, M.Eoc.(Claib.), USA;
2a-c, X2 (151); 2d, nat. long. sec., X3 (144).

Lithophyllon REHBERG, 1892 ["L. undulatum
(=Leptoseris edwardsi ROUSSEAU, 1850)]. Like
Cycloseris in structure but forming fixed, unifacial,
foliaceous colonies by marginal budding. Oligo.
Rec., Eu.-IndoPac.

Fungia LAMARCK, 1801 [pro Fungites CUVIER, 1798
(non GLEDITSCH, 1765)] ["Madrepora fungites
LINNE, 1758; SD LEUCKART, 1841] [=Haliglossa
EHR., 1834 (partim); Ctenactis, Lobactis, Pleuractis
VERRILL, 1864]. Solitary, discoid, or elongate-oval,
flat or convex, free. Wall perforate in ephebic
stage. Costae mostly reduced to rows of spines.
Septa imperforate except highest cycles, strongly
dentate. Contains 6 species groups: (1) F. echinata
group, with triangular septal dentations, costal
spines tall and spinose; (2) F. set/taria group, with
rounded septal dentations and horizontal lateral
ridges, costal spines small, beaded; (3) F. repanda
group, with subtriangular septal dentations and
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irregular lateral ridges, costal spines beaded, com
monly branching; (4) F. danai group, with tri
angular spinulose septal dentations, costal spines
club-shaped, finely spinulose; (5) F. aetiniformis
group, with lobulate, finely spinulose septal teeth,
costal spines short, minutely spinulose; (6) F.
fungites group with triangular, acute, nearly
smooth septal teeth, costal spines tall, nearly
smooth. Mio.-Ree., IndoPac.--FIG. 281,4. F.
seutaria LAM., Rec., Hawaii; 4a,b, XO.5 (146).

Herpolitha ESCHSCHOLTZ, 1826 ["Madrepora limax
ESPER, 1797; SD M.EDW.-H., 1850] [=Herpeto
lithus LEUCKART, 1841; Herpetolitha M.EDW.-H.,
1860]. Colonial, elongate-oval, convex, free. Col
ony formation by linear polystomodaeal budding
forming 'a deep axial furrow with a few lateral
circumoral centers. Septal and costal structure as
in Fungites seutaria group. Ree., IndoPac.--FIG.
281,6. "H. limax (ESPER), Jaluit, Marshall I.;
XO.4 (198).

Polyphyllia QUOY & GAIMARD, 1830 ["P. pelvis

(=Fungia talpilla LAMARCK, 1816)] [=Lithaetina
LESSON, 1832; Cryptabacia M.EDW.-H., 1849].
Similar to Herpolitha in early stages but secondary
centers numerous and nearly equal in size to those
of axial furrow. Structures as in Fungites seutaria
group. Ree., Pac.--FIG. 281,5. "P. talpina
(LAM.), E.Indies; XO.2 (128).

Halomitra DANA, 1846 ["Madrepora pileus LINNE,
1758]. Subcircular, convex, free, lacking axial
furrow. Colony formation by circumoral followed
by marginal budding. Structures as in Fungia
fungites group. Ree., IndoPac.--FIG. 282,1. "H.
pileus, E.Indies; XO.2 (193). (Also Fig. 248C.)

Parahalomitra WELLS, 1937 [pro Doederleinia GAR
DINIER, 1909 (non STEINDACHNER, 1883)] ["Halo
mitra irregularis GARDINER, 1898] [=?Sandalo
litha QUELCH, 1884]. Like Halomitra but struc
tures as in Fungia repanda group. Ree., IndoPac.

Podabacia M.EDW.-H., 1849 ["Agarieia eyathoides
VALENCIENNES in M.EDW.-H., 1849 (=Madrepora
crustacea PALLAS, 1766)]. Like Parahalomitra and

Cycloseris

FIG. 281. Fungiina (Fungiicae): Fungiidae (p. F388-F390).
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Halomitra

FIG. 282. Fungiina (Fungiicae): Fungiidae
(p. F389-F390).

Ftmgia repanda group in structure but corallum
chaliciform, fixed. Rec., IndoPac.--FIG. 282,2.
*P. crustacea (PALLAS), S.Philip.; XO.3 (40).

Zoopilus DANA, 1846 [*2. echinatus]. Like Halo
mitra but secondary circumoral centers few and
distant, and structures as in Fungia echinata group.
Rec., Pac.

?Fungiacyathus SARS, 1872 [*F. fragilis (=Fungia
symmetrica POURTALES, 1871)] [=Bathyactis
MOSELEY, 1881]. Solitary, discoidal or cupolate,
free; ahermatypic. Costae thin, acute, spinose. Septa
thin, dentations irregular and acute, laterally braced
by thin, perforate plates (synapticulae?) extending
upward and outward from the horizontal septotheca
and by thin septal striae. Tert.-Rec., cosmop., depth
range 58-5,868 m.--FIC. 281,3. *F. symmetrica,
Rec., off Tristan da Cunha, 3,700 m.; 3a,b, X2
(97).

Family MICRABACIIDAE Vaughan, 1905
Solitary, cupolate, free; ahermatypic. No

corallite wall, the costae alternating in posi-

tion with the septa, beaded or smooth, fixed
to septa by regularly spaced simple synapti
culae. Septa composed of one fan system of
simple trabeculae, perforate, margins den
tate. Dissepiments absent. Columella trabe
cular. Cret.-Rec.
Micrabacia M.EDw.-H., 1849 [*Fungia coronula

GOLDF., 1827] [=Discopsammia ORB., 1849;
Stephanoseris FROMENTEL, 1863 (non M.EDw.-H.,
1851); Cyclabacia BOLSCHE, 1866; Diafungia DUN
CAN, 1884]. Small, up to 15 mm. in diameter.
Septal margins nearly vertical peripherally, with
small, transverse dentations. Cret.-Rec., cosmop.,
depth range 91-328 m.--FIG. 283,la-c. M.
mineolensis STEPHENSON, U.Cret., Tex.; la-c,
X4 (191).--FIG. 283,ld. M. rotatilis STEPHEN
SON, U.Cret., Md.; nat. long. sec., X4 (191).

Stephanophyllia MICHELIN, 1841 [*Fungia elegans
BRONN, 1837; SD M.EDw.-H., 1850] [=Letepsam
mia, Stephanopsammia YABE & ECUCHI, 1932].
Larger than Micrabacia, with septal margins form
ing peripheral shelf. Eoc.-Rec., Eurasia-W.Pac.,
depth range 73-814 m.--FIG. 283,3. S. imperialis
MICH., Mio.(Vindob.), Baden; 3a,b, Xl (113).
(Also Fig. 257,5.)

Leptopenus MOSELEY, 1881 [*L. dis,us; SD WELLS,
1936]. Like Stephanophyllia but with very porous,
delicate structures. Costae smooth, acute; septal
dentations reduced to a few long spines. Rec., S.
Atl.-S.IndoPac., depth range 682-4,115 m.--FIG.
283,2. L. hypocoelus MOSELEY, 4,000 m., off Chile;
2a,b, X2 (97).

Superfamily PORITICAE Gray, 1842
[nom. correct. WELLS, herein (ex Poritoidae VAUGHAN &

WELLS, 1943, nom. transl. ex Poritidae GRAY, 1842)]

Colonial, rarely solitary. Septa formed by
simple trabeculae; sclerodermites diverging
at more or less regular intervals and fusing
in plane of septum, forming a fenestrate,
porous meshwork united laterally by simple
synapticulae. Jur.-Rec.

Family MICROSOLENIDAE Koby, 1890
Solitary and colonial; hermatypic. Colony

formation by intra- and extratentacular bud
ding. Corallite walls absent or marked by
synapticular rings. Septa thin, formed by
one fan system of simple trabeculae, fenes
trate, with abundant, regularly arranged
perforations. Synapticulae simple, abundant
between septa. Dissepiments feebly devel
oped. Columella trabecular, feeble. Jur.
Cre!.
Chomatoseris THOMAS, 1936 rpro *Orbulites

SCHWEIGGER, 1819 (non LAMARCK, 1801) ]
[*Madrepora porpites SMITH, 1816] [=Anabacia
at/ct!. (non M.EDw.-H., 1849)]. Solitary, cupolate,
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FIG. 283. Fungiina (Fungiicae): Micrabaciidae (p. F390).

F391

free. L.fur.-M.fur., Eurasia.--FIG. 285,3. C. eom
planata (DEFRANCE), MoJur.(Bath.), Fr.; transv.
sec., X5 (199).

Semeloseris THOMAS, 1935 [*Trieycloseris limax
TOMES, 1883]. Like Chomatoseris but small sub
thamnasterioid colonies with several centers pro
duced by polystomodaeal budding. M.fur., Eng.

Genabacia MoEnw.-Ho, 1849 [*Fungia stellatifera
n'ARcHIAC, 1843]. Like Chomatoseris but small
colonies produced by circumoral budding, with 1
or 2 rings of secondary centers. Homeomorphic
with Aspidastraea. Mofur., Eu.--FIG. 284,3. *G.
stellatifera, Bath., Fr.; 3a,b, Xl (186).

Trocharea ETALLON, 1864 [*T. aetiniformis]
[=Troehoplegma GREGORY, 1900; Troehophlegma

Genabacia

2b
Microsolena

VAUGHAN, 1905; Paraeyclolites WELLS, 1933]. Soli
tary, patellate to trochoid, or subcylindrical, fixed.
Mofur.-Cret., Eurasia-N.Am.--FIG. 284,1. T.
bakerae WELLS, MoCret(Cenom.), Tex.; la,b, Xl;
Ie, X2 (158).

Mycetaraea PRATZ, 1882 [*Thamnastraea? dimorpha
BOLSCHE, 1866]. Small, thamnasterioid colonies
formed by intratentacular mono- to tristomodaeal
budding, corallites permanently di- or tricentric.
Uofur., Eu.

Disaraea FROMENTEL, 1861 [*D. eotteaui; SD
WELLS, 1936]. Phaceloid colonies formed by extra
tentacular budding; corallites cylindrical with stout
epitheca. U.furo, Eu.

Dermoseris KOBY, 1887 [*D. sehardti; SD WELLS,

Comoseris

FIG. 284. Fungiina (Poriticae): Microsolenidae (p. F391-F392).
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Chomatoseris

FIG. 285. Fungiina (Poriticae): Microsolenidae (p. F390-F392).

1936]. Like Disaraea but colony formation by
intratentacular budding, corallites permanendy
monocentric. V.Jur., Eu.--FIG. 284,5. D. corym
bosa KOBY, Sequan., Port.; Xl (73).

Dactylaraea ORB., 1849 [·D. truncata]. Phaceloid
tufts of small epithecate branches each with 1 to 3
centers formed by intratentacular polystomodaeal
budding. V.Jur., Eu.

Microsolena LAMOUROUX, 1821 [·M. porosa]
[=?Turbinolopsis LAMx., 1821; Turbinastrea
BLAINV., 1830; Trochopsis EHR., 1834; Polyphyl
lastrea ORB., 1849; Microsaraea KOBY, 1890; Camp
todocis DIETRICH, 1926]. Thamnasterioid, massive
or explanate colonies formed by intratentacular
marginal budding. Calices superficial. M.Jur.-Cret.,
Eurasia-Afr.-N.Am.-S.Am.--FIG. 284,2. M. fro
menteli KOBY, U.Jur.(Raur.), Switz.; 2a, XO.5;
2b, X2 (71).

Dimorpharaea FROMENTEL, 1861 [·Microsolena
koechlini M.EDw.-H., 1860; SD GREGORY, 1900]
[=?Anomophyllum ROEMER, 1836]. Like Micro
solena but colony formation by circumoral with
some marginal budding. Homeomorphic with
Dimorphoseris and Dimorphastrea. M.Jur.-Cret.,
Eurasia-Afr.-N.Am.--FIG. 285,1. D. man
chacaensis WELLS, M.Cret.(Cenom.), Tex.; transv.
sec., X2 (158).

Polyphylloseris FROMENT.EL, 1857 [·Polyphyllastrea
convexa ORB., 1849; SD WELLS, 1936] [=Masto
phyllia FELIX, 1891]. Like Microsolena but calices
elevated on bosses or bourrelets. V.Jur.-Cret., Eur
asia-N.Am.--FIG. 285,4. P. simondsi WELLS,
L.Cret.(Apt.), Tex.; Xl (157).

MeandrophylIia ORB., 1849 [·Meandrina lotharinga
MICHELIN, 1843] [=Meandraraea ETALLON, 1859;
Latimaeandraraea FROMENTEL, 1861; Michelinaraea
ALLOITEAU, 1952]. Massive or columniform colonies
formed by intratentacular intramural budding;
collines continuous; valleys discontinuous. M.Jur.-

Cret., Eurasia-Afr.-N.Am.-S.Am.--FIG. 285,2.
M. gressleyi (ETAL.), U. Jur.(Raur.), Switz.; lat.
aspect of septa, X4 (71).

Comoseris ORB., 1849 [·Pavonia maeandrinoides
MICHELIN, 1843] [=Oroseris M.EDw.-H., 1851;
Commoseris FROMENTEL, 1865]. Like Meandro
phyllia but commonly foliaceous, with several series
of centers between coIlines. M.Jur.-V.Jur., Eu.-
FIG. 284,4. ·C. maeandrinoides, U.Jur.(Sequan.),
Port.; 4a, Xl (73); Switz.; lat. aspect of septum,
4b, X5 (71).

Gosaviaraea OPPENHEIM, 1930 [·G. camerina]. Like
Microsolena but septa irregularly porous with some
distal bifurcation. V.Cret., Eu.

Family ACTINACIDIDAE Vaughan &
Wells,1943

Colonial; hermatypic. Colony formation
by intra- and extratentacular budding. Syn
apticulothecate. Septa relatively few, formed
by one fan system of 3 to 5 nearly vertical
simple trabeculae, pores common, laterally
united by simple synapticulae, innermost
trabeculae commonly differentiated as pali
form lobes. Distinct septocostae scarcely dis
tinguishable, or absent where distal ends of
septa bifurcate and become lost in coenos
teum formed by discontinuous vertical trabe
culae united horizontally by simple trabecu
lae. Columella absent or formed by one or
more trabecular pillars. Endothecal dissepi
ments thin and subtabular. U./ur.-Oligo.
Actinaraea ORB., 1849 [·Agaricia granulata MUN-

STER in GOLDF., 1833]. Colony formation by in
tratentacular budding. Calicular margins definite.
Septocostae present but somewhat vague. No palar
trabeculae. V.Jur., Eu.--FIG. 286,3. ·A. granu
lata, U.Jur.(Kimm.), Ger.; X3 (7).
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Dendraraea ORB., 1849 ["Alveopora racemosa
MICHELIN, 1843] [=Thamnaraea ETALLON, 1864;
Spongitamnia GREGORIO, 1884]. Colony formation
by intratentacular budding, producing ramose or
submassive colonies. Structures similar to Acti
naraea but septocostae much reduced and coenos
teum distinctly layered. M.Jur.-L.Cret., Eurasia
S.Am.

Elephantaria OPPENHEIM, 1930 ["E. lindstroemi].
Submassive colonies produced by extratentacular
budding. Septocostae very reduced. Columellar
trabeculae developed. V.Cret., Eu.-W.Indies.-
FIG. 286,2. "E. lindstroemi, U.Cret.(Turon.), Aus.
(Gosau); transv. sec., X5 (100).

Actinacis ORB., 1849 ["A. martiniana] [=Neo
stroma TORNQUIST, 1901]. Submassive to ramose;
colony formation by extratentacular budding. Septa
commonly in 3 cycles with one crown of 6 to 8
palar trabeculae. One columellar trabecula. M.
Cret.-Oligo., Eurasia· N.Am.-S.AIT•.-W.!ndies-Afr.
--FIG. 286,la. A. sp., U.Cret.(Coni.), Corbieres,
Fr.; long sec., X30 (5).--FIG. 286,lb. "A. mar
tiniana, U.Cret.(Turon.), Aus.(Gosau); transv.
sec., XIO (151).--FIG. 286,lc. A. elegans REUSS,
U.Cret.(Turon.), Aus.(Gosau); Xl (l00).

Elephontorio

10

•
'

:'
Ib

Actinocis
FIG. 286. Fungiina (Poriticae): Actinacididae

(p. F392-F393).

lb
Pori tes (Pori tes)

FIG. 287. Fungiina (Poriticae): Poritidae (p. F393).

Family PORITIDAE Gray, 1842
Colonial, hermatypic. Colony formation

by extratentacular budding. Corallites most
ly united closely without coenosteum, lim
ited by one or more synapticular rings. Septa
(except Alveopora) formed by 3 to 8 nearly
vertical trabeculae, loosely united, with more
or less regular perforations. Innermost tra
beculae of certain septa differentiated as pali.
A single columellar trabecula. M.Cret.-Rec.
Goniopora BLAINV., 1830 ["G. pedunculata]

[=Goniaraea ORB., 1849; Litharaea, Rhodaraea
M.EDw.-H., 1849; Tichopora QUELCH, 1886]. Mas
sive, columniform, or ramose, rarely incrusting.
Septa generally in 3 cycles, formed by 4 to 8
trabeculae. M.Cret.-Rec., Eu.-Pac.--FIG. 289,3
(131). G. duofaciata Thiel, Rec., Philip.; X5
(128).

Porites LINK, 1807 ["P. polymorphus (=Madrepora
porites PALLAS, 1766, partim)] [=?Stylaraea M.
EDW.-H., 1851; Cosmoporites, Neoporites DUCHAIS
SING & MICHELOTTI, 1860]. Massive, ramose, or
incrusting. Corallites smaller (to 2 mm.) than
Goniopora, with only 2 septal cycles. Septa
formed by 3 to 4 trabeculae. One of the most im
portant hermatypic coral genera, second only to
Acropora. Eoc.-Rec., cosmop.
P. (Porites), Eoc.-Rec.--FIG. 287,1. "P. (P.)

porites, Rec., W.Indies; la, XO.3; 1b, XIO (151).
P. (Synaraea) VERRILL, 1864 ["Porites erosa DANA,

1846; SD VAUGHAN, 1919] [=NapoporaQuELcH,
1884]. Like P. (Porites) but calices superficial,
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Alveopora

FIG. 288. Fungiina (Poriticae): Poritidae (p. F393
F394).

separated by finely porous coenosteum, com
monly raised in ridges. Oligo.-Rec., W.Indies
IndoPac.--FIG. 289,2. P. (S.) horizontalata
HOFFMEISTER, Rec., Bikini, Marshall L; X5
(198).

Dictyaraea Rf.Uss, 1867 ["D. mierantha; SD GREG
ORY, 1925]. Ramose with slender branches, cerioid.
Septa on plan of Porites but generally very irregu
lar and much thickened secondarily with oblitera-

tion of basic plan. Mio.-Plio., W.Pac.--FIG. 289,
1. "D. micrantha, Mio., Java; la, XI; Ib, X5
(115).

Alveopora BLAINv., 1830 ["Madrepora daedalea
FORSKAL, 1775; SD WELLS, 1936] r=Porastrea
M.EDw.-H., 1848; Favositipora SAVILLE-KENT,
1870; ?Diechoraea T. WOODS, 1879]. Massive or
ramose. Septa in 1 to 3 cycles, represented by
nearly horizontal spines projecting inward from
mural trabeculae. Eoc.-Rec., Eu.-IndoPac.--FIG.
288,1. A. verrilliana DANA, Rec., Japan; la, XO.4;
Ib, X2 (198).

Suborder FAVIINA Vaughan &
Wells, 1943

[nom. correct. WELLS, herein (ex Faviida VAUGHAN & WELLS,
1943)]

Solitary and colonial. Corallite wall epi
thecal, septothecal, or parathecal. Septa
formed by one or more fan systems of simple
or compound trabeculae, ranging from iso
lated spines to imperforate laminae, margins
more or less regularly dentate. Dissepiments
well developed. Synapticulae very rare. M.
Trias.-Rec.

Superfamily STYLOPHYLLICAE
Volz, 1896

[nom. transl. WELLS, herein (ex Slylophyllidae, VOLZ, 1896) I

Solitary and colonial; colony formation by
extratentacular (parricidal or intracalicular)
or intratentacular budding. Wall epithecal,
secondarily thickened internally. Septa essen
tially laminar, ranging from isolated trabe
cular spines to solid laminae, commonly dis
continuous vertically. Columella absent or
represented by elongated septum. Endo
thecal dissepiments generally bizonal: peri
pherally vesicular, and centrally tabular. M.
Trias.-Cret.

Dictyaraea Goniopora 3

FIG. 289. Fungiina (Poriticae): Poritidae (p. F393-F394).
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Family STYLOPHYLLIDAE Volz, 1896
Solitary and colonial, hermatypic. Septa

scarcely exsert, formed by simple or com
pound trabecular spines inclined inward
from periphery, isolated or laterally united
as vertically discontinuous laminae, inter
rupted by dissepiments. No columella. M.
Trias.-L.Jur.
Stylophyllum REUSS, 1854 [*S. polyacanthum].

Solitary, or small phaceloid or cerioid colonies
formed by extratentacular intracalicular budding.
Corallites free laterally. Septal spines rarely fused
into laminae. Endothecal dissepiments tabular.
V.Trias., Eu.--FIG. 290,2a,b. *S. polyacanthum,
V.Trias.(Nor.), Aus.; transv. and long. secs.,
X I (1l2).--FIG. 290,2c,d. S. paradoxum FRECH,
V.Trias.(Nor.), Aus.; Xl (50).

Oppelismilia DUNCAN, 1867 [*0. gemmans]
[=?Epismilia FROMENTEL, 1861; Stylophyllopsis

FRECH, 1890; Mollukkia JAWORSKI, 1915; ?Epis
miliopsis, Plesiophyllum ALLOITEAU, 1952]. Like
Stylophyllum but the trabecular septal spines tend
to fuse and form subcompact septal laminae. V.
Trias.-Jur., Eurasia-E.Indies-N.Am.-S.Am.--FIG.
290,la,b. O. rudis (EMMRICH), V.Trias. (Rhaet.),
Aus.; XI (50).--FIG. 290,lc. O. rugosa (DUN
CAN & WRIGHT), L.Jur., Eng.; transv. sec., X5
(I 92).--FIG. 290,ld. O. mucronata (DUNCAN),
V.Jur., Eng.; septal margin, X3 (192).

Coccophyllum REUSS, 1865 [*C. sturi]. Like Stylo
phyllum but cerioid. Endothecal dissepiments most
ly tabular. V.Trias., Eu.--FIG. 290,3. *C. sturi,
V.Trias.(Nor.), Aus.; 3a,b, surface and long secs.,
X I (50).

Maeandrostylis FRECH, 1890 [*Stylophyllum (M.)
irregulare]. Like Oppelismilia but small corallites
forming small, submassive colonies by intraten
tacular intramural budding, in short series. V.
Trias., Eu.

5
Lepidophyllia

FIG. 290. Faviina (StylophyIIicae): StylophyIIidae (p. F395-F396).
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FIG. 291. Faviina (Stylophyllicae): Amphiastreidae (p. F396-F398).

Lepidophyllia DUNCAN, 1868 [*L. hebridensis; SD
WELLS, 1936]. Like Oppelismilia but phaceloid;
massive, subglobose colonies with small corallites,
formed by extratentacular budding. L.Jur., Br.I.
S.Am.--FIG. 290,5. *L. hebridensis, L.Jur.
(Sinem.), Hebrides; XO.5 (30).

Protoheterastrea WELLS, 1937 [pro Hexastraea VOLZ,
1896 (non SISMONDA, 1871)] [*Hexastraea leon
hardi VOLZ, 1896]. Small, dendroid or phaceloid
colonies by intratentacular budding; corallites
monocentric. Septa composed of inwardly inclined
spines commonly fusing in subcompact laminae.
Endothecal dissepiments mostly tabular, but may
be vesicular peripherally. M.Trias., Eu.--FIG.
290,4. P. fritschi (VOLZ), Aus.; transv. sec., X 10
(155).

Heterastraea TOMES, 1888 [*[sastrea tomesi DUN
CAN, 1868; SD VAUGHAN & WELLS, 1943]. Like
Protoheterastrea but cerioid, with some di- or
tristomodaeal budding. V.Trias.-L.Jur., Eu.-
FIG. 290,6. H. haimei (DUNCAN), L.Jur.(Hett.),
Eng.; 6a, XO.5; 6b, X3 (30).

Family AMPHIASTREIDAE Ogilvie, 1896
Solitary and colonial, hermatypic. Septa

nonexsert, formed by one scarcely diverging
system of relatively few trabeculae, laminar,
with nearly smooth or beaded margins, com
monly interrupted vertically. Columella ab
sent, but one larger septum generally pro
jects into the axial space. In early forms, an

outer endothecal zone of dissepiments is ab
sent or weakly developed. In central mem
bers of the family, outer ends of septa may
be withdrawn from the corallite wall
(aphroid condition). In later types, bilat
erality produced by columellar septum or
septal group is lost. M.Jur.-Cret.
Ceratocoenia TOMES, 1884 [*C. elongata]. Solitary,

elongate, ceratoid or cylindrical. Septa few, radial,
laminar. Endothecal dissepiments tabular. M.Jur.,
Eu.--FIG. 292,5. *C. elongata, M.Jur. (Bath.) ,
Fr., XO.5 (194).

Discocoenia TOMES, 1884 [*D. bononiensis]. Like
Ceratocoenia but patellate. M.Jur., Eu.

Budaia WELLS, 1933 [*B. travisensis]. Like Cerato
coenia but with 2 endothecal zones, an outer vesi
cular and an inner tabular. L.Cret.-M.Cret., N.Am.
S.Am.--FIG. 292,3. *B. travisensis, M.Cret.
(Cenom.), Tex.; 3a,b, Xl (158).

Aulastraeopora PREVER, 1909 [*A. deangelisi; SD
WELLS, 1936]. Like Budaia but phaceloid or
cerioid. M.Cret., Eu.

Cheilosmilia KOBY, 1888 [*C. mierostoma]. Solitary,
elongate, ceratoid. Septa rudimentary. V.Jur., Eu.
--FIG. 292,4. *C. mierostoma, U.Jur.(Raur.),
Switz.,4a,b, XO.5 (71).

Sclerosmilia KOBY, 1888 [*S. rugosa; SD WELLS,
1936] [=Lingulosmilia KOBY, 1888; Opisthophyl
lum OGILVIE, 1897]. Solitary, elongate, cylindrical.
Major septum well developed. V.Jur., Eu.--FIG.
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FIG. 292. Faviina (Stylophyllicae): Amphiastreidae tp. F396-F398).

291,4a,b. S. excavata (KoBY), U.Jur.(Sequan.),
Switz.; Xl (71).--FIG. 291,4c. S. vesiculare
(OGILVIE), U.Jur.(Portl.), Czech.; Xl (99).

Donacosmilia FROMENTEL, 1861 ["D. corallina; SO
WELLS, 1936] [=?Pleurophyllia FROM., 1861;
Pseudothecosmilia KOBY, 1888; ?Pseudostylina AL
LOITEAU, 1939; ?Pseudopisthophyllum GEYER,
1955]. Like Sclerosmilia but forming phaceloid
colonies V.Jur., Eu.-AsiaM.

Schizosmilia KOBY, 1888 ["S. excelsa; SO WELLS,
1936]. Like Donacosmilia but budding apparently
intratentacular. V.Jur., Eu.--FIG. 291,3. "S.
excelsa, U.Jur.(Sequan.), Switz.; 3a, XO.5; 3b-e,
X3 (71).

Polymorphastraea KOBY, 1907 ["P. variabilis]. Soli
tary, ceratoid, but producing 4 smaller corallites
parrieidally in calice; structures as in Sclerosmilia.
M.Jur., Eu.

Mitrodendron QUENST., 1880 ["Lithodendron mitra
tum QUENST., 1858] [=Aulastraea OGILVIE, 1897;
Amphiaulastrea GEYER, 1955]. Columniform, com
posed of corallite groups enclosed by common
epitheca as result of incomplete separation after
intensive budding. Broad outer zone of vesicular
endothecal dissepiments. V.Jur., Eu.--FIG. 292,
6. M. schaferi (OGILVIE), U.Jur.(Portl.), Czech.;
Xl (99).

Amphiastrea ETALLON, 1859 ["A. basaltiformis]
[=Diplocoenia DUNCAN, 1867; Diplothecastraea
DUNCAN, 1884; Connectastrea KOBY, 1904; Metaul
astraea DIETRICH, 1926]. Like Donacosmilia and
Sclerosmilia but massive, cerioid. Outer vesicular
endothecal zone narrow. M.Jur.-M.Cret., Eurasia-

Afr.-N.Am.--FIG. 292,la. A. gracilis KOBY, U.
Jur.(Portl.), Czech., transv. sec., X4 (99).--FIG.
292,lb,c. A. waltheri DE ANGELlS, L.Cret.(Apt.),
Italy; transv. and long. sees., X2 (173).

Oyonnaxastraea ALLOITEAU, 1952 ["0. schlumber
geri]. Like Amphiastrea but wall thickened and
major septum axially swollen. V.Jur., Eu.

Latusastrea ORB., 1849 ["Explanaria alveolaris
GOLDF., 1831] [=Pleurocoenia ORB., 1849;
Theeidiosmilia KOBY, 1888]. Colonial, foliaceous
or incrusting; plocoid. Calices opening towards
growing margin like pockets. V.Jur.-L.Cret., Eu.
--FIG. 293,1. "L. alveolaris, U.Jur.(Kimm.),
Ger.; Xl (7).

Lotusostreo

FIG. 293. Faviina (Stylophyllicae): Amphiastreidae
(p. F397).
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?Thamnosmilia TOMES, 1886 ["T. annulata]. Den
droid, formed by lateral budding as in Donacos
milia. Columella trabecular. M./ur., Eng.

?Lochmaeosmilia WELLS, 1943 [pro Eunomia
LAMX., 1821 (non RAFINESQUE, 1815; nee HUBNER,
1818)] ["Stylosmilia trapezi/ormis GREGORY,
1900]. Phaceloid, corallites very small, elongate,
cylindrical or subprismatic. Endothecal dissepi
ments tabular (possibly a stylinid). M./ur.-V.Cret.,.
Eurasia-Afr.

Selenegyra OGILVIE, 1897 ["S. geikiei]. Phaceloid,
colony formation as in Schizosmilia; corallites
lunate or crescentiform in cross section. V./ur., Eu.

Axosmilia M.Eow.-H., 1848 ["Caryophyllia ex
tinctorum MICHELIN, 1840] [=Pleurosmilia FROM
ENTEL, 1856; Blastosmilia ETALLON, 1859; Tris
milia FROM., 1861; Axiphyllum QUENST., 1880].
Solitary, turbinate, or subcylindrical. Lamellar
columella formed by enlarged major septum. Endo
thecal dissepiments vesicular. M./ur.-M.Cret., Eu.
Afr.-N.Am.--FIG. 292,2a,b. A. cuneata (KOBY),
U.Jur.(Sequan.), Port.; Xl (71).--FIG.292,2c.
A. pumila (KOBY), U.Jur. (Sequan.), Switz.;
septum and wall, X I (71).

Columnaphyllia GEYER, 1955 ["C. tithonica]. Like
Axosmilia but forming phaceloid colonies. V./ur.,
Eu.

Blothrocyathus WELLS, 1932 ["E. harrisi]. Solitary,
cylindrical, with relativelY few septa, no columella;
2 zones of endothecal dissepiments. L.Cret., N.Am.
--FIG. 291,2. "B. harrisi, L.Cret.(Apt.), Tex.;
2a, XO.25, 2b,c, transv. and long. sees., XO.5 (157).

?Plesiosmilia MILASCHEWITSCH, 1876 ["P. turbinata;
SD WELLS, 1936]. Like Axosmilia but septa
slightly exsert; wall parathecal. V./ur., Eu.

Placophyllia ORB., 1849 ["Lithodendron dianthus
GOLOF., 1827]. Like Plesiosmilia but forming small
phaceloid colonies. M./ur.-V./ur., Eu.--FIG. 291,
1. P. rugosa BECKER, U.Jur.(Kimm.), Ger.; la,
XO.5; 1b, X2 (7).

Superfamily FAVIICAE Gregory,
19001

[nom. transl. WELLS, herein (ex Faviidae GREGORY, 19(0)]

Solitary and colonial. Wall septothecal or
parathecal. Septa laminar with very rare
perforations, margins dentate. M.Trias.-Rec.

Family MONTLIVALTIIDAE Dietrich,
1926

Solitary and colonial, hermatypic. Colony
formation by various plans of complete and
incomplete intratentacular budding, lamellar
linkages between corallite centers. Epitheca

1 The name Faviicae, which is accepted by the author for
this superfamily, is not authorized by the International Rules,
since it is based on a family group other than the first~

published such taxon included in the assemblage (Oculinidae
GRAY, 1847, or Meandrinidae GRAY, 1847). Accordingly, the
author has been urged to submit an application to lCZN for
validation of Faviicae by action under plenary powers.
EDITOR.

well developed. Septa exsert, formed by one
fan system of large, mostly simple trabecu
lae, with regular conical dentations and lat
eral striae or granulations. Endothecal dis
sepiments abundant. M.Trias.-Eoc.

Subfamily MONTLIVALTIINAE Dietrich, 1926
[nom. transl. VAUGHAN .& WELLS, 1943 (ex. Montlivaltiidae

DIETRICH, 1926)]

Montlivaltiids with columella absent or
trabecular. M.Trias.-Cret.
Montlivaitia LAMOUROUX, 1821 ["M. caryophyllata]

[=Thecophyllia M.Eow.-H., 1848; Amblophyllia,
Lasmoplzyllia, Perismilia ORB., 1849; ?Cyathophyl
lia FROMENTEL, 1865; Coenotheca QUENST., 1881;
Montlivaltiopsis, ?Paramontlivaltia, Stereoplzyllia,
TrocllOphyllia ALLOITEAU, 1952]. Solitary, cupol
ate, trochoid to subcylindrical, usually free in
ephebic stage. Columella generally weak. M.Trias.
Cret., cosmop.--FIG. 294,2a,b. M. nattheimensis
MILASCHEWITZ, U.Jur.(Kimm.), Ger.; XO.5 (7).
--FIG. 294,2c. M. matheyi KOBY, U.Jur.(Raur.),
Fr.; lat. aspect of septum and wall, XO.5 (71).

?Ellipsosmilia ORB., 1849 ["Montlivaltia? cornu
copia M.EDw.-H., 1849] [=Veliphyllum QUENST.,
1880]. Like Montlivaltia but trabeculae inclined
only inwards with no line of divergence and with
irregular septal dentation (?may be a stylophyllid).
Cret., Eu.

Dimorphosmilia TOMES, 1902 ["D. eboracensis].
Thamnasterioid; formed by circumoral followed by
intramural budding. Radiating collines. M./ur., Eu.

Dimorphastrea ORB., 1850 ["D. grandiflora; SD
GREGORY, 1900] [=Dimorphocoenia FROMENTEL,
1857]. Like Dimorphosmilia but colony formation
by circumoral budding only; no collines. V.fur.
M.Cret., Eurasia-Afr.--FIG. 294,5. D. crassisepta
ORB., L.Cret,(Urgon.), Fr.; X2 (72).

Thecosmilia M.Eow.-H., 1848 ["Lithodendron
trichotomum GOLDF., 1826] [=Hymenophyllia
M.EDw.-H., 1851; Bavarosmilia KUHN, 1942].
Phaceloid colonies formed by polystomodaeal bud
ding, mono- to tristomodaeal conditions perma
nent. Polyphyletic. M.Trias.-Cret., cosmop.--FIG.
294,7a. T. annularis (FLEMING), U.Jur., Eng.;
XO.5 (94).--FIG. 294,7b. T. costata FROMEN
TEL, U.Jur.(Raur.), Switz.; lat. aspect of septum
and wall, X2 (71).

Palaeastraea KUHN, 1936 ["Phyllocoenia grandissima
FRECH, 1890] [=Thigmastrea WELLS, 1937].
Massive, plocoid, corallites mono- to tricentric, de
rived from Triassic Thecosmilias by incomplete
separation of corallites. M.Trias.-V.Trias., Eu.-N.
Am.--FIG. 294,1. "P. grandissima, U.Trias.
(Nor.), Aus., transv. sec., XI (50).

Elysastraea LAUBE, 1864 [pro Clausastrea ORB.,
1949 (non M.EDw.-H. 1849)] [·E. fischeri]. Like
Palaeastraea but cerioid. M.Trias.-L.fur., Eurasia
N.Am.

Margarastraea FRECH, 1896 ["lsastrea (Margaras·
traea) klipsteini]. Like Elysastraea but meandroid.

© 2009 University of Kansas Paleontological Institute



Scleractinia-Faviina-Faviicae F399

Series discontinuous, united directly by fused walls;
collines acute. V.Trias., Eu.

Phyllogyra TOMES, 1882 ["Symphyllia etheridgei
DUNCAN, 1874; SD WELLS, 1936]. Meandroid,
derived from Middle Jurassic Thecosmilias by
polystomodaeal budding, commonly linear. Series
discontinuous, closely joined by costae and exo
thecal dissepiments; collines rounded. M.fur., Eng.

Complexastrea ORB., 1849 ["C. subburgundiae
(=Astrea rustica DEFRANCE, 1826] [=Confusas
trea ORB., 1849]. Massive, plocoid, derived from
Middle Jurassic Thecosmilias. Corallites monocen
tric, with parathecal wall. M.fur.-M.Cret., Eu.-
FIG. 294,4a. "C. rustica, U.Jur.(Raur.), Switz.;
lat. aspect of septum and wall, X2 (71).--FIG.
294,4b. C. magnifica (TOMES), M.Jur.(Bath.),
Eng.; XO.5 (131).

Meandrastrea ORB., 1849 ["Astrea pseudomeandrina
MICHELIN, 1841]. Massive, submeandroid colonies
formed by polystomodaeal budding; series short,
some corallites monocentric. V.Cret., Eu.

Latiphyllia FROMENTEL, 1861 ["Lobophyllia re
quienii MICHELIN, 1841; SD WELLS, 1936]
[=GZyphephyllia FROM., 1873]. Flabello-mean
droid, colony formation by polystomodaeal linear
budding; series free laterally. V.fur.-Cret., Eurasia
Madag.--FIG. 294,6. L. suevica (QUENST.), U.
Jur.(Kimm.), Ger.; XO.5 (7).

Fromentellia FERRY, 1863 [*F. fabryana; SD WELLS,
1936]. Like Latiphyllia but series closely united
to summits by costae and exothecal dissepiments,
separated by ambulacra. M.fur.-V.fur., Eu.

Lasmosmilia ORB., 1849 ["Lobophyllia Zobata
MICHELIN, 1846 (=L. Zobata BLAINV., 1830)].
Massive, plocoid, corallites united nearly to sum
mits by costae and exothecal dissepiments. M.Cret.
V.Cret., Eu.

MycetophylIopsis OPPENHEIM, 1930 ["Mycetophyllia
antiqua REUSS, 1854]. Meandroid, series directly
united over low common paratheca. V.Cret., Eu.
--FIG. 294,3. *M. antiqua, U.Cret.(Turon.),
Aus.(Gosau); XO.5 (112).

Poloeostroeo

40

Complexostreo Lotiphyllio

Mycetophyllopsis

~~~".. ~ .
. . .:. - 7b

Thecosmilio

FIG. 294. Faviina (Faviicae): Montlivaltiidae (p. F398-F399).
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Subfamily PLACOSMILIINAE Alloiteau, 1952

Montlivaltiids with well-developed lamel
lar columella. U./ur.-Eoc.
Peplosmilia M.EDW.-H., 1850 ["P. austeni]

[=Plesiosmilia KoBY, 1884 (non SISMONDA,
1871)]. Solitary, subcylindrical, fixed. U.Jur.-M.
Cret., Eu.--FIG. 296,3. "P. austeni, M.Cret.
(Cenom.), Eng.; 3a,b, XO.5 (94).

ElasmophyIlia D'AcHIARDI, 1875 ["E. gigantea].
Phaceloid; colony formation by polystomodaeal
budding, corallites mono- to tricentric. Cret.-Eoc.,
Eu.-N.Am.-S.Am.--FIG. 295,2. E. deformis
(REUSS), U.Cret.(Turon.), Aus.(Gosau); 2a,b, X I
(100).

Placosmilia M.EDW.-H., 1848 ["Turbinolia cymbula
MICHELIN, 1846; SD M.EDW.-H., 1850] [=Las
mogyra ORB., 1849; Epigyra FERRY, 1870; Firia
GREGORIO, 1894]. Flabellate, with a linear con
torted series. U.Cret.-Eoc., Eu.--FIG. 298,2. P.
tortuosa (FELIX), U.Cret(Turon.), Aus.(Gosau);
transv. sec., XI (42).

Astrogyra FELIX, 1900 ["Gyrosmilia edwardsi
REUSS, 1854]. Like Lasmogyra but with forked
series united nearly to summits by costae and exo
thecal dissepiments; narrow ambulacra. U.Cret.,
Eu.--FIG. 295,4. "A. edwardsi, U.Cret.(Turon.),
Aus.(Gosau); X05 (100).

Taxogyra WELLS, 1937 [pro Heterophyllia ORB.,
1849 (non M'CoY, 1849)] ["Meandrina maeroreina

MICHELIN, 1847]. Like Astrogyra but lacking
ambulacra; series closely united to summits. U.
Cret., Eu.

Family FAVIIDAE Gregory, 1900
Solitary and colonial, mostly hermatypic.

Colony formation by extratentacular or
various plans of intratentacular budding.
Septothecate or parathecate, rarely partially
synapticulothecate. Septa exsert, laminar,
formed by 1 or 2 fan systems of simple
(compound in some later forms) trabeculae,
more or less regularly dentate marginally.
Paliform lobes formed by inner fan system
commonly developed. Columella trabecular
or laminar, rarely styliform or absent. M.
/ur.-Rec.

Subfamily FAVIINAE Gregory, 1900
[nom. transl. VAUGHAN & WELLS, 1943 (ex Faviidae GREGORY,

1900))

Solitary and colonial faviids, hermatypic.
Colony formation by intratentacular bud
ding (rare extratentacular budding). Septa
formed by one fan system of simple trabe
culae, commonly with small inner fan sys
tem, U./ur.-Rec.
?Cladophyllia M.EDW.-H., 1851 ["Lithodendron

Ib
Anisocoenio

5b
Astrogyro Diplorio

FIG, 295. Faviina (Faviicae): Montlivaltiidae, Faviidae (p. F400-F402).
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FIG. 296. Faviina (Faviicae): Mondivaltiidae, Faviidae (p. F402).
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dichotomum GOLDF., 1829; SD WELLS, 1933).
Phaceloid tufts. Corallite walls epithecal; columella
feeble, trabecular. U.Jur.-M.Cret., Eu.-N.Am.-S.
Am.--FIG. 295,3. C. babeana (ORB.), M.Jur.
(Bath.), Eng.; Xl (94).

Indosmilia GERTH, 1933 [*1. rembangensis). Soli
tary, trochoid, lacking columella. Oligo.-Mio., Eu.
E.lndies.

Petrophylliella FELIX, 1925 [pro Petrophyllia FELIX,
1885 (non CONRAD, 1855») [*Caryophyllia grumi
CATULLO, 1847). Solitary, ceratoid, with well-de
veloped trabecular columella. Oligo., Eu.--FIG.
300,5. *P. grumi, M.Oligo., Italy; Sa, XO.5; 5b,
Xl (116),

Grumiphyllia WELLS, 1937 [pro Grumia OPPEN
HEIM, 1899 (non ALPHERAKY, 1892») [*Grumia
diploctenium OPPENHEIM, 1899). Solitary (or
?colonial), flabellate, lacking columella. Homeo
morphic with Diploctenium. Oligo., Eu.

Laterophyllia KUHN, 1933 [=L. turriformis). Form
ing tall colonies by budding from edge zone, buds
so produced in turn budding intratentacularly to
form short straight series. Columella lamellar. Mio.,
Asia.

Caulastrea DANA, 1846 [*C. furcata) [=Dasyphyl
lia M.EDW.-H., 1848; Cricotheca QUENST., 1881).
Phaceloid colonies produced by mono- to tristo
modaeal budding, permanent condition mono- to
tricentric. Columella feeble. Eoc.-Rec., Eu.-Asia
IndoPac.--FIG. 297,1. *C. furcata, Rec., Fiji;
XO.5 (88).

Desmocladia REUSS, 1874 [*D. septifera). Like
Caulastrea but with short series partially united
by some exothecal dissepiments. Oligo., Eurasia.

Astraeosmilia ORTMANN, 1892 [*A. connata). Like
Caulastrea but subplocoid. Rec., E.Afr.

Bikiniastrea WELLS, 1954 [*B. laddi). Like Caula
strea but distomodaeal budding; corallum sub
dendroid, the corallites anastomosing, with some
coenosteum. Corallite wall parathecaI. Rec., Pac.

Barabattoia YABE & SUGIYAMA, 1941 [*B. mirabilis).
Subplocoid, with corallites free at summits; colony
formation by intra- and extratentacular budding.
Intermediate between Bikiniastrea and Plesiastrea.
Rec., Pac.

Plesiastrea M.EDW.-H., 1848- [pro Astrea LAMARCK,
1801 (non BROWN, 1789; nec BOLTEN, 1798»)
[*Astrea versipora LAM., 1816) [=Heliastrea M.
EDW.-H., 1857; ?Plesiastreopsis CHEVALIER, 1954).
Plocoid, corallites closely united nearly to summits;
colony formation mostly by extratentacular bud
ding. Mio.-Rec., Eu.-IndoPac.--FIG. 296,2. *P.
versipora, Rec., AustraI.(Torres Strait); X2 (148).

1
"1' ',:-:', J

"W
Coulostreo

FIG. 297. Faviina (Faviicae): Faviidae (p. HOI).
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Favia OKEN, 1815 ["Madrepora fragum ESPER,
1795; SD M.EDW.-H., 1848] [=Dipsastraea
BLAINV., 1830; Fissicella DANA, 1846; Parastrea,
Phymastrea M.EDW.-H., 1848; Ellipsocoenia,
T halamocoenia ORB., 1850; Stegiastrea MENEGHINI,
1857; Clypeofavia ANGELIS, 1895; ?Pseudaulina
ALLOITEAU, 1954]. Plocoid, massive, foliaceous, or
incrusting colonies formed by mono- to tristo
modaeal budding, corallites permanently mono
centric. Vesicular endo- and exothecal dissepiments.
Columella trabecular, spongy. Cret.-Rec., cosmop.
--FIG. 296,4a. "F. fragum, Rec., Fla.; XO.5
(199).--FIG. 296,4b-d. F. speciosa (DANA), Rec.,
E.Indies; Cocos-Keeling; Xl (148). (Also Fig.
249,2.)

Barbadiastrea WELLS, 1945 ["B. favioides]. Like
Favia but with lamellar columella. Eoc., W.Indies.

Nefocoenia OPPENHEIM, 1930 [pro Phyllastraea
FROMENTEL, 1877 (non DANA, 1846)] ["Areacis
lobata REUSS, 1854] [=Proplesiastraea OPPEN
HEIM, 1930]. Like Favia but with spinose coenos
teum and short, thin, lamellar columella. V.Cret.,
Eu.--FIG. 298,3. "N. lobata, U.Cret.(Turon.),
Aus.(Gosau); transv. sec., X8 (42).

Diploria M.EDW.-H., 1848 ["Meandrina cerebri
form is LAMARCK, 1816 (=Madrepora labyrinthi
form is LINNE, 1758)] [=Maeandrella OPPEN
HEIM, 1930 (non PERNA, 1903)]. Like Favia but
meandroid; colony formation by polystomodaeal
intramural budding with lateral branching and
terminal forking; series long with thick collines,
separated by ambulacra in some species. Columella
continuous, trabecular. U.Cret.-Rec., Eu.-N.Am.
W.Indies.--FIG. 295 ,5a. "D. labyrinthiformis,
Rec., Fla.; Xl (151).--FIG. 295,5b. D. strigosa
(DANA), Rec., Fla.; XO.5 (151). (Also Fig. 248B.)

Favites LINK, 1807 ["F. astrinus (=Madrepora ab
dita ELLIS & SOLANDER, 1786; SD VAUGHAN,
1901)] [=Astrophyllia EHR., 1834; Cellastraea
BLAINV., 1834; Aphrastrea, Prionastrea M.EDW.-H.,
1848; Clausastrea M.EDW.-H., 1849; Plerastrea M.
EDW.-H., 1851; Metastraea M.EDW.-H., 1857;
Dyctioastraea, Halysiastraea SISMONDA, 1871; El
lasmoastraea, Plesiophyllia MICHELOTTI in SIS
MONDA, 1871; ?Narcissastraea PRATZ, 1883; Allas
traea GREGORY, 1900]. Like Favia but cerioid. Eoc.
Rec., Eu.-W.Indies-IndoPac.--FIG. 299,2a,b. "F.
abdita, Rec., Fiji; 2a, Xl; 2b, X2 (148)--FIG.
299,2c. F. affinis KLUNZINGER, Rec., Red Sea; lat.
aspect of septum, X3 (151).

Oulophyllia M.EDW.-H., 1848 ["Meandrina erispa
LAMARCK, 1816] [=Ulophyllia M.EDW.-H., 1857].
Like Favites but meandroid; colony formation by
intramural polystomodaeal budding. Series short,
discontinuous, separated by simple, acute, para
thecal collines. Centers linked by trabeculae. M.
Oligo.-Rec., Eu.-IndoPac.--FIG. 300,6. O. aspera
QUELCH, Rec., Pac.; XI (88).

Goniastrea M.EDW.-H., 1848 ["Astrea retiformis
LAMARCK, 1816] [=?Coelastrea VERRILL, 1866].
Cerioid or submeandroid; colony formation by

mono- to tristomodaeal budding, corallites per
manently monocentric. Septa with scarcely dentate
paliform lobes. Columella feeble. Eoc.-Rec., N.Am.
W.Indies-IndoPac.--FIG. 298,6. G. pectinata
(EHR.), Rec., Austral.(Torres Strait); X2 (148).
(Also Figs. 248A, 249,3.)

Anisocoenia REUSS, 1867 ["A. erassisepta] [=Favoi
dea REUSS, 1867]. Like Goniastrea but lacking
columella and with reduced paliform lobes. Mio.,
E.Indies.--FIG. 295,1. "A. crassisepta, Mio.,
Java; la, Xl; 1b, X2 (ll5).

Lamellastraea DUNCAN, 1867 ["L. smythi]. Like
Goniastrea but with short, solid, lamellar colum
ella. Oligo., W.Indies.--FIG. 298,1. "L. smythi,
M.Oligo., Antigua; X2.5 (198).

Ogilviastraea OPPENHEIM, 1930 [pro Placohelia
FELIX, 1903 (non POCTA, 1887)] ["Placohelia
bigemmis FELIX, 1903]. Small subp!c~cic colonies
formed by mono- or distomodaeal budding, per
manent condition monocentric. Coenosteum exten
sive, solid. Columella elongate, commonly appear
ing lamellar. U.Cret., Eu.--FIG. 300,3. "0.
bigemmis, U.Cret.(Turon.), Aus.(Gosau); 3a, Xl;
3b, X3 (42).

?Diplocoenia FROMENTEL, 1857 ["D. mirabilis].
Cerioid or subplocoid; colony formation by mono
or distomodaeal budding, permanent condition
monocentric. Endothecal dissepiments vesicular,
forming false "inner wall." Columella substyliform,
fixed to several larger septa. V.Jur.-L.Cret., Eu.
Afr.

Platygyra EHR., 1834 ["P. lamellina; SD BRUEGGE
MANN, 1879] [=Coeloria, Astroria M.EDW.-H.,
1848; Brachymeandrina DUNCAN, 1884; Miria
GREGORIO, 1894]. Meandroid; colony formation by
linear intramural polystomodaeal budding with
lateral branching and terminal forking. Collines
narrow, septothecal. Larger septa commonly with
small internal paliform lobes. Columella continu
ous, trabecular. Eoc.-Rec., Eu.-IndoPac.--FIG.
298,4. "P. lamellina, Rec., Austral.(Torres Strait);
4a, XI; 4b, X4, lat. aspect of septum; 4c, X4
(148).

Leptoria M.EDW.-H., 1848 ["Meandrina phrygia
LAMARCK, 1816 (=Madrepora phrygia ELLIS &
SOLANDER, 1786) ] [=Cycloria REUSS, 1854].
Meandroid; colony formation by intramural poly
stomodaeal budding. Collines simple, thin, septo
thecal. Columella thin, lamellar, continuous or not.
V.Cret.-Rec., Eu.-IndoPac.
L. (Leptoria). U.Cret.-Rec.--FIG. 299,3. L. (L.)

gracilis (DANA), Rec., Fiji; 3a, Xl; 3b, X3
(148). (Also Fig. 249,4.)

L. (Dictuophyllia) BLAINv., 1830 ["Meandrina
l'eticulata GOLDF., 1827] [=?Anisoria VIDAL,
1917]. Like L. (Leptoria) but collines separated
by costate ambulacra. U.Cret.-Oligo., Eu.-W.
Indies-N.Am.--FIG. 298,5. L. (D.) crassolamel
losa (M.EDW.-H.), U.Cret.(Turon.), Aus.
(Gosau); XO.5 (ll2).

Hydnophora FISCHER, 1807 ["H. demidovii
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(=Madrepora exesa PALLAS, 1766)] [=Monti
cularia LAMARCK, 1816; Actinhelia, Monticulastraea
DUNCAN, 1880; Monticulina SAVILLE-KENT, 1893;
Hydnophorella DELAGE & HEROUARO, 190I; Starni
nocoenia GREGORY, 1930; Hydnophoraraea OPPEN
HEIM, 1930]. Hydnophoroid; colony formation by
circummural polystomodaeal budding. Collines dis
continuous, short, conical. Columella trabecular to
lamellar, discontinuous. Cret.-Rec., Eurasia-W.
Indies-S.Am.-IndoPac.--FIG. 300,1. H. micro
conos (LAM.), Rec., Austral.(Torres Strait); la,
Xl; 1b, X3 (148). (Also Figs. 248D, 249,5.)

Thysanus DUNCAN, 1863 ["T. excentricus]. Flabel
late; colony formation by intramural budding pro
ceeding away from parent center in one direction.
Larger septa with small internal lobes. Columella
trabecular below, sublamellar and interrupted
above. Mio.-Plio., W.Indies-N.Am.--FIG. 300,2.
°T. excentricus, Mio., Jamaica; 2a,b, X I (195).

Teleiophyllia DUNCAN, 1864 ["T. grandis]. Like
T hysanus but budding proceeds in both directions
from parent center. Mio., W.Indies.--FIG. 296,1.
*T. grandis, Dominican Republic; XO.5 (29).

Manicina EHR., 1834 ["Madrepora areolata LINNE,

1758; SD M.Eow.-H., 1850] [=Podasteria EHR.,
1834]. Like Teleiophyllia but with forking and
branching of series and development of ambulacra.
Mio.-Rec., W.Indies-Fla.--FIG. 299,1. "M. areo
lata, Rec., Fla.; XO.75 (201).

Colpophyllia M.Eow.-H., 1848 [OMeandrina ,gyrosa
LAMARCK, 1816 (=Madrepora gyrosa ELLIS &
SOLANDER, 1786, =Madrepora natans MULLER,
1775)] [=Hydnophyllia REls, 1889]. Meandroid;
colony formation by intramural budding with
terminal forking. Collines discontinuous, rarely
with ambulacra. Series commonly discontinuous,
linkages lamellar. Septa with very small or no
internal lobes. Eoc.-Rec., Eu.-W.Indies.--FIG.
300,4. C. amaranthus (MULLER), Rec., Barbados;
XI (88).

Montigyra MATTHAI, 1928 [OM. kenti]. Subhydno
phoroid; colony formation by intramural and cir
cummural budding. Collines discontinuous; series
continuous with lamellar linkages. Rec., Ind.O.

Subfamily MONTASTREINAE Vaughan & Wells,
1943

Colonial, hermatypic faviids. Colony for-

Lamellastraea

4b Platygyra

FIG. 298. Faviina (Faviicae): Mondivaltiidae, Faviidae (p. F400-F403).
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20 Fovites 3b Leptorio (Leptorio)

FIG. 299. Faviina (Faviicae): Faviidae (p. F402).

mation by extratentacular budding (with a
few exceptions). Septa formed by one fan
system of mostly simple trabeculae. M.Jur.
Rec.
Goniocora M.Eow.-H., 1851 ["'Lithodendron sociale

ROEMER, 1836] [=?Thamnocoenia TOMES, 1885].
Phaceloid. Columella styliform. No paliform lobes.
M.Jur.-U.Jur., Eu.--FIG. 301,4. "'G. socialis, U.
Jur.(Raur.), Eng.; 4a, Xl.5; 4b, X3 (94).

Rhabdocora FROMENTEL, 1873 ["'R. cretacea]. Like
Goniocora but with strong lamellar columella. M.
Cret.-U.Cret., Eu.

Cladocora EHR., 1834 ["'Madrepora caespitosa
LINNE, 1767; SD M.Eow.-H., 1850] [=Proclado
cora ALLOITEAU, 1952]. Phaceloid. Paliform lobes
opposite all but last cycle of septa, merging with
papillose columella. U.Cret.-Rec., Eu.-Medit.-Atl.
W.Indies-N.Am.-E.Pac.
C. (Cladocora). U.Cret.-Rec.--FIG 302,1. C.

arbuscula (LESUEUR), Rec., Fla.; la, XO.75; lb,
X5 (198).

C. (Dendrocora) DUNCAN, 1876 ["'D. fissipara].

Like Cladocora but colony formation mostly by
intratentacular budding. Rec., W.Afr.

Stylocora REUSS, 1871 ["'5. exilis]. Like Cladocora
but columella styliform; paliform lobes reduced.
Mio., Eu.

Pleurocora M.EDW.-H., 1848 ["'Lithodendron gem
mans MICHELIN, 1847] [=Stylocora FRoMENTEL,
1873 (non REUSS, 1871); ?Phyllohelia ALLOITEAU,
1952]. Like Cladocora but subplocoid, sub
dendroid, or explanate, with coenosteum between
corallites formed by costae and exothecal dissepi
ments. M.Cret.-U.Cret., Eu.-N.Am.--FIG. 301,1.
P. angelisi FELIX, U.Cret.(Turon.), Carp., X2
(177).

Psammiophora FROMENTEL, 1870 ["'Po cenomana].
Corallum compressed, thin lamina with calices on
both sides. Corallites protuberant, united by smooth
coeno~teum. Paliform lobes and papillose columella.
M.Cret.-U.Cret., Eu.

Montastrea BLAINv., 1830 ["'Astrea guettardi DE
FRANCE, 1826; SD SMITH & LANG, 1935] [=?As
troites WALCH, 1775; Orbicella DANA, 1846;
Phyllocoel1ia M.Eow.-H., 1848; Actinocoenia ORB.,
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1849; Cellulastraea RLANCKENHORN, 1890; Hydno
phoropsis SOHLE, 1899; Phyllocoeniella FELIX,
1926; Prodiploastrea WELLS, 1934; Neocoenia
HACKEMESSER, 1936; Aquitanastrea, Heliastreopsis,
Phyllocaeniopsis, ?ProtJineiastrea CHEVALIER, 1954].
Massive, incrusting, or subfoliaceous, plocoid col
onies. Septothecate. Septal margins regularly den
tate. Columella trabecular. V.Jur.-Rec., Eu.-W.
Indies-W.Afr.-Brazil-N.Am.--FIG. 301,5a. "'M.
annularis (ELLIS & SOLANDER), Rec., P.R., X3
(195).--FIG. 301,5b. M. corollaris (REUSS), U.
Cret.(Turon.), Aus.(Gosau); transv. sec., X5
(42).

Diploastrea MATTHAI, 1914 ["'Astrea heliopora
LAMARCK, 1816] [=?Thegioastraea SISMONDA,
1871]. Plocoid colonies. Walls mostly septothecate,
but partially synapticulothecate and porous at level
of calices. Septa formed by compound trabeculae
(especially in later forms); dentations relatively
large; columella well developed. Cret.-Rec., Eu.
W.Indies-N.Am.-S.Am.-IndoPac.--FIG. 302,4a.
D. harrisi WELLS, L.Cret.(Apt.), Tex.; transv.

sec., X3 (157).--FIG. 302,4b,c. "'D. heliopora,
Rec., Fr.Somali.; 4b, Xl; 4c, X3 (195).

?Oulastrea M.EDw.-H., 1848 ["'Astrea crispata
LAMARCK, 1816] [=Vlastrea M.EDw.-H., 1857].
Like Montastrea and Diploastrea but wall more
porous and septal structures smaller. Paliform lobes
opposite larger septa, merging with papillose col
umella (may be an agariciid). Rec., IndoPac.-
FIG. 301,2. "'0. crispata, Rec., Japan; 2a, Xl; 2b,
X3 (164).

Antiguastrea VAUGHAN, 1919 [pro Heterastraea
REIS, 1889 (non TOMES, 1888)] ["'Astraea cellu
losa DUNCAN, 1863]. Like Montastrea but sub
cerioid, and with thin lamellar columella. V.Cret.
Oligo., Eu.-N.Am.-W.Indies-S.Am.--FIG. 303,3.
"'A. cellulosa, U.Oligo., USA; X2 (149).

Placocoenia ORB., 1849 ["'Astrea macrophthalma
GOLDF., 1829]. Like Antiguastrea but plocoid,
with short, stout, lamellar columella. Cret., Eu.
N.Am.--'FIG. 302,2. P. orbignyana REUSS, U.
Cret.(Turon.), Aus.(Gosau); tfansv. sec., X4
(42).

Ogilviostroeo

,~

N'l

~

'Sb
Petrophylliello Oulophyllio

FIG. 300. Faviina (Faviicae): Faviidae (p. F401-F404).
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Sa

Subfamily AGATHIPHYLLIINAE Vaughan &

Wells,1943

Solitary and colonial, hermatypic. Colony
formation by extratentacular budding.
Corallite wall synapticulothecate near cali
ces, septothecate or parathecate below. Septa
of lower cycles composed of 2 fan systems of

strea but much intratentacular budding; coenosteum
dense with minutely granulated surface. M.Cret.
V.Cret., Eu.-Tex.--FIG. 303,2. ·A. asperella, U.
Cret.(Turon.), Aus.(Gosau); 2a, Xl (l12);
2b, trans. sec., X5; 2c, long. sec., X5 (42).

Placophora FROMENTEL, 1879 [·P. neocomiensis].
Like Cyphastrea but with short, lamellar columella.
L.Cret., Eu.

Tarbellastraea ALLOITEAU, 1950 [.Astrea ellisiana
DEFRANCE, 1826]. Like Cyphastrea but with para
thecal wall and lamellar or sublamellar columella.
Mio., Eu.

Echinopora LAMARCK, 1816 [·Madrepora lamellosa
ESPER, 1797] [=Echinastrea BLAINV., 1830;
Stephanocora EHR., 1834; Acanthopora VERRILL,
1864 (non ORB., 1849); Acanthelia WELLS, 1937].
Submassive to foliaceous or ramose. Coenosteum
dense or vesicular; costae reduced to spines. Coral
lite walls defined but may be perforate near level
of calices. Columella spongy. Mio.-Rec., 1ndoPac.
--FIG. 303,1. ·E. lamellosa, Rec., Banda; X2
(128).

• Goniocora

~

Sb Montastrea
FIG. 301. Faviina (Faviicae): Faviidae (p. F404·F406).

3

Leptastrea M.Evw.-H., 1848 [.L. roissyana; SD M.
Evw.-H., 1850] [=Baryastrea M.Evw.-H., 1848].
Like Montastrea but subcerioid, with dense
coenosteum. Columella generally papillose. Septa
minutely dentate. M.Oligo.-Rec., IndoPac.--FIG.
303,4a. L. bottae M.Evw.-H., AustraI.(Torres
Strait); X4 (194).

Solenastrea M.Evw.-H., 1848 [.Astrea turonensis
MICHELIN, 1847; SD M.Evw.-H., 1850]
[=D'Achiardia DUNCAN, 1884]. Like Montastrea
but coenosteum vesicular, nearly devoid of costae,
with blistered surface. Paliform lobes opposite first
2 septal cycles. Oligo.-Rec., Eurasia-W.Indies-N.
Am.--FIG. 303,4b. S. bournoni M.Evw.-H., Rec.,
W.Indies; X4 (195).

Cyphastrea M.EDW.-H., 1848 [.Astrea mieroph
thalma LAMARCK, 1816] [=Chypastraea SISMONDA,
1871; Quelchia DUNCAN, 1886]. Like Montastrea
but costae rarely extending over coenosteum, the
surface of which is spinose. Columella trabecular,
spongy. Oligo.-Rec., W.Indies-Indo-Pac.--FIG.
301,3. ·C. microphthalma, Rec., Cocos-Keeling;
X4 (148).

Multicolumnastraea VAUGHAN, 1899 [·Heliastraea
cyathiformis DUNCAN, 1865]. Like Cyphastrea but
columella formed by 3 or 4 trabecular pillars. V.
eret., W.Indies-Mex.--FIG. 302,3. ·M. cyathi
formis, U.Cret. (Camp.) , Jamaica; transv. sec.,
X5 (151).

Agatbelia REUSS, 1854 [·A. asperella]. Like Cypha-

Pleurocora
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mostly compound trabeculae, the inner fan
system forming prominent internal septal
lobes; higher cycles of one fan system and
more or less perforate internally. Eoc.-Mio.
Pattalophyllia D'AcHIARDI, 1867 [*Turbinolia subin-

flata CATULLO, 1856 (=Caryophyllia pseudocalvi
monti CATULLO, 1856)]. Solitary, turbinate, fixed
by small base. Wall septothecal and synapticulo
thecal. Columella trabecular, well developed. Eoc.
Oligo., Eu.

?Ceratophyllia FRITSCH, 1878 ["C. flabelloides; SD
FELIX, 1925]. Like Pattalophyllia but ceratoid, and
lacking columella. Eoc., E.Indies.

Cricocyathus QUENST., 1881 [pro Leptaxis REUSS,
1868 (non LOWE, 1852)] [*Cyathophyllia annulata
REuss,1868] [=Stephanosmilia REUSS, 1874 (non
FROMENTEL, 1862)]. Like Pattalophyllia but with
broad base and synapticuloparathecal wall. Eoc.
Mio., Eu.--FIG. 304,1. *C. annulata, M.Oligo.
(Rupel.), Italy; la, XO.6; lb, Xl (116).

Agathiphyllia REUSS, 1864 [*A. explanata; SD
VAUGHAN, 1919] [=Cyathomorpha REUSS, 1868].
Like Cricocyathus but forming submassive plocoid
colonies by budding from edge zone. Oligo., Eu.
W.Indies-S.Am.-N.Am.--FIG. 304,2c. *A. ex
planata REUSS, M.Oligo. (Rupel.), Italy; lat. aspect
of minor septum, X3 (116).--FIG. 304,
2a,b. A. umbellata REUSS, M.Oligo.(Rupel.), Italy;
2a, XO.6; 2b, Xl (116).

Subfamily TRACHYPHYLLIINAE Wells, nov.

Solitary and colonial, hermatypic. Colony
formation by intratentacular polystomodaeal
intramural budding. Wall septothecal to
parathecal. Septa formed by 2 fan systems of
simple trabeculae; inner fan system forming
prominent lobes. Oligo.-Rec.
Antillophyllia VAUGHAN, 1932 ["Antillia lonsdaleii

DUNCAN, 1864]. Solitary, free in ephebic stage,
trochoid, compressed or bilobate in cross section.
Columella trabecular, spongy. Oligo.-Mio., W.
Indies.--FIG. 305}. A. sawkinsi (VAUGHAN),
Mio., Trinidad; 3a,b, Xl (150).

Indophyllia GERTH, 1921 [*1. cylindrica]. Like
Antillophyltia but discoid to subcylindrical. Oligo.
Mio., E.Indies.--FIG. 305,1. *1. cylindrica, Mio.,
Borneo; la, basal aspect Xl; lb, nat. long. sec.,
X 1.33 (57).

Trachyphyllia M.EDW.-H., 1848 [*Turbinolia geof
froyi AUDOUIN, 1826; SD M.EDW.-H., 1850]. Like
Antillophyllia but colonial, f1abello-meandroid.
Series short, free laterally. Trabecular linkages be
tween centers. Mio.-Rec., IndoPac.--FIG. 305,2.
*T. geoOroyi, Rec., Austral.; 2a, XO.5; 2b, lat.
aspect of septum, X2 (88).

Callogyra VERRILL, 1902 [*C. formosa]. Like
Trachyphyllia but series united laterally to sum
mits. Rec., Pac.

?Moseleya QUELCH, 1884 ["M. latistellata]. Cerioid,

Clodocoro (C1odocorol

3 Multicolumnostroeo 40

Plococoenio

Dipioostreo

FIG. 302. Faviina (Faviicae): Faviidae (p. F404-F406).
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colony formation by extra- and intratentacular bud
ding (stomodaeal diversion and oral disc invagina
tion). Parathecate. Columella trabecular, small and
spongy. Rec., N.Austral., Great Barrier Red.-
FIG. 305,4. ·M. latistellata; XO.5 (109).

Family RHIZANGIIDAE d'Orbigny, 1851
[=Astrangiidae VERRILL, 1869]

Colonial, ahermatypic. Colony formation
by extratentacular budding from edge zone
or stolon-like expansions of edge zone,
polyps remaining organically connected or
not, colonies commonly consisting of scat
tered corallites with no apparent connection,
or united basally by coenosteum, or they
form compact masses. Corallites small and
low. Septa composed of one fan system of
simple or compound trabeculae; irregular
divergence of sclerodermites producing scat
tered lateral granulations and more or less
irregular marginal dentations. Columella
trabecular, rarely solid or absent. Endothecal
dissepiments thin. L.Cret.-Rec.

Arctangia WELLS, 1937 [·Thecocyathus nathorsti
LINDSTROM, 1900]. Solitary, subturbinate, fixed by
small base. Septa dentate; columella papillary. L.
Cret., Arct.--FIG. 306,3. • A. nathorsti, L.Cret.
(Neocom.), King Charles I., Arct.; 3a, Xl; 3b,c,
X4 (183).

Rhizangia M.EDW.-H., 1848 [.Astrea brevissima
DESHAYES, 1834]. Tympanoid, reptoid; all septa
dentate; columella a single tubercle. U.Cret.-Mio.,
Eu.--FIG. 307,1. R. michelini REUSS, U.Cret.
(Turon.), Aus.(Gosau); la, Xl; 1b, X2 (42).

Culicia DANA, 1846 [·C. stellata; SD WELLS, 1936]
[=Angia M.EDW.-H., 1848; Cylicia M.EDW.-H.,
1857]. Tympanoid, reptoid, basal connections tem
porary. First-cycle septa generally weakly dentate
or lobate. Columella weak. Pleisto.-Rec., IndoPac.,
depth range 0-366 m.--FIG. 307,3. C. sp., Rec.,
Austral., 55 m.; X2 (180).

Cryptangia M.EDW.-H., 1848 [·C. woodii]. Coral
lites subtrochoid, immersed in mass of bryozoan.
Septa dentate; columella papillary. Mio.-Plio., Eu.
--FIG. 306,4. ·C. woodii, Plio., Eng.(Norf.);
X3 (120).

Astrangia M.EDW.-H., 1848 [·A. michelini; SD M.

Echinoporo

40

·,r'....,.·'--2c.
Agothelio

FIG. 303. Faviina (Faviicae): Faviidae (p. F406-F407).
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FIG. 304. Faviina (Faviicae): Faviidae (p. F407).

EDW.-H., 1850] [=Stellangia DUCHAISSING &
MICHELOTTI, 1860; Gombertangia OPPENHEIM,
1899]. Incrusting, subplocoid, corallites united
basally by thin coenosteum. Septa dentate; colum
ella papillary. M.Cret.-Rec., Eu.-N.Am.-S.Am.-W.
Indies-Austral., shallow water.
A. (Astrangia). Eoc.-Rec.--FIG. 306.5. A. rath
buni VAUGHAN, Rec., Braz.; X2 (195).

~
1~2a
Cricocyothus Agothiphyllio

A. (Coenangia) VERRILL, 1869 ["Coenangia con
ferta; SD VAUGHAN & WELLS, 1943]. Like A.
(Astrangia) but cerioid. M.Cret.-Rec., N.Am.-C.
Am., shallow water.--FIG. 306,2. "A. (C.)
conferta, Rec., GulfCalif.; Xl (36).

A. (Hoplangia) GOSSE, 1860 ["H. durotrix]. Like
A. (Astrangia) but septal margins nearly smooth.
Rrc., Eu.

Oulangia M.EDW.-H., 1848 ["0. stokesiana; SD M.
EDW.-H., 1850] [=Ulangia M.EDw.-H., 1857].
Small reptoid colonies, the corallites united by thin
coenosteum. Septa of first 2 or 3 cycles obscurely
dentate and exsert. Columellar papillae merging
with inner septal dentations. Pleisto.-Rec., IndoPac.,
shallow water.--FIG. 307,2. "0. stokesiana, Rec.,
Philip.; 2a, Xl; 2b, X2.5 (93).

Phyllangia M.EDW.-H., 1848 ["P. americana; SD
M.EDW.-H., 1850] [=Syndepas LYMAN, 1857].
Incrusting, habit like Oulangia but with more ex
tensive coenosteum. Lower-cycle septa obscurely
dentate; columella weak. Mio.-Rec., Eu.-W.Afr.
N.Am.-S.Am., depth range 0-100 m.--FIG. 307,
5. "P. americana, Rec., W.Indies; Xl (198).

Colangia POURTALES, 1871 ["C. immersa]. Rounded,
incrusting, plocoid; corallites united basally by
heavy coenosteum. Lower-cycle septa obscurely
dentate, highly exsert; paliform lobes before third
cycle. Columella a thin, interrupted lamella,
trabecular below. Rec., W.Indies.

Cladangia M.EDw.-H., 1851 ["Astrea semispherica
DEFRANCE, 1826]. Like Astrangia but massive or
subramose, plocoid; corallites united by striate or

FIG. 305. Faviina (Faviicae): Faviidae (p. F408).
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FIG. 306. Faviina (Faviicae): Faviidae (p. F409-F4I0).

spinose coenosteum. Eoe.-Ree., Eurasia.--FIG.
306,6. C. exusta LUTKEN, Rec., India; Xl (184).

Reussangia WELLS, 1937 [pro Stylangia REuss, 1874
(non FROMENTEL, 1857)] [=·Stylangia elegans
REUSS, 1874]. Like Cladangia but columella a
single tubercle as in Rhizangia. Coenosteum costate.
Eoe.-Oligo., Eu.-C.Am.--FIG. 307,4. ·R. elegans,
M.Eoc.(Lut.), Italy; 4a, Xl; 4b, X2 (116).

Hindeastraea WHITE, 1888 [·H. diseoidea]. Ramose
colonies formed by extratentacular budding; cerioid
or subplocoid. Septa dentate; columella feeble,
trabe.::ular. V.Cret., Tex.--FIG. 306,1. ·H. dis
eoidea, Navarro, Tex.; X2 (180).

Septastrea ORB., 1849 [·S. subramosa (nom. nud.)
(=S. forbesi M.EDW.-H., 1849; =Astrea mary
landiea CONRAD, 1841)] [=?Hexastraea SISMONDA,
1871; Glyphastraea DUNCAN, 1887]. Like A.
(Coenangia) but forming large, ramose colonies.
Corallites rarely with more than 2 cycles of septa.
Columella generally appearing solid. Mio.-Plio.,
Eu.-N.Am.-C.Am.--FIG. 306,7. S. crassa (Tuo
MEY & HOLMES), Plio., N.Car.; 7a, Xl; 7b, X2
(151).

P1atyhelia TENISON-WOODS, 1880 [·P. distans]. Like
Septastrea but with more than 2 cycles of septa
and paliform lobes or lobate dentations before 1st
2 or 3 cycles; columella papillary. V.Oligo.-Mio.,
N.Z.

?Podoseris DUNCAN, 1869 [·P. mammiliformis; SD
DUNCAN, 1889]. Solitary, tympanoid. Septa den
tate, exsert; columella papillose. M.Cret., Eng.

Family OCULINIDAE Gray, 1847

Colonial; colony formation by extraten
tacular (or rarely intratentacular) budding.
Corallites externally thickened by extensive,
noncostate, granulated or smooth, dense
(rarely vesicular) coenosteum. Septa exsert,
formed by one fan system of simple trabe·
culae, margins minutely dentate, laterally
granulose or spinose. Pali generally devel
oped. Columella papillose, trabecular, or
absent. Endothecal dissepiments, when de
veloped, subtabular, thin, or replaced by
stereome. Cret.-Rec.

Subfamily OCULININAE Gray, 1847
[nom. transl. VAUGHAN & WELLS, 1943 (e.... Oculinidae GRAY,

1847)1
Mostly ahermatypic oculinids forming

dendroid colonies; corallites united basally
by dense coenosteum. Cret.-Rec.
Oculina LAMARCK, 1816 [·0. virginea (non Madre

pora virginea LINNE, 1758; nee ELLIS & SOLANDER,
1786) (=0. diOusa LAM., 1816; SD M.EDW.-H.,
1850)] [=Dentipora BLAINV., 1830; Trymhelia
M.EDW.-H., 1849; Trymohelia M.EDW.-H., 1857;
Coelohelia VAUGHAN, 1900]. Ramose colonies
formed by alternate budding, corallites tending to
spiral around branches; ahermatypic and herma
typic. Coenosteum dense, striated. Pali before first
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2 cycles in an irregular crown. Columella papillose.
Cret.-Rec., Eu.-W.Indies-N.Am.-Austral., depth
range 0-91 m.
O. (Oculina). Cret.-Rec.--FIG. 308,4. "0. (0.)

difJusa, Rec., Fla.; X3 (151).
O. (Schizoculina) WELLS, 1937 ["0. fissipara M.
EDW.-H., 1850]. Like O. (Oculina) but colony
formation mostly by intratentacular monostomo
daeal budding. Rec., W.Afr.

Archohelia VAUGHAN, 1919 ["A. limonensis]. Like
Oculina but with persistent axial corallite as in
Acropora. M.Cret.-Plio., N.Am.-C.Am.-W.Indies.
--FIG. 309,2. A. vicksburgensis (CONRAD),
Oligo., Miss.; 2a, XO.5; 2b, X1.5 (144).

Sclerhelia M.EDW.-H., 1850 ["Madrepora hirtella
PALLAS, 1766] [=Sc!erohelia M.EDW.-H., 1857].
Like Oculina but pali in one crown opposite 2nd
cycle; columella papillose. Rec., S.Atl.-IndoPac.,
depth range 110-400 m.--FIG. 309,1. S. formosa
(ALCOCK), Maldive I., 400 m.; la, XO.5; lb, X4
(171).

Bathelia MOSELEY, 1881 ["B. candida]. Regular and
alternate budding from edge zone near calices.
Septa apparently entire marginally. Pali in one
crown opposite 3rd cycle. Columella of curled
laths. Rec., S.Atl., depth range 1,097 m.--FIG.

4b
Reussangia

308,1. "B. candida, 1,097 m.; la, X0.35; lb,
X1.5 (97).

Haplohelia REUSS, 1864 ["H. gracilis]. Budding
from calicular margin, singly and usually from
same side. Pali in 2 crowns opposite 1st 2 cycles.
Columella papillose. Oligo., Ger.--FIG 310,2.
"H. gracilis; 2a, Xl; 2b, X3 (114).

Cyathelia M.EDW.-H., 1849 ["Madrepora axillaris
ELLIS & SOLANDER, 1786] [=Cyathohelia M.EDW.
H., 1857]. Regular alternate budding. Pali oppo
site 1st 3 cycles in 2 crowns. Columella of twisted
trabecular rods. Rec., IndoPac., depth range 119
1,509 m.--FIG. 308,2. "C. axillaris (ELLlS-S.),
Amboina; 2a, XO.5; 2b, X6 (174).

Astrhelia M.EDW.-H., 1849 ["Madrepora palmata
GOLDF., 1829] [=Astrelia ORB., 1849; Astrohelia
M.EDW.-H., 1857]. Subramose with stout anasto
mosing branches. Corallites united by dense, smooth
coenosteum, slightly protuberant. Septal denta
tions lacerate; pali absent; columella trabecular.
Mio., N.Am.--FIG. 310,1. "A.palmata (GOLDF.),
Md.; la, XO.5; lb. X 1.25 (195).

Dip1helia M.EDW.-H., 1850 ["Oculina raristella
DEFRANCE, 1825] [=Diplohelia M.EDW.-H.,
1857]. Dendroid with coalescing branches. Pali
form lobes opposite 1st 2 cycles of dentate septa.

Oulangia

FIG. 307. Faviina (Faviicae): Rhizangiidae (p. F409-F410).
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Diplhelia

FIG. 308. Faviina (Faviicae): Oculinidae (p. F411-F4l3).

Oculina (Oculina)

Neohelia

Eoc., Eu.--FIG. 308,5. D. papil/osa M.EDW.-H.,
L.Eoc.(Lond.), Isle of Wight; 5a, XO.5; 5b, X6
(94).

Madrepora LINNE, 1758 ["M. oculata; SD VERRILL,
1902] [=Amphelia M.EDW.-H., 1849; Amphi
helia M.EDW.-H., 1857]. Dendroid colonies with
more or less regular, alternate budding. Coenos
teum dense, corallites filled internally by stereome.
Pali absent. Columella spongy or absent. Eoc.-Rec.•
cosmop., depth range 183-1,554 m.--FIG. 308,3.
M. galapagensis VAUGHAN, Rec., Galapagos I., 575
m.; XI (195).

Diblasus LONSDALE, 1850 ["D. grevensis]. Like
Madrepora but colony formation irregular, mostly
by basal budding, branches irregularly dividing.
Corallites with little or no internal stereome. U.
eret., Eu.

Neohelia MOSELEY, 1881 ["N. porcel/ana]. Subden
droid, with dense coenosteum. Septa nonexsert,
apparently nondentate. Columella absent. Rec.,

Pac., depth range 91-115 m.--FIG. 308,6. "N.
porcel/ana, New Hebrides; XI (97).

Subfamily GALAXEINAE Vaughan & Wells, 1943

Hermatypic oculinids, ramose or plocoid.
Corallites united by vesicular coenosteum.
Septa highly exsert. Mio.-Rec.
Galaxea OKEN, 1815 ["Madrepora /ascicularis

LINNE, 1767; SD VAUGHAN, 1918]. Massive, ploc
oid colonies formed by budding from broad edge
zone of coenosarc. Corallites costate, cornute to
cylindrical, united basally by extensive, vesicular,
spinose, noncostate coenosteum. Columella absent
or weak. Endothecal dissepiments weak and thin.
Mio.-Rec., N.Am.-IndoPac.--FIG. 311,2. "G.
fascicularis (LINNE), Rec., Austral.(Torres Strait);
2a, X2 (194); 2b, Amboina, long. sec., X2 (174).

Simplastrea UMBGROVE, 1939 ["S. vesicularis]. Like
Galaxea but corallites united to calicular margins
by coenosteum. Columella trabecular. Rec., E.
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FIG. 309. Faviina (Faviicae): Oculinidae (p. F411).

Family MEANDRINIDAE Gray, 1847

Solitary and colonial; colony formation by

FIG. 310. Faviina (Faviicae): Oculinidae (p. F412).

Astrhelio

intratentacular budding. Wall septothecal or
rarely parathecal, costate. Septa formed by
one fan system of simple trabeculae, exsert,
margins minutely dentate. Columella lamel
lar or trabecular. Endothecal dissepiments

ArchohelioSclerhelio

Indies.--FIG. 311,1. "S. vesicularis, Batavia Bay;
X2 (138).

Acrhelia M.EDW.-H., 1849 ["Oculina harrescens
DANA, 1846] [=Acrahelia M.EDW.-H., 1857].
Ramose, with corallites tending to spiral around
branches. Calices protuberant with very exsert
septa. Costae rudirn-entary. Coenosteum mostly
solid, vesicular in lower parts of corallum. Rec.,
Pac.--FIG. 312,1. "A. harrescens (DANA),
Austral.(Torres Strait); Xl (148).

Bantamia YABE & EGUCHI, 1943 ["B. gerthii]. Like
Acrhelia but columella developed. Mia., Java.

20

FIG. 311. Faviina (Faviicae): Oculinidae (p. F413-F414).
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FIG. 312. Faviina (Faviicae): Oculinidae (p. F414)

well developed; exothecal dissepiments 10

some forms. Cret.-Rec.

Subfamily MEANDRININAE Gray, 1847
[nom. transl. VAUGHAN & WELLS. 1943 <ex Meandrinidae

GRAY, 1847) 1
Solitary and colonial, apparently most

hermatypic. Colony formation by intratenta
cular polystomodaeal intramural budding.
Septothecate or parathecate, costate. Septa

laminar, exsert, with very small simple tra
beculae. Columella a thin lamella, generally
continuous, deep in calice or series. Cret.
Rec.
Aulosmilia ALLOITEAU, 1952 [·Trochosmilia archiaci

FROMENTEL, 1862] [=Placosmilia auctt. (non M.
EDW.-H., 1848); PhragmosmiliaALLOITEAU, 1952].
Solitary, compressed or flabellate, with simple
costae. M.Cret.-Eoc., Eu.-N.Am.-W.Indies.--FIG.
313,4. A. cunei/ormis (M.EDW.-H.), U.Cret.
(Turon.), Aus.(Gosau); 4a, XO.5 (112); 4b,
transv. sec., XO.5; 4c,d, long. sees., Xl, X6 (42).

Flabellosmilia OPPENHEIM, 1930 [·Flabellum
bisinuatum REUSS, 1854; SD VAUGHAN & WELLS,
1943]. Solitary, flabellate, with alate opposing end
costae. U.Cret., Eu.--FIG. 314,1. F. subcarinata
(REUSS), Turon., Aus.(Gosau); la, Xl; lb, transv.
sec., X2 (100).

Nefophyllia WELLS, 1937 [pro Platysmilia FELIX,
1899 (non TOULA, 1889)] [·Placosmilia angusta
REUSS, 1854]. Phaceloid colonies formed by extra
tentacular budding. U.Cret., Eu.--FIG. 313,5.
N. multicincta (REUSS), Turon, Aus.(Gosau);
XO.5 (100).

Phyllosmilia FROMENTEL, 1862 [·Turbinolia baso
chesi DEFRANCE, 1828]. Colonial, flabellate, with
continuous end costae, others dividing. U.Cret.
Eoc., Eu.--FIG. 313,2. P. transiens FELIX, U.
Cret.(Turon.), Aus.(Gosau); 2a,b, XO.5 (42).

Diploctenium GOLDF., 1827 [·D. cordatum; SD
WELLS, 1936]. Like Phyllosmilia but series curved

.~ illt.

lblM

Phyllosmilia

CIllO
4b

Diploctenium
5

Nefophyllia

FIG. 313. Faviina (Faviicae): Meandrinidae (p. F414-F415).

© 2009 University of Kansas Paleontological Institute



Scleractinia-Faviina-Faviicae

Meandrina

FIG. 314. Faviina (Faviicae): Meandrinidae (p. F415).

F415

toward base, not horizontal. M.Cret.-U.Cret., Eu.
N.Afr.-W.Indies.--FIG. 313,3. D. haidingeri
REUSS, U.Cret.(Turon.) , Aus.(Gosau); 3a, XO.5
(112); 3b, detail of base, Xl (100).

Strotogyra WELLS, 1937 [*Rhipidogyra undulata
REUSS, 1854]. Like Phyllosmilia and Diploctenium
but corallum contorted, formed by one continuous,
laterally free, series. U.Cret.-Eoc., Eu.--FIG. 313,
1. S. savii (D'AcHIARDI), M.Eoc.(Lut.), Italy; la,
Xl; 1b, X2 (116).

Pachygyra M.EDW.-H., 1848 [*Lobophyllia labyrin
thica MICHELIN, 1846]. Meandroid, massive,
formed by one or a series united to summits by
costae and exothecal dissepiments which form
ambulacra. Columella discontinuous. U.Cret.-Eoc.,
Eu.--FIG. 314,2. P. princeps REuss, U.Cret.
(Turon.), Aus.(Gosau); 2a, XO.5; 2b, Xl (112).

Meandrina LAMARCK, 1801 [*M. pectinata
(=Madrepora maeandrites LINNE, 1758)]
[=Maeandra OKEN, 1815; Placocyathus M.EDW.
H., 1848; Ctenophyllia DANA, 1846; Sphenophyl
lia MOSELEY, 1881; ?Thecophyllia DAINELLI, 1915
(non M.EDW.-H., 1848)]. Meandroid; valley,s con
tinuous or discontinuous, the series united directly
by septothecae without ambulacra. Columella gen
erally discontinuous. ?Eoc., Rec., Eu.-W.Indies
Braz.--FIG. 314,3a. M. braziliensis (M.EDW.-H.),
Rec., Braz.; XO.5 (88).--FIG 314,3b. *M.
maeandrites (LINNE), Rec., Bahamas; Xl (88).

Ctenella MATTHAI, 1928 [*C. chagius]. Like Mean
drina but columella continuous. ?Rec., Ind.O.

Subfamily DICHOCOENIINAE Vaughan & Wells,
1943

Meandroid, colonial, hermatypic meand-

rinids with trabecular columella and well
developed, heavy coenosteum between coral
lites. U.Cret.-Rec.

Barysmilia M.EDW.-H., 1848 [*Dendrophyllia brevi
caulis MICHELIN, 1841] [=Stenosmilia FROMEN
TEL, 1870; ?Axophyllia DAINELLI, 1915 (non ORB.,
1849)]. Massive, plocoid heads formed by intra
tentacular polystomodaeal budding, permanent
conditions mono- to tricentric. Corallites protuber
ant, united by costate and vesicular to solid
coenosteum. Columella trabecular, commonly ap
pearing lamellar at surface. U.Cret.-Eoc., Eu.

Dichocoenia M.EDW.-H., 1848 [*D. stokesi]. Like
Barysmilia but with some meandroid series, non
costate ambulacra, and granul{)se coenosteum. U.
Cret.-Rec., W.Indies-N.Am.

D. (Dichocoenia). U.Cret.-Rec.--FIG. 315,la. D.
trechmanni WELLS, U.Cret.(Camp.), Jamaica;
long. sec., Xl (151).--FIG. 315,lb. *D. stokesi,
Rec., Bahamas; Xl (195).

D. (Psilogyra) FELIX, 1903 [*Psilogyra telleri].
Like D. (Dichocoenia) but without columella.
U.Cret., Eu.--FIG. 316,1. *D. (P.) telleri,
Turon., Aus.(Gosau); Xl (100).

Dendrogyra EHR., 1834 [*D. cylindrus; SD M.EDW.
H., 1850] [=Gyrophyllia ORB., 1849; Meandroria
ALLOITEAU, 1952]. Corallite series long, united
directly by thickened septothecae. Columella trabe
cular and solid, a discontinuous lamella, or sub
styliform. Eoc.-Rec., Eu.-W.Indies-N.Am.--FIG.
315,2. *D. cylindrus, Rec., Bahamas; 2a, XO.08;
2b, X3 (88).

Orbignygyra ALLOITEAU, 1952 [*Diploria neptuni

© 2009 University of Kansas Paleontological Institute



F416 Coelenterata-Anthozoa

Dendrogyra Dichocoenia (Dichocoenial Dendrogyra

FIG. 315. Faviina (Faviicae): Meandrinidae (p. F416).

ORB., 1850]. Like Dendrogyra but series separated
by ambulacra. v.eret., Eu.

Scalariogyra GERTH, 1923 ["S. escharoides]. Like
Dendrogyra but inner ends of septa with strong
internal swellings or paliform lobes. Oligo., Borneo.

Family MERULINIDAE Verrill, 1866

Colonial, hermatypic. Colony formation
by intratentacular polystomodaeal budding;
centers linked by trabeculae. Septa of one
fan system of compound trabeculae, regular
ly dentate at nrst, later with scattered,
spinose, ragged, very irregular dentations.

FIG. 316. Faviina (Faviicae): Meandrinidae
(p. F416).

Columella feeble or absent. Dissepiments
sparse. Rec.
Boninastraea YABE & SUGIYAMA, 1935 ["B. boninen-

sis]. Cerioid; colony formation by polystomodaeal
budding, permanent condition of corallites di- to
tricentric. No columella. Rec., Pac.--FIG. 317,3.
"B. boninensis, Ogasawara I.; 3a, XO.5 (164); 3b,
septum, X2 (151).

Merulina EHR., 1834 ["Madrepora ampliata ELLIS &

SOLANDER, 1786]. Foliaceous, thin, meandroid;
colony formation by intramural budding, series
relatively straight, spreading fanwise by lateral
branching and terminal forking. Columella trabe
cular, generally fused into a continuous mass. Rec.,
IndoPac.--FIG. 317,2a,b. M. studeri BEDOT,
Amboina; XO.25, X2 (174).--FIG. 317,2c. "M.
am pliata, Pac.; septum, X 2 (151).

Clavarina VERRILL, 1864 ["Merulina scrabicula
DANA, 1846] Like Merulina but ramose, the series
discontinuous with circumscribed corallites. Col
umella rudimentary. Rec., Pac.

Scapophyllia M.EDw.-H., 1848 ["S. cylindrical.
Like Merulina but massive-columniform, corallite
series sinuous, continuous. Rec., W.Pac.--FIG.
317,1. "S. cylindrica, Philip.; septum, X2 (151).

Family MUSSIDAE Ortmann, 1890

Solitary and colonial, hermatypic. Colony
formation by intratentacular budding; cen
ters linked by lamellae or trabeculae. Septo
thecate or parathecate. Septa entocoelic,
formed by several fan systems of large, sim
ple trabeculae, each fan system producing a
lobulate dentation. Endothecal dissepiments
well developed. Columella trabecular. ?U.
fur., Eoc.-Rec.
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?Palaeomussa ALLOITEAU, 1952 ["'Montlivaltia minor
FROMENTEL, 1864]. Small, solitary, turbinate, with
trabecular columella. Septa composed of a few (4
or 5) irregular fan systems. V.lur., Eu.

Circophyllia M.EDW.-H., 1848 ["'Anthophyllum
truncatum GOLDF., 1826] [=Felixopsammia FIL
L10ZAT, 1910]. Solitary, turbinate or trochoid,
fixed or free. Septothecate, costate. Septa with ~)fie

broad peripheral fan system and several smaller
inner ones. Eoc., Eu.--FIG. 318,6. "'C. trunca
tum (GOLDF.), M.Eoc.(Lut.), Fr.; lat. aspects of
septum XI (151).

?Trochosmilia M.EDW.-H., 1848 ["'Turbinolia corni
cula MICHELIN, 1846; SD GREGORY, 1900]
[=?Feddenia DUNCAN, 1880]. Solitary, turbinate
or trochoid, nonepithecate, septothecate. Septa ver
tically discontinuous, formed by isolated trabeculae
aDd trabecular bundles, thickened by stereome,
with large dentations. Exo- and endothecal dissepi
ments developed. Eoc., Eurasia.

Mussismilia ORTMANN, 1890 [*Mussa harttii VER
RILL, 1867] [=Protomussa MATTHAI, 1928].
Phaceloid; colony formation by di- or tristomodaeal
budding. Parathecate. Septal dentations small, more
or less uniform but ragged. Rec., Braz.--FIG.
318,2a. *M. harttii; long. sec., XI (151).--FIG.
318,2b. M. braziliensis (VERRILL); long. sec., XI
(151).

Syzygophyllia REUSS, 1860 [*S. brevis]. Solitary or
in small phaceloid clumps produced by distomo
daeal budding. Centers with lamellar linkage. Mio,
Eu.--FIG. 319,3. "'S. brevis, Vindob., Czech.;
3a, X I; 3b, long. sec., X I (189).

Homophyllia BRUEGGEMANN, 1877 [*Caryophyllia
australis M.Eow.-H., 1849]. Solitary, broadly tur
binate; or with I or 2 secondary centers with
lamellar linkage. Septal dentations numerous, gen
erally triangular. V.Oligo.-Rec., Austral.

Acanthastrea M.EDW.-H., 1848 [*A. spinosa (=A.
hirsuta M.Eow.-H., 1848; =Astraea echinata
DANA, 1846)]. Low, cerioid (rarely plocoid) col
onies with monocentric corallites formed mostly by
marginal budding. Mio.-Rec'J IndoPac.--FIG.
318,8. *A. echinata (DANA), Rec., Fiji; 8a, X2;
8b, long. sec., X2; 8c, septum, Xl (148).

Acanthophyllia WELLS, 1937 ["'Caryophyllia desh
ayesiana MICHELIN, 1850] [=?Apostrophyllum
THOMAS, 1935]. Solitary, turbinate, free or fixed
by small base. Parathecate with spinose costae.
Septal dentations large and lobulate. Columella
spongy. ?Oligo., Mio.-Rec., Eu.-IndoPac.--FIG.
319,la,b. A. ampla (REUSS), Mio.(Vindob.), Ru
mania; XO.5 (117).--FIG. 319,lc. *A. deshaye
siana, Rec., Philip.; long. sec., X I (151).

Antillia DUNCAN, 1863 [*A. dentata; SD FROMEN
TEL, 1867] [=Smilophyllia FROM. & FERRY,
1865]. Like Acanthophyllia but septothecate and
septa with larger peripheral fan system. Eoc.-Mio.,
W.Indies.--FIG. 318,4a,b. A. dentata, Mio.,
Dominican Rep.; XO.7 (29).--FIG. 318,4c. A.

2b

FIG. 317. Faviina (Faviicae): Merulinidae (p. F416
F417).

gregorii VAUGHAN, Mio., Dominican Rep.; long.
sec., Xl (151).

Cyclomussa WELLS, 1941 [*C. concinna]. Solitary,
cupo!ate to low cylindrical, free, with nearly flat
base and highly exsert septa. Septo- and parathe
cate. Oligo., Peru.--FIG. 319,2. *C. concinna;
2a-c, basal, lat., oral aspects, XI; 2d, long. sec.,
Xl (198).

Leptomussa O'ACHIARDI, 1867 ["'L. variabilis]. Soli
tary, fixed, ceratoid, septothecate. Septa with large
fan systems, each bearing dentations. Columella
absent. Oligo., Italy.--FIG. 318,7. *L. variabilis,
Oligo., Italy, long. sec. of septum, Xl (116).

Lobophyllia BLAINV., 1830 [*Madrepora corymbosa
FORSKAL, 1775; SD MATTHAI, 1928] [=Cynarina
BRUEGGEMANN, 1877; Rhodocyathus BOURNE, 1905;
Protolobophyllia YABE & SUGIYAMA, 1935]. Mean
droid-phaceloid clumps formed by intramural
polystomodaeal budding, series laterally free. Cen
ters with lamellar linkage. Rec., IndoPac.
L. (LobophyIlia). Rec.--FIG. 318,3. L. echinata

(DANA), Amboina; XO.4 (174).
L. (Palauphyllia) YABE, SUGIYAMA & EGUCHI, 1936
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50Symphyllio

Aeonthostreo

~'~~ Lobophyllio (Lobophylliol

4c
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FIG. 318. Faviina (Faviicae): Mussidae (p. F417-F419).

["L. (P.) hataii]. Like L. (Lobophyllia) but cir
cumoral followed by marginal budding forms
broad valleys enclosing more than one series of
centers. Pac.

Symphyllia M.EDW.-H., 1848 ["Meandrina sinuosa
QUOY & GAIMARD, 1833 (non Madrepora sinuosa
ELLIS & SOLANDER, 1786) (=MlIssa nobilis DANA,
1846)] [=Sclerophyllia KLUNZINGER, 1879]. Like
Lobophyllia but series directly united by walls to
summits; no ambulacra. Rec., IndoPac.--FIG.
318,5. S. indica M.EDW.-H., Amboina; 5a, XO.5;
5b, X2 (174).

Mussa OKEN, 1815 ["Madrepora anglliosa PALLAS,
1766; SD VAUGHAN, 1918] [=Lithodendron

SCHWEIGGER, 1819; Scolymia HAIME, 1852; Litho
phyllia M.EDW.-H., 1857]. Like Lobophyllia but
corallites rarely permanently polycentric and cen
ters with trabecular linkages. Plio.-Rec., W.Indies.
--FIG. 318,9. "M. angulosa (PALLAS), Rec., W.
Indies, Xl (116). Also, see FIG. 232B.

Isophyllia M.EDW.-H., 1851 ["Madrepora sinuosa
ELLIS & SOLANDER, 1786; SD MATTHAI, 1928
(=Olliophyllia? spinosa M.EDW.-H., 1849)]. Col
ony formation by circumoral followed by intra
mural budding, the series later discontinuous,
closely united laterally. Trabecular linkages. Rec.,
W.Indies.--FIG. 318,1. "I. sinuosaa ELLlS-S.,
Bermuda; XO.5 (88).
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Isophyllastraea MATTHAI, 1928 ["Astraea rigida
DANA, 1846]. Like Isophyllia but circumoral bud
ding is followed by separation of buds to form
mono- to tricentric corallites. Rec., W.Indies.

Mycetophyllia M.EDW.-H., 1848 ["M. lamarckiana].
Like Isophyllia but several series of centers en
closed between collines. Lamellar linkages. Mio.
Rec., W.Indies.--FIG. 319,4. "M. lamarckiana,
Rec., W.Indies; Xl (88).

Family PECTINIIDAE Vaughan & Wells,
1943

Solitary and colonial, hermatypic. Colony
formation by intratentacular polystomodaeal
budding; polyps and corallites organically
united throughout; linkages by interstomo
daeal mesenteries and thin lamellae. Coral
lum fixed, explanate to foliaceous, rarely
submassive, with light structures. Corallites
lacking definite walls; coenosteum abundant
to practically absent. Septa irregularly den
tate, formed by one fan system of compound
trabeculae which may produce spinose den
tations of mussoid or merulinid type, or
dentations may be almost completely re
duced. Columella trabecular, feeble or ab
sent. Oligo.-Rec.
Fungophyllia GERTH, 1923 ["F. monstrosa; SD

VAUGHAN & WELLS, 1943]. Solitary, with ex-

panded calice whose oral surface is nearly flat.
Dentations mussoid. Oligo.-Mio., E.Indies-W.Pac.
W.Indies.--FIG. 321,1. "F. monstrosa, Mio., Bor
neo; la,b, XO.5 (58).

Echinophyllia KLUNZINGER, 1879 ["Madrepora as
pera ELLIS & SOLANDER, 1786; SD WELLS, 1936]
[=Oxyphyllia YABE & EGUCHI, 1935]. Colonial;
colony formation in earlier stages by circumoral
budding, followed by irregular polystomodaeal
budding, forming spreading explanate coralla. Cal
ices parallel to plane of frond, united by vesicular
coenosteum and confluent septocostae. Mio.-Rec.,

'Eu.-IndoPac.--FIG. 320,2. "E. aspera, Rec.,
Japan; Xl (164).

Oxypora SAVILLE-KENT, 1871 [pro Trachypora VER
RILL, 1864 (non M.EDW.-H., 1851)] [Trachypora
lacera VERRILL, 1864; SD WELLS, 1936]. Like
Echinophyllia but folia very thin, nonvesicular,
perforated at points of insertion of new septa.
Calices superficial. Septa with simple to trifurcate
dentations. Rec., Pac.--FIG. 320,1. "0. lacera,
Palau I.; la,b, Xl (164).

Mycedium OKEN, 1815 ["Madrepora elephantotus
PALLAS, 1766; SD VERRILL, 1902] [=Phyllastraea
DANA, 1846]. Like Echinophyllia but forming con
torted folia with protuberant, nariform, outwardly
inclined calices. Rec., Pac.--FIG. 320,3a. M.
tenuicostatum VERRILL, Singapore; Xl (152).-
FIG. 320,3b. M. tubi/ex (DANA), Mergui I.; Xl
(85).

Physophyllia DUNCAN, 1884 ["P. ayleni WELLS,

Mycetophyllio

•"~:::., ~~-;.. I

- 30

Syzygophyll ioCyc1omusso

Ib
Aconthophyllio

FIG. 319. Faviina (Faviicae): Mussidae (p. F417-F419).
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Mycedium

FIG 320. Faviina (Faviicae): Pectiniidae (p. F419
F421).

Anthemiphyllia

Family ANTHEMIPHYLLIIDAE
Vaughan, 1907

Solitary, free, patellate; ahermatypic. Sep
tothecate, costate. Septa exsert, formed by
one fan system of simple trabeculae produc-

Pectinia

1934; SD WELLS, 1934]. Like Echinophyllia but
abundant vesicular coenosteum rising between cen
ters forming low collines. Septal dentations small,
spinose, distant. Rec., Pac.

Pectinia OKEN, 1815 [*Madrepora lactuca PALLAS,
1766; SD VAUGHAN, 1901] [=*Tridacophyllia
BLAINV., 1830; ?Trydacnophyllia PREVER, 1921].
Colony formation by circumoral followed by intra
mural budding, with submeandrine series separated
by high, thin, acute collines bearing secondary cen
ters. Rec., IndoPac.--FIG. 321,3. *P. lactuca,
Amboina; XO.3 (174).

FIG. 321. Faviina (Faviicae): Pectiniidae, Anthemi
phylliidae (p. F419-F421).

lb
Oxypora
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FIG. 322. Caryophylliina (Caryophylliicae): Caryo
phylliidae (p. F421).

rarely parathecal (epithecal In T hecocya
thus). Jur.-Rec.

Family CARYOPHYLLIIDAE Gray, 1847
Solitary and colonial. Colony formation

by extratentacular (rarely intratentacular)
budding, forming phaceloid or dendroid col
onies. Costae commonly covered by stereome
or epitheca. Septa exsert. Columella formed
by curled trabecular laths, solid, spongy or
absent. Pali or paliform lobes common.
Endothecal dissepiments developed in some
groups (Fig. 321A) (199). Jur.-Rec.

10
Discocvathus

Subfamily THECOCYATHINAE Vaughan & Wells,
1943

Solitary, discoidal or turbinate, free;
ahermatypic. Wall epithecal or partly septo
thecal. Jur.-M.Cret.
Thecocyathus M.EDW.-H., 1848 (*Cyathophyllum

tintinnabulum GOLDF., 1826; SD M.EDW.-H.,
1850]. Turbinate, wall epithecal, some internal
stereome. Septa slightly exsert; pali opposite all but
last cycle. Columella papillose. Jur., Eu.--FIG.
322,2. T. mactrus (GOLDF.), L.Jur.(Toarc.), Fr.;
2a-c, XU (53).

Discocyathus M.EDW.-H., 1848 (*Cyclolites eudesii
MICHELIN, 1840] (=Brachycyathus M.EDW.-H.,
1848; Cyclocyathus M.EDW.-H., 1850]. Discoid;
septotheca developed vertically near periphery of
epithecal base, with granulated costae. Pali oppo
site 3rd septal cycle. Columella of several pillars,
commonly fused to form lamella. M.Jur.-M.Cret.,
Eurasia.--FIG. 322,1. *D. eudesii (MICH.), M.
Jur.(Baj.), Fr.; la-c, xU (53).

septotheco

Superfamily CARYOPHYLLIICAE
Gray, 1847

[nom. correct. WELLS, herein (ex Caryophyllioidae VAUGHAN

& WELLS, 1943, nom. transl. ex Caryophyllidae GRAY, 1847)]

Caryophylliina with septothecal wall;

~
Thecocyathu!>

Caryophyllia Parosmilia

~
Discocyathus

Suborder CARYOPHYLLIINA
Vaughan & Wells, 1943

[nom. correct. WELLS, herein (pro Caryophylliida VAUGHAN
& WELLS, 1943)]

Solitary and colonial. Septa laminar, with
smooth or nearly smooth margins, composed
of one fan system of small, simple trabecu
lae. Jur.-Rec.

ing strong dentations. Columella trabecular
or absent. Dissepiments absent. Rec.
Anthemiphyllia POURTALES, 1878 (*A. patera] .

Patellate, with smooth or granulated costae dis
tinct to center of base. Columella trabecular, papil
lose on surface. Rec., W.Indies-Pac., depth range
183-732 m.--FIG. 321,2a. *A. patera, off
Havana, 450-732 m.; long. sec., X3 (187).-
FIG. 321,2b,c. A. hawaiiensis VAUGHAN, Hawaii;
X3 (146).

Bathytrochus GRAVIER, 1915 (*B. hexagonus]. Like
Anthemiphyllia but lacking columella. Rec., Atl.,
depth range 4,023 m.

FIG. 321A. Structure of Carophylliicae shown by
diagrammatic longitudinal sections (198n).
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60
Coryophyllio (Coryophylliol

FIG. 323. Caryophylliina (Caryophylliicae): Caryophylliidae (p. F422-F423).

5b
Cyothoceros

.0 '.b~
Trochocyothus (Trachocyothusl 20 2b Coryophyllio (Premocyothusl

Coryophyllio (Aconthacyothusl ••:" ... :~

~ ,I ~. 4b
Anti lIocyothus
~

Subfamily CARYOPHYLLIINAE Gray, 1847
[nom. transl. M.EDW.-H., 1857 (ex Caryophyllidae GRAY,

1847)]

Mostly solitary, fixed or free; ahermatypic.
Phaceloid or dendroid colonies formed by
extratentacular budding from edge zone.
Septothecate, with strong costae. Endothecal
dissepiments rare. U.Jur.-Rec.
Caryophyllia LAMARCK, 1801 [*Madrepora cyathus

ELLIS & SOLANDER, 1786; SD BRODERIP, ~828]

[=Anthophyllea LINK, 1807; Anthophyllum
SCHWEIGGER, 1819; Cyathina EHR., 1834; Am
blocyathus ORB., 1849; Paterocyathus DUCHASSAING
& MICHELOTTI, 1860; Ceratocyathus SEGUENZA,
1863; Blastocyathus REUSS, 1864; Goniocyathus
YABE & EGUCHI, 1932]. Solitary, turbinate to sub
cylindrical, fixed or free. Pali opposite third cycle
in one crown (or before 2nd group of septa where
hexameral symmetry is lost). Columella fascicular,
formed by twisted trabecular laths. U.Jur.-Rec.,
cosmop., depth range 0-2,743 m.
C. (Caryophyllia). U.Jttr.-Rec.--FlG. 323,6. C.

(C.) bukowskii ]USSEN, Plio., Rhodes; 6a, Xl;
6b, X 1.5 (182).

C. (Acanthocyathus) M.EDW.-H., 1848 [*A. grayi;
SD M.EDW.-H., 1850]. Like C. (Caryophyllia)
but with large costal spines, best developed on
costae in plane of longer calicular axis. Mio.-Rec.,
Eu.-IndoPac., depth range 68-732 m.--FIG.
323,2. C. (A.) transylvanica REUSS, Mio., Ru
mania; 2a, Xl; 2b, X2 (117).

C. (Premocyathus) YABE & EGUCHI, 1942 [*Pre
mocyathus compresstts]. Like C. (Caryophyllia)
but compressed, with end costa of convex side

expanded. Plio.-Rec., Pac., depth range 34-658
m.--FIG. 323,3. *C. (P.) compressa, Rec.,
Philip.; 3a, Xl; 3b, X3 (165).

Antillocyathus WELLS, 1937 [*Placocyathus maoen
sis VAUGHAN, 1925]. Like C. (Caryophyllia) but
with more compressed calice and sublamellar col
umella. Mio., W.Indies.--ElG. 323,4. *A. maoen
sis (VAUGHAN), Mio., Dominican Rep.; 4a, Xl;
4b, X2 (150).

Coenocyathus M.EDW.-H., 1848 [*C. cylindricus;
SD M.EDW.-H., 1850] [=Bathangia KEFERSTEIN,
1859]. Like C. (Caryophyllia) but small sub
phaceloid colonies formed by extratentacular bud
ding. Oligo.-Rec., Eu.-W.Indies-Calif., depth range
0-732 m.--FlG. 323,8. C. bowersi VAUGHAN,
Rec., Calif.; 8a, Xl; 8b, X4 (195).

Dendrocyathus ALLOITEAU, 1952 [*Dactylosmilia
cenomana ORB., 1850]. Like Coenocyathus but
with small lamellar columella. M.Cret., Eu.

Cyathoceras MOSELEY, 1881 [*C. cornu; SD FAUS
TINO, 1927]. Like C. (Caryophyllia) but lacking
pali or paliform lobes. Mio.-Rec., Eu.-W.Indies-S.
Atl.-IndoPac., depth range 300-1,372 m.--FIG.
323,5. C. diomedeae VAUGHAN, Rec., Hawaii, 300
330 m.; 5a, XO.5; 5b, Xl (146).

Oxysmilia DUCHASSAING, 1870 [*Lophosmilia ro
tundi/olia M.EDW.-H., 1849]. Like Cyathoceras but
columella fused in solid elongate mass. Rec., W.
Indies, depth range 73-293 m.

Lophosmilia M.EDW.-H., 1848 [*Caryophyllia uno
mana MICHELIN, 1845] [=Actinosmilia ORB.,
1849; Thalassiotrochus M.EDW.-H., 1861; Cenom
anosmilia ALLOITEAU, 1949]. Like Oxysmilia
but columella a thin, lamellar sheet deep in calice.

© 2009 University of Kansas Paleontological Institute



Scleractinia-Caryophylliina-Caryophylliicae F423

4b
Stephonosmilio '5b

Frogi1ocyothus

thus) but thin, discoidal, free. Cret.-Ree., Eu.-N.
Am.-Pac., depth range 366-549 m.--FIG. 324,
2. T. (P.) lunulitijormis (CONRAD), U.Eoc.(Jack
son.), Miss.; 2a,b, X2 (144).

Tethocyathus KUHN, 1933 ["'Theeoeyathus micro
phyllus REUSS, 1871] [=Theeocyathus aueft. (non
M.EDW.-H., 1848)]. Like Troehoeyathus but edge
zone narrow; epitheca extensive. Eoc.-Ree., Eu.
Iran-N.Am.-W.Indies-Ind.O.-E.Indies, depth range
13-732 m.--FIG. 324,1. T. eylindraceus (POUR
TALES), Rec., W.Indies; 1a,b, X1.5 (104).

Stylocyathus ORB., 1849 ["'So dentalinus]. Like
Troehoeyathus but pali in one irregular crown
opposite first 2 cycles. Columella trabecular, ap
pearing substyliform. M.Cret., Eu.

Axocyathus ALLOITEAU, 1952 r"'Ceratotroehus exi
guis FROMENTEL, 1861]. Like Styloeyathus but
with paratheca. Columella fascicular, appearing
papillose on surface. V.Cret., Eu.

Deltocyathus M.EDW.-H., 1848 r"'Turbinolia italieus
MICHELOTTI, 1838]. Solitary, discoid to patellate,
free. Palpi opposite but all last cycle, forming
deltas. Columella papillose on surface. Eoc.-Rec.,
cosmop., depth range 13-4,480 m.
D. (Deltocyathus). Eoe.-Ree.--FIG. 324,6. "'D.

(D.) italieus (MICHELOTTI), Mio.(Vindob.), Aus.;
6a,b, Xl (II7).

D. (Levipalifer) VAUGHAN, 1900 r"'Levipalijer
orientalis (=D. (L.) vaughani YABE &; EGUCHI,
1937 (non D. orientalis DUNCAN, 1876)]. Like
D. (Deltoeyathus) but with pali before all cycles.
Rec., IndoPac., depth range 80-549 m.--FIG.

10

M.Cret.-Rec., Eu.-N.Am.-S.Am.-Pac., depth range
183-366 m.--FIG. 323,7. "'L. texana (VAUGHAN),
U.Cret.(Cenom.), Tex.; 7a,b, Xl; 7c, transv.
sec., septotheca thickened by stereome, X4 (158).

Bathycyathus M.EDW.-H., 1848 ["'B. chilensis; SD
WELLS, 1936] [=Steriphonotrochus VAUGHAN,
1900]. Like C. (Caryophyllia) but pali not distinct
from columellar laths. Cret.-Rec., Eu.-N.Am.-W.
Indies-N.Atl.-SE.Pac., depth range 55-165 m.

?Nomlandia DURHAM &; BARNARD, 1952 ["'N. cali
jorniea]. Said to be like Bathyeyathus but discoidal
and lackillg wall. Ree., 90 m., Calif.

Trochocyathus M.EDW.-H., 1848 ["'Turbinolia
mitrata GOLDF., 1827; SD M.EDW.-H., 1850]. Soli
tary, turbinate to ceratoid, fixed or free. Pali oppo
site all but last cycle in 2 crowns. Columella fasci
cular, spongy, or crispate M.Jur.-Ree., cosmop.,
depth range 32-1,573 m.
T. (Trochocyathus). M.Jur.-Ree.--FIG. 323,1. T.

(T.) uber VAUGHAN &; POPENOE, L.Eoc. (Midway.) ,
Tex.; la,b, X4 (196).

T. (Aplocyathus) ORB., 1849 ["'Turbinolia armata
MICHELOTTI, 1838]. Like T. (Troehoeyathus) but
bO'YI-shaped, with strong basal costal spines. Eoe.
Ree., Eu.-N.Am.-S.Am.-E.Pac., depth range 27
366 m.--FIG. 325,1. "'T. (A.) armata, Mio.,
Italy; la, basal aspect, Xl; 1b, lat., Xl (92).

T. (Platycyathus) FROMENTEL, 1863 ["'Troehoeya
thus terquemi M.EDW.-H., 1857; SD WELLS,
1933] [=?Eemesus PHILIPPI, 1841; Hemieyathus
SEGUENZA, 1864; ?Blanjordia DUNCAN, 1880;
Blanjordiola STRAND, 19281. Like T. (Troehoeya---2b

Ib ,., e 3b
Tethocyothus 20 .. ".

T"'d"'<yoth~ (Ploty<yoth~~o ...

\~ 11. 30
~
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SD M.EDW.-H., 1850] [=Stephanoseris M.EDW.
H., 1851; Brachytrochus DUNCAN, 1876 (non
REUSS, 1864); Brachytrossatus STRAND, 1928].
Solitary, fixed in neanic stage to small univalve
later completely covered by corallite base except for
openings communicating with habitation of com
mensal sipunculid. Costae extending over base as
granulations. Pali opposite all cycles; papillose col
umella. Plio.-Rec., IndoPac., depth range 11-549 m.
--FIG. 325,2. H. rousseanus M.EDW.-H., Rec.,
Zanzibar; 2a, Xl; 2b, X2 (93).

Ceratotrochus M.EDW.-H., 1848 ["Turbinolia multi
serialis MICHELOTTI, 1838; SD M.EDW.-H., 1850)
r=Crispatotrochus T.-WooDs, 1878]. Solitary,
trochoid, fixed or free. Pali absent. Columella large
and papillose. M.Cret.-Rec., cosmop., depth range
27-732 m.
C. (Ceratotrochus). M.Cret.-Rec.--FIG. 324,8.

C. (C.) multispinosus M.EDW.-H., Mio.(Vindob.),
Aus.; 8a,b, Xl (117).

C. (Conotrochus) SEGUENZA, 1864 r"C. typus)
[=Pleurocyathus MOSELEY, 1881 (non KEFER
STEIN, 1859); Phloeocyathus ALCOCK, 1902]. Like
C. (Ceratotrochus) but epithecate, with septa al
most nonexsert. Eoc.-Rec., Eu.-N.At!.-E.Indies,
depth range 137-1,005 m.--FIG. 325,3. "C.
(C.) typus. Mio.(Vindob.), Aus.; 3a, Xl; 3b,
X2 (117).

Lochmaeotrochus ALCOCK, 1902 r"L. oculeus]. Like
C. (Conotrochus) but forming small phaceloid or
subdendroid colonies. Rec., E.Indies, depth range
366-530 m.

Stephanosmilia FROMENTEL, 1862 r"S. perlata].
Like Conotrochus but small columella and with
pali in 2 crowns opposite first 2 cycles. L.Cret.,
Eu.--FIG. 324,4. "S. perlata, L.Cret.(Apt.), Fr.;
4a,b, X3 (52).

Stephanocyathus SEGUENZA, 1864 r"S. elegans; SD
WELLS, 1936] [=Sabinotrochus DUNCAN, 1873;
Stephanotrochus MOSELEY, 1881]. Solitary, patel
late, free, with strong costae. Pali opposite 1 or 2
cycles or absent. Columella trabecular, papillose on
surface. Eoc.-Rec., cosmop., depth range 141-2,195
m.
S. (Stephanocyathus). Eoc.-Rec.--FIG. 324,9. S.

(S.) diadema nobilis (MOSELEY), Rec., off Azores;
9a,b, Xl (64).

S. (Odontocyathus) MOSELEY, 1881 ["PZatytrochus
coronatus POURTALES, 1868). Like S. (Stephano
cyathus) but with basal part of lower cycles of
costae produced into stout spines. Mio.-Rec., W.
Indies-At!.-Pac., depth range 366-1,575 m.-
FIG. 325,6. "S. (0.) coronatus (POURTALES), Rec.,
VirginI., 750 m.; Xl (97).

Vaughanella GRAVIER, 1915 ["V. concinna]. Like
Stephanocyathus but corallum turbinate or sub
trochoid. Rec., N.At!', depth range 1,097-1,829 m.

Fragilocyathus YABE & EGUCHI, 1932 ["F. cono
trochoides (=Flabellum matricidum SAVILLE-KENT,
1871»). Ceratoid, free. Wall finely costate. Longi-

Leptocyothus

6
Stephonocyothus (Odontocyothus)

FIG. 325. Caryophylliina (Caryophylliicae): Caryo-
phylliidae (p. F423-F424).

325,4. *D. (L.) vaughani, Japan; 4a, Xl; 4b,
X1.5 (195).

Paracyathus M.EDW.-H., 1848 r*p. prommbens; SD
M.EDW.-H., 1850]. Solitary, turbinate, fixed. Pali
opposite all but last cycle, merging with columellar
papillae. Eoc.-Rec., cosmop., depth range 13-1,472
m.--FIG. 324,7b. *P. procumbens, M.Eoc.(Lut.),
Fr.; long. sec., X2 (93).--FIG. 324,7a. Para
cyatlms sp., Fla.; X2 (151).

Polycyathus DUNCAN, 1876 r*p. atlanticus]
[=AgelecyathttS DUNCAN, 1876). Like Paracyathus
but low colonies formed by extratentacular bud
ding from edge zone. Rec., S.AtI.-RedSea-Persian
Gulf, depth range 20-73 m.

Deltocyathoides YABE & EGUCHI, 1932 r*D. japoni
cum). Like Paracyathus but patellate or subtur
binate; free. Rec., Japan, depth range 91-229 m.

Leptocyathus M.EDW.-H., 1850 ["L. elegans]. Soli
tary, discoidal, free. Pali opposite all cycles, merg
ing with columellar papillae. M.Cret.-Eoc., Eng.
--FIG. 325,5. *L. elegans, L.Eoc.(Lond.), Eng.;
5a-c, X 1.5 (94).

Heterocyathus M.EDW.-H., 1848 r"H. aequicostatttS;

C,,,,'a.=hu, (C::'=hU,.)

Deltocyothus (Levipoliferl
, 4b

~'b~ 2a~
Trochocyothus (Aplocyothusl
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Conocyothus

•'.

. ,":3b

30
Sphenotrochus (Eusthenotrochusl

rIG. 326. Caryophylliina (Caryophylliicae): Caryo
phylliidae (p. F425).

~.
Turbinolio (Turbinoliol

Columella papillose to pseudolamellar. V.Eoc-Rec.,
W.Pac.-Austral.
N. (Notocyathus). V.Oligo.-Rec., depth range 68

583 m.--FIG. 329,6. N. (N.) conicus (AL
COCK), Rec., Sulu Sea, 550 m.; 6a,b, X5 (4).

N. (Paradeltocyathus) YABE & EGUCHI, 1937
[*Deltocyatlltls orientalis DUNCAN, 1876]. Like
N. (Notocyathus) but with bowl-shaped coral
lum. V.Eoc.-Rec., IndoPac.-N.Atl., depth range
55-835 m.

Sphenotrochus M.EDW.-H., 1848 [*Turbinolia crispa
LAMARCK, 1816; SD M.EDW.-H., 1850]. Cunei
form, with strong crispate costae or costae more or
less reduced to granulations. Columella pseudo
lamellar. Pali absent. Eoc.-Rec., cosmop.

S. (Sphenotrochus). Eoc.-Rec., depth range 21-274
m.--FIG. 327,4. 5. (5.) intermedius (MUN
STER), Plio., Eng.; 4a,b, X5 (94). (Also Fig.
248.)

S. (Eusthenotrochus) WELLS, 1935 [*5. (E.)
moseri (=5. gilchristi GARDINER, 1904)]. Like 5.
(5phenotrochus) but costae wholly reduced to
crispate granulations. Eoc.-Rec., Eu.-W.Indies-Ind.
0., depth range 78-142 m.--FIG. 326,3. *5.
(E.) gilchristi, Rec., southeast Africa, 125 m.;
3a,b, Xl (198).

Idiotrochus WELLS, 1936 [*5phenotrochus emarcia
tus DUNCAN, 1865]. Like 5. (5phenotrochus) but
the costae alternate in position with septa, and
with pali in one crown opposite first 2 cycles.
Oligo.-Rec., W.Pac.-Austral.--FIG. 329,4. *1.
emarciatus, L.Mio.(Balcomb.), SAustral.; 4a,b, X5
(198) .

Dunocyathus T.-WOODS, 1878 [*D. parasiticus T.
WOODS, 1878 (=Deltocyathus rotaeformis T.
WOODS, 1878)]. Like 1diotrochus but patellate to
discoidal or turbinate with base overgrown by

tudinal parricidal budding. No columella or pali.
Rec., Japan, depth range 84-289 m.--FIG. 324,5.
*F. matricidum (SAVILLE-KENT); 5a,b, XO.67
(199).

Aulocyathus MARENZELLER, 1904 [*A. juvenescens] .
Like Fragilocyathus but with trabecular columella.
Rec., E.Afr., depth range 366-430 m.

Stylotrochus FROMENTEL, 1861 [*5. arcuatus]. Cera
toid, free. Pali irregular; columella sublamellar.
V.Cret., Ell.

Subfamily TURBINOLIINAE Milne-Edwards &

Haime, 1848

Solitary, free, trochoid, cuneiform, or coni
cal, completely invested by polyp; inter
costal grooves deeply incised from calicular
margin to points of origin of costae; aherma
typic. U.Cret.-Rec.
Bothrophoria FELIX, 1909 [*B. ornata]. Trochoid,
slightly compressed. Wall regularly perforated be
tween costae. No pali; columella spongy. V.Cret.,
Antarct.--FIG. 329,1. B. ornata, Senon., Antarct.;
1a,b, X2 (177).

Conocyathus ORB., [*C. sulcata] r=5tylocyathus
REUSS, 1855 (non ORB., 1849); Pleurocyathus KEF
ERSTEIN, 1859]. Like Bothrophoria but not com
pressed, and with paliform lobes forming one
crown opposite second cycle. Eoc.-Rec., Eu.-Afr.
IndoPac., depth range 73 m.--FIG. 326,1. C.
zelandiae DUNCAN, Rec., Persian Gulf; 1a,b, X5
(178) .

Trematotrochus T.-WOODS, 1879 r*Conocyathus
fenestratus T.-WOODS, 1878]. Like Conocyathus
but septa and costae with hispid granulations;
paliform lobes reduced or even absent. V.Oligo.
Rec., Austral.-N.Z., depth range 27-457 m.-
FIG. 327,2. T. hedleyi Dennant, Rec., off Pt. Jack
son, 457 m.; 2a,b, X5 (21).

Turbinolia LAMARCK, 1816 [*T. sulcata; SD M.
EDW.-H., 1850] r=Diplactis, Heteractis CHALMAS,
1895]. Trochoid-conical; wall perforated or ex
ternally pitted between costae. Interseptal costae
in some species. Styliform or slightly compressed
columella formed by fusion of primary septa. Eoc.
Oligo., Eu.-W.Afr.-N.Am.-S.Am.
T (Turbinolia). Eoc.-Oligo.--FIG. 326,2a. *T.

(T.) sulcata LAM., M.Eoc.(Auvers.), Eng.; X5
(94).--FIG. 326,2b. T. (T.) dixoni M.EDW.-H.,
M.Eoc.(Auvers.), Eng.; X5 (94).

T. (Batotrochus) WELLS, 1937 r*Turbinolia cor
bicttla POURTALES, 1879]. Like T. (Turbinolia)
but septa and costae with thick-set spinose granu
lations. Rec., Fla., depth range 183-567 m.

Notocyathus T.-WOODS, 1880 r*Caryophyllia viola
DUNCAN, 1864; SD FELIX, 1927] [=Nototrochus
DUNCAN, 1884; Citharocyathus ALCOCK, 1902].
Trochoid-conical to cuneiform; wall imperforate.
Paliform lobes opposite all but last cycle, com
monly forming deltas opposite second and third.
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Kionotrochus Sphenotrochus (Sphenotrochusl

FIG. 327. Caryophylliina (Caryophylliicae): Caryo
phylliidae (p. F425-F426).

bryozoan (Bipora). Rec., Austral., depth range, 82
457 m.

Platytrochus M.EDW.-H., 1848 r"'Turbinolia stokesi
LEA, 1833; SD M.EDW.-H., 1850]. Like Spheno
trochus but with spongy columella, and generally
with alate, thickened end costae. U.Cret.-Rec., N.
Am.-Austral., depth range 27-130 m.--FIG. 327,
1. P. claibornensis GREGORIO, M.Eoc.(Claib.), Ala.;
1a,b, X5 (144).

Koilotrochus T.-WooDs, 1878 ["'Smilotrochus?
vacttus] [=Aldrichia VAUGHAN, '1900 (non Co
QUILLET, 1894); Aldrichiella VAUGHAN, 1903].
Like Platytrochus but elongate-cornutiform, with
normal end costae. Eoc.-Mio., N.Am.-Austral.-
FIG. 329,5. K. elegans (VAUGHAN), U.Eoc.(Jack
son.), Miss.; 5a, X5; 5b, XI0 (144).

Dominicotrochus WELLS, 1937 ["'Smilotrochus?
dominicensis VAUGHAN, 1925]. Like Platytrochus
but lacking columella. Mio., W.Indies.

Kionotrochus DENNANT, 1906 ["'K. suteri]. Sub
trochoid, bowl-shaped, or patel late. Costae broad
and spinose. Columella commonly solid. Pali ab-

t'IG. j2!l. Caryophylliina (Caryophylliicae):
Cylindrophyllia.

sent. Rec., Eu.-Pac., depth range 68-470 m.-
FIG. 327,3. "'K. suteri, Rec., N.Z.; 3a,b, X5 (21).

Cylindrophyllia YABE & EGUCHI, 1937 ["'C. minima].
Tympanoid, generally with 3 cycles of septa and
single crown of 6 thin pali before 2nd cycle; col
umella papillary. Oligo.-Rec., Eu.-Pac., depth
range 260 m.--FIG. 328,1. "'C. minima, M.Oligo.
(Waitakian), N.Z.; 1a-c, calicular, lateral, and basal
views, X6.7 (198).

Peponocyathus GRAVIER, 1915 ["'Po variabilis]. Glob
ular or bottle-shaped; pali opposite all but last
cycle of septa in 2 crowns; columella papillary.
Oligo.-Rec., Atl.-W.lndies-E.Pac.-Austral., depth
range 110-1,097 m.--FIG. 324,3. "'P. variabilis,
Rec., Azores, 350-850 m.; 3a-c, X5 (64).

Tropidocyathus M.EDW.-H., 1848 ["'Flabellum les
soni MICHELOTTI, 1842] r=Cyathotrochus BOURNE,
1905]. Like Platytrochus but larger, with strong
alate costal extensions, and with pali opposite all
but last cycle. Mio.-Rec., IndoPac., depth range
11-480 m.--FIG. 329,2. "'T. lessoni, Rec., E.
Indies; 2a,b, X2 (171).

Holcotrochus DENNANT, 1902 r"'H. scriptus]. Cunei
form, with very broad, spinose or hispid costae.
Septa thick, few, equal. Columella trabecular.
Mio.-Rec., Austral., depth range 10-41 m.--FIG.
329,3. "'H. scriptus, L.Mio.(Ba1comb.), S.Austral.;
3a,b, X5 (21).

Subfamily DESMOPHYLLINAE Vaughan & Wells,
1943

Solitary and colonial; ahermatypic. Col
ony formation by intra- and extratentacular
budding. Endothecal dissepiments deep and
sparse. Coenosteum dense where developed.
Columella, pali, and epitheca absent. eret.
Rec.
Desmophyllum EHR., 1834 r"'D. dianthus (non

Madrepora dianthus ESPER, 1797) (=D. cristagalli
M.EDW.-H., 1848~ SD M.EDW.-H., 1850)]
[=Coelosmilia M.EDW.-H., 1850; Psammosmilia
FROMENTEL, 1867; T halamophyllia DUCHASSAING,
1870; Javania DUNCAN, 1876]. Solitary, trochoid,
fixed. Costae well developed near calice, obsolete
or covered by stereome basally. Some sparse endo
thecal dissepiments. M.Cret.-Rec., cosmop., depth
range 0-2,286 m.--FIG. 330,4. "'D. cristagalli,
Rec., off Cape Breton; XO.5 (93).
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Bothrophorio

.5b 00
Koilotrochus Notocyothus (Notocyothusl

FIG. 329. Caryophylliina (Caryophylliicae): Caryophylliidae (p. F425-F426).

F427

3b

Gemmulatrotrochus DUNCAN, 1878 ["G. simplex]
[=Mierocyathus DODERLEIN, 1913 (non HINDE,
1896)]. Like Desmophyllum but forming small
clumps mostly by extratentacular budding. Rec.,
Medit.-Eng.Channel, shallow water.

Dactylotrochus WELLS, 1954 ["Tridacophyllia cer
vicornis MOSELEY, 1881]. Like Desmophyllum but

with slender, finger-like extensions of wall and
septa flaring outwards from calicular margin. Rec.,
Pac., depth range 75-135 m.

Lophelia M.EDW.-H., 1849 ["Madrepora prolijera
PALLAS, 1766; SD M.EDW.-H., 1850] r=Lopho
helia M.EDW.-H., 1857; Scolangia T.-WooDS, 1880].
Like Desmophyllum but forming large dendroid

4
Dosmio Tiorosmilio Desmophyllum Lophelio

FIG. 330. Caryophylliina (Caryophylliicae): Caryophylliidae (p. F426-F428).
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colonies by unequal intratentacular monostomatous
budding. Coenosteum dense. Costae feebly devel
oped. Sparse tabular endothecal dissepiments.
Oligo.-Rec., N.Atl.-Medit.-N.Z., depth range 64
1,975 m.--FIG. 330,5. "'L. proli/era, Rec., off S.
Car., 500-800 m.; XO.5 (151).

12b
Asterosmilio

70
Porosmilio

FIG. 331. Caryophylliina (Caryophylliicae); Caryo
phylliidae (p. F428-F429).

Tiarasmilia WELLS, 1932 r"'T. ca.rteri]. Like Des
mophyllum but septa with strong vertical striations
or lateral ridges. L.Cret., Tex.--FIG. 330,2. "'T.
ca.rteri, L.Cret.(U.Apt.), Tex.; 2a, calice, 2b, cut
away diagram of 3 septa, X2 (157).

Stelloria ORB., 1849 r"'S. elegans (=Anthophyllum
mlcatum MICHELOTTI, 1845; SD WELLS, 1936)].
Low and turbinate, fixed by broad base. Costae ap
parently very low or obsolete. Septa with strong
vertical striations or carinae projecting nearly half
way to adjacent septa. M.Cret., Eu.

Dasmia M.EDW.-H., 1848 r"'D. sowerbyi]. Solitary,
free in ephebic stage. Septa of first cycle normal;
those of higher cycles divided vertically without
corresponding costae. L.Eoc., Eng.--FIG. 330,1.
"'D. sowerbyi, Lond., Eng.; la,b, X3 (94).

Dasmiopsis OPPENHEIM, 1930 r"'Trochocyathus
lamellicostatus REUSS, 1854]. Solitary, cornute,
free. Costae of first 2 cycles normal; those of higher
cycles bent toward those of lower cycles and cov
ered by stereome, giving appearance of only 12
costae. V.Cret., Aus.--FIG. 330,3. "'D. lamelli
costatus (REUSS), Turon., Aus.(Gosau); 3a,b, Xl
(100).

Subfamily PARASMILIINAE Vaughan & Wells,
1943

Solitary and colonial, ahermatypic. Colony
formation by intra- and extratentacular bud
ding. Coenosteum, epitheca, and stereome
rarely developed. Endothecal dissepiments
sparse. Columella trabecular or absent. U.
Jur.-Rec.
Parasmilia M.EDW.-H., 1848 ["'Madrepora centralis

MANTELL, 1822] [=Cylicosmilia M.EDW.-H.,
1848; Cyclosmilia ORB., 1849; Monocarya LONS
DALE, 1850; ?Plesioparasmilia, Strobilosmilia AL
LOITEAU, 1952]. Solitary, trochoid, fixed. Columella
spongy. Endothecal dissepiments developed but
deep in corallum. L.Cret.-Rec., cosmop., depth
range 313-366 m.--FIG. 331,7. "'P. centralis, U.
Cret.(Senon.), Eng.; 7a,b, corallum and long. sec.
(endotheca not shown), X2 (94).

Edwardsosmilia ALLOITEAU, 1949 ["'Trochosmilia
/auja.ri M.EDW.-H., 1849]. Like Para.rmilia but
columella compressed; costae obsolete basally. V.
Cret., Eu.

Smilotrochus M.EDW.-H., 1851 ["'Trochosmilia
tuberosa M.EDW.-H., 1850] [=Blagrovia DUNCAN,
1880]. Like Para.rmilia but columella absent. M.
Cret.-Eoc., Eurasia.

Rennensismilia ALLOITEAU, 1952 ["'Turbinolia di
dyma GOLDF., 1826]. Like Smilotrochus but com
pressed, with endothecal dissepiments well devel
oped peripherally. Includes many species attributed
to Troc1lOsmilia. V.Cret., Eu.--FIG. 331,4. R.
didymophila (FELIX), U.Cret. (Turon.) , Aus.
(Gosau); 4a,b, XO.5 (42).
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Meandrosmilia ALLOITEAU, 1952 ["'Troehosmilia
flabellum FROMENTEL, 1863]. Like Rennensismilia
but larger, flabellate in shape. U.Cret., Eu.

Coenosmilia POURTALES, 1874. ["'C. arbuseula]. Like
Parasmilia but producing small phaceloid colonies
by extratentacular budding from edge zone below
calice. Ree., W.Indies, depth range 183 m.

Dungulia OPPENHEIM, 1930 ["'Coelosmilia milneri
GREGORY, 1898] [=Coelosmilia auett. (non M.
EDW.-H., 1850)]. Like Parasmilia but columella
and endothecal dissepiments feebly developed, with
relatively few septa. U./ur., ?Ree., Eurasia-Afr.
N.Am.

Caryosmilia WANNER, 1902 ["'C. granosa]. Like
Dungulia but with paliform lobes opposite third
cycle. U.Cret., N.Afr.

Anomocora STUDER, 1878 ["'Coelosmilia feeunda
POURTALES, 1871] [=Blastosmilia DUNCAN, 1878
(non ETALLON, 1859); Pourtalosmilia DUNCAN,
1884]. Like Dungulia but with tendency toward
budding from edge zone with loss of organic
connection. Ree., W.Indies-Atl.-Ind.O., depth
range 91-576 m.--FIG. 331,5. "'A. feeunda, Fla.,
125-275 m.; Xl (104).

Solenosmilia DUNCAN, 1873 ["'S. variabilis]. Den
droid or subphaceloid colonies produced by intra
tentacular budding. Corallites cylindrical with
some granular stereome. Septa relatively few; col
umella very weak; endothecal dissepiments tabular.
Ree., Atl.-IndoPac., depth range 457-1,280 m.-
FIG. 331,1. S. jeffreyi ALCOCK, off Travancore, 840
m.; la, XO.5; Ib,c, X2 (171).

Dendrosmilia M.EDW.-H., 1848 ["'D. duvaliana].
Like Solenosmilia but colony formation by extra
tentacular budding, regular and alternate. Eoe.
Oligo., Eu.

Asterosmilia DUNCAN, 1867 ["'Trochoeyathus ab
normalis DUNCAN, 1865; SD VAUGHAN, 1919].
Solitary, trochoid-ceratoid, generally free. Paliform
lobes opposite next to last 1 or 2 cycles. Columella
lamellar at surface, trabecular below. Oligo.-Ree.,
W.Indies, depth range 137-183 m.--FIG. 331,2.
A. prolifera POURTALES, Rec., W.Indies; 2a, Xl;
2b, Xl.5 (104).

Dasmosmilia POURTALES, 1880 ["'Troehosmilia ly
mani POURTALEs, 1871; SD WELLS, 1933]. Tur
binate or trochoid, commonly increasing by par
ricidal budding. Paliform lobes before all but last
cycle. Columella formed by mingling of inner
lobes. U.Cret.-Ree., N.Am.-W.Indies-RedSea, depth
range 110-448 m.--FIG. 331,6. "'D. lymani, Rec.,
Fla., 125-275 m.; 6a,b, lat. and calicular aspects,
Xl; 6e, septum with paliform lobes, Xl (104).

Goniocorella YABE & EGUCHI, 1932 ["'Pourtalosmilia
dumosa ALCOCK, 1902]. Dendroid; colony forma
tion by extratentacular budding at right angles.
Corallites cylindrical, faintly costate. Columella
absent; endothecal dissepiments tabular and sparse.

Physogyra

FIG. 332. Caryophylliina (CaryophylIllcae): Caryo
phylliidae (p. F429-F430).

Ree., W.Pac., depth range 100-457 m.--FIG.
331,3. "'G. dumosa, E.Indies, 450-457 m.; 3a,
XO.5; 3b, X4 (4).

Subfamily EUSMILIINAE Milne-Edwards & Haime,
1857

Colonial caryophylliids, hermatypic. Col
ony formation by intratentacular intramural
di- to polystomodaeal budding. Corallite
walls septothecal or parathecal. Costae low,
distant. Septa exsert, mostly entocoelic. Col
umella trabecular, lamellar, or absent. Endo
thecal dissepiments vesicular. Eoc.-Rec.
Euphyllia DANA, 1846 ["'Caryophyllia glabreseens

CHAMISSO & EYSENHARDT, 1821; SD VAUGHAN,
1918] [=Leptosmilia M.EDW.-H., 1848; Ploeo
phyllia REUSS, 1868]. Phacelo/labellate, with lat
erally free series. Walls septothecal. Columella ab
sent. Eoe.-Ree., Eurasia-IndoPac.--FIG. 332,1.
"'E. glabrescens, Rec., Fiji; XO.25 (148).

Plerogyra M.EDW.-H., 1848 ["'P. laxa M.EDW.-H.,
1849; SD M.EDW.-H., 1850 (=Euphyllia sinuosa
DANA, 1846)]. Like Euphyllia but series united
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basally and more or less laterally by cellular coenos
teum; walls parathecal. Rec., IndoPac.--FIG. 333,
1. P. sintlosa, E.Indies; X0.25 (88).

Physogyra QUELCH, 1884 ["P. aperta (=Plerogyra
lichtensteini M.EDW.-H., 1851)]. Like Plerogyra
but series closely united by walls; endothecal dis
sepiments highly vesicular. Rec., IndoPac.--FIG.
332,3. P. somaliensis VAUGHAN, FLSomali.; XO.5
(195 ).

Gyrosmilia M.EDW.-H., 1851 ["Manicina interrupta
EHR., 1834]. Like Physogyra but with proportion
ally more septa and mostly septothecal walls. Rec.,
RedSea.

Progyrosmilia WELLS, 1937 [pro Coelocoenia
GERTH, 1923 (non VOLZ, 1896)] ["Coelocoenia
torulosa GERTH, 1923]. Like Gyrosmilia but with
shorter series separated by costate ambulacra. Mio.,

Plerogyra

~

Progyrosmilia

FIG. 333. Caryophylliina (Caryophylliicae); Caryo
phylliidae (p. F429-F430).

E.Indies.--FIG. 333,2. "P. torulosa, Borneo; 2a,
Xl; 2b, long. sec., X 1.75 (58).

Eusmilia M.EDW.-H., 1848 ["Madrepora fastigiata
PALLAS, 1766]. Like Euphyllia but corallites
smaller, mono- to tristomatous, with septa more
exsert and spinose costae. Oligo.-Rec., W.Indies-N.
Am.--FIG. 332,2. "E. fastigiata, Rec., Fla.;
XO.5 (151).

Family RHIPIDOGYRIDAE Koby, 1904

Solitary and colonial, fixed; hermatypic.
Colony formation by intratentacular bud
ding (except Cymosmilia). Corallites united
or externally thickened by solid coenosteum
with granulated surface, concealing costae
except near calices. Septa relatively few, ex
sert, thick, nondentate. Columella lamellar,
thin, continuous, deep. Endothecal dissepi
ments thin and sparse. Epitheca absent. M.
Jur.-L.Cret. (Fig. 260).

APLOSMILIA GROUP

Colony formation (except Cymosmilia)
by complete mono- or distomodaeal bud
ding.
?Codonosmilia KOBY, 1888 ["C. elegans]. Solitary
or forming low colonies by monostomodaeal bud
ding. Presence of columella in this genus not yet
established. M.Jur.-U.Jur., Eurasia.--FIG. 334,4.
"C. elegans, U.Jur.(Bath.), FL; 4a,b, XI (71).

Cymosmilia KOBY, 1894 ["C. conferta]. Low col
onies produced by extratentacular budding from
edge zone. U.Jur., Eu.--FIG. 334,3. C. conferta,
U.Jur.(Raur.), Fr.; 3a, XO.5; 3b, Xl (71).

Aplosmilia ORB., 1849 ["Lobophyllia semisulcata
MICHELOTTI, 1843]. Phaceloid colonies formed by
complete mono- or distomodaeal budding. U.Jur.
L.Cret., Eu.-AsiaM.--FIG. 334,6a. A. rugosa
KOBY, U.Jur.(Raur.), Switz.; XO.25 (71).--FIG.
334,6b,c. "A. semisulcata, U.Jur.(Sequan.), Fr.;
long. sees. parallel to and across columella, X 1.5
(71 ).

Kologyra WELLS, 1937 ["Pachygyra tuberosa ORB.,
1850]. Like Aplosmilia but subplocoid with in
complete separation of corallites which may form
short series. U.Jur., Eu.

Acanthogyra OGILVIE, 1897 ["A. columnaris] , Like
Aplosmilia bilt cerioid. U.Jur., Eurasia.--FIG.
335,1. A. multiformis OGILVIE, Portl., Czech.,
transv. sec., X I (99).

RHIPIDOGYRA GROUP

Colony formation by incomplete, linear,
polystomodaeal budding.
Rhipidogyra M.EDW.-H., 1848 ["Lobophyllia flabel
lum MICHELIN, 1843; SD M.EDW.-H., 1850]
[=Stylogyra ORB., 1849; Stenogyra FROMENTEL,
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Psammogyra

U
6b

6o I"L
Aplosmilia Rhipidogyra

FIG. 334. Caryophylliina (Caryophylliicae): Rhipidogyridae (p. F430-F431).

1861; Sclerogyra FERRY, 1870; Rhypidomontivoltia
GREGORIO, 1884; Fromentelligyra ALLOITEAU,
1952; ?Rhipidosmilia GEYER, 1955]. Flabelliform,
corallites in laterally free linear series, commonly
contorted. U.Jur., Eu.--FIG. 334,7a,b. R. jac
cardi KOBY, Raur., Fr.; XO.5 (71).--FIG. 334,
7c. R. percrassa ETALLON, Raur., Switz.; XO.4
(71).

Ilol:

Acanthogyra

FIG. 335. Caryophylliina (Caryophylliicae): Rhipido
gyridae (p. F430).

Phytogyra ORB., 1849 ["P. magnifica]. Like Rhipi
dogyra but with low horizontal branches with ter
minal forking. U./ur., Eu.--FIG. 334,2. "P. mag
nifica, Raur., Switz.; 2a,b, XO.5 (71).

Psammogyra FROMENTEL, 1862 ["Pachygyra cot
taldina ORB., 1850]. Massive, consisting of a single
much-contorted meandrine series united laterally
by coenosteum. U.fur., Eu.--FIG. 334,5. P.
caudata ETALLON, Sequan., Switz.; 5a,b, XO.5
(71 ).

P1acogyra KOBY, 1904 ["P. felixi]. Several contorted
series joined directly by their walls. U.Jur., Eu.-
FIG. 334,1. "P. felixi, Lusit., Port.; la, XO.5; 1b,

Xl (73).

Superfamily FLABELLICAE
Bourne, 1905

[nom. correct. WELLS. herein (ex Flabelloidae VAUGHAN &
WELLS, 1943, nom. transl. Flabe11idae BOURNE, 1905) I

Caryophylliina with epithecal wall. M.
Jur.-Rec.
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FIG. 336. Caryophylliina (Flabellicae): Flabellidae (p. F432).

Family FLABELLIDAE Bourne, 1905
Solitary, fixed or free; ahermatypic; neo

tenic. Wall epithecal, thickened internally
by stereome. Septa nonexsert, formed by one
fan system of simple trabeculae, with smooth
margins, and laterally smooth or granu
lated. Pali and dissepiments absent. Colum
ella present or absent. Cret.-Rec.

Flabellum LESSON, 1831 ["F. pavoninum J [=Phyl
lodes PHILIPPI, 1841; Blastotroehus M.EDw.-H.,
1848: ?Uloeyathus SARS, 1856: Vasillum T.-WooDs,
1879; Lithomyees PHILLlPI, 1887; Plaeotrochides
ALCOCK, 1902 J. Cuneiform to compressed tur
binate, free. Septa numerous. Columella absent or
very feeble. Eoe.-Ree., cosmop., depth range 3
3,183 m.--FIG. 336,3a,b. "F. pavoninum, Rec.,
Hawaii, 375 m.; XO.5 (146).--FIG. 336,3e. F.
alabastrum MOSELEY, Rec., off Azores, 1,750 m.;
XO.5 (97).

Placotrochus M.EDW.-H., 1848 ["P. laevisJ
[=Mierotroehus TENISON-WOODS, 1880J. Like
Flabellum but with thin, irregular, lamellar col
umella. Eoe.-Ree., IndoPac., depth range 265 m.
--FIG. 336,5. "P. laevis, Rec., Philip.; Sa, Xl;
5b, x1.4 (93).

Monomyces EHR., 1834 ["M. anthophyllum; SD M.
EDW.-H., 1850] [=Rhizotroehus M.EDW.-H.,
1848; Coeloeyathus SARS, 1856: Heterotroehus M.
EDW.-H., 1857; Biflabellum DODERLEIN, 1913].
Turbinate, cornute or compressed, fixed, with basal
or lateral rootlets. Columella absent. U.Cret.-Ree.,
Eu.-Medit.-IndoPac., depth range 27-1,047 m.-
FIG. 336,2. M. typus (M.EDW.-H.), Rec. Singa
pore: XO.5 (93).

Gardineria VAUGHAN, 1907 [pro Haplophyllia
POURTALES, 1868 (non Aplophyllia ORB., 1849;

nee Haplophyllia FROMENTEL, 1865)] ["G.
hawaiiensis] [=Duneania POURTALES, 1874 (non
KON., 1872)]. Turbinate, fixed, commonly with
basal rootlets. Wall internally thickened by stere
orne. Relatively few septa. Columella trabecular,
well developed. Ree., W.Indies-S.Atl.-Pac., depth
range 91-592 m.--FIG. 336,4. "G. hawaiiensis,
Hawaii, 525-575 m.: 4a,b, XO.5 (146).

Conosmilia DUNCAN, 1865 ["C. elegans]. Trochoid
ceratoid, fixed. Columella formed by 1 or 2 crispate
laths. U.Eoe.-Mio., Austral.-.-FIG. 336,1. C.
anomala DUNCAN, L.Mio.(Ba1comb.); la, Xl; lb,
X2; Ie, septum and columella, X6 (22).

Adkinsella WELLS, 1933 ["A. edwardsensisJ. Like
Gardineria but lacking columella. L.Cret., Tex.-
FIG. 110,6. "A. edwardsensis, Alb., Tex.; Xl
(158).

Family GUYNIIDAE Hickson, 1910
Solitary, fixed or free, ceratoid to scole

coid; ahermatypic. Wall epithecal, with I
or 2 series of pores between each septal pair,
later filled by thin deposit. Septa nonexsert,
relatively few, margins smooth, laterally
smooth or finely granulated. Pali present or
absent. Columella of trabecular laths,
spongy, or absent. Endothecal dissepiments
sparse or absent. M.Jur.-Rec.
Onchotrochus DUNCAN, 1870 ["0. serpentinus].

Scolecoid, lacking columella and pali. M.Cret.-U.
Cret., Eu.--FIG. 337,4. "0. serpentinus, V.Cret.
(Senon.), Eng.: 4a, Xl; 4b, X5 (30).

Guynia DUNCAN, 1873 ["G. annulata] [=Gwynia
POURTALES, 1874; Bistylia T.-WooDs, 1878; Pyro
phyllia HICKSON, 1910]. Ceratoid, free or laterally
attached. Wall imbricated. Columella a single
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FIG. 337. Caryophylliina (Flabellicae): Guyniidae
(p. F432-F433).

and near columella. Septa strongly granu
lated laterally, mostly smooth marginally
except peripherally and centrally where ir
regular dentations occur, or wholly weakly
dentate. Septa inserted following POURTALES
plan (Fig. 239), at least in early stages. Col
umella trabecular and spongy, or absent.
Endothecal dissepiments thin and poorly
developed. U.Cret.-Rec.
Palaeopsarnrnia WANNER, 1902 [*P. multi/ormis].

Solitary, ceratoid to patellate, free in ephebic stage,
externally epithecate. Costae corresponding to septa.
POURTALES plan not apparent. Columella spongy.
V.Cret., N.Afr.--FIG. 338,3. *P. multi/ormis,
Dan., Libyan Desert; 3a, XI; 3b, X 2 (197).

Areopsammia DIETRICH, 1917 [*A. maestrichtensis
(=Cyclolites alacca MORREN, 1828)] [=Porosmilia
UMBGROVE, 1925 (non FROMENTEL, 1860)]. Soli
tary, turbinate, nonepithecate. Costae distinct only
near calice, reduced basally to granulations. POUR
TALES plan not apparent. Columella weak. V.Cret.,
Eu.

Wadeopsarnmia WELLS, 1933 [*Trochosmilia no
dosa WADE, 1926]. Solitary, small, turbinate, free,
base with tube of commensal sipunculid. Wall
thin; costae reduced to granulations. Septa ar
ranged following POURTALES plan. Columella large
and solid. V.Cret., N.Arn.--FIG. 338,6. *W.
nodosa, Navarro, Tex.; X2 (158).

Balanophyllia WOOD., 1884 [*B. calyculus] [=Oste
odes CONRAD, 1855; Leptopsammia M.EDw.-H.,
1848; ?Clonotrochtls SCHAFHAUTL, 1863; Rhodop
sammia SEMPER, 1872]. Solitary, trochoid, fixed by
broad or pedunculate base. Costae well developed,

Microsmilia

2b
Stenocyathus

Schizocyathus

Family DENDROPHYLLIIDAE Gray,
1847

Solitary and colonial, mostly ahermatypic.
Colony formation by intra- and extratentacu
lar budding. Wall formed by trabecular
outer ends of septa and simple but very
irregular synapticulae, irregularly porous,
usually thick, irregularly costate or covered
by reduced costal granulations. Porous, lay
ered coenosteum in some colonial forms.
Septa composed of one fan system of simple
trabeculae, but trabeculae tend to be very
irregular, commonly not united closely in
plane of septum and vertically discontinu
ous with sclerodermites bending outward
from septal plane, especially at periphery

Suborder DENDROPHYLLIINA
Vaughan & Wells, 1943

[nom. correct. WELLS. herein (ex Dendrophylliida VAUGHAN

& WELLS, 1943) 1
Solitary and colonial. Wall synapticulo

thecal, irregularly porous. Septa primarily
laminar as in Caryophylliina but generally
secondarily thickened, more or less porous,
with smooth or slightly dentate margins. U.
Cret.-Rec.

crispate trabecular lath. Pali absent. V.Eoc.-Rec.,
W.Indies-Medit.-PersianGulf-Austral., depth range
170-658 m.--FIG. 337,3. G. inflata (HICKSON),
Gulf of Oman, 300 m.; 3a, X5; 3b, X6 (179).

Microsmilia KOBY, 1888 [*Anthophyllum erguelense
THURMANN, 1851; SD VAUGHAN, 1905]. Ceratoid,
fixed. Longitudinal parricidal budding. Columella
formed by several twisted trabecular laths. V.fur.,
Switz.--FIG. 337,5. *M. erguelensis, Oxf.; Sa,
XI; 5b-d, 3 regenerated corallites, XI; 5e,
long. sec., X3; 5/, wall, X5 (71).

Stenocyathus POURTALES, 1871 [*Coenocyathu.< tler
mi/ormis POURTALES, 1868]. Ceratoid, with imbri
cated wall. Columella formed by 1 or 2 crispate
trabecular laths. Pali crispate, in one crown of 6.
V.Cret.-Rec., W.Indies-Medit.-AtI.-N.Am.-Austral.,
depth range 155-1,097 m.--FIG. 337,2. *5. tler
mi/ormis, Rec., off Azores, 1,150 m.; 2a,b, X3
(64).

Cyathosmilia T.-WOODS, 1878 [*C. laticostata].
Ceratoid, fixed. Pali in 2 crowns opposite first 2
cycles. Columella weak. V.Eoc.-L.Oligo., Austral.

Schizocyathus POURTALES, 1874 [*5. jissilis]. Cera
toid, fixed. Longitudinal parricidal budding. One
crown of pali opposite second cycle. Columella ab
sent. Eoc.-Rec., Atl.-W.Indies-Austral., depth range
102-1,445 m.--FIG. 337,1. *5. jissilis, Rec., off
Canary I., 625-900 m.; corallum split lengthwise,
regenerated, X3 (64).
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Tubastraea Balanophyll ia (Eupsammia)

Endopachys

Astroides

FIG. 338. Dendrophylliina: Dendrophylliidae (p. F433-F436).

corresponding to septa. Septa following POURTALES
plan. Columella well developed, spongy. Eoc.-Rec.,
cosmop.

B. (Balanophyllia). Eoc.-Rec., depth range 0-1,100
m.--FIG. 338,4a,b. B. (B.) irrorata (CONRAD),
M.Eoc.(Claib.), Tex.; 4a, XI; 4b, costae, X5
(144).--FIG. 338,4c. B. (B.) inauris VAUGHAN,
L.Eoc., N.J., transv. sec., X3 (144).--FIG. 338,
4d. B. (B.) italica MICHELOTTI, Rec., Italy; calice,
X2 (25).

B. (Eupsammia) M.EDW.-H., 1848 ["Madrepora
trochijormis PALLAS, 1766; SD M.EDW.-H., 1850].
Like B. (Balanophyllia), but free in ephebic stage.
U.Cret.-Rec., Eu.-IndoPac.-N.Am., depth range
ca. 55 m.--FIG. 338,8. "B. (E.) trochijormis,
M.Eoc.(Lut.), Paris Basin; 8a, lat. aspect of
septum, XO.7; 8b, transv. sec., X5 (98).

Endopachys LONSDALE, 1845 ["Turbinolia maclurii

LEA, 1833; SD M.EDW.-H., 1850] [=Rhectopsam
mia VAUGHAN, 1900]. Like B. (Balanophyllia) but
cuneiform, free, with alate costal extensions ex
tending outward along longer axis near base.
Costae generally distinct around calice. Eoc.-Rec.,
N.Am.-IndoPac., depth range 37-604 m.--FIG.
338,5. "E. maclurii, M.Eoc.(Claib.), USA; 5a,
X 1.5; 5b, X2 (93).

Notophyllia DENNANT, 1899 ["N. semivestita]. Like
Endopachys but more elongate, costal extensions
reduced, septa appearing normal. Columella elon
gate, semi-solid, even laminar. Costae represented
by granulations. Mio.-Rec., Austral., depth range
37-457 m.--FIG. 339,8. N. etheridgei HOFF
MEISTER, Rec., S.Austral., 37-40 m.; 8a,b, X2
(180).

Rhizopsamrnia VERRILL, 1869 ["R. pulchra]. Like
B. (Balanophyllia) but forming small colonies by
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extratentacular stoloniferous budding as in Culicia,
the corallites generally losing organic connection.
Rec., IndoPac., depth range 0-113 m.

Cladopsammia LACAZE-DuTHIERS, 1897 ["C.
rclandi]. Like B. (Balanophyllia) but in small
phaceloid colonies formed by extratentacular bud
dmg. Rec., Medit., depth range 18 m.

Dendrophyllia BLAINv., 1830 ["Madrepora ramea
LINNE, 1758; SD M.EDW.-H., 1850] [=Brasseyia
WRIGHT, 1882]. Like B. (Balanophyllia) but form
ing dendroid colonies by extratentacular budding
from edge zone. Eoc.-Rec., cosmop., depth range
0-1,372 m.--FIG. 338,1. D. micrantha (EHR.),
Rec., Philip.; la, Xl; lb, X2 (40).

Lobopsammia M.EDW.-H., 1848 ["Lithodendron
cariosum (JOLDF., 1827; SD M.EDW.-H., 1850]
[=Placopsammia REUSS, 1859]. Like Dendrophyl
lia but colonies small, formed by mono- or dis-

tomodaeal intratentacular budding, corallites per
manently monocentric. Eoc.-Oligo., Eu.--FIG.
339,7. "L. cariosa, M.Eoc.(Lut.), Fr.; X I (92).

Reussopsammia WELLS, 1937 ["Stereopsammia
granulosa REUSS, 1864]. Like Lobopsammia but
columella very feeble or absent; POURTALES plan
not apparent. Oligo., Ger.--FIG. 339,3. "R.
granulosa; 3a, Xl; 3b, X2; 3c, X4 (114).

Stichopsammia FELIX, 1885 ["S. gyrosa; SD FELIX,
1925]. Like Lobopsammia but polycentric condi
tion permanent, forming f1abellate series. Oligo.,
Eu.

Endopsammia M.EDW.-H., 1848 ["E. philippinen
sis]. Solitary, subcylindrical, fixed by broad base.
Wall thin, costate. Septa thin, following POURTALES
plan only in early stages. Columella weak. Rec.,
Medit.-S.Atl.-lndoPac., depth range 5-91 m.-
FIG. 339,2. E. microcardia (DODERLEIN), Naples;
X2 (25).

Turbinorio Lobopsommio

40
Thecopsommio

4b

FIG. 339. Dendrophylliina: Dendrophylliidae (p. F434-F436).
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["5. humilis]
1908]. Like

columella very

Tubastraea LESSON, 1834 ["T. coccinea (=Lobo
phyllia aurea QUOY & GAIMARD, 1833)] [=Coenop
sammia M.EDW.-H., 1848; Astropsammia, Pachyp
sammia VERRILL, 1869]. Like Endopsammia but in
small plocoid clumps formed by eXIratentacular
budding from edge zone; corallites generally united
by feeble costae and some coenosteum. Columella
mostly feeble. Rec., cosmop., depth range 0-1,463
m.--FIG. 338,7. T. tenuilamellosa (M.EDW.-H.),
Panama; Xl (93).

Astroides QUOY & GAIMARD, 1827 ["A. luteus
(=Madrepora calycularis PALLAS, 1766)] [=Astre
oides BLAINv., 1830; Astroitis DANA, 1846]. Like
Endopsammia but extratentacular budding from
proliferations of edge zone produces small, sub
massive colonies. Corallites united by noncostate
coenosteum; costae reduced to granulations. Col
umella large, spongy. Rec., MediI., depth range
0-73 m.--FIG. 338,9. A. calycularis, Naples; X2
(25) .

Stereopsammia M.EDW.-H., 1850
[=?Bosnopsammia OPPENHEIM,
Tubastraea but much smaller, and
weak or absent. Eoc., Eu.

Trochopsammia POURTALES, 1878 ["T. infundi
bulum]. Solitary, turbinate, fixed, with some
epitheca. Costae thick, spongy, equal over thin
wall. Septa showing no Irace of POURTALES plan.
Columella absent. Rec., W.lndies, depth range
403-1,490 m.--FIG. 339,5. "T. infundibulum,
Fla., 1,100 m.; 5a,b, X2 (lSI).

Enallopsammia MICHELOTTI, 1871 ["Coenopsammia
scillae SEGUENZA, 1864] [=Anisopsammia VON
MARENZELLER, 1904]. Dendroid colonies formed
by extratentacular budding, the calices generally on
one side of branches which tend to anastomose in
one plane. Septa following POURTAd.s plan only
in early stages. Columella weak. Mio.-Rec., Eu.-W.
Indies-IndoPac., depth range 293-1,966 m.-
FIG. 339,1. E. rostrata (POURTALES), Rec., Morocco,
1,966 m.; la, XO.4; 1b, X2 (64).

Thecopsammia POURTALES, 1868 ["T. socialis]. Soli
tary, turbinate, fixed, costae reduced to spinose
granulations. Epitheca stout, extending halfway to
cal ice. Septa following POURTALES plan only in
early stages. Columella weak. Rec., W.lndies-N.
Atl.-Pac., depth range 0-1,097 m.--FIG. 339,4.
"T. socialis, Fla., 375-500 m.; 4a,b, XI (187).

Bathypsammia VON MARENZELLER, 1906 ["Thecop
sammia tintinnabulum POURTALES, 1868]. Like
Thecopsammia but POURTALES plan apparent; col
umella well developed. Rec., W.Atl., depth range
220-329 m.

Psammoseris M.EDW.-H., 1851 ["Heterocyathus
hemisphericus GRAY, 1850] [=Spongiocyathus
FOLKESON, 1919]. Solitary, subdiscoidal, free, base
with tube of commensal sipunculid. Costae thick
and spongy, 'distinct to center of base. Septa thick

and spongy. Columella well developed. Rec., E.
Indies, depth range 11-44 m.

Heteropsammia M.EDW.-H., 1848 ["H. michelini].
Solitary, or colonial with 2 or 3 calices resulting
from mono- or distomodaeal intratentacular bud
ding, free, base enclosing tube of commensal sipun
culid with several lateral opening through coral
lum. Wall thick and spongy; costae reduced to
multiple rows of crispate granulations, becoming
labyrinthine over base. Septa following POURTALES
plan, lower cycles thick and spongy. Columella
well developed. Pleisto.-Rec., IndoPac., depth range
11-192 m.--FIG. 338,2. "H. michelini, Pleisto.,
Formosa; 2a,b, X2 (199).

Duncanopsammia WELLS, 1936 ["Dendrophyllia
axifuga M.Enw.-H., 1848]. Broad, pedunculate,
subdendroid, hermatypic colonies formed by extra
tentacular budding from lower margins of coral
lites. Corallites basally united by c(,cnosteum;
costae reduced to rows of crispate granulations ex
tending over coenosteum. Septa following POUR
TALEs plan. Columella spongy, deep in calices.
Mio.-Rec., Austral.--FIG. 339,9. "D. axifuga,
Rec., 5.5 m.; 9a, XO.25; 9b, X2 (198).

Turbinaria OKEN, 1815 ["Madrepora crater PALLAS,
1766] [=Explanaria LAMARCK, 1816; Gemmipora
BLAINV., 1830; Turbinacis QUENST., 1880]. Herma
typic; large explanate or crateriform, contorted
foliaceous colonies; corallites united nearly to sum
mits by extensive coenosteum. PouRTALEs plan ap
parent only in early stages. Columella well de
veloped. Oligo.-Rec., Eu.-IndoPac.--FIG. 339,6.
T. peltata (ESPER), Rec., E.lndies; 6a, XO.5; 6b,
X6 (40). (Also Figs 255, 256.)

GENERA OF UNCERTAIN
SYSTEMATIC POSITION

Andemantastraea ALLOITEAU, 1951 ["Synastraea
consobrina ORB., 1850]. M.lur., Fr.

Carcicocaenia ALLOITEAU, 1954 ["C. pfenderae].
M.Cret., Fr.

Cenomanina ALLOITEAU, 1952 ["Rhabdocora exig
uis FROMENTEL, 1873]. M.Cret., Fr.

Ceratosmilia ALLOITEAU, 1952 ["C. arnaudi]. Hori
zon and locality not indicated.

Corbariastraea ALLOITEAU, 1952 ["C. rennensis].
U.Cret., Fr.

Cyc1ophyllopsis ALLOITEAU, 1952 ["Cyclolites ap
tiensis FROMENTEL, 1870]. L.Cret., Fr.

Dactylosmilia ORB., 1849 ["D. carantonensis]. M.
Cret., Fr.

Epitrochus FROMENTEL, 1861 ["E. primus]. M.Cret.,
Fr.

Eusmiliopsis ALLOITEAU, 1952 ["Amblophyllia
eretacea ORB., 1849]. M.Cret., Fr.

Ficariastraea ALLOITEAU, 1952 ["Phyllastraea hip
puritiformis FROMENTEL, 1857]. U.Cret., Fr.

Glenaraea POCTA, 1887 ["G. eretacea]. M.Cret.,
Czech.
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Lamellofungia ALLOITEAU, 1952 ["L. rennensis).
V.Cret., Fr.

Morchellastraea ALLOITEAU, 1941 ["Astrea coni
formis MICHELIN, 1843). V.Cret., Fr.

Pleuropodia DENNANT, 1903 ["P. otwayensis). Mio.,
S.Austral.

Pseudoseris ALLOITEAU, 1952 ["P. senessi). V.Cret.,
Fr.

Siniastraea AVNIMELECH, 1947 ["Aspidiscus laby
rinthica HOPPE, 1922). V.Jur., Sinai.

Subtilicyathus ZUFFARDI-COMERCI, 1924 ["5. zan
oni). Mio., Libya.

Trigerastraea ALLOITEAU, 1952 ["Isastraea trigeri
FROMENTEL, 1857). M.Cret., Fr.

Tubicora LATHAM, 1929 ["T. somaliensis (=Cala
mophyllia aylmeri GREGORY, 1900»). Eoc., Somali.

Turbinacis GREGORY, 1900 ["T. erythraensis) [non
Turbinacis QUENST., 1880). Oligo., Somali.

Valloria VIDAL, 1874 ["V. egozcuei). V.Cret., Sp.

UNRECOGNIZABLE GENERA
Allocoenia ETALLON, 1859 ["A. furcata). M.Jur., Fr.
Anabacia M.EDw.-H., 1849 ["A. parkinsoni

(=Madrepora porpita PARKINSON, 1808»). ?Age,
?Ioc.

Archicoeniopsammia KOLOSVARY, 1949 ["A. hungar
ica). Eoc., Hung.

Brevismilia BOLSCHE, 1866 ["Anthophyllum coni
cum F. A. ROEMER, 1836). L.Cret., Ger. (Bruns
wick).

Coenastraea ETALLON, 1859 ["C. martis). M.Jur.,
Fr.

Corofolius GREGORIO, 1930 ["C. mirus). Trias.,
Sicily.

Digitium GREGORIO, 1930 ["D. taxum). Trias.,
Sicily.

Discoseris GUMBEL, 1861 ["D. rhaetica). V.Trias.,
Bavaria.

Isocora ETALLON, 1864 ["I. thurmanni). M.Jur.,
Switz.

Kraterostrobilos CRICKMAY, 1930 ["K. bathys). L.
Jur., B.C.

Lepiconus STOPPANI, 1857 ["L. bassii). V.Trias.,
Italy.

Mirmidia GREGORIO, 1884 ["Meandrina? (Mirmidia)
serafina). V.Jur., Sicily.

Stylastraea FROMENTEL, 1860 ["5. sinemuriensis).
[non Stylastraea loNsDALE, 1845). L.Jur., Fr.

Pyxidophyllum STOPPANI, 1861 ["P. edwardsii).
V.Trias., Italy.

Petrophyllia CONRAD, 1855 ["P. arkansasensis).
Tert., Ark.

Trochosmilietta KOLOSVARY, 1949 ["Trochosmilia
comonensis D'AcHiARDI, 1875). M.Eoc., Italy.

INVALID GENERIC NAMES
The following names were proposed by

ALLOITEAU (1952), without description,
illustration, or indication of valid type
species: Clavismilia, Columnocoenia, Cylin
drocyathus, Delphinastraea, Dermosmiliop
sis, Diplothecophyllia, Ellipsoidastraea,
Hemiporites, Metasmilia, Palaeosmilia (non
M.EDw.-H., 1848), Parasmiliopsis, Phyllo
trochus, Placocaeniopsis, Polyastropsis, Poly
stephanastraea, Saltastraea, T hecoseriopsis,
and Uxacalcaraea.
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MORPHOLOGY

The Tabulata are an extinct, almost in
variably Paleozoic order of corals character
ized by their exclusively colonial mode of
growth and secretion of a calcareous exo
skeleton of slender tubes crossed by many
transverse partitions called tabulae. Relative
prominence of these tabulae and incon
spicuousness or even absence of radially dis-

posed longitudinal partitions (septa) are
features which suggested the name of the
group.

Morphological terms applied to tabulate
corals are distinguished in introductory parts
of the text devoted to this group by printing
in boldface type. In addition, they are in
cluded in an alphabetically arranged glos-
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sary of morphological terms used in de
scribing Rugosa, Heterocorallia, Scleractinia,
and Tabulata (p. F245-F251).

FORM OF CORALLA
The form of the complete colonial exo

skeleton (corallum) varies widely, depend
ing mainly on the shape and arrangement
of the exoskeletons (corallites) built by the
constituent individual polyps. Thus, the
corallum may be a laminar expansion, a
domed, hemispherical (Fig. 340,6), spheri
cal, nodular, or irregular body, or it may be
slenderly or coarsely branching, the branches
being cylindrical (ramose, Fig. 340,3) or
flattened (foliose, Fig. 352,4a) and either
free or joining to form a network; some
colonies develop only as thin incrustations
attached to foreign objects. Maximum di
mensions of coralla range from a few milli
meters to 2 m. or more; the diameter of
corallites ranges from approximately 0.2 to
20mm.

In the families Chaetetidae, Syringophyl
lidae, Heliolitidae, and Favositidae, all the
corallites of the corallum are commonly in
contact throughout their length; if the
corallite walls are prismatic by reason of
mutual pressure, the corallum is said to be
cerioid (Fig. 340,7); if opposite walls fail
to develop in rows of corallites it is mean
droid (Fig. 340,5); if dividing walls are ab
sent and a common tissue (coenenchyme)
unites the corallites, the corallum is coenen
chymal (Fig. 340,6). Corallites in these cor
alla may be erect or curved but opening at
right angles to their axes; or reclined, open
ing obliquely. Reclined corallites are gen
erally alveolitoid (Fig. 340,1) with a vaulted
upper wall and a lower wall parallel to the
surface of adherence.

Cateniform coralla have their corallites
united laterally in palisades generally one
corallite thick, the palisades forming a net
work (Fig. 341,9). These characterize the
Halysitidae.

The Auloporidae have a number of types
of corallum, of which the fasciculate is com
monest, the corallites being cylindrical,
parallel, and distant, but united by con
necting tubules (Fig. 341,7); in a second
type, coenenchymal expansions alternate
with fasciculate zones (Fig. 340,4). In this
family, too, the proximal part of a corallum
may be an attached (reptant) ring or reti
culum (Fig. 340,2) and distal parts may

consist of cylindrical or trumpet-shaped cor
allites which are either fasciculate or with
erect or reptant branches arranged like um
brella ribs in whorls (umbelliferous) (Fig.
341,8) or zigzag (Fig. 341,6).

STRUCTURAL ELEMENTS
CALICE, EPITHECA, AND WALL

The distal surface of each corallite is the
calice (Fig. 341,2). In all fasciculate and in
some cerioid coralla, each corallite is en
closed laterally in a sheath (epitheca, Fig.
341,2) of ?granular CaC03 ; in many ceri
oid, meandroid, and coenenchymal coralla,
a common epitheca covers all but the calical
surface of the corallum. The epitheca typic
ally is without the longitudinal ridges and
furrows of the Rugosa, but growth rings
are common; some Palaeacinae have super
ficial epithecal scales, as in some Rugosa;
Michelinia has radiciform processes con
sisting of rootlike epithecal outgrowths.

The corallite wall (on which lies the
epitheca in corallites of fasciculate coralla)
is not a simple structure; in some corals it
is formed by the peripheral edges of the
septa expanding to contiguity; in others, the
space between the peripheral edges of the
septa is bridged by calcareous tissue consist
ing of "fibers" (needle-like crystals) directed
inwards towards the axes of the corallite;
this tissue may show growth lamellation
across the fibers.

TRANSVERSE STRUCTURES

Corallites in coralla without coenen
chyme have only one type of skeletal ele
ment transverse to their length, the tabulae
-floors which generally are subhorizontal
(Fig. 342,1b; 345,4) but in some are shal
low domes or saucers, or in others, funnel
shaped (infundibuliform, Fig. 341,1). Each
tabula is typically complete, i.e., made of
one plate only (Fig. 345,4), but in some the
tabulae may be incomplete, composed of sev
eral small plates (tabellae, as in Michelinia,
Fig. 341,3). The tabularium is the area in
which tabulae are developed and it may oc
cupy the whole corallite.

In some cerioid forms, a marginarium
may develop between the tabularium and
the periphery of each corallite, generally as
a dense zone of skeletal tissue without loculi
forming a stereozone (Fig. 342,2); this is
generally a septal stereozone formed by
thickening of the peripheral parts of the
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septa to such extent that they become con
tiguous, but in some it may be formed in
part by the thickening of wall segments be
tween peripheral ends of the septa.

The coenenchyme of coenenchymal coral
la is a common marginarium. In coenen
chyme, transverse skeletal elements of vari
ous types may be found: dissepiments, which
are small domed plates usually not inclined
(as in Propora, Fig. 342,1); sola, which are
small horizontal or shallowly saucered
plates crossing coenenchymal tubules, as in
Heliolites (Fig. 342,3); or extensions of the
tabulae, as in Calapoecia (Fig. 346,5) and
Sarcinula (Fig. 346,6b).

LONGITUDINAL STRUCTURES

Among skeletal elements oriented in the
direction of growth of the corallite (longi
tudinal skeletal elements), the septa are
most important and are radially arranged in
the outer parts of the tabularium; they are
short (extending but a little toward the axis
from the periphery) and being equal are
presumably of one order; in many they are
12 in number. Studies are required on their
order of insertion, though one may not find
orderly insertion in offsets owing to the
manner of increase. Each septum is typically
acanthine (spinose), i.e., each consists of a
vertical series of thorns (trabeculae, Fig.
342,3) with acutely or obtusely pointed
apices, in some separate throughout their
length, in others contiguous at their bases at
the periphery; in a few genera the septal
trabeculae are contiguous throughout their
lengths, forming a laminar septum. The
trabeculae are generally in single series, the
axis of each in the mid-plane of the septum,
but in some (Fig. 343,1) the axes may di
verge from the mid-plane; they are directed
toward the axis of the corallite, typically up
ward but in some horizontally and rarely
(Proheliolites, Fig. 348,6) downward. In
some Favositinae (Emmonsia), certain of
the trabeculae may expand laterally to form
eavelike plates (squamulae, Fig. 343,3) pro
jecting horizontally toward the axis of the
corallite.

Axial structures are exceptional in Tabu
lata, and where formed, consist merely of
vertical, separate trabeculae based on the
tabulae. The longitudinal skeletal elements
of the coenenchyme are trabeculae, gen
erally separate (Fig. 342,1), though in some

they are contiguous in linear series to form
laminae, of which some may be continua
tions of the septa, while others may form
walls enclosing prismatic or cylindrical
spaces or tubules (Fig. 342,3). The trabe
culae are typically vertical (parallel to the
direction of growth of the corallum) and
may be thin or stout. In the Palaeacinae, the
coenenchyme consists of trabeculae contigu
ous throughout, except for irregular canal
like spaces which may connect neighboring
tabularia or open at the surface.

The coenenchyme indicates the presence
of a coenosarc or common soft tissue; but
direct communication between the polyps of
neighboring corallites seems to have been
possible also by means other than the coeno
sarc. Thus, in the Syringoporinae, connect
ing tubules (Fig. 341,7) join neighboring
corallites and may pierce both walls. In the
Favositidae and in cerioid Syringoporinae
(Roemeria), regular or irregular systems of
circular or oval mural pores (holes through
the common walls) are found (Fig. 343,2).
In Micheliniinae and Palaeacinae, the walls
may be perforate (Fig. 343,4) in the same
irregular manner as in the perforate Scler
actinia and the calostylid Rugosa.

MICROSTRUCTURE OF SKELETON
Each of the skeletal elements (septum,

tabula, dissepiment, solum or wall segment)
consists of needle-like crystals (fibers) of
CaCOa, though whether originally of arago
nite or calcite is not known. In the trans
verse skeletal elements these are arranged at
right angles to the upper and lower surfaces
of the plate, but in the septa they are
directed upward and outward from the axes
of the constituent trabeculae. In all elements,
skeletal thickening is effected by a lengthen
ing of the fibers from their upper ends, and
growth lamellation is at right angles to the
fibers; in some types of recrystallization dur
ing fossilization, the fibrosity disappears and
lamellation is emphasized.

The relation of the entire exoskeleton to
the soft parts must have been similar to
that in Scleractinia. No fossil impressions of
the soft parts of Tabulata are known. As in
Rugosa, the fibers of Tabulata were formed
by spherulitic crystallization, presumably in
a gel exuded from the basal ectoderm.
Crystallization in the transverse skeletal
elements is by planar control, and in the
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meandroid
Chaetetes

5

2

4

fasciculate coenenchymal
Chonostegites

reptant retiform
Aulopora

alveolitaid
Alveolites

coenenchymal
Plasmopora

cerioid
Favosites

FI.G 340. Types of tabulate coralla. 1, Alveolites suborbicularis LAMARCK, M.Dev., Ger.; part of surface
showing form of nearly recumbent (alveolitoid) corallites with large septal spine in middle of lower wall,
enlarged (55). 2, Aulopora serpens GOLDF., M.Dev., Ger.; upper surface of corallum showing circular
calices of branching tubes (reptant on another coral), Xl (55).3, Thamnopora reticulata BLAINV., M.Dev.,
Ger.; surface of corallum, Xl (55). 4, Chonostegites clappi M.EDW.·H., M.Dev., Ohio; side of weathered
corallum showing regularly spaced flat coenenchymal extensions connecting the cylindrical corallites, Xl
(70). 5, Chaetetes septosus FLEMING, L.earb., Belg.; transv. sec. X8 (76). 6, Plasmopora petalli/ormis
(LONSDALE), M.Sil., Eu.; surface of corallum, Xl (68). 7, Favosites gothlandicus LAMARCK, Sil. God.;

corallum broken along walls of prismatic tubes, Xl (55).
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10

infundibuliform tabulae
connecting tubules
Syringapara

fasciculate
connecting tubules

Syringopora

umbelliferous

Romingerio

incomplete tabulae
Michelinia

quadripartite axial increase
Tetradium

zigzag
Cladachanus

cateniform

Halysites

FIG. 341. Types of eoralla, increase and tabulae in tabulate corals. 1, Syringopora reticulata GOLDF., L.Carb.,
Eng.; long. and transv. sees., showing infundibuliform tabulae and connecting tubules between corallites,
X5 (70).2,3, Michelinia tenuisepta (PHILLIPS), L.Carb., Belg.; 2, side of corallum, Xl (68); 3, long. sec.,
X I (68). 4, Thamnopora polymorpha (GOLDF.), M.Dev., Ger.; part of corallum broken along walls of
prismatic tubes, showing prominent mural pores, enlarged (55). 5, Tetradium oklahomense BASSLER, M.
Ord., Okla.; transv. sec. of 3 corallites, XI2 (45).6, Cladochonus brevicollis (M'CoY), L.Carb., Eng.; side
of corallum, Xl (66). 7, Syringopora ramulosa GOLDF., L.Carb., Belg.; side of corallum, Xl (55). 8,
Romingeria umbellifera (BILL.), M.Dev., ant.; side of corallum, X I (70). 9, Halysites labyrinthicus

(GOLDF.), M.Sil., Can.; corallum, X I (55).
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septum

spinose septa
trabeculae

Heliolites

FIG. 342. Morphological features of tabulate corals. l, Propora speciosa (BILLINGS), Sil., Eu.; la,b, transv.
and long. sees., X4 (65). 2, Striatopora ornata (ROMINGER), M.Dev., N.Y.; 2a,b, surface and long. sec.,

X7 (70).3, Heliolites barrandei PENECKE, U.Sil.-L.Dev., Eu.; 3a,b, transv. and long. sees., X 12 (65).

septa by puntal control from a series of
points along the crests of invaginations in
the base of the polyp, a trabecula being
formed from each point.

INCREASE OF CORALLA
The growth or increase of coralla may

have started from one corallite only, or
possibly from a group of corallites secreted
by simultaneously settling planulae (the
free-swimming larval stages). New coral
lites formed during increase are offsets.

Three chief types of increase are dis
tinguishable:
(1) Axial, in which one or more new divid

ing walls grow across the axis of a

(2)

(3)

corallite so that small offsets form in
the place of the one corallite, whose
peripheral tissues continue to grow as
part of the offsets; where 2 offsets are
so formed the increase is bipartite, and
this may be equal or unequal; where 4
offsets are formed, the increase is quad
ripartite (Fig. 341,5).
Peripheral (or coenenchymal), where
offsets arise in the coenenchyme.
Lateral (in fasciculate coralla, Fig. 341,
7) or intermural (in cerioid coralla,
Fig. 341,4), where the offsets arise lat
erally, the initial portion becoming sur
rounded by the growing wall of the
older corallite.

CLASSIFICATION

The order has had many changes in its
systematics. MILNE-EDWARDS & HAIME in
cluded among Tabulata several genera
which subsequently have been assigned to
other orders, subclasses, or phyla, as for ex
ample, Pocillopora and Seriatopora (sclerac
tinians); Millepora (hydrocoralline); Labe-

chia (stromatoporoid); H eliopora (octocoral
lian) and Fistulipora, Stenopora (poly
zoans), etc. As the real affinities of these mis
fits were discovered, it came to be thought
that there was no such zoological entity as
the Tabulata, and the remaining genera
were distributed among the other Anthozoa,
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chiefly in the Scleractinia and Octocorallia,
but sometimes in specially named orders; the
earlier moves were reviewed by NICHOLSON
(29); later essays are those of SARDESON
(32), GERTH (12), OKULITCH (30), and
TERMIER & TERMIER (36). WEISSERMEL
(37), in reviewing OKULITCH'S conclusions,
gave sound reasons fot concluding that the
Tabulata as now understood and herein de
fined are a natural unit.

The 6 families forming the order are
clearly distinguishable from the Rugosa,
Scleractinia, and Octocorallia, and should re
tain MILNE-EDWARDS & HAIME'S name Tabu
lata. They differ from the Octocorallia (ex
cept Heliopora) and resemble the Rugosa
and Scleractinia in having skeletons of
fibrous CaCOa (not spicular, as in Octo
corallia), arranged in trabeculae in the septa
and in sheets in the transverse plates. They
differ from both Rugosa and Scleractinia in
having septa of one series only, while in
many the number of septa is 12. They are
invariably compound, the corallites are al
most universally slender, and they tend to
communicate with one another by mural
pores, connecting tubules, irregularly per
forate wall tissue, or coenenchyme.

Subdivision of the Tabulata is relatively
simple, the 6 families recognized having dis
tinctive features. Thus, the most primitive
(Chaetetidae) are aseptate and without
mural pores; the Favositidae are septate,
with mural pores, a few of its members hav
ing 12 septa; the Heliolitidae all have 12
septa and are coenenchymal; the Halysitidae
have a characteristic cateniform growth and
12 septa; the Auloporidae commonly have
funnel-shaped tabulae and connecting tubes
which become mural pores in cerioid forms;
the Syringophyllidae have mural pores but
develop a characteristic coenenchyme.

The aseptate aporose condition of the
Chaetetidae might perhaps be thought dis
crepant from the other Tabulata, but in
Devonian forms in which the wall is thick
ened, the tissue is found to be fibrous as in
the other corals.

A tabular summary of suprageneric divi
sions recognized in the Tabulata, showing
stratigraphic range of each as now known
and including record of the number of gen
era (figures enclosed by parentheses) in each
taxonomic unit, follows.

Suprageneric Divisions of Tabulata

Tabulata (order), exclusively colonial, corallites
mostly small, characterized by presence of tabu
lae but septa weak or absent (108). Ord.-Perm.,
?Trias.-?Eoc.

Chaetetidae (family) (8). M.Ord.-Perm., ?Trias.-
?Eoc.

Lichenariinae (subfamily) (1). M.Ord.
Tetradiinae (2). M.Ord.-U.Ord.
Chaetetinae (5). Ord.-Perm., ?Trias.-?Eoc.

Syringophyllidae (7). M.Ord.-L.Sil.
Billingsariinae (4). M.Ord.-U.Ord.
Syringophyllinae (3). M.Ord.-L.Sil.

Heliolitidae (18). M.Ord.-U.Dev.
Coccoseridinae (5). M.Ord.-L.Sil.
Palaeoporitinae (3). M.Ord.-U.Ord.
Plasmoporinae (5). M.Ord.-U.Sil.
Proheliolitinae (1). U.Ord.-L.Sil.
Heliolitinae (4). L.Sil.-U.Dev.

Favositidae (40). U.Ord.-Perm., ?Trias.
Favositinae (16). U.Ord.-U.Dev.
Theeiinae (2). Silo
Pachyporinae (7). Sil.-Perm.
Alveolitinae (3). Sil.-Dev.
Micheliniinae (4). Dell.-Perm.
Palaeacinae (8). L.Dev.-Perm.

Halysitidae (3). Ord.-Sil.
Auloporidae (24). Sil.-Perm.

Auloporinae (15). Sil.-Perm.
Syringoporinae (9). Sil.-Perm.

Incertae sedis (8). Sil.-Carb.

until late in Givetian time, when their num
bers markedly decreased; by early Carboni
ferous times they were subordinate to the
Rugosa, and retained this relative unim
portance until the extinction of the Rugosa
at the end of the Paleozoic Era. In families,
genera, and species, they outnumbered the
Rugosa only in the Ordovician. Probably
only one family of tabulate corals survived
the Paleozoic, being represented by uncom
mon examples until its extinction in the

STRATIGRAPHIC DISTRIBUTION
GENERAL SUMMARY

The Tabulata are first known in the
Chazyan, early Middle Ordovician strata of
the shallow seas associated with the Appala
chian geosyncline of eastern North America,
but by Trentonian time, they were cosmo
politan. They apparently preceded the Ru
gosa, first known in Blackriveran strata. In
numbers of individuals they exceeded the
Rugosa throughout the Ordovician and Sil
urian, but were about equal in the Devonian
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FIG. 343. Morphological features of tabulate corals. 1, Coccoseris ungerni EICHW., V.Ord., Est.; la, part of
distal surface; lb,c, transv. and long sees.; all XIO (65).2, FatJosites sp., Dev., Queensl.; 2a, transv. sec.
in plane which happens to coincide with position of some mural pores, also showing short spinelike septa;
2b, long. sec. showing closely spaced tabulae and mural pores in walls both parallel and normal to plane
of the section, X6 (70). 3, Caliapora battersbyi (M.EDW.-H.), M.Dev., Eu.; 3a,b, transv. and long. sees.
showing shelflike projections from the wall which are termed squamulae, X6 (74). 4, Squameophyllum
antiquum (M'Coy), L.Carb., Ire.; 4a,b, transv. and long. sees. showing perforate walls and irregular
tabulae, enlarged (76). 5, AltJeolites labechei M.EDW.-H., Sil., Eu.; 5a,b, transv. and long. sees. showing

spinose septa and mural pores, X 10 (70).
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Eocene. Bursts of fecundity and evolutional
activity are less notable in the Tabulata than
in the Rugosa.

RELATIVE IMPORTANCE OF
FAMILIES IN SUCCESSIVE EPOCHS

ORDOVICIAN

The families appearing in the Chazyan
of North America were the Chaetetidae
(Tetradium, Lichenaria) , Syringophyllidae
(Billingsaria) , and Auloporidae (Eofletch
eria) , the chaetetids being perhaps com
monest. During Blackriveran (zone of
Nemagraptus gracilis) time, these Tabulata
seem still confined to the strata of the Ap
palachian seas of North America, with the
exception of T etradium in possible Black
riveran equivalents on Bear Island south
of Spitzbergen. But by Trentonian time
(zones of Climacograptus peltifer to C.
linearis, inclusive) they occurred also in the
Caledonian seas of northern Europe and the
Himalayan seas of central Asia, and the first
Heliolitidae (Protaraea, Propora) and Haly
sitidae (Halysites) had entered. The Favo
sitidae are not certainly known until Palaeo
favosites appeared in the Upper Ordovician
in equivalents of the zone of Dicellograptu;
anceps. In the Upper Ordovician too the
Heliolitidae replaced the Chaetetidae a~ the
dom.inant family of Tabulata, many genera,
~artlcularly of Coccoseridinae, Palaeopori
tm~e, and ~lasmoporinae appearing. The
SynngophyllIdae were practically extinct by
the end of the Ordovician.

SILURIAN

During the Silurian the Chaetetidae were
quite unimportant, being represented by a
few Chaetetinae only, and the dominant
family was perhaps the Favositidae. The
ramose Pachyporinae and reclined Alveo
litinae were less numerous than the hemi
spherical or spherical Favositinae, of which
Favosites itself was the most important with
its pores in the faces rather than the ~ngles
of the walls, as in the mainly Ordovician
p'~laeofavosites. In the still important Helio
lItldae, the Plasmoporinae and Heliolitinae
took the place of the Coccoseridinae, Palaeo
~oritinae, and P~oheliolitinae. The Halysi
tldae were only slIghtly more important than
the Auloporidae, but whereas the latter con
tinued throughout the Paleozoic, the former

became extinct at the end of the Silurian or
within the Gedinnian.

DEVONIAN

Devonian ~~unas are characterizd by only
4 of the familIes of Tabulata. The Favositi
?ae remained dominant, though they waned
m the Upper Devonian. The Heliolitidae
were represented by only 2 subfamilies the
Heliolitinae and Plasmoporinae, which'con
tinued from the Silurian; the last heliolitid
Heliolites itse.l£, became extinct in the earl;
Late Devoman. The Auloporidae and
Chaetetidae retained minor importance. Of
the .Favositidae, the .Favositinae and Pachy
ponnae were very Important until late in
the Devonian, ramose Favosites and the
Pachyporinae outnumbering the hemispheri
cal coralla. Many of the Favositinae devel
oped squamulae in the late Early and Mid
dle Devonian. By Late Devonian time the
hemispherical Favositinae were practically
absent, and the Alveolitinae and Pachypori
nae were the dominant types, the former be
coming. exti';lc~. before the end of the period.
The Mlchelmllnae and Palaeacinae entered
in the E.arly Devonian with Pleurodictyum
and Clelstopora, respectively, but except in
the Early Devonian, when Pleurodictyum
was common, these 2 subfamilies were un
important.

CARBONIFEROUS AND PERMIAN

In E~rly Carboniferous time, only the
Aulopondae. Chattetidae, and Favositidae
remained, in that order of importance. Few
genera and species were involved, but the
number of individuals of Syringopora and
C.haetetes was sometimes great. The Favosi
tmae were poorly represented by small
squamulate forms and the Micheliniinae
were relatively important in numbers of
individuals; the Palaeacinae showed consid
erable variability and a number of these per
forate genera have been distinguished; the
Pachyporinae were very rare.

The Moscovian, Artinskian, and later
Paleozoic faunas are similar to those of the
Lower Carboniferous, though there was a
slight increase in the evolutional activity of
the Auloporidae and Pachyporinae and a
decrease in that of the Chaetetidae, the
Micheliniinae, and the Palaeacinae.
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POST-PALEOZOIC

Most post-Paleozoic species referred to
the Tabulata have been removed subse
quently; of a number of Mesozoic and

Eocene species now recorded under the
Chaetetidae, some may be coralline algae,
while Triassic species referred to the Favosi
tidae deserve further research.

ECOLOGY

The Tabulata frequently acted as frame
work organisms in the reefs of the Paleo
zoic, and in this role were sometimes more
important than either the Rugosa or the
Stromatoporoidea. But they also occurred
in other than reef habitats; thus Pleura
dictyum is particularly characteristic of the
Siegen facies of the Lower Devonian. In

general, it may be said that the largest cor
alIa characterize the reef facies and that in
deeper- and colder-water facies one finds
small or slenderly branched coralla. Like
the Rugosa, they are usually found in beds
with a considerable lime content and are
rare or absent in noncalcareous sandstones
and mudstones and in greywackes.

ONTOGENY

Since members of the order are invariably
compound, ontogenetic studies have been
practically confined to elucidating the posi
tion of development of new corallites, and
because Pleurodictyum has perhaps the
largest corallites known in the Tabulata, it
has been most studied. The order of inser
tion of septa in Tabulata is a neglected field

of research, just as neglected as in the young
corallites of compound Rugosa; one would
like to know whether the apparently single
order of septa was inserted pinnately in 4
positions, as in the Rugosa, or not, with or
without masking by skipping of stages in
offsets.

EVOLUTIONARY TRENDS

(I) The production of a marginarium
was perhaps the most important of the evo
lutionary trends in Tabulata, as in Rugosa.
There are 2 classes:

(A) In cerioid coralla, where the septa
of neighboring corallites are divided by a
plane of divergence of their trabeculae, the
only marginarium found is the septal
stereozone (e.g., Striatopara); a dissepi
mentarium is unknown. Since minor septa
are not developed, the width of the septal
stereozone does not depend on the length
of the minor septa, as in Rugosa.

(B) In coralla where the dividing walls
between corallites disappear, the margin
arium is a common one, the coenenchyme;
different types of coenenchyme develop:

(i) A compact coenenchyme where the
common tissue consists (a) of vertical,
very short, tightly packed trabeculae only
(Coccoseridinae), or (b) of lamellar
sclerenchyme in which the original fibros
ity is lost in emphasis of the growth lamel
lation (Thamnopora lamellicornis, Fig.
351,3c-e).

(ii) A proporoid coenenchyme, where

isolated trabeculae, stout or thin, are
based on slightly domed dissepiments.

(iii) A heliolitoid coenenchyme in
which the trabeculae are organized into
vertical walls forming tubules which are
crossed by small transverse plates or sola.

(iv) A halysitoid coenenchyme; very
narrow vertical tubular spaces crossed by
small transverse plates and without verti
cal skeletal elements may develop be
tween neighboring corallites of cateniform
coralla.

(v) A calapoecioid coenenchyme
formed by extensions from the tabulae
and septa which intersect to enclose hori
zontal tubular spaces.

(vi) A palaeacoid coenenchyme, i.e., a
trabeculate but irregularly tunneled and
perforate coenenchyme, as in Palaeacis.
(2) The development of intercorallite

communication, apart from the coenen
chyme, is a trend distinctive of the Tabu
lata; one finds:

(A) Mural pores (Favositidae, Billings
sariinae).
(B) Connecting tubes between the cy-
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lindrical corallites of fasciculate Syringo
porinae, which in the cerioid Roemeria
become mural pores.

(C) Irregular perforation of the walls
and septa, common in Scleractinia and
calostylid Rugosa, and present in the
Palaeacinae and Palaeoporitinae.
(3) The development of corallites of r~

clined, not vertical habit is seen in the
Alveolitinae; the upper wall of the reclined
corallites becomes vaulted.

Several other trends occur, but less com
monly, and some of these which are minor
in the Tabulata are common in the Rugosa.
Thus, the common Rugosa trend to replace
ment of tabulae by tabellae is seen in Tabu
lata only in the Micheliniinae, one of the
later subfamilies of Favositidae. The trend
to complication of the arrangement of
trabeculae within the septa may occur ex
ceptionally in the Tabulata, as in some early
Coccoseridinae where the individual trabe
culae of each septum diverge from the

medial plane; the development of squamulae
in Favositinae in the Devonian (Emmonsia)
and Lower Carboniferous may be due to a
specialization of this trend. Laminar septa,
where the axes of the trabeculae are so
closely spaced in the septum that one cannot
distinguish the fibers of the different trabe
culae, are rare in Tabulata, but are quite
common in Rugosa. The production of an
axial structure is also very rare in Tabulata,
though common in late Rugosa and in Scler
actinia; its early appearance with vertical
axial trabeculae in Billingsaria and a few
Heliolitidae was abortive. The appearance
of alternation in size of septa in the early
syringophyllid Nyctopora seems not to have
been due to the trend to develop more than
one order of septa which distinguishes both
Rugosa and Scleractinia; nor is there any
clear trend to the predominance of 6 proto
septa in Tabulata, characteristic in Scler
actinia and appearing in late Rugosa, though
a 12-equiseptate condition is found in many.

erect, prismatic (18a). M.Ord., N.Am.-Scot.-
FIG. 344,1.•L. typa, N.Am.; la, surface, Xl; Ib,
calices on weathered surface, X 6; 1c,d, transv.
and long. sees., X4 (45).

Subfamily TETRADIINAE Nicholson, 1879
[nom. transl. HILL, 1951 (ex Tetradiidae NICH., 1879»)
[=Palcoalveolitidae, Tetradidae OKULITCH, 1935; Tetradina

(order) OK., 1936]

Increase quadripartite, incomplete in
many. M.Ord.-U.Ord.
Tetradium DANA, 1848 [non SCHMIDT, 1874] [·T.

fibratum SAFFORD, 1856; SD SAFFORD, 1856]
[=P"ismostylus OKULITCH, 1935; Prismatostylus
LANG-S.-T., 1940 (nom. van.)]. Corallites erect,
cylindrical or prismatic (l8a). M.O,-d.-U.Ord., N.
Am.-Eu.-N.S.W.-Tasm.--FIG. 344,2. ·T. fibra
tum, M.Ord., N.Am.; 2a,b,d, transv. sees., X2,
X4, X6; 2e, long. sec., X4 (45). Other species,
Fig. 341,5.

Paleoalveolites OKULITCH, 1935 [·Tetradium ear
terense BASSLER, 1932] [=Kentlandia SHROCK,
1937; Palaeoalveolites LANG-S.-T., 1940 (nom.
van.) ]. Ramose; axial corallites prismatic and erect,
peripheral corallites inclined, with upper walls
vaulted (18a). M.Ord., N.Am.--FIG. 344,3. ·P.
earterensis (BASSLER); 3a,b, transv. sees., X4,
X8; 3e, long. sec., X4 (45).

Subfamily CHAETETINAE Milne-Edwards &
Haime, 1850

Increase bipartite, may be incomplete giv
ing meandroid coralla. Ord.-Perm., ?Trias.
?Eoc.

Family CHAETETIDAE Milne-Edwards &
Haime, 1850

[nom. tTansi. NICHOLSON, 1877 (ex Chaetetinae M.EDW.~H.,

1850) J [=Chaetetiniens DE FROMENTEL, 1861 (invalid ver
nacular name); Chaetetiden ROEMER, 1883; Chaetidae POCTA,

1902; Tetradina, Chaetetina (orders) OKULlTCH, 1936]

Massive coralla composed of extremely
slender aseptate corallites with imperforate
walls and complete tabulae. M.Ord.-Perm.,
?Trias.-?Eoc.

Subfamily LICHENARIINAE Okulitch, 1936
{nom. tTansi. et correct. HILL, 1951 (ex Lichenaridae

OKULITCH, 1936)]

Increase unequal, offsets arising near
the margins of the corallites. M.Ord.
Lichenaria WINCHELL & SCHUCHERT, 1895 [.L.
typal [=Lamottia RAYMOND, 1924]. Corallites

SYSTEMATIC DESCRIPTIONS
Order TABULATA Milne-Edwards

& Haime, 1850
[as Zoantharia Tabulata (suborder) M.EDW.-H., 1850)
[=Aseptata GRABAU, 1913; Trichokorallen, Chatokorallen
WEISSERMEL, 1927; Chaetokorallen WEISSERMEL, 1937; Tricho·
corallia WEISSERMEL, 1939) [Includes Tubulosa (section) M.
EDW.·H., 1851; Schizocoralla (subclass), Heliolitina (order)
OKULITCH, 1936; Heliolitida (section) JONES & HILL, 1940;

Muhisolenida (order) FRITZ, 1950)

Corallum compound, with very slender
corallites; septa short, equal, in many genera
12 in number, each typically a vertical series
of spines; walls with pores in many; tabulae
complete or funnel-shaped in some; extra
tabularial tissue a coenenchyme in many.
Ord.-Perm., ?Trias.-?Eoc.
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2b
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Poleoolveolites 3c

FIG. 344. Chaetetidae (p. F454).

Chaetetes FISCHER in EICHWALD, 1829 [*C. eylin
draeeus; SD OAKLEY, 1936] [=?Chaetetopsis
NEUMAYR, 1890; Chaetetipora STRUVE, 1898;
?Carnegiea GIRTY, 1913 (pro Carnegia GIRTY,
1907, non HOLLAND, 1896); Chaetetides STRAND,
1928; Boswellia, ?Chaetetella, ?Chaetetiporella,
?Moseovia, ?Spongiotheeopora SOKOLOV, 1939;
?Septaehaetetes RIOS & ALMELA, 1944; ?Fistuli
murina SOKOLOV, 1947]. Massive or incrusting
(18a). Ord.-Perm., cosmop.; ?Trias.-?Eoe., Eu.
--FIG. 340,5; 345,1. C. ?septosus FLEMING, L.
Carb.(Vise.), Eu.; 340,5, transv. sec., X6 (76);
345,la,b. transv. and long. sees., X4 (58n).

Dania M.EDw.-H., 1849 [*D. huroniea]. Like
Chaetetes but with tabulae on same level in con
tiguous corallites and unequally spaced (28). Sil.,
N.Am.--FIG. 345,2. *D. huroniea; 2a, weathered
top surface, showing form of corallites in transv.
sec., X4; 2b, weathered side of corallum, show
ing accordant tabulae, X 1 (68).

Hattonia JONES, 1927 [*H. etheridgei]. Like Chae
tetes but with 1 to 3 tabulae occurring in groups
which are regularly spaced and on the same level
in contiguous corallites. M.Sil., N.S.W.-USSR.-
FIG. 345,3. *H. etheridgei, N.S.W.; 3a,b, transv.
and long. sees., X4 (60).

Litophyllum ETHERIDGE, 1899 [*Amplexopora
konineki ETHERIDGE & FOORD, 1884]. Like Chae
tetes but with walls a little thickened so that
tabularium is rounded rather than polygonal.
Up.M.Dev., E.Austral.--FIG. 345,4. *L. konineki
(ETH.-F.), Queensl.; sec., X4 (58n).

Pachytheca SCHLUTER, 1885 [non HOOKER, 1861;
nee CANU, 1913] [*P. stellimieans]. Like Lito
phyllum but with walls so thickened as almost to
fill the corallite (33). MDev., Ger.--FIG 345,5.
*P. stellimieans, Eifel; 5a,b, transv. and long. sees.,
X9 (74).
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FIG. 345. Chaetetidae (p. F455).
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Family SYRINGOPHYLLIDAE Poeta,
1902

[ex Syringophyllum MILNE-EDWARDS & HAIME, 1850 (=Sarci
nula LAMARCK, 1816, ,ubj.)] [=Syringophylliden ROEMER,
1883 (invalid vernacular name); Lyoporidae KIAR, 1930; Bi!·
lingsaridae OKULITCH, 1936; Calapoeciidae HILL, 1951;

Columnoporidae LECOMPTE, 1952]

Massive; septa short, thick, spinose, and
typically equal in number in any species;
mural pores interseptal and arranged in hori
zontal rows, each just above a tabula; coen
enchyme formed by extensions from the

tabulae and septa which intersect to enclose
horizontal tabular spaces (18a). M.Ord.
L.Sit.

Subfamily BILLINGSARIINAE Okulitch, 1936
[nom. transl. et correct. HILL, 1955 (ex Billingsaridae OKU

LlTCH, 1936)] [=Nyctoporinae HILL, 1951]

Coenenchyme absent, septa 16, may alter
nate in size (18a). M.Ord.-U.Ord.
Billingsaria OKULITCH, 1936 [*Columnaria parva

BILLINGS, 18591. Septal trabeculae dilated wedge
wise to form a thick wall; vertical trabeculae may

Nyctoporo

Colopoecio

Sorcinulo

10

Lyoporo

Billingsorio

'"Foerstephyllum

3c
Soffordophyllum

lb

FIG. 346. Syringophyllidae (p. F457-F458).
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develop at axis (18a). M.Ord., N.Am.-Austral.
--FIG. 346,1. ·B. parva (BILL.), N.Am.; 1a,b,
transv. and long. sees., X 4 (72).

Nyctopora NICHOLSON, 1879 [·N. billingsi (pro
Columnaria goldfussi NICH., 1875, non BILL.,
1858) J. Walls and septa thin (18a). M.Ord.-U.
Ord., N.Am.-Eu.-Austra!.; M.Ord., Spiti.--FIG.
346,2. ·N. blllingsi, M.Ord., N.Am.; 2a, top sur
face showing calices, X5; 2b, long. sec., X5 (70).

Saffordophyllum BASSLER, 1950 [·S. deekeri (pro
Liehenaria earterensis DECKER, 1931, non Col
umnaria earterensis SAFFORD, 1869)]. Septa very
short, equal, 8, each proceeding from an inward
undulation of the wall; tabulae close (4). M.Ord.,
N.Am.--FIG. 346,3. ·S. deekeri; 3a,b, transv.
sees., X4, XlO; 3e, long. sec., X4 (45).

?Foerstephyllum BASSLER, 1950 [·Columnaria? halli
NICHOLSON, 1879]. Septa numerous, short, thick,
of one order only (4). M.Ord.-U.Ord., N.Am.-
FIG. 346,7. F. halli (NICH.), M.Ord., N.Am.;
7a,b, transv. and long. sees., X4 (70).

Subfamily SYRINGOPHYLUNAE Pocta, 1902
[nom. Iransl. HILL. 1955 (ex Syringophyllidae POCTA. 1902)]
[=Lyoporidae KIAR. 1930; Calapoeciinae HILL, 1951; Col

umnoporidae LECOMPTE. 1952]

Cerioid or with coenenchyme; septa 20
to 24, equal (18a). M.Ord.-L.Sil.
Lyopora NICHOLSON & ETHERIDGE, 1878 [·Palaeo

pora? tavosa M'CoY, 1850] [=Liopora LANG-S.-T.,
1940 (nom. van.) (non GIRTY, 1915)J. Cerioid,
without coenenchyme (18a). M.Ord., Eu.-N.Am.
FIG. 346,4. • L. tavosa (M'CoY), Eu.; 4a,b, transv.
and long. sees., Xl (47).

Calapoecia BILLINGS, 1865 [·C. antieostiensis; SD
LINDSTROM, 1883] [=Columnopora NICHOLSON,
1874; Houghtonia ROMINGER, 1876]. Coenen
chyme more or less well developed (18a). M.Ord.
L.Sil., N.Am.-Scand.--FIG. 346,5. ·C. canaden
sis BILL. antieostiensis, U.Ord., N.Am.; 5a,b,
transv. and long. sees., X I (47).

Sarcinula LAMARCK, 1816 [·Madrepora organum
LINNE, 1758 (partim); SD DANA, 1846]
[=Syringophyllum M.EDw.-H., 1850 (non ULR.
in MILLER, 1889, nee GRABAU & YOH, 1929)].
Corallum alternatingly fasciculate and with wide
coenenchymal platforms (18a). M.Ord.-L.Sil., N.
Eu.--FIG. 346,6. ·S. organum (LINNE), M.Oed.
L.Si!., N.Eu.; 6a,b, transv. and long. sees., X I
(47).

Family HELIOLITIDAE Lindstrom, 1876
[pro Palaeoporidae M'Coy, 1851, ex Palaeopora M'Coy, 1849
(=Heliolites DANA, 1846, ob;.); pro Heliolithidae LtND.,
1873, ex Heliolilhes LIS'., 1873 (=Heliolites DANA, 1846.
obj.)] [=Palaeoporidae M'Coy, 1851; Heliolithidae LIND.,
1873; Heliolitiens DOLLFUSS, 1875 (invalid vernacular name);
He1iolithinae WENTZEl., 1895; He1iolithoidea (order) FRECH,

1897; Heliolitina (order) OKULITCH, 1936; Helio1itacea (sub
order) WEDl:.J<.IND, 1937; Heliolitida (section) JONES & HILL,

1940)]

Massive corana with slender tabularia sep
arated by coenenchyme; each tabularium

with 12 equal spinose septa and with com
plete tabulae (18a). M.Ord.-U.Dev.

Subfamily COCCOSERIDINAE Kiar, 1899
[nom. correct. HILL & STUMM, herein (pro Coccoserinae
KIAR, 1899)] [=Pycnolithinae, Coccoseridae LINDSTROM,

1899j Protaraeinae KIA-R, 1904; Protaraeidae LECOMPTE, 1952]

Incrusting, discoid, nodular or branching;
coenenchyme tubular; trabeculae greatly
thickened; septal trabeculae curving up
wards and inwards to become vertical in
axial parts of tabularia; coenenchymal trabe
culae vertical, spaced so as to form vertical
tubules (18a). M.Ord.-L.Sil.
Protaraea M.EDW.-H., 1851 [·Porites? velustus

HALL, 1847; SD MILLER, 1889] [=Diplastraea
EICHW., 1854; Tumtllaria ROBINSON, 1916 (pro
Stylaraea SEEBACH, 1866, non M.EDw.-H., 1851)].
Trabeculae very stout, coenenchyme narrow or ab
sent (18a). M.Ord.-L.Sil., N.Am.-Eu.-Tasm.-
FIG. 347,1. ·P. vetusta (HALL) M.Ord., N.Am.;
la, side view of corallum, Xl; lb, calices, XI0
(68).

Coccoseris EICHWALD, 1855 [·C. ungerni (=Lo
phoseris ungerni EICHW., 1855); SD LANG-S.-T.,
1940). Coenenchyme wide, trabeculae so stout that
all spaces are filled (18a). U.Ord.-L.Sil., Eu.-
FIG. 347,2. ·C. ungerni, U.Ord., Est.; 2a, part of
surface, Xl; 2b,e, transv. and long. sees., XlO
(65).

Acidolites LANG-S.-T., 1940 [pro Aeantholithus
LINDSTROM, 1899 (non STIMPSON, 1858)] [.Aean
tholithus lateseptatus LIND., 1899]. Coenenchyme
wide, trabeculae relatively slender, leaving spaces
crossed by dissepiments (18a). U.Ord.-L.Sil., Eu.
Tasm.--FIG. 347,3. • A. lateseptatus (LIND.),
?L.Sil., God.; 3a, part of surface, X I; 3b-d, transv.
and long. sees., X8 (65).

Pycnolithus LINDSTROM, 1899 [·P. bitidus]. Discoid;
coenenchymal trabeculae so thick as to fill all spaces;
septa very short, leaving open tabularia crossed by
tabulae (26). L.Sil., Got!.--FIG. 347,4. ·P. bi
tidus, L.Sil., God.; 4a,e, transv. and long. sees.,
X4; 4b, part of surface showing calices, X4 (65).

Urceopora EICHWALD, 1855, Stylidium EICH., 1855
(non DALL in BARTSCH, 1907) are possibly coc
coseridines but thin sections are required.

Subfamily PALAEOPORITINAE Kiar, 1899

Like Coccoseridinae, but septa and walls
of tabularia and coenenchymal tubules per
forate (22). M.Ord.-U.Ord.
Trochiscolithus KIAR, 1904 [·T. micraster]. Branch

ing, axis of branch with slender trabeculae forming
partially perforate septa and walls; outer parts of
branch with all spaces filled by dilatation of the
trabeculae (18a). M.Ord.-U.Ord., Eu.--FIG. 347,
5. ·T. mieraster, Ord., Norway; 5a, transv. sec.,
X4; 5b, part of surface, XI0 (62).
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Protrochiscolithus TROEDSSON, 1928 [*P. kiaeri].
Coenenchyme narrow; trabeculae slender, forming
partially perforate septa and walls, and leaving
tabularial and coenenchymal spaces (l8a). U.Ord.,

Arct.N.Am.--FIG. 347,7. *P. kiaeri; 7a, part of
surface, XI; 7b,c, transv. and long secs., Xl0
(79).

Palaeoporites KIAR, 1899 [*P. estonieus]. Nodular;

4c

Protoroeo

Pycnolithus

2b
Coccoseris

40

Protrochiscolithus

20

3d

7c

FIG. 347. Heliolitidae (p. F458-F460).
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coenenchyme wide; trabeculae moderately thick,
leaving spaces in tabularia and coenenchyme, and
forming perforate walls and septa; septal trabeculae
curving outwards from median plane of septum
(22). L.Sil. (F2), Balt.--FIG. 347,6. "P. estoni
cus; 6a,b, transv. and long. sees., X 4; 6c, detail
of oblique sec. showing septal trabeculae, XI0
(62).

Subfamily PLASMOPORINAE Wentzel, 1895
[nom. transl. KIAR, 1899 (ex Plasmoporidae WENTZEL, 1895)1
[=Plasmoporinae LINDSTROM, 1899 (tribe) j Proplasmoporinae

KIAR, 1904 (invalid); Proporinae HILL, 1951]

Coenenchyme of domed plates and iso
lated trabeculae or with trabeculae uniting
to form discontinuously walled tubuli. M.
Ord.-U.sil.
Propora M.EDW.-H., 1849 ["Porites tubulatus LONS

DALE, 1839 (partim)) [=Lyellia M.EDW.-H., 1851;
Pinacopora NICHOLSON & ETHERIDGE, 1878;
?Nieholsonia KIAR, 1899 (non DAVIS, 1885; nee
SCHLUTER, 1885; nee POCTA, 1902; nec others);
Cavella STECHOW, 1922 (pro Calvinia SAVAGE, 1913,
non NUTTING, 1900); Koreanopora OZAKI, 1934].
Coenenchyme of domed plates and isolated trabe
culae not more thickened in surface zones than in
inner or axial zones of the corallum (18a). M.Ord.
U.Sil., cosmop.--FIG. 348,1. "P. tubulata (LONS
DALE), Sil., Eu.; la, part of surface, X4; 1b,c,
transv. and long. sees., X4 (65).

Plasmoporella KIAR, 1897 ["P. convexotabulata
forma typica KIAR, 1899J [=Camptolithus LIND
STROM, 1899J. Like Propora but with tabulae
domed and complete or incomplete; trabeculae
slender (18a). U.Ord.-M.Sil., Eu.-N.Am.-Tasm.
Asia.--FIG. 348,2. "P. eonvexotabulata, V.Ord.,
Norway; 2a,b, transv. and long. sees., X4 (62).

Diploepora QUENST., 1879 ["Heliolites grayi M.
EDW.-H., 1851 J. Branching; axially like Propora
but with surface zones of corallum with great
trabecular thickening (22). M.Sil., Eu.-E.Austral.
--FIG. 348,3. "D. grayi (M.EDW.-H.), Eu.;
long. sec., X4 (62).

Plasmopora M.EDW.-H., 1849 ["Porites petalli/or
mis LONSDALE, 1839J. Coenenchyme tubular, with
an aureole around each tabularium of 12 tubules
whose radial walls are continuous with the septa
(22). L.Sil.-M.Dev., Eu.-N.Am.-E.Austral.-Asia.
--FIG. 340,6; 348,5. "P. petalli/ormis (LONSD.),
M.Sil., Eu.; 340,6, surface of corallum, XI (68);
348,5a, part of surface, XI; 348,5b,c, transv. and
long. sees., X4 (65).

?Cyrtophyllum LINDSTROM, 1882 ["C. densumJ.
Coenenchyme tubular, all tubules with discon
tinuous walls, more than 12 in aureole. L.Sil., Sib.
--FIG. 348,4. "c. densum; 4a,b, transv. and
long. sees., X 1.5 (65).

Subfamily PROHELIOLITINAE Kiar, 1899

Tabularia in contact and polygonal or
separated in part of their circumference by

1, 2, or 3 small coenenchymal tubuli, each
of which may widen to form a normal tabu
larium; with 12 septa, each composed of a
single series of downwardly directed sep
arate spines (18a). U.Ord.-L.Sil.
Proheliolites KIAR, 1897 [Heliolites dubius SCHMIDT,

1858J.--FIG. 348,6. "P. dubius (SCHMIDT), Eu.,
6a,b, transv. and long. sees., X4 (62).

Subfamily HELIOLITINAE Lindstrom, 1876
[nom. transl. KIAR, 1899 (ex He1iolitidae LIND., 1876)]
[=Palaeoporidae M'Cov, 1851; Heliolithinae WENTZEL, 1895]

Coenenchyme of tubuli with complete
thin walls, with more than 12 tubuli bound
ing each tabularium. L.Sil.-UDev.
Heliolites DANA, 1846 ["Astraea porosa GOLDF.,

1826] [=Palaeopora M'Coy, 1849 (obj.); ?Lons
dalia ORB., 1849 (non Lonsdaleia M'CoY, 1849);
Geoporites ORB., 1850 (obj.); Heliolithes LIND
STROM, 1873 (obj.); Pachycanalicula WENTZEL,
1895; Helioplasma KETTNEROVA, 1933J. Tabularia
polygonal or circular in transverse section, septa
spinose (26). L.Sil.-Up.M.Dev., cosmop.--FIG.
348,7. "H. porosa (GOLDF.), M.Dev., cosmop.;
7a,b, transv. and long. sees., X 5 (65). Other
species, FIG. 342,3.

Stelliporella WENTZEL, 1895 ["S. lamellata]. Tabu
laria stellate in transverse section, septa laminar,
interfingering at the axis; walls thin (26). Sil.,
Eu.--FIG. 348,8. "S. lamellata, Czech.; 8a,b,
transv. and long. sees., X4 (81).

Cosmiolithus LINDSTROM, 1899 ["C. ornatus; SD
LANG.-S.-T., 1940]. Like Stelliporella but with
thickened walls and septa, and with coenenchymal
tubuli of 2 sizes, the smaller around the larger
(26). Sil., Gotl.--FIG. 348,9. "C. ornatus; 9a,
transv. sec., X4; 9b, long. sec., X8 (65).

Paeckelmannopora WEISSERMEL, 1939 ["P.
maerophthalma]. Tabularial walls thin, in 12
longitudinal waves, without septal spines; coen
enchymal tubules small, thin-walled, irregular and
unequal. L.Dev., AsiaM.--FIG. 348,10. "P.
macrophthalma; 10a,b, transv. and long. sees.,
X 4 (80).

Family FAVOSITIDAE Dana, 1846
[=Favositacea WEDEKIND, 1937] [Includes Multisolenida

FRITZ, 19501

Massive, typically without coenenchyme;
corallites slender, with mural pores; septa
short, equal, spinose, variable in number;
tabulae complete (18a). U.Ord.-Perm.,
?Trias.

Subfamily FAVOSITINAE Dana, 1846
[=MuItisolenida (order), Multisolenidae (=Multisoleniidae,
nom. correct'l herein) FRITZ, 1950; Emmonsiinae, Scoliopor~

inae LECOMPTE, 1952]

Corallites prismatic, thin-walled, perfor-
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T abulata-Favositidae F461

ated by mural pores only (18a). U.Ord.-U.
Dev.

Palaeofavosites TWENHOFEL, 1914 (*Favosites asper
ORB., 1850]. Mural pores predominantly at angles
of walls (18a). U.Ord.-U.Sil., Eu.-N.Am.--FIG.
349,1. *P. asper (ORB.), Sil., Eu.; 1a,b, transv.
and long. sec., X 4 (60).

Favosites LAMARCK, 1816 (*F. gothlandicus; SD
M.EDw-H., 1850] (=Calamopora GOLDF., 1829;
Astrocerium HALL, 1851; ?Brignus GREGORIO,
1930; ?Sapporipora OZAKI, 1934; Eufavosites
RUSHKIN, 1936]. Mural pores predominantly near
middle of walls (18a). U.Ord.-M.Dev., cosmop.;
?Trias., Sicily.--FIG. 340,7; 349,3. *F. goth
landicus, Sil.-L.Dev., cosmop.; 340,7, corallum,
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FIG. 348. Heliolitidae (p. F460).
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FIG. 349. Favositidae (p. F461-F464).

Xl; 349,3a,b, transv. and long. sees., X4 (60).
Other species, FIG. 340,7; 341,4.

Parafavosites ORLOV, 1930 [*P. ferganensis,o SD
LANG-S.-T., 1940] [=ParallelDporella STRAND,
1934 (pro Parallelopora HOLTEDAHL, 1914, non
BARGATZKY, 1881)]. Like Favosites but with ver
tical aseptate and atabulate tubules expanding the
walls either in the angles or faces (3). Sil., Arct.
Can.-Asia.--FIG. 349,5. *P. ferganensis, V.Sil.,
Ferghana; 5a,b, transv. and long. sees., X4 (45).

Gephuropora ETHERIDGE, 1920 [*Favosites (?Col
umnopora) duni ETH., 1920]. Like Parafavosites
but tubules may be tabulate (3). L.M.Dev., E.
Austral.-Belg.--FIG. 349,7. *G. duni (ETH.);
7a,b, transv. and long. sees., X4 (45).

Fossopora ETHERIDGE, 1903 [*F. wellingtonensis]
[=?Boreaster LAMBE, 1906; Fossipora LANG-S.-T.,
1940]. Mural pores oval, one vertical series on
each face; septa 6, long, laminar peripherally,
spinose axially (8). Silo or Dev., N.S.W.; Sil., Arct.
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Emmonsio

40 Scolioporo 5 Colioporo

FIG. 350. Favositidae (p. F464).

Pseudofovosi tes

Can.--FIG. 349,2c,d. *F. wellingtonensis, SiI. or
Dev., N.S.W.; 2c,d, transv. and long. sees., X4
(49).--FIG. 349,2a,b. F. lowi (LAMBE) (type
species of Boreaster), SiI., Aret.Can.; 2a,b, transv.
and long. sees., X4 (45).

Somphopora LINDSTROM, 1883 [*S. daedalea].
Mural pores numerous, septa 6, spinose (8). Sil.,
China.--FIG. 349,9. *S. daedalea, Szechuan;
9a,b, transv. and long. sees., X 4 (65).

Laeeripora EICHWALD, 1854 [*L. eribrosa] [=La-

ceropora LANG-S.-T., 1940 (nom. van.)). Mural
pores very numerous, septa laminar, not more than
6; tabulae on same level in contiguous eorallites
throughout corallum (8). ?Sil., Est.--FIG. 349,4.
*L. eribrosa; 4a,b, transv. and long. sees., X4
(48).

Desmidopora NICHOLSON, 1886 [*D. alveolaris]
[=?Nodulipora LINDSTROM, 1873]. Meandroid;
increase bipartite; mural pores at angles of wall as
well as mid-wall (11). Sil., Eng.--FIG. 349,6.
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*D. alveolaris, Wenlock., Eng.; 6a,b, transv. and
long. sees., X4 (70).

Multisolenia FRITZ, 1937 ['OM. tortuosa] [=Poly
solenia WEISSERMEL, 1939 (non EHR., 1860; nee
REUSS, 1866)]. Like Desmidopora, but with walls
waved near the angles, so that rounded projections,
circular in vertical section, alternate in neighbor
ing corallites (II). Sil., Can.-USSR.--FIG. 349,
8. 'OM. tortuosa, Lockport., Can.; 8a,b, transv. and
long. sees., X 4 (52).

Scoliopora LANG-S.-T., 1940 [pro Plagiopora
GURICH, 1896 (non MACGILL., 1895)]. [*Alveo
lites denticulatus M.EDW.-H., 1851]. Branching or
lamellar, increase bipartite; calices elongated trans
versely, opening normal to surface; walls thickened
distally, mural pores numerous, septal spines few,
tabulae close in peripheral regions (25). M.Dev.,
Eu.-E.Austral.; U.Dev., Eu.--FIG. 350,4. 'OS.
denticulata (M.EDW.-H.), M.Oev.-U.Oev., Eu.;
4a,b, X4 (64).

Emmonsia M.EDW.-H., 1851 [*Favosites emmonsii
ROMINGER, 1876 (=F. hemispherica YANDELL &
SHUMARD, M.EDw.-H. partim); SO ROEMER, 1883].
Massive or tuberose; corallites prismatic, squamulae
project toward axis over the mural pores; tabulae
thin, dependent from inner ends of squamulae.
L.Dev.-M.Dev., N.Am.--FIG. 350,2. *E. em
monsii (ROM.), Onond., N.Y.; 2a,b, transv. and
long. sees., X 4 (58n).

Caliapora SCHLUTER, 1889 [*Alveolites battersbyi
M.EDW.-H., 1851J. Like Emmonsia but squamulae
with concave upper surfaces (25). M.Dev., Eu.,
Austral.(Vict.).--FIG. 343,3; 350,5. *C. bat
tersbyi, Givet., NW.Eu.; 343,3a,b, transv. and
long. sees., X6; 350,5, long. sec., X4 (64).

Schizophorites GERTH, 1921 ['OS. dubioStts]. Small,
adherent, spherical; corallites with rectangular
calices, thick walls, large ragged septal spines;
sparse mural pores and numerous thin tabulae
(13). Perm., Timor.--FIG. 350,3. 'OS. dubiosus;
3a, surface, XI; 3b, long. sec., X4 (54).

Pseudofavosites GERTH, 1921 [*P. styliter]. Massive
or incrusting; corallites as in Favosites but with
angles of walls produced distally into processes,
and apparently without tabulae (13). Perm.,
Timor.--FIG. 350,6. *P. styliter; 6a, surface,
X I; 6b, long. sec., X I (54).

Stylonites GERTH, 1921 [non FRIES, 1848] ['OS.
POroSZlS J. Spherical, with distal processes from
angles of walls, corallites with a columella and 8
spinose septa (13). Perm., Timor.--FIG. 350,1.
'OS. poroslls; surface, XI (54).

?Plasmadictyon WILSON, 1926 [*P. irregulare]. U.
Ord., W.Can.

Subfamily THECIINAE Milne-Edwards & Haime,
1850

[nom. transl. et correct. HILL & SlUMM, herein (ex Thecidae
M.EDW.·H.. 1850)]

Corallites very slender, prismatic; septa
typically 12, equal; with or without trabecu-

late coenenchyme; mural pores may be long
tunnels. Silo
Theda M.EDW.-H., 1849 [*Porites expatiatus LONS

DALE, 1839 (=*Agaricia swinderniana GOLDF.,
1829J [=Angopora JONES, 1936 (pro Laminopora
JONES, 1930, non MICHELIN, 1842)]. Septa laminar,
thick and in contact peripherally but free and
spinose axially; peripheral trabeculae vertical;
mural pores few (1). Sil., Eu.-N.Am.--FIG. 351,
la,b. *T. swinderniana (GOLDF.), Wenlock., Eng.;
la,b, transv. and long. sees., X 4 (58n).--FIG.
351,lc,d. T. hisingeri (JONES) (type species of
Angopora), Sil., Gotl.; lc,d, transv. and long. sees.,
X4 (60).

Romingerella AMSDEN, 1949 [*Thecia major ROM
INGER, 1876]. Like Thecia but trabeculae diverg
ing from planes of contact of corallites (1). Sil.,
N.Am.--FIG. 351,2. 'OR. major (ROM.), Browns
port, Tenn.; 2a, surface, X5; 2b, transv. sec.,
X4 (43).

Subfamily PACHYPORINAE Gerth, 1921
[nom transl. HILL & STUMM, herein (ex Pachyporidae GERTH,

1921 ex Pachypora LINDSTROM, 1873, =Thamnopora ST:EIN~

INGE~, 1831 5ubj.)] f=?Trachyporinae WAAGEN tit, WENTZEL,

1886· ?Trachyporidae SARDESON, 1896; Thamnoponoae HILL,
, 1954]

Tuberose or branching; walls of corallites
thickened, with tunnel-like mural pores;
calices opening normal to surface; septa
spinose, tabulae thin, complete. Sil.-Perm.
Thamnopora STEININGER, 1831 [non HALL, 1883]

[*T. madreporacea (=*Alveolites cervicornis
BLAINV., 1830); SO LANG-S.-T., 1940] [=Pachy
pora LINDSTROM, 1873]. Massive, tuberose or
ramose; walls thickened, increasing distally; septal
spines poorly developed, mural pores numerous,
tabulae thin (25). Sil.-Perm., cosmop.--FIG. 351,
3a,b. *T. cervicornis (BLAINV.), M.Oev. (Givet.),
Eu.; 3a,b, transv. and long. sees., X4 (64).-
FIG. 351,3c-e. T. lamellicornis (LIND.) (type
species of Pachypora), Sil., Gotl.; 3c, surface, Xl;
3d,e, transv. and long. sees., X4 (65).

Striatopora HALL, 1851 ['OS. f/exuosaJ [=Cyatho
pora OWEN, 1844 (nom. null. pro Cyathophora
MICHELIN, 1843); ?Thamnoptychia HALL, 1876].
Ramose; walls thickened distally only; septa 12,
with numerous trabeculae. Sil., cosmop.; Dev.
Perm., N.Am.--FIG. 352,5. 'OS. f/exuosa-, M.Sil.,
N.Y.; 5a,b, transv. and long. sees., X4 (58n).
Other species, FIG. 342,2.

Acadapora MOORE & JEFFORDS, 1945 [*Michelinia
subcylindrica MATHER, 1915]. Like Thamnopora
but with squamulae. Penn., Tex.-Okla.--FIG.
352,2. *A. subcylindrica (MATHER), Tex.; 2a, sur
face, XI; 2b,c, transv. and long. sees., X4 (69).

Heterocoenites GERTH, 1921 ['OR. variabilis; SO
LANG.-S.-T., 1940]. Like ramose Thamnopora but
with greatest thickening at axes of the br~nch.es

(13). Perm., Timor.--FIG. 352,3. 'OR. varlabzlts;
3a, surface, X I; 3b, long. sec., X2 (54).
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?Trachypora M.Enw-H., 1851 [non VERRILL, 1864]
[*T. davidsoni]. U.Dev., Eu.

?Taouzia TERMIER, 1948 [*T. chouberti] (36). M.
Dev., Morocco.

Thomnoporo

FIG. 351. Favositidae (p. F464).
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Subfamily ALVEOLITINAE Duncan, 1872
[nom. transl. WAAGEN & WENTZEL, 1886 (ex Alveolitidae

DUNCAN, 1872)] [=Coenitidae SARDESON, 1896]

Massive lamellar or branching; corallites
inclined, ;alices opening obliquely, corallites
not prismatic but with upper wall vaulted.
Sil.-Dev.
Alveolites LAMARCK, 1801 [non DEFRANCE, 1816]

["A. suborbicularis; SD NICHOLSON & ETHERIDGE,
1877] [=Billingsia DE KONINCK, 1876 (non WAL
COTT, 1886; nec FORD, 1886); ?Platyaxum DAVIS,
1887]. Massive, incrusting or ramose; lower or
adherent wall parallel to outer (upper) surfaces of
earlier corallites; commonly one larger septal spine
in the middle of the lower wall; mural pores
large, at bases of upper walls (25). Sil.-Del/.,
cosmop.--FIG. 352,7. "A. suborbicularis M.Dev.
V.Dev., Eu.-Asia-Austral.; 7a,b, transv. and long.
sees., X 4 (64). Other species, FIG. 340,1.

Planalveolites LANG & SMITH, 1939 ["All/eolites
fougti M.EDW.-H., 1851]. Like All/eolites but thin
and flat, the large almost horizontal corallites with
very oblique calices, with lower wall produced
beyond the upper (1). Sil., Eu.-N.Am.--FIG.
352,1. "P. fougti (M.EDW.-H.), V.Sil., God.;
weathered surface, X 1 (68).

Coenites EICHWALD, 1829 ["C. juniperinus; SD MIL
LER, 1897 (species inquirenda) ] [=Limaria
STEININGER, 1831 (non LINK, 1807, nec RAFI
NESQUE, 1815); Cladopora HALL, 1851; ?Dictyo
stroma NICHOLSON, 1875 (=Dictyostoma SPENCER,
1883); ?Mille1'ia DAVIS, 1887 (non HARTMAN,
1830, nec HERRICH-SCHAEFFER, 1859, nec HERING,
1922); ?Vetofistula ETHERIDGE, 1917]. Foliar,
ramose or massive; corallites short, inclined with
crescentic calices; walls thickened except proxi
mally; tabulae few, mural pores rare, septa
may be represented by 3 processes in the calice
(25). Sil.-Dev., Eu.-E.Austral.-N.Am.--FIG. 352,
4. C. escharoides (STEININGER), M.Dev. (Couvin.),
NW.Eu.; 4a, surface, Xl; 4b, long. sec., X4 (64).

SubfaInily MICHELINIINAE Waagen & Wentzel,
1886

[=Beaumontidae CHAPMAN, 1893; ~iche~i~idae GE!TH, 1921;
Pleurodictyidae SARDESON, 1896; Mlche1mmae POCTA, 19021

Discoid or hemispherical, with large coral
lites, large mural pores, septal spines or
ridges, and with or without tabulae. Dev.
Perm.

Pleurodictyum GOLDFUSS, 1829 ["P. problematicum]
[=?Procteria DAVIS, 1887 (non WERNER, 1924);
?Dendrozoum FUCHS, 1915]. Discoid or hemi
spherical; corallites large, thick-walled, with ir
regularly distributed tunnel-like mural pores, septal
spines, and few or very thin complete tabulae; may
grow around a worm tube. L.Del/., cosmop.-
FIG. 352,6a,b. "P. problematicum, Ger.; 6a, mold,
XI (55); 6b, calice enlarged (67).--FIG.

352,6c,d. P. michelinoidea (DAVIS) (type species of
Procteria); 6c, surface, Xl; 6d, long. sec., X2
(78).

Antholites DAVIS, 1887 ["A. speciosus]. Like Pleu
rodictyum but incrusting, with pores arranged in
regular vertical series, with septal ridges rather
than spines, and without tabulae (7). M.Del/.,
N.Am.--FIG. 353,1. "A. speciosus, Hamilton,
Ohio; la, top surface, Xl; 1b, side, X2 (78).

Michelinia DE KONINCK, 1841 [non DUJARDIN &
HUPE, 1862] ["Calamopora tenuisepta PHILLIPS,
1836 (=Michelinia tenuisepta KON., 1841); SD
M.EDW.-H., 1850] [=?Conopoterium WINCHELL,
1865; Eumichelinia, Protomichelinia, Michelino
pora YABE & HAYASAKA, 1915]. Like Pleurodictyum
but with numerous, incomplete, convex tabulae;
may be thin-walled. U.Del/.-Perm., cosmop.-
FIG. 341,2,3; 353,2a,b. "M. tenuisepta (PHILLIPS),
L.Carb., Eu.; 341,2, side of corallum, Xl (63);
341,3, long. sec., Xl (63); 353,2a,b, top and side
views, XO.7 (63).--FIG. 353,2c,d. M. eUusa
(WINCHELL) (type species of Conopoterium), L.
Carb., Mich.; 2c, surface, Xl; 2d, long. sec., X2
(82).

Beaumontia M.EDW.-H., 1851 [non EUDES-DESLONG
CHAMPS, 1856, nec DAVID, 1928] ["Columnaria
laxa M'CoY, 1849; SD LANG-S.-T., 1940]
[=?Rhizopora KON., 1871]. Like Michelinia, but
corallum phaceloid in part. L.Carb., Eng.--FIG.
353,5. "B. laxa (M'CoY); 5, side of weathered
corallum, Xl (66).

Subfamily PALAEACINAE Pocta, 1902
[nom. transl. HILL & STUMM, herein (ex ~alae~cidae POCTA,

1902)1 [=Palaeaciden C.F .ROEMER, 1883 (mvalid vernacular
name); =Leptoporidae MILLER, 1892 (mvalid); Trachypsam.
midae GERTH, 1921;1 Cleistoporidae EASTON, 1944; Trachyp-

sammiidae,l Vaughaniidae LECOMPTE, 1952]

Discoid or cuneiform; walls and septa per
forate and retiform; tabulae thin, few, dis
tant. LDev.-Perm.
Cleistopora NICHOLSON, 1888 ["Michelinia geomet
rica M.EDW.-H., 1851]. Small, discoid, adherent;
corallites with dense walls pierced by mural pores,
short, lined by a reticulate development from the
perforate septa, and crossed by thin, distant tabu
lae (76). L.Del/., Fr.--FIG. 353,3. "C. geometrica
(M.EDW.-H.), Fr.; 3a, surface, Xl; 3b, long. sec.,
X4 (76).

Araeopora NICHOLSON & ETHERIDGE, 1879 ["A.
australis]. Massive, with very slender tall, prismatic
corallites, septa and walls cribriform, tabulae few,
thin. ?Dev., N.Queensl.--FIG. 353,4. "A.
australis, 4a,b, transv. and long. sees., X4 (71).

Squameophyllum SMYTH, 1933 ["S. spumans]
[=Leptopora WINCHELL, 1863 (non ORB., 1849);
Ethmoplax SMYTH, 1939 (pro Stratophyllum
SMYTH, 1933, non Stratiphyllum SCHEFFEN, 1933;
nec LANG-S.-T., 1940); ?Helioalcyon TERMIER,

1 Although included by HILL & STUMM in ~he Tabulata, the
Trachypsammiidae are classed as Octocoralha by BAYER and
MONTANARo-GALLlTELLl (see p. FI82, FI90).
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FIG. 352. Favositidae (p. F464-F466).
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1945]. Like Cleistopora but with epithecal scales
and with both walls and septa cribriform; where
tabulae develop, the septa are discontinuous from
one to the next, being developed only on their
upper surfaces. L.Carb., Eu.-N.Am.--FIG. 353,

6ap. "'S. spumans, Tournais., Belg.; 6a, surface,
Xl; 6b, sec., X4 (76).--FIG. 353,6c-e. S. tenue
(SMYTH) (type species Stratophyllum), L.earb.,
Belg.; 6c,d, upper and lower surfaces, Xl; 6e, sec.,
X4 (76). Other species, FIG. 343,4.

7c

lObTrochypsommia

$quomeophyllum6e

80

,
Beoumontio

Poloeocis8b

FIG. 353. Favositidae (p. F466-F469).
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Vaughania GARWOOD, 1913 ["V. cleistoporoides].
Discoid, free; atabulate; walls and floor of dense
fibrous tissue in which neither septa, septal loculi,
nor tabulae can be distinguished; each corallite
with a ring canal around the base where the wall
joins the floor; ring canals of neighboring corallites
connected by mural pores. L.Carb., Eng.--FIG.
353,9. "V. cleistoporoides, NW.Eng.; 9a, surface,
Xl; 9b, long. sec., XI0 (53).

Microcyathus HINDE, 1896 [non DODERLEIN, 1913]
r"Hydnopora? cyclostoma PHILLIPS, 1836]
[=?Dictyopora GERTH, 1921 (non STEININGER,
1849, nec MACGILL., 1869)]. Adherent, discoid
with calices on upper surface; coenenchyme trabe
culate, ridged, and irregularly canaliculate; calices
lined with nontrabeculate aperforate fibrous tissue
(73). L.Carb., Eu.-N.Am.; ?Perm., Timor.-
FIG. 353,7a,b. "M. cyclostoma (PHILLIPS), L.Carb.,
Eng. (Yorks.) ; 7a, surface, Xl; 7b, sec., enlarged
(73).--FIG. 353,7c. M. inerustans (GERTH)
(type species of Dictyopora), Perm., Timor; sur
face, X 1.5 (54).

Palaeacis HAIME in M.EDW., 1857 ["P. cuneiformis]
[=Sphenopoterium MEEK & WORTHEN, 1860].
Wedge-shaped, adherent in young stages; with
round calices along narrow sides; flat sides of
trabeculate, ridged, and irregularly canaliculate
coenenchyme; calices lined with atrabeculate
fibrous tissue pierced by perpendicular pores; septa
cribriform; atabulate (59). L.Carb., Eu.-N.Am.
Austral.; Penn., N.Am.--FIG. 353,8. "P. cunei
formis, L.Carb., N.Am.; 8a,b, top and side views,
Xl (59).

Trachypsammia1 GERTH, 1921 ["T. dendroides].
Like Palaeacis but with tall, somewhat flattened
branches, calices on the outer edges (13). Perm.,
Timor.--FIG. 353,10. "T. dendroides, lOa, sur
face, Xl; lOb, calice, X4 (54).

?Yavorskia FOMICHEV, 1931 r"y. barsasensis]. L.
Carb., Sib.(Kouznetzk).

?Oculinella YAKOVLEV, 1939 ["0. gerthi]. L.Perm.
(Artinsk.), USSR.

Family HALYSITIDAE Milne-Edwards &
Haime, 1850

[nom. trans!' DUNCAN, 1872 (ex Halysitinae M.EDW.-H.,
1850) I [=Halysitiniens DE FROMENTEL, 1861 (invalid ver

nacular name); Halisitinae DE KONINCK, 1872]

Phaceloid coralla, composed of cylindrical,
oval, or subpolygonal corallites united with
one another along 2 or 3 sides producing
anastomosing chainlike networks. Walls of
corallites imperforate. Microcorallites pres
ent between corallites in some forms. Tabu
lae horizontal or arched, more closely set in
microcorallites. Some forms have 12 vertical
rows of septal spines in corallites. Ord.-Sil.
Halysites FISCHER, 1828 [nom. conserv. (ICZN

pend.) pro Alyssites FISCHER, 1813] ["Tubipora

1 Trachypsammia is classed as an octocoral by MONTANARO~

GALLlTELLt (see p. Fin).

catenularia LINNE, 1767]. Corallites long, cylindri
calor oval, united along entire length in manner
forming uniserial (rarely biserial or triserial) pali
sades which interconnect so that transverse sections
appear as an anastomosing network of chains.
Adjacent normal corallites in a series are separated
by a rounded or subpolygonal microcorallite, both
types of corallites having imperforate walls. Septa
absent or represented by 12 vertical rows of spines;
tabulae horizontal or gently arched, more closely
set in microcorallites (23, 29). Ord.-Sil., N.Am.
Eu.-Asia-Afr.-Austral.--FIG. 354,1. "H. catenu
laria (LINNE), M.Sil., Gotl., Eng.; la, exterior,
Xl; 1b,c, transv. and long. sees., X5 (la, 75;
1b,c, 70). Other species, FIG. 341,9.

Catenipora LAMARCK, 1816 r"C. escharoides; SD
THOMAS & SMITH, 1954]. Differs from Halysites in
lacking microcorallites. Ord.-Sil., cosmop.

Labyrinthites LAMBE, 1906 ["L. chidlensis]. Mas
sive; corallites slender, subpolygonal, connected
along entire length with one or more neighbors,
giving rise to meandering series of tubes. Differs
from Halysites in form of normal corallites and
absence of microcorallites. Septa apparently absent;
tabulae numerous, horizontal (24). ?Ord., Sil.,
N.Am.--FIG. 354,2. "L. chidlensis, ?V.Ord.,
Arct.N.Am.; transv. sec., X30 (24).

Arcturia WILSON, 1931 ["A. complexa]. Like Laby
rinthites but corallites connect by vertical .series of
horizontal tubes instead of along entire side (38).
?Ord., Sil., N.Am.--FIG. 354,3. "A. complexa,
drift, ex Ord. or Sil., Can.; 3a, distal surface, X 4;
3b, side, X4 (83).

Family AULOPORIDAE Milne-Edwards &
Haime, 1851

[=Pyrgiens DE FROMENTEL, 1961 (invalid vernacular name);
Moniloporidae GRABAU, 1899; Cladochonidae HILL, 1942;

Chonostegitidae LECOMPTE, 1952]

Coralla compound, erect or repent and in
crusting; corallites tubular, cylindrical or
trumpet-shaped, increasing by lateral gem
mation, in some forms connected by trans
verse stolons; walls solid, covered by trans
versely wrinkled epitheca. Septa represented
by peripheral ridges or vertical rows of
spines, lacking in some forms. Tabulae hori
zontal or distally concave, closely or widely
spaced, broken up into tabellae in some
forms, rare or absent in others. ?Sil., Dev.
Perm.

Subfamily AULOPORINAE Milne-Edwards &

Haime, 1851
[nom. transl. HILL & STUMM, herein (ex Auloporidae

M.EDW.-H., 1851)]

Small repent or erect coralla, typically
with trumpet-shaped corallites that increase
by lateral gemmation producing uniserial,
biserial, multiserial, ramose, or web-shaped
growth patterns; transverse stolons absent.
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FIG. 354. Halysitidae (p. F469).

3b

Arcturio

Septa represented by peripheral ridges or
rows of spinules, absent in some forms.
Tabulae widely spaced or lacking. ?Sil.
Dev.-Perm.
Auloporella GRUBBS, 1939 [*A. typa]. Like Aulo

pora but has secondary inner chambers, producing
a double wall; young corallites retain communica
tion with parent chambers. Tabulae and septa
apparently lacking (16). Sil., N.Am.--FIG. 355,
6. "A. typa, M.Sil., Ill.; 6a, long. sec., X2.5;
6b, side, X2.5 (56).

Aulozoa GRUBBS, 1939 [*A. constricta]. Corallum
attached, composed of tortuous constricted tubes
of nearly uniform diameter; 1 to 6 new tubes
may be added within a short space of gemmation
at any position about parent, all tubes having the
same general direction of growth, tending to bend
slightly upward near the apertural end; young
tubes communicating with parent through a small
subcircular opening at their points of origin. Aper
tures circular; tabulae apparently lacking; septa
rudimentary (16). Sil., N.Am.--FIG. 355,3. *A.
constricta, M.Sil., Ill.; side, X3 (56).

Romingeria NICHOLSON, 1879 [pro Quenstedtia
ROMINGER, 1876 (non MORRIS & LYCETT, 1854)]
[*Aulopora umbellifera BILLINGS, 1859]. Resem
bling Aulopora but only attached basally; corallites
cylindrical, annulated, multiplying by lateral gem
mation, and typically producing new tubes in

umbellate whorls or vertice1s at short intervals.
Tabulae complete, remote, apparently not dis
tinctly infundibuliform; septa represented by ver
tical rows of spinules (23, 29, 31). Sil.-DetJ., N.
Am.--FIG. 341,8; 355,12. *A. umbellifera
(BILL.), M.Dev., Ont.; 341,8, side, Xl (46); 355,
12a,b, proximal and side views, X I (46).

Bainbridgia BALL & GROVE, 1940 [*B. typicalis].
Corallum flattened cylindrical; corallites short, uni
formly spaced, rising from opposite sides in regu
lar alternating succession. Faint septal ridges in
some corallites; tabulae absent (2). Sil., N.Am.
--FIG. 355,11. *B. typicalis, M.Sil., Mo.; lla,
side, X6; llb, long. sec., X6 (44).

Diorychopora DAVIS, 1887 [*D. tenuis]. Similar to
Aulopora except with much ·smaller corallites ar
ranged in biserial pattern. Sil., N.Am.--FIG. 356,
5. *D. tenuis; 5a, side, XI; 5b, long. sec., Xl
(78n).

Aulocaulis FENTON & FENTON, 1937 [*Aulopora
expansa FENTON-F., 1924]. Growth prostrate as in
Aulopora; corallites thin-walled, smooth or indis
tinctly wrinkled, narrowly tubular from base to
calice, then expanding abruptly to form circular,
vertically directed calices with diameters 1.5 to 4
times that of tubular portions. Tabulae few or
absent; septal ridges in calices. An indistinct dor
sal ridge on most or all corallites of some species
(10). DetJ., N.Am.--FIG. 355,2. *A. expansa,
V.Dev., Iowa; Xl (50).
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Aulocystis SCHLUTER, 1885 ["A. cornigera] [=Dry
mopora DAVIS, 1887; Ceratopora GRABAU, 1899].
Like Aulopora in external form, increasing by lat
eral gemmation, erect or prostrate, rarely attached
above the base; corallites subcylindrical to trum
pet-shaped. Septa represented by ridges or rows of
spinous trabeculae projecting from inner walls.
Calices deep, funnel-shaped, thin-walled, con-

tinued downwards in a narrowing tube, formed
by thickening of walls through addition internally
of coarse, steeply inclined cysts (7, 14, 33). DetJ.,
N.Am.-Eu.-Asia-Austral.--FIG. 355,5. "A. corni
gera, M.Dev., Ger.; 5a, typical corallum, XI; 5b,
distal view of weathered corallite, X3; 5c, long.
sec. showing cysts, X3 (74).

Chonostegites M.EDW.-H., 1851 roC. clappi]

9b Aulohelia Remesia Bainbridgia Romingeria

FIG. 355. Auloporidae (p. F470-F472).
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[=Haimophyllum BILLINGS, 1859]. Coralla fasci
culate, with cylindrical corallites connected at regu
lar intervals by disc-shaped expansions. Septa
repre,ented by peripheral ridges or spines; tabulae
numerous, closely set, broken up into tabellae in
some (5, 9). Dev., N.Am.--FIG. 340,4; 356,3.
*c. clappi M.Dev. (drift), Ohio; 340,4, side, Xl;
356,3a, side, Xl; 356,3b, distal surf., Xl; 356,3c,
long. sec., X2 (50).

Remesia KETTNER, 1937 [*R. tubulosa]. Tubular
subcylindrical corallites budding irregularly to
form a dendritic colony; walls thick, composed
of concentric layers of sclerenchyme, with rudi
mentary septal spines on inner surface. Calices
circular, not enlarged. Tabulae very rare, or ab
sent (21). Dev., Eu.--FIG. 355,10. *R. tubulosa,
M.Dev., Czech.; lOa, side, Xl; lOb,c, transv. and
long. sees., X3 (61).

Aulopora GOLOFUSS, 1829 [*A. serpens (non Ttlbi
pora serpens LINNE, 1758, =Aulopora repens M.
Eow.-H., 1851); SD M.Eow.-H., 1850]. Repent
network of trumpet-shaped corallites with circular,
obliquely set calices; shape of coralla ranging from
a loose, subhexagonal network to biserial or multi
serial rows of laterally contiguous corallites. Small
,eptal spines or faint septal ridges in some species;
tabulae widely spaced, horizontal, arched or in
clined, rudimentary or absent (10, 29). Dev., N.
Am.-Eu.-Asia-Austral.-Afr.--FIG. 340,2; 355,1.
*A. serpens, M.Dev.; 340,2, corallum, Xl (55);
355,la, Ger.; corallum incrusting on Alveolites,
Xl; 1b, part enlarged (55).

Plexituba STAINBROOK, 1946 [*P. contexta]. Like
Atllopora but with greatly thickened walls com
posed of fine, concentric lamellae and having in
ternal cysts similar to those of Aulocystis. Septal
ridges or spines and tabulae absent (34). Dev.,
N.Am.--FIG. 355,8. *P. contexta, U.Dev., Iowa;
8a, side, Xl; 8b,c, transv. sees. showing wall
lamellae and edges of cysts, X5 (77).

Cladochonus M'CoY, 1847 [*C. tentticollis; SD M.
Eow.-H., 1850] [=Pyrgia M.Eow.-H., 1851;
Monilopora NICHOLSON & ETHERIOGE, 1879]. Proxi
mal corallites in reptant ring from which free
branches arise; individual corallites trumpet- or
pipe-shaped, in contact only at points of origin,
each giving rise to another by lateral increase
through wall of the expanded calice; each with
a thick peripheral stereozone of laminar or reticu
late sclerenchyme. Septal spines and tabulae lack
ing in the narrow lumen, but septal ridges may
appear in the calices (19). Dev.-Perm., N.Am.
Eu. - Asia - E.Indies - Austral. -- FIG. 355,4. *C.
tt'11Iticollis, L.Carb., N.S.W.; 4a, side, Xl; 4("c,
transv. and long. sees., X2 (58). Other species,
FIG. 341,6.

Monotubella YAKOVLEV, 1939 [*M. permiensis; SD
herein 1. Small simple coralla or rarely with one
lateral bud; cylindrical or trumpet-shaped, erect,
attached by basal extremity. Calices bell-shaped.

Interiors with widely spaced, horizontal tabulae;
traces of rudimentary septa in some (40). Pet·m.,
Asia.--FIG. 355,7. *M. permiensis, L.Perm.,
USSR; 7a, side, X2.5; 7b,c, transv. and long. sees.,
much enlarged (85).

Aulohelia GERTH, 1921 [*A. irregularis; SD LANG
S.-T., 1940]. Typically incrusting crinoid stems.
Calices tubular, with thin septal ridges. Interiors
almost completely filled with sclerenchyme, leav
ing narrow axial canals connecting adjacent coral
lites. Tabulae apparently absent (13). Perm.,
Timor.--FIG. 355,9. *A. irregularis; 9a, coral
lum attached to crinoid columnal, Xl; 9b, sec.
showing parts of axial canals, X2 (54).

Pseudoromingeria YABE & SUGIYAMA, 1941 [*P.
kotoi I. Coralla fasciculate, composed of many
subcylindrical, irregularly twisted corallites multi
plying by lateral gemmation. Septa represented by
vertical rows of short, blunt spines; tabulae dis
tally concave, crowded in some corallites, widely
spaced in others (39). Perm., China.--FIG. 356,
1. *P. kotoi; la, sec. showing fasciculate growth,
Xl; 1b,c, transv. and long. sees., X5 (84).

Subfamily SYRINGOPORINAE Nicholson, 1879
[=Syringoporiens, Thecostegitiniens DE FROMENTEL, 1861
(invalid vernacular names); Syringolitinae WAAGEN &.
WENTZEL, 1886 (=Syringolitidae, nom. transI. LECOMPTE,

1952) ]

Large, erect dendroid or fasciculate cor
alla composed of cylindrical corallites con
nected by transverse stolons. Septa repre
sented by peripheral ridges or vertical rows
of spines, lacking in some forms. Tabulae
typically closely set, numerous, horizontal,
infundibuliform, or broken up into tabellae.
Sil.-Perm.
Syringopora GOLOFUSS, 1826 [*5. ramulosa; SD

M.Eow.-H., 1850] [=Harmodites FISCHER, 1828;
?Kazania STUCKENBERG, 1895; Kueichowpora CHI,
1933]. Closely or loosely set cylindrical corallites
connected in most species by hollow, transverse
stolons. Septa lacking or represented by 12 vertical
rows of small spinules; tabulae closely set, deeply
depressed axially, coalesced in some species to
form a continuous axial tube (6, 29). Sil.-Penn.,
N.Am.-Eu.-Asia-Austral.-Afr.--FIG. 341,7; 356,
2. ·S. ramtllosa, L.Carb., Eng.; 341,7, side of
corallum, Xl (68); 356,2a, side, Xl; 356,2b,
distal surf., X 4; 356,2c, long. sec., X 4 (68).
Other species, FIG. 341,1.

Reuschia KIAR, 1930 [*R. aperta]. Phaceloid col
onies composed of small, thick-walled cylindrical
corallites. Walls indented on inner side to form
10 to 12 short, thick septal ridges; tabulae appar
ently absent (22). U.Ord., Eu.--FIG. 357,5. *R.
aperta Norway; 5a,b, transv. and long. sees. show
ing thick walls with septal ridges and tubular axial
area (lectotype), X2 (63).

Eofletcheria BASSLER, 1950 [*Colttmnaria incerta
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BILLINGS, 1859]. Small, phaceloid, thick-walled
colonies with poorly developed, intermittently
spaced, complete or incomplete tabulae and no
septa. Corallites connected by short, horizontal,
syringoporoid tubules (4). M.Ol'd., N.Am.--FlG.
357,2. "E. incel'ta (BILL.), Chazy., Que.; 2a,b,
long. and transv. sees. showing tubula, tabulae and
thick walls, X 10 (72).

Syringolites HINDE, 1879 ["S. hUl'onensis]. Sil.,
Mich.

Cannapora HALL, 1852 ["C. junciformis]. Like
Syringopora but with closely set corallites connected
by stolons at distinct intervals. Interiors of coral
lites with 12 vertical rows of long septal spines;
tabulae horizontal, closely or widely spaced (23,
31). Sil., N.Am.--FlG. 356,6. "C. junciformis,
M.Sil., N.Y.; 6a, side, XI; 6b, distal surf., X2
(56).

Thecostegites M.EDw.-H., 1849 ["Harmodites
bouchardi MICHELIN, 1846]. Differs from Syringo-

Diorychopora

FIG. 356. Auloporidae (p. F470-F474).
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.2b
Eofletcherio

10 Roemerio 50 Reuschio 60 Hoyosokoio

FIG. 357. Auloporidae (p. F472-F474).

pora in having vertical septal riJges and closely
set horizontal tabulae (28). Del'., N.Am.-Eu.-
FIG. 356,4. *T. bouchardi (MICH.), M.Dev., Fr.;
4a, corallum, XI; 4b, distal surf., X3; 4c, long.
sec., X3 (68).

Roemeria M.EDw.-H., 1851 [*Calamopora infllndi
bulifera GOLD FUSS, 1829]. Subcerioid to subphacel
oiJ, with peripheral septal spines and complete,
funnel-shapeJ tabulae. Neighboring corallites con
necteJ by short syringoporoid tubules, or by pores
where corallites adjoin (I). Del'., Eu.-Austral.-
FIG. 357,1. R. infundibulifera (GOLDF.), M.Dev.,
Ger. (Eifel); la, distal view (holotype), XI; 1b,
long. sec. showing tabulae, X3 (55).

Syringoporella KETTNER, 1937 [*Syringopora mora
t'ica ROEMER, 1883]. Externally like Syringopora
but with much smaller, very thick-walled coral
lites; connecting stolons short, commonly barrel
shaped, constricteJ at junctions with corallites. No
septal spines or ridges; tabulae horizontal, very

remote, lacking in some corallites (21). Dev., Eu.
--FIG. 357,4. *S. morat'ica (ROEMER), M.Dev.,
Czech.; 4a,b, transv. anJ long. sees., X3 (61).

Multithecopora YOH, 1927 [*M. penchiensis]. Like
Syringopora but corallites with greatly thickened
walls, composed of concentric layers of scleren
chyme, occupying four-fifths of the interior. Septa
lacking; tabulae thin, closely set, distally concave
(41). V.Carb., China.--FIG. 357,3. *M. pen
chiensis, 3a,b, transv. and long. sees., X 15 (86).

Hayasakaia LANG-S.-T., 1940 [pro Tetrapora YABE
& HAYASAKA, 1915 (non QUENST., 1857)] [*Tetra
pora elegantula YABE-H., 1915]. Differs from
Syringopora in having quadrate corallites connected
by closely set short stolons arranged in vertical
rows on flattened siJes. Tabulae close-spaceJ, hori
zontal or convex; no septal spines (20, 41). Perm.,
China.--FIG. 357,6. *H. elegantllla (YABE-H.);
6a, side, XI; 6b,c, long. and transv. sees., X 2
(87).
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Order TABULATA Incertae Sedis
Asteriophyllum PORFIRIEV, 1937 ["A. aenigmati
cum]. Dev., E.Urals (not seen).

Celechopora PRADACOVA, 1938 ["C. robustus]. Dev.
Czech.

Cylindripora EICHWALD, 1829 [non YABE & HAYA
SAKA, 1915] ["C. serpuloides] [=Cylindropora
LANG-S.-T., 1940]. Drift, ex Sil., Est. (possibly
bryozoan).

Dendropora MICHELIN, 1846 ["D. explicita]. ?Dev.,
Fr. (possibly bryozoan).

Dictyopora STEININGER, 1849 [non MACGILLIVRAY,
1869; nee GERTH, 1921] ["D. reticulata]. Dev.,
Ger. (possibly bryozoan).

Donetzites DAMPEL, 1940 ["D. milliporides]. Carb.,
Donetz (not seen).

Latepora RAFINESQUE, 1819 ["L. alba]. Dev., N.
Am. May be conspecific with Michelinia convexa
ORB., 1850 (types missing).

Linipora TROOST, 1840 ["L. rotunda] [=Linopora
LANG-S.-T., 1940 (nom. van)]. Sil.(Brownsport) ,
Tenn. (not recognizable).

Protopora GREENE, 1904 ["(Romingeria cystoides)
GRABAU in GREENE, 1901]. L.Carb., N.Am.

Salpingium SMYTH, 1928 ["S. palinorsum]. L.Carb.,
Ire.

Tetraporella SOKOLOV, 1947 r"Labyrinthites? mon
ticuliporoides TROEDSSON, 1928]. U.Ord., Greenl.

Troedssonites SOKOLOV, 1947 ["Syringopora con
spirata TROEDSSON, 1928]. U.Ord., Greenl.

Vaughanites PAUL, 1937 [non WOODRING, 1928]
["Syringopora favositoides VAUGHAN, 1915]. L.
Carb., Eu.
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ZOANTHARIA INCERTAE SEDIS

By DOROTHY HILL

ZOANTHARIA INCERTAE SEDIS
The following generic names which have

been applied to Zoantharia cannot be as
signed satisfactorily to any division of the
subclass, and some of them may not be
zoantharians or Anthozoa.
Cylicopora STEININGER, 1849 ["C. fasciculata]. M.

Dev., Ger. (not seen).
Discophyllum HALL, 1847 ["D. peltatum]. Ord.,

N.Y. (probably plant).
Favositella MANSUY, 1912 [non ETH.-F., 1884] ["F.

colurnnaris]. V.Dev., Yunnan (may not be coral).
Kazania STUCKENBERG, 1895 ["K. elegantissima;

SD LANG-S.-T., 1940]. V.Carb. Urals (may not be
coral).

Khmeria MANSUY, 1914 ["K. problematical. Perm..

Indo-China (an operculate coelenterate, probably
not a rugose coral).

Lamellopora OWEN, 1844 ["L. infundibularia]
[=Lamellipora LANG-S.-T., 1940]. M.Sil., N.Am.
(may be stromatoporoid).

Mezenia STUCKENBERG, 1895 [non SIMON, 1897]
["M. rozenil. Carb., Timan (probably not coral).

Mortieria DE KONINCK, 1841 ["M. vertebralis]. L.
Carb., Eu. (possibly sponge).

Patinula EICHWALD, 1829 ["P. lithuana] (may not
be coral).

Siphonaxis DYBOWSKI, 1873 ["S. tubiferus]. Drift
(undeterminable) .

Spongarium LONSDALE, 1839 [non M'CoY, 1851]
["S. edwardsii]. Sil., Eng. (may not be coral).

Sycidium SANDBERGER, 1849 [non HAECKEL, 1870]
["S. reticulaturn]. M.Dev., Ger. (probably plant).
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CTENOPHORA
By JOHN W. WELLS and DOROTHY HILL

The Ctenophora are an assemblage of
marine coelenterates which lack nematocysts
and in various ways differ sufficiently from
other assemblages to warrant classification as
an independent subphylum. Fossil cteno
phores are very doubtful or lacking.

Subphylum CTENOPHORA
Eschscholtz, 1829

[=Ciliobranches, Ciliogrades DE BLAJNVILLE, 1830; Acalephes
ctenophores MILNE·EoWARDS & HAIME, 1850; Ctenarea DELAGE
& H:b.oUARD, 1901; Ctenophoraria POCHE, 1911; Acnidaria PAX,

1924]

Ctenophores ("comb-jellies") are trans
parent, pelagic, mobile, marine, coelenter
ated animals, mostly globular in shape (Fig.

mouth

~
• ~mesogloea

\.
..... iliary band

tentacle
(retracted)

FIG. 358. Morphology of Ctenophora illustrated by
Pleurobrachia rhododactyla, Rec., Atl., X 1 (AGAS

SIZ).

358). They are characterized by body layers
of endoderm, mesogloea, and ectoderm, pos
session of biradial symmetry, a gastrovas
cular cavity and stomodaeum, and position
of the gonads. From the Cnidaria they are
differentiated by the presence of colloblasts
(lasso cells) instead of nematocysts, by loco
motion almost wholly by means of ciliary
movement cencentrated in 8 longitudinal
bands, enormous thickening of the meso
gloea, presence of a statocyst or sensitive
organ at the aboral end, and solid tentacles
with axial mesogloea. Rec.

No fossil ctenophores are known cer
tainly, their preservation being most im
probable, although 2 genera have been sug
gested as belonging here:
Rangea GURICH, 1930 [lOR. schneiderhohni]. Said

to resemble Beroe. L.Paleoz. (Otavi 1m., Kuibis
quartzite), S.Afr.

Xenusion POMPECKJ, 1927 ["X. auersUJaldae]. Cam.
(drift), Ger.

REFERENCES
Gurich,G.

(1) 1930, Die bishang altesten Spuren von
Organismen in Sudalrika: XV Int. Geol.
Congr., Comptes Rendus, v. 2, p. 670-680,
5 figs.

Hyman,L.H.
(2) 1940, The invertebrates: Protozoa through

Ctenophora: McGraw-Hill (New York), xii
+726 p., 221 fig. (Ctenophora, p. 662-696,
fig. 209-221).
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INDEX

Names included in the following index are classified typographically as follows: (1)
Roman capital letters are used for suprafamilial taxonomic units which are recognized
as valid in classification; (2) italic capital letters are employed for suprafamilial categories
which are considered to be junior synonyms of valid names; (3) morphological terms and
generic and family names accepted as valid are printed in roman type; and (4) generic and
family names classed as invalid, including junior homonyms and synonyms, are printed
in italics. Page numbers printed in boldface type (as F257) indicate the location of sys
tematic descriptions.

Abyla, Fl47
Acabaria, F200
Acaciapora, F464
Acalepha, F72
ACALEPHAE, F5
Acalycigorgia, F203
Acamptog01'gia, F210
Acanella, FI77, F222
Acanthacis, FI77, F203
Acanthastrea, F417
Acanthelia, F406
acanthine septa, F241, F245
Acanthocoenia, F376
Acanthocyathus, F422
AcantllOcyclidae, F311
Acanthodes, F312
Acanthogorgia, Fin, F203
Acanthogorgiadae, F202
Acanthogorgiidae, F170, F182,

F202
Acanthogyra, F430
Acantholitlltts, F458
Acanthophyllia, F417
Acanthophyllidae, F303
Acanthophyllinae, F303
Acanthophyllum, F302, F303
Acanthopora, F102, F406
Acanthoptilum, F228
Acervularia, F236, F244, F256,

F276
Acervulariidae, F253, F276
Acidolites, F458
ACNIDARIA, F458
ACRASPEDA, F28, F40
Acraspedites, F73
acraspedote, F12, FI5
Acrhe1ia, F413
Acrocyathlls, F307
Acrohelia, F413
Acrophyllinae, F253, F272
Acrophyllum, F272
Acrophytum, FIS8
Acropora, F335, F360, F373
Acroporidae, F358-F360, F369,

F372
Acrosmilia, F245, F350, F385
ACTlNACEA, F233
Actinacididae, F356, F358, F366,

F369, F392
Actinacis, F393
ACTlNANTHIDA, F231
Actinaraea, F366, F392
ACTINARIA. F231, F232
Actinastrea, F370

Actinhelia, F403
ACTlNIADAE (order), F233
ACTINIARIA, F4, F20, FI62,

F23I, F233, F329
ACTlNIDA, F233
ACTINIDAE (order), F233
ACTININA, F233
Actinocoenia, F404
Actinocyathus, F306
.1ctinocystidae, F302
Actinocystis, F303
Actinodictyon, F130
ACTINOIDA, FI64
ACTINOIDEA, FI64
Actinophyllum, FI56, FI59
Actinoptilon, F226
Actinoseris, F388
Actinosmilia, F422
Actinostroma, FI08-FIl5, FIl8-

FI27
Actinostromaria, FIl2, FIl4,

F123, FI26, FI28
Actinostromarianina, FI26, FI28
Actinostromatidae, FIl6, FIl8,

F122-FI27
Actinostromella, F127
Actinostromidae, FI27
ACTlNOZOA, F9
Adelastrea, F386
Adelocoenia, F376
adhesive discs, F69
Adkinsella, F432
adradii, F15, F39, F69, F78
Ae~ina, F73
Aeginidae, F69, F73
Aeginopsis, F73
Aenigmatophyllum, F292
Aequorea, F80
Aequoreidae, F78, F80
Acquorfossa, Fl59
Agalma, Fl47
Agalmatidae, FI46, FI47
Agaricia, F381
Agariciella, F382
Agariciicae, F364, F366, F369,

F377
Agariciidae, F338, F358, F360,

F366,F369, F381
Agaricioidae, F377
Agaricoides, Fl88
Agassisia. F308
AGASSIZ, F90
Agassizia, F308
Agathe1ia, F406

Agathiphyllia, F407
Agathiphylliinae, F367, F369,

F406
Agelecyatlms, F424
Aglauridae, F70
ahermatypic, F245, F353
Ahrdorffia, F364, F372
Ainigmaptilidae, F182, F222
Ainigmaptilon, F222
Ainigmaptilonidae, F222
Akiyosiphyllum, F319
alar fossula, F242, F245
alar septum, F240, F245
Albertia, F286
ALCYONACEA, F4, FI8, FI7I,

F182, FI86, FI92
ALCYONARIA, F180, FI83
ALCYONEAE, F186, FI88
Alcyonidae, FI88
Alcyoniidae, F182, FI86, FI88
Alcyonina, Fl80
Alcyonium, FI80, FI86, FI88
Aldrichia, F426
Aldrichiella, F426
Alectorurus, F226
Alertigorgia, FI96
Algamidae, FI47
Allastmea, F402
Alleynia, F258
ALLMAN, F83
Allocoenia, F437
Allogorgia, F206
Allopora, F98, F99
Allotropiophyllum, F267
Alveolites, F245, F466
Alveolitinae, F450, F453, F466
alveolitoid, F245, F445
Alveopora, F360, F393, F394
Alyssites, F469
Amandophyllum, F290
Ambiguast,-aea, F380
Amblocyathlls, F422
Amblophyllia, F398
ambulacrum, F245, F351
Ammothea, FI88
Amphelia, F412
Amphiacme, F228
Amphiastrea, F397
Amphiastreidae, F356, F358,

F366, F369, F396
Amp/liaulastrea, F397
Amphihelia, F4l2
Amphioora, FIl8, F126, F142
Amplexicarinia, F258
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Amplexidae, F253, F264
Amplexiphyllum, F257
Amplexizaphrentis, F267
Amplexocarinia, F258
Amplexocarininae, F258
amplexoid septum, F24I, F245
Amplexoides, F298
Amplexus, F24I, F264
ampullae, F92
Amygdalophyllinae, F253, F290
Amygdalophyllum, F290
Anabacia, F390, F437
Anaconularia, F62
Anacropora, F360, F374
Andemantastraea, F436
anemone, FI64
Angia, F408
Angopora, F464
Anisocoenia, F402
Anisophyllum, F261
Anisopsammia, F436
Anisoria, F402
Annulopora, F374
ANOECIA, F67
Anomastraea, F385
Anomocora, F429
Anomophyllum, F392
Anthelia, FI90
Anthemiphyllia, H21
Anthemiphylliidae, F362, F367,

F369, F420
anthoblast, F245, F350
anthocaulus, F245, F350
anthocodia, FI68, FI71, FI72
anthocyathus, F245, F350
Anthogorgia, FI77, F203
Antholites, F466
Anthomastus, FI77, FI8I, FI88
ANTHOMEDUSAE, F78, F79,

F84,F86
ANTHOMEDUSINA, F78
Anthomorpha, FI56, FI59
Anthomuricea, F203
Anthophyllea, F422
Anthophyllum, F422
Anthophysa, FI47
Anthophysidae, FI46, FI47
Anthoplexaura, FI77, F2IO
Anthopora, F372
Anthoptilidae, FI82, F226
Anthoptilum, F226
anthostele, FI68, FI72, FI83
Anthothela, FI77, Fl94
Anthothelidae, FI82, Fl94
Anthothelinae, FI82, FI94
ANTHOZOA, F4, F5, F8-FIO,

FB, F16, F90, F161, Fl64
ANTHOZOARIAE, FI64
ANTICORALLlA, Fl65
Antiguastrea, F405
A ntillastraea, F371
Antillia, F417
Antillocyathus, F422
Antillogorgia, FI77, F212
Antillophyllia, F407
Antilloseris, F379
ANTIPATHACEA, FI65

Coelenterata

ANTIPATHARIA, F4, F20,
FI61, Fl65

ANTIPATHIDEA, FI65
ANTIPATHINA, FI65
Antiphyllum, F258
APHACELLAE, F67
Aphragmastraea, F386
Aphrastrea, F402
aphroid, F239, F245, F351
Aphrophyllum, F290
Aphrostoma, F88
Aphyllacis, FI04
Aphyllostylus, F312
Aphyllum, F312
Aplocyathus, F423
Aplophyllia, F376
Aplosastrea, F370
Aplosmilia, F430
Apolythophyllum, F300
Apostrophyllum, F417
appareil fixateur, F54
Apmtinopora, F88
Aquitanastrea, F405
Arachnastraea, F285
Arachnelasma, F288
Arachniophyllum, F274, F286
Arac1mium, F276
Arachnolasma, F288
Arachnophyllidae, F253, F274
Arachnophyllinae, F253, F274
Arachnophyllum, F236, F274
Arachnopora, F94
Araeacis, F374
Araeopoma, F312
Araeopomatidae, F312
Araeopora, F466
Araicoenia, F370
Arcadomyaria, F48
Archaeoantennularia, F87
Archaeoconularia, F61
Archaeocryptolaria, F86
Archaeolafoea, F86
Archaeoseris, F380
Archicoeniopsammia, F437
Archirhiza, F51
Archirhizidae, F40, F51
Archohelia, F411
Arcophyllidae, F314, F317
Arcophyllinae, F314
Arcophyllum, F318
Arctangia, F367, H08
Arcturia, F469
Arduorhiza, FB8
Areopsammia, F433
Arthrogorgia, FI77, F222
ASCLEROCORALLlA, F232
ASEPTATA, F454
Aspasmophyllum, F278
Aspidastraea, F387
Aspidiophyllum, F286
Aspidiscus, F387
Aspidophyllacea, F286
Aspidophyllum, F286
Asteriophyllum, F475
Asterocvcles, F280
Asteros~ris, F382, F388
Asterosmilia, F429
Asthenophyllum, F257

Astmea, F239
Astraeacis, F374
Astraeofttngia, F372
Astraeomorpha, F372
Astraeophyllum, F321
Astraeosmilia, F401
Astrangia, F408
Astraraea, F388
Astrea, F239, F401
astreoid. F239, F245
Astreoides, F436
Astreopora, F360, F374
Astrhelia, F411
Astrocerium, F461
Astrocoenia, F364, F370
Astrocoenia, F370
ASTROCOENIIDA, F370
Astrocoeniidae, F338, F354, F360,

F369,F370
ASTROCOENIINA, F4, F362,

F368,F370
Astrocoeniinae, F369, F370
Astrogyra, F400
Astrohelia, F4I1
Astroides, F436
Astroites, F404
Astrophyllia, F402
Astrophyllum, F303
Astropsammia, F436
astrorhiza, FlIO, F1I4
Astroria, F402
Astrospicularia, FI88
Astrospiculariidae, FI82, Fl88
Astya, F98, FIOO
Astylus, FIOO
asulcal, FI68, FI72
Atelodictyon, FII2, Fl28
Atelophyllinae, F317
Atelophyllum, Bl8
ATHECATA, F84
ATHECATAE, F90
Atolla, F43
Atollidae, F43
Atollites, F73, F74
Atorella, F43
Atorellidae, F40, F43
Aulacera, F142
Aulaceridae, FI26, F142
Aulacophyllidae, F272
Aulacophyllum, F273
A ulastraea, F397
Aulastraeopora, F396
Aulina, F284
Aulocaulis, F470
Aulocerium, F140
Auloclisia, F286
Aulocyathus, F425
Aulocystis, F471
Aulohelia, F472
Aulophyllidae, F253, F286
Aulophyllinae, F253, F286
aulophylloid, F242, F245
Aulophyllum, F245, F286
Aulopora, FI83, F472
Auloporella, F470
Auloporidae, FI83, F445, F450,

F452, F469
Auloporinae, F450, F469
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aulos, F242, F245
Aulosmilia, F414
Aulozoa, F470
Aurellia, F44
Australophyllum, F306
autozooid, F168, Fl72
AxaphyUidae,F306
Axhelia, F372
axial, F245
axial increase, F246
axial lobe, F241, F246
axial structure, F242, F246
axial vortex, F242, F246
AXIFERA, F200
Axinura, F321
AxiphyUum, F398
a,:is, Fl72
axis enithelium, Fl72
axis ot divergence, F246, F337
axoblast, Fl72
Axocyathus, F423
Axogaster, F224
Axohelia, F372
AxophyUia, F381, F415
AxophyUidae, F306
AxophyUinae, F306
AxophyUoidae, F282
AxophyUum, F308
Axopora, F91, F94
Axoporella, F91, F94
Axoporidae, F90, F91, F94
Axoseris, F381
Axosmilia, F398

BaciUastraea, F375
BaeophyUum, F313
Bainbridgia, F470
Balanophyllia, F433
Balatonia, F138
balloon club, F194
Balticina, F228
Balticinidae, F228
Balticininae, F183, F228
Bantamia, F413
Barabattoia, F401
Barbadiastrea, F402
Barbouria, F321
BARGATZKY, FlO8
Barrandeophyllum, F258
Baryastrea, F406
Baryhelia, F375
Baryohyllia, F380
Baryphyllum, F263
Barysmilia, F415
Barytichisma, F267
basal disc, F246, F329
basal plate, F335, F344
Bassaenia, F43
Bathangia, F422
Bathelia, F411
Bathyactis, F390
Bathyalcyon, F181, Fl88
Bathycoenia, F375
Bathycyathus, F423
Bathypsammia, F436
Bathytrochus, F421
Batotrochus, F425
Battersbyia, F298

Index

Bavarosmilia, F398
Beatricea, F126, FH2
Beaurnontia, F466
Beaumontidae, F466
Bebryce, F203
Beltanella, F70
BethanyphyUidae, F278
Bethanyphyllum, F278
Biflabellum, F432
Bikiniastrea, F401
BILATERIA, F2
Billingsaria, F452, F454, F457
Billingsaridae,F457
Billingsariinae, F450, F453, F457
Billingsastraea, F280
BiUingsia, F466
Bistylia, F432
Blallrovia, F428
Blanfordia, F423
Blanfordiola, F423
Blastocyathus, F422
Blastosmilia, F398, F429
Blastotrochus, F432
blind centripetal canal, F68
Blothrocyathus, F398
Blothrophyllinae, F253, F302
BlothrophylIum, F302
Bojocyclus, F312
Boninastraea, F416
Bordenia, F292
Boreaster, F462
BOSCHMA, F94
Bosnopsammia, F436
BosweUia, F455
BothriophyUum, F318
Bothrophoria, F425
Bothrophyllum, F292
BoucEK,F31
BOUCEK & ULRICH, F34
Bougainvillia, F79
Brachycyathus, F421
Brachyelasma, F268
Brachymeandrina, F402
Brachyphyllia, F381
Brachyseris, F381
Brachytrochus, F424
Brachytrossatus, F424
bracket, F174
Bradyphyllum, F258
Bradyzoum, F88
Branchastrea, F376
BrandeUa, F210
BRANDT,F41,F51,F72
Brasseyia, F435
Breviphrentis, F270
BreviphyUinae, F279
Breviphyllum, F280
Brevismilia, F437
Briantia, F278
Briareidae, F182, Fl94
Briareum, FI92, Fl94
Brignus, F461
BROCH, F90
Brochiphyllum, F321
Brooksella, F21, F23, F159
BROOKSELLIDA, F2, F21
Brooksellidae, F21
Bucanophyllum, F315

F481

buccal scale, F174
Budaia, F396
Burgundia, F120, F125, F130
Burgundiidae, F124, F125
Buschophyllum, F258

Cactogorgia, F188
CaenophyUum, F258
Calamophyllia, F380
Calamophylliidae, F338, F356,

F358,F369,F379
CalamophyUiopsis, F3i9
Calamopora, F461
Calamoseris, F380
Calamosmilia, F379
Calapoecia, F446, F458
Calapoeciidae, F457
Calapoeciinae, F458
Calceola, F237, F246, F3H
CALCEOLACEA, F310
Calceolidae, F313
Calecolina, F314
calceoloid, F237, F246
Caliapora, F464
CalibelemnoIl, F227
calice, F239, F246, F335
calicoblast layer, F246, F331
Calicogorgia, F203
calicular boss, F240, F246
calicular pit, F240, F246
calicular platform, F240, F246
Callipodium, Fl96
Calloconularia, F65
Callogorgia, F220
Callogyra, F407
Callozostrinae, F182, F222
Callozostron, F222
CalophyUidae, F260
Calophyllum, F259
Calostylidae, F241, F25.~, F296
Calostylis, F296
Calvinia, F460
CALYCOPHORAE, FI46
CALYCOPHORINA, F4, FH6
Calypterinus, F222
CALYPTOBLASTINA, F78, F79,

F83, F85, F87
Calyptra, F70
Calyotrophora, FI77, F221
Calyptrophorinae, F182, F220
calyx, F168, FI72
CampophyUidae, F290
CampophyUinae, F290
CampophyUum, F290
Campsactis, F321
Camptodocis, F392
Camptolithus, F460
Camptostroma, F43
Canadiphyllum, F267
canal system, F92
canalicula, F246
Cancellophycus, F226
Candidella, F222
Caninella, F295
Caninia, F291, F292
Caniniidae, F291
Caninophyllum, F292
Caninostrotion, F295
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Cannapora, F473
Cannorhiza, F51
Cannostomites, F43
Camlotidae, F79
Cantrillia, F312
capstan, FI74
Carantoseris, F385
Carcicocaenia, F436
Carcinophyllinae, F306
Carcinophyllum, F308
cardinal fossula, F242, F246
cardinal septum, F240, F246
carina, F24I, F246
Carinthiaphyllum, F290
CARLGREN, F233
Carnegia, F455
Carnegiea, F455
Carniaphyllum, F290
Carotalcyon, FI88
CARRUTHERS, F255
Carruthersella, F242, F289
Carta, FB8
CARTER, F114, F116, FI21
Car/erina, F138
Carterinula, F138
Carybdea, F41
CARYBDEIDA, F3, F16, F39,

F40
Carybdeidae, F40, HI
Caryophyllia, F335, F342, F422
Caryophylliicae, F369, H20
CARYOPHYLLIlDA, F421
Caryophylliidae, F339, F342,

F358, F369, H20
CARYOPHYLLlINA, F4, F367,

F369, F370, H20
Caryophylliinae, F362, F367,

F369, F422
Caryophyllioidae, F421
Caryosmilia, F429
Cassianastraea, F364, F375
Cassiopea, F48
Cassiopeidae, F40, F48
CASTER, F9, F2I, F46, F5I, F73
cateniform, F246
Catenipora, F469
Catostylidae, F40, F51
Catostylus, F51
Caulastrea, F401
caulome, F81
Caunopora, FI08
Cal'ella, F460
Cavernularia, F226
Cavernulina, F226
Cayugaea, F315
Cebuphyllia, F374
Celechopora, F475
cell string, FI73
Cellastraea, F402
Cellulastraea, F405
CenoiJhyllum, F321
Cenomanina, F436
Cenomanosmilia, F422
central chord, FI72
central stomach, F39
Centrastrea, F372
Centrephyllum, F286
Centrocellulosum, F258

Coelenterata

Centmlamellum, F286
Centrophyllum, F286
Centrotus, F268
CeDhea, F51
Cepheidae, F40, H8
Ceraostroma, F119, FI20, FB3
Ceratinella, F280
Ceratocaulon, FI90
Ceratocoenia, F396
Ceratocyathus, F422
ceratoid, F237, F246, F351
Ceratoisidinae, F222
Ceratophyllia, F407
Ceratophyllum, F280
Ceratopora, FI83, F471
Ceratoporella, FI94
Ceratoporellidae, FI82, F194
Ceratosmilia, F436
Ceratotrochus, F424
Cereopsida, FI88
Cereopsis, FI88
CERIANTHARIA, F4, F20, FI6I,

F166
CERIANTHIAE, FI66
CERIANTHIDAl:. (order), FI66
CERIANTHIDEA, FI66
CERIANTIPATHARIA, F4, FI6I,

FI64, F165
Ceriaster, F296
cerinula, FI62
cerioid, F239, F246, F35I, F445
Ceriophyllum, F278
Cespitularia, FI90
Cetophyllum, BOO
Chaetetella, F455
Chaetetes, F452, F455
Chaetetidae, F445, F450, F452,

F454
Chaetetides, F455
CHAETETlNA, F454
Chaetetinae, F450, F454
Chaetetipora, F455
Chaetetiporella, F455
Chaetetopsis, F455
Chaetidae, F454
Chalazodes, FI41
Chalcogorgia, F216
Chalcogorgiinae, FI82 F216
Charactophyllum, F280
CHARYBDEIDA, F40
Chaunostomidae, F48
Cheilosmilia, F396
Chelidonisis, F224
Chirodropus, F41
Chiropsalmus, F41
ChlamydoDhyllum, F272
Chomatoseris, F390
Chonaxis, F306
CHONDROPHORA, FI5
CHONDROPHORAE, FI48
CHONDROPHORINA, F4, FI46,

FI48
Chondrostroma, F88
Chonophyllidae, F253, F299
Chonophyllinae, F253, BOO
Chonophyllum, F300
Chonostegites, F47I
Chonostegitidae, F469

Chorisastrea, F380
Chrysaora, F44
Chrysogorgia, FI77, F216
Chrysogorgiidae, FI76-FI79, FI82,

F216
Chrysogorgiinae, FI82, F216
Chrysomit"a, FI48
Chunella, F227
Chunellidae, FI83, F227
Chusenophyllum, F321
Chypastraea, F406
Cionelasma, F270
Cionodendrom, F284
Cionophyllum, F290
Circophyllia, HI7
Circophyllulll, F271
Circopora, FI28
Circoporella, F130
circummural budding, F246, F347
circumoral budding, F246, F347
Citharocyatlms, F425
Cladangia, F409
Cladiella, FI88
Cladochonidae,F469
Cladochonus, F183, FI86, F472
Cladocora, F404
Cladocoropsis, F88
Cladonema, F79
Cladonematidae, F78, F79
Cladonemidae, F79
Cladophragmus, FI42
Cladophyllia, F400
Cladopora, F466
Cladopsammia, F345
Clathraria, F200
Clathrocoilona, F131
Clathrodictyidae, F118, FI22-

F125, F128
Clathrodictyon, FI08, FII2,

F118-FI20, FI25, FI28-F131
Clathrodictyonidae, FI28
Clausastrea, F398, F402
Clavarina, F4I6
Clavidictyon, FBI
Claviphyllum, F260
Clavismilia, F437
Clavularia, FI75, F184
Clavulariidae, FI82, F184
Cleistocarpidae, F40
Cleistopora, F452, F466
Climaconus, F65
Clinophyllum, F260
Clisaxophyllum, F286
Clisiaxophyllum, F286
Clisiophyllidae, F286
Clisiophyllites, F290
clisiophylloid, F242, F246
Clisiophyllum, F242, F246, F286
cloison, F37, F57
Clonotrochus, F433
closed fossula, F246
ClviJeojavia, F402
CNIDAE, F5
CNIDAREA, F9
CNIDARIA, F2, F5, F9-F13
CNIDARIA, FI64
cnidoblast, FI73
cnidocil, F246
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Coccophyllum, F395
Coccoseridae, F458
Coccoseridinae, F450, F452, F454,

F458
Coccoserinae, F458
Coccoseris, F458
Codomidae, F79
Codonophyllum, F271
Codonosmilia, F430
Coelastrea, F402
COELENTERA, F9
COELENTERATA, F5, F9, FlO
coelenteron, F5, FlO
Coelocoenia, F370, F430
Coelocyathus, F432
Coelogorgia, F186
Coelohelia, F410
COELOMATA, F2
Coelophyllidae,F296
Coelophyllum, F298
Coeloria, F402
Coe1ost:ris, F383
Coelosmilia, F426, F429
Coe1ostylis, F268
Coenangia, F409
Coenastraea, F437
coenenchyme, F168, F173, F246,

F335, F345
Coenites, F466
Coenitidae, F466
Coenocyathus, F422
Coenopsammia, F436
coenosarc, F91, Fl45, F246, F335
Coenosmilia, F429
coenosteum, F93, F110, F246,

F335, F344
Coenostroma, F133
Coenostromidae, F133
Coenotheca, F398
COENOTHECALIA, F4, F18,

Fl72, F182, F192
Colangia, F409
Coleophyllum, F314
collaret, F173
Collaspidae, F43
Collaspididae, F40, F43
Collaspis, F43
colline, F246, F351
colloblast, F458
Colpophyllia, F403
Columactinastraea, F370
Columastrea, F371
columella, F242, F336, F343
Columellastrea, F371
column, F246, F329
Columnaphyllia, F398
Columnaria, F252, F298
Columnariacea, F296
Columnariadae, F296
Columnariae, F296
Columnaridae, F296
Columnariidae, F296
COLUMNARIINA, F4, F244,

F252,F253, F292, F296
Columnariinae, F296
Columnastrea, F371
Columnocoenia, F437
Columnopora, F458

Columnoporidae, F457 Corynoides, F88
Comastrea, F381 Coscinaraea, F385
Combophyllum, F262 Coscinastrea, F385
Commoseris, F392 Cosmiolithus, F460
Comophyllia, F380 Cosmophyllinae, F3l4, F317
Comoseris, F392 Cosmophyllum, F318
complete mesentery, F246 Cosmoporites, F393
complete tabula, F246 costa, F247, F335
Complevastrea, F399 Cotylorhiza, F51
compound synapticula, F246 counter fossula, F242, F247
compound trabecula, F247 counter septum, F240, F247
Compressiphyllum, F270 counter-lateral septum, F240,
Conchope1tidae, F57 F247
CONCHOPELTINA, F3, F57 couple, F247
Conchope1tis, F32, F57 Crambessa. F51
Confusastraraea, F388 Craspedacusta, F70, F75
Conlusastrea, F399 Craspedonites, F72
Congregopora, F98, FIOO Craspedophyllia, F378
Connectastrea, F397 Craspedophyllidae, F253, F282
connecting tubule, F247 Craspedophyllum, F282
Conocoenia, F376 CRASPEDOTA, F78
Conocyathus, F425 craspedote, F12, F15
Conoeyathus, F373 Crassiphyllum, F258
Conophyllia, F378 Cratelolophus, F31
Conophyllum, F312 Craterophyllum, F275
Conopora, F95, F98, FIOO Craterophyllum, F267, F321
Conopoterium, F466 Crateroseris, F386
Conosmilia, F432 Cravenia, F266
Conotrochus,F424 Crepidophyllidae,F282
Conularia, F31, F58, F60, F65 Crepidophyllum, F282
CONULARIDA, F54, F58 Cretastraea, F388
Conulariella, F57, F58 Cricocyathus, F407
Conulariellidae, F57, F58 Cricotheca, F401
CONULARIIDA, F3, F28. F54-F58 Crinophyllum, F300
Conulariidae, F57, F58 Crinopora, F375
CONULARIINA, F3, F57, F58 Crispatotrochus, F424
Conulariinae, F57, F60 crown (of pali), F343
Conularina, F65 crown-and-points, FI73
Conulariopsidae, F57, F66 Crucimedusina, F79
Conulariopsis, F66 Cryptabacia, F389
CONULATA, F3, F9, F28, F30, Cryptangia, F408

F31, F54, F57 Cryptaxiella, F99
Convexastrea,F376 Cryptaxu,F99
CORALLA, F164 Crypthe1ia, F98, FIOO
CORALLARlA, F164 CRYPTOCARPAE, F78
CORALLIARIA, F164 Cryptocoenia, F376
Corallieae, F197 Cryptohelia, FIOO
CORALLIGENA, F164 Cryptophragmus, FI26, F142
Coralliidae, FI82, F197 Cryptophyllum, F262
CORALLIMORPHARIA, F4, Ctenactis, F388

F162, F23I, F232, F329 CTENAREA, F458
corallite, F234, F247, F335, F445 Ctenella, F415
Corallium, FI9, F167, FI75, Ctenocella, F~14

FIn F180 FI92, F200 Ctenoconulana, F65
corallu~, F161, F238, F247, F335, Ctenoconulariinae, F57, F65

F445 CTENOPHORA, F2, F4, F5, F9,
Corbariastraea, F436 F478
cormidia Fl45 CTENOPHORARIA, F458
Cornular'ia, FI84 Ctenophyllia, F415
Cornulariidae FIR2 F184 CUBOMEDUSAE, F16, F40
Corololius, F·t37 ' Culicia, F348, F408
coronal groove F39 Cumminsia, F263
CORONATA 'F4I Cunanthidae, F73
CORONATAE F16 cuneiform, F247
CORONATAE: F4I Cunina, F72
CORONATlDA, F3, F39-F41 Cuninidae, F69, F72
cortex, F173 Cunnolites, F386
Corwenia, F288 Cunoctantha, F72, F73
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cupolate, F247, F351
CUYlER, F2
Cyanea, F44
Cyaneidae, F40, FH
Cyathaxonella, F321
Cyathaxonia, F264
Cyathaxonidae, F257, F263
Cyathaxoniicae, F252, F253, F257
Cyathaxoniidae, F253, F263
Cyathelia, F411
Cyathina, F422
Cyathocarinia, F264
Cyathoceras, F422
Cyathoclisia, F290
Cyathocoenia, F370, F375
Cyathogonium, F276
Cyathohelia, F411
Cyathomorpha, F407
Cyathopaedium, F298
Cyathophora, F375, F464
Cyalhophorinae, F358, F364,

F369, F375
Cyathophoropsis, F375
Cyathophyllia, F398
Cyathophyllidae, F278
Cyathophylloidae, F296
CYATHOPHYLLOIDEA, F257,

F268
Cyathophylloides, F296
Cyathophylloinae, F296
Cyathophyllum, F278
Cyathopora, F464
Cyathopsidae, F253, F264, F291
Cyathopsis, F291, F292
Cyathoseris, F381
Cyathosmilia, F433
Cyathotrochus,F426
Cyclabacia, F390
Cyclactinia, F84
Cyclastraea, F379
Cyclinidae, F311
Cyclocoenia, F375
CYCLOCORALLlA, F367
Cyclocyathus, F286, F421
Cyclolites, F386
Cyclolithas, F386
Cyclolitidae, F356, F358, F366,

F369, F386
Cyclolitopsis, F387
Cyclomedusa, F153
Cyclomuricea, F203
Cyclomussa, F417
Cyclophyllia, F387
Cyclophyllopsis, F436
Cyclophyllum, F286
Cyclopora, F99
Cycloporidium, F84
Cycloria, F402
Cycloseris, F360, F366, F388
Cyclosmi:ia, F428
cyclosystem, F92
Cylicia, F408
Cylicopora, F477
Cylicopsis, F88
Cylicosmilia, F428
Cylindripora, F475
Cylindrocyathus, F437
Cylindrohelium, F280

Coelenterata

Cylindrohyphasma, F88
Cylindrophyllia, F426
Cylindrophyllum, F280
Cylindrophyllum, F298
Cyundropora,F104
Cylindrotheca, F87
Cylloseris, F382
Cymatelasma, F303
Cymatophyllum, F286
cymose branching, F81
Cymosmilia, F430
Cynarina, F417
Cyoellophyllum, F267
Cyphastrea, F406
Cyphophyllum, F276
Cyrtophyllum, F460
Cystelasma, F262
Cystidendron, F282
Cystiphora, F308
Cystiphorastraea, F285
Cystiphorolites, F276
Cystiphrentis, F292
CYSTIPHYLLACEA, F310, F312
CYSTIPHYLLIDA,F310
Cystiphyllidae, F252, F253, F312
CYSTIPHYLLINA, F4, F252,

F253, F310
Cystiphyllinae, F312
Cystiphylloidae, F314, F317
CYSTlPHYLLOIDEA, F310
Cystiphylloides, F319
Cysdphylloides,F319
Cystiphylloinae, F314
Cystiphyllum, F312
Cystiplasma, F319
Cystistrotion, F282
Cystistylus, F321
Cystophora, F308
Cystophorastraea, F285
Cystophrentis, F292
Cystostylus, F321

Dactylaraea, F392
Dactylastrea, F372
Dactylocoenia, F372
Dactyloidites, F159
Dactylometra, F44
dactylopore, F93
Dactylosmilia, F436
dactylotheca, F81
Dactylotrochus, F427
dactylozooid, F92, F145
Dalmanophyllinae, F268
Dalmanophyllum, F268
Dania, F455
Darwinia, F274
Dasmia, F428
Dasmiopsis, F428
Dasmosmilia, F350, F429
Dasyphyllia, F401
Decacoenia, F376
Decaphyllum, F298
DEHORNE, F121, F124, F125
Dehornella, F119, F120, F133
DEICHMANN, F178
Oelheidia, F88
Delphinastraea, F437
Deltocyathoides, F424

Deltocyathus, F423
Dendracis, F374
Dendraraea, F393
Dendrastrea, F372
Dendrocoenia, F376
Dendrocora, F404
Dendrocyathus, F422
Dendrogyra, FH5
Dendrohelia, F376
dendroid, F238, F247, F351
Dendronephthya, F188
Dendrophyllia, F435
DENDROPHYLLlIDA, F433
Dendrophylliidae, F190, F358,

F362, F369, F433
DENDROPHYLLIINA, F4, F368-

F370,F433
Dendropora, F475
Dendroseris, F376
Dendrosmilia, F429
Dendrostroma, F126, F131
Dendrozoum, F466
Densiphyllinae, F296
Densiphyllum, F296
Densyphyllum, F296
Dentipora, F410
Deontopora, F99
Depaphyllum, F375
Depasophyllum, F298
Depasophyllum, F283
Dermatostroma, F140
Dermoseris, F391
Dermosmilia, F379
Dermosmiliopsis, F437
Desdemona, F44
Desmastraea, F380
Desmidopora, F463
Desmocladia, F401
Desmophyllinae, F356, F362,

F367,F369, F426
Desmophyllum, F426
Desmophyllum, F272
Deuteroseptata, F296
Diafungia, F390
Dialytophyllum, F318
Diamantopora, F91, F94
Diapora, FI08
Diaseris, F388
Diblasus, F412
Dibunophyllinae,F286
dibunophylloid, F242, F247
Dibunophyllum, F247, F286
dicentric, F247, F348
Dichocaenia, F415
Dichocoeniinae, F358, F359,

F367,F369, F415
Dickinsonia, F24, F27
DICKINSONIIDA, F2, F25
Dickinsoniidae, F25
DlCOELlA, F327
Diconularia, F61
Dictuophyllia, F402
Dictyaraea, F394
Dictyopora, F475
Dictyopora, F469
Dictyostoma, F466
Dictyostroma, F466
Diechoraea, F394
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Digitium, F437
Digonophyllidae, F252, F253,

F314
Digonophyllinae, F253, F317
Digonophyllum, F318
dilatated septum, F247
Dimorpharaea, F392
Dimorphastrea, F398
Dimorphocoenia, F398
Dimorphophyllia, F380, F381
Dimorphoseris, F386
Dimorphosmilia, F398
Dinophyllidae,F268
Dinophyllinae, F268
Dinophyllum, F268
Diodogorgia, F196
Diorychopora, F470
Diphyes, Fl47
Diphyidae, F146, Fl47
Diphyphyllinae, F282
Diphyphyllum, F283
Diphystrotion, F283
Diplactis, F425
Diplaraea, F388
Diplastraea, F458
DiDleurosoma, F80
DlPLEUROZOA, F2, F9, F24
Diplhelia, F411
Diploastrea, F405
Diplochone, F316
Diplocoenia, F402
Diplocoenia, F397
Diploctenium, F414
Diplocyathophyllidae, F286
Diploepora, F460
Diplogyra, F376
Diplohelia, F411
DIPLOMORPHA, F83
Diplophyllum, F277
Diplophyllum, F280
Diploria, F402
Diplothecastraea, F397
Diplothecophyllia, F376, F437
Dipsastraea, F402
Dipterophyllum, F263
direct linkage, F247, F347
directive couple, F247
directive mesentery, F247. F333
Disaraea, F391
disc spindle, F174
Discocoenia, F396
Discocyathus, F367, F421
Discogorgia, F203
Discomedusa, F44
DlSCOMEDUSAE, F41, F43
DISCONECTAE, FI48
Discophyllum, F150, F156, F159,

F479
Discopsammia, F390
Discoseris, F437
Discotrochus, F388
Disjectopora, FB8
Disjectoporidae, FI24-FI26, FB8
Disophyllum, F258
Disphyllidae, F279
Disphyllinae, F279
Disphyllum, F280

Index

dissepiment, F234, F243, F247,
F335,F344

dissepimentarium, F234, F243,
F247

distal, 247
Distichocyathus, F373
Distichopora, F96-FIOO
Distichoporinae, FIOO
Distichoptilum, F227
distomodaeal budding, F247, F347
Ditoechelasma, F270
Ditoecholasma, F270
Diversophyllum, F302
Docophyllum, F300
DODECACORALLlA, F231
Doederleinia, F389
Dohmophyllum, F306
Do/(ophyllum, F300
Dominicotrochus, F426
Domoseris, F382
Donacophyllum, F300
Donacosmilia, F397
Donetzites, F475
Donophyllum, F283
Dorlodotia, F284
dorsal, F247
double club, Fl74
double wheel, F174
Dromalia, Fl47
Drymonema, F44
Duncanella, F257
Duncania, F321
Duncania, F432
Duncanopsammia, F436
Dungulia, F429
Dunocyathus, F425
Duodecimedusina, F154
Duplophyllum, F258
Dybowskia, F268
Dyctioastraea, F402

Ebrayia, F380
Echigophyllum, F290
Echinastrea, F406
Echinochorium, F84
Echinogorgia, F203
Echinomuricea, F206
Echinophyllia, F419
Echinopora, F406
Echinoptilidae, F182, F226
Echinoptilum, F226
Ecmesus, F423
ECTOCARPEN, F67
Edaphophyllum, F321
Eddastra,,:a, F306
edge zone, F247, F331, F335
Ediacaria, F74, F75, Fl54
Edwardsoseris, F386
Edwardsosmilia, F428
Effiatounaria, Fl90
EHRENBERG, FI80
Ekvasophyllum, F290
Elasmocoenia, F376
Elasmophyllia, F400
Elasmophyllum, F321
Elephantaria, F393
ELEUTHEROBLASTINA, F83
Eleutherocarpidae, F40

F485

Ellasmoastraea, F402
Ellipsactinia, F84, Fl26
Ellipsactinidae, F84, Fl25
Ellipsactiniidae, Fl26
Ellipsocoenia, F402
Ellipsoidastraea, F437
Ellipsosmilia, B98
Elliptoseris, F381
ELLIS, Fl80
Ellisella, F214
Elliselladae, F214
Ellisellidae, F182, F214
Elysastraea, F398
Emmonsia, F250, F446, F454,

F464
Emmonsiinae, F460
Empodesma, F258
Enallastrea, F3i2
Enallhelia, F356, F376
Enallocoenia, F370
Enallophyllum, F267
Enallopsammia, F436
Endamplexus, F295
Endhelia, FIOO
Endoamplexus, F295
ENDOARIA, Fl64
endocoel (=entocoele), Fl9
Endohelia, FIOO
Endopachys, F434
Endophyllinae, F253, BOO
Endophyllum, BOO
Endopsammia, F435
endotheca, F247, F335
Endotheciinae, F253, F262
Endothecium, F262
Enteleiophyllum, F318
Entellophyllidae, F274
Entelophyllidae, F274
Entelophyllinae, F274
Entelophyllum, F241, F275
Enterelasma, F270
ENTEROCOELA, F9
Enterolasma, F270
entocoele, F247, F332
entoseptum, F247, F339
entotentacle, F247, F334
Enygmophyllum, F292
Eoconularia, F65
Eofletcheria, F452, F472
Eogorgia, F220
Eohydnophora,F376
Eostrotion, F286
Ephyra, F43
Ephyridae, F40, F43
Ephyropsidae, F43
Ephyropsites, F43, F46, F47
Epibula, Fl48
Epigyra, F400
Epiphaxum, F184
Epiphyllina, F42
Episeris, F386
Epismilia, F395
Epismiliopsis, F395
Epistreptophyllum, F379
epitheca, F237, F247, F324, F335,

F344, F445
epithelium, FlO
Epithouarella, F220
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F486

Epitrochus, F436
Eridophyllinae, F282
Eridophyllum, F282
Errina, F96, F98, FlOO, FI02,

FI04
Errinina, FIOO
Errininae, FIOO
Errinopora, FI02, FI04
Errinopsis, F96, FI04
Erythropodium, FI8I, FI96
ESPER, FI80
Ethmoplax, F2i2, F466
Eubrandella, F206
Eucope, F;80
Eucopidae, Fi8, F80
Euerrina, FI02
Eufavosites, F461
Eugorgia, Flii, F212
Eugyra, F3i6
Euhelia, F376
Euheliinae, F364, F369, F376
Eulithota, F44
Eulithotidae, F40, F44
Eumadrepora, F373
Eumichelinia, F466
Eunephthya, FI88
Eunephthya, FI88
Eunicea, F2IO
Eunicella, Flii, F2IO
Eunomia, F398
Euphyllia, F334, F429
Eupilema, F51
Euplexaura, F2IO
Eupsammia, FH4
Eupsammiidae, FI90, FI92
Eurekaphyllum, F2i3
Euryphyllum, F267
Eusmilia, F430
Eusmiliinae, F358, F365, F369,

F429
Eusmiliopsis, F436
Eusthenotrochus, F425
Eustylaster, F99
Euthouarella, F220
evolution, FI22, FI62, F256,

F362,F453
Ewaldocoenia, F375
EXOARIER, F83
exocoel (=exocoele), FI9
exocoele, F24i, F332
Exoconularia, F61
exoseptum, F24i, F339
Exostega, F321
exotentacle, F247, F334
exotheca, F247, F336
Explanaria, F436
extramural, F247
extratentacular budding, F247,

F347, F348
exumbrella, F39, F68, Fii

Faberophyllum, F290
fan system, F248, F337
fascicular columella, F248
Fascicularia, FI90, F282, F376
Fasciculophyllum, F260
Fasciphyllum, F297
Fat'astraea, F274, F276

Coelenterata

Favia, F402
Faviicae, F369, F398
FAVllDA, F394
Faviidae, F338, F356, F358, F359,

F367, F369, F400
FAVIINA, F4, F366, F369, F370,

F394
Faviinae, F367, F369, F400
Favioseris, F380
Favistella, F296
Favistellidae, F296
Favites, F402
Favoidea, F402
Favoidioseris, F380
Favositacea, F460
Favositella, F4ii
Favosites, F452, F461
Favositidae, FI84, F445-F450,

F452, F460
Favositinae, F446, F452, F453,

F460
Fat'ositipora, F394
Feddenia, F417
Felixastraea, F385
Felixigyra, F376
Felixopsammia, F4I7
fenestrate septum, F248, F337
Ferrya, F381
Ficariastraea, F436
filament, FI7, FI68, FI74
Filigella, F206
Filigorgia, F206
Firia, F400
Fischerina, F282
Fissicella, F402
Fistulimurina, F455
flabellate, F248, F351
Flabellicae, F369, F431
Flabellidae, F350, F358, F362,

F368,F369,F432
Flabellosmilia, F414
Flabellum, F335, F342, F432
Fletcheria, F298
Fletcheriidae, F296
Fletcherina, F298
Fletcherinae, F296
Floscularia, F276
Floscttlidae, F44
Foerstephyllum, F458
foliaceous, F248
foliose, F248
Folioseris, F382
Forskalia, FI47
Forskaliidae, FI46, Fl47
Fossipora, F462
Fossopora, F462
fossula, F242, F248
Fragilocyathus, F424
Frechia, F379
Fromentellia, F399
Fromentelligyra, F431
FUNGACEA, F376
Fungia, F245, F342, F350, F366,

F388
Fungiacyathus, F334, F390
Fungiastraea, F380
Fungiicae, F364, F369, F385
FUNGllDA, F376

Fungiidae, F358, F360, F362,
F366, F369, F388

FUNGIINA, F4, F364, F369,
F376

Funginella, F386
Funginellastraea, F388
Fungites, F388
Fungophyllia, F4I9
Funiculina, F226
Funiculineae, F226
Funiculinidae, FI82, F226

Galaxea, F4I2
Galaxeinae, F369, F412
Galeolaria, FI47
Gangamophyllum, F321
Gardineria, F432
gastric filaments, FI5, F39
gastrodermis, FlO
gastropore, F93
gastrostyle, F94
gastrostyle chamber, F97
gastrovascular cavity, FI68, Fl74
gastrozooid, F92, Fl45
Gemmastrea, F376
Gemmipora, F436
Gemmulatotrochus, F427
Genabacia, F391
Geoporites, F460
Gephuropora, F462
Gerronstroma, FI27
Gersemia, FI88
GERTH, F84, FI90
Gerthia, F260
Geryonia, F71
Geryoniidae, F69, F71
GESNER, FI80
Geyerophyllum, F290
Gigantostylis, F378
Glenaraea, F436
Glossophyllidae, F314, F317
Glossophyllum, F3I8
Glyphastraea, F4IO
Glyphephyllia, F399
Glyptoconularia, F65
Glyptosceptron, F230
gonad, F39, F68,F78
Goniaraea, F393
Goniastrea, F402
Goniocora, F404
Goniocorella, F429
Goniocyathus, F422
Goniophyllidae, F253, F313
Goniophyllinae, F313
Goniophyllum, F313
Goniopora, F360, F393
Gonioseris, F379
gonodendron,FI45
gonopalpon, FI45
gonophore, F96, FI45
gonozooid, FI4, FI45
GORGONACEA, F4, FI9, FI82,

FI92, FI94
Gorgonia, FI78, FI80, FIn,

F2I2
Gorgonidae, F212
GORGONIEAE, FI94
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Gorgoniidae, FI70, FI77, FI82,
F212

gorgonin, FI7I
Gorgonina, Fl80
Gosaviaraea, F392
Grabauphyllum, F298
Graphularia, FI78, F224, F228
Graptogeitonia, F88
Gravieropsammia, F374
Grumia, F401
Grumiphyllia, F401
Grypophyllinae, F303
Grypophyllum, F303
Gshelia, F292
Guynia, F432
Guyniidae, F350, F362, F368,

F369,F432
Gwynia, F432
Gyalophyllum, F312
GYMNOBLASTINA, F4, F78,

F79, F83, F84
Gymnophyllum, F263
GYMNOPTHALMAE, F78
Gyrodendron, F380
Gyrophyllia, F415
Gyroseris, F381
Gyrosmilia, F430

HADDlNG, Fl27
Hadrophyllidae, F253, F262
Hadrophyllum, F262
HADZI, F8, Fl7
HAECKEL, F28, F46, F5I, F72,

F73
Haftschiebe, F54
Haimesastraea, F376
Haimophyllum, F472
Haldonia, F371
Haliclystus, F31, F40
Haliglossa, F388
Halipetasus, F51
Halisitinae, F469
Hallia, F273
Halliidae, F253, F272
Halliinae, F253, F272
Hallotheca, F65
Halomitra, F389
Haloseris, F382
Halysiastraea, F402
Halysites, F452, F469
Halysitidae, F184, F450, F469
Halysilinae, F469
Haplaraea, F388
Haplaraeidae, F356, F358, F366,

F369, F388
Haplohelia, F411
Haplophyllia, F432
Haplorhiza, F51
Haplothecia, F280
Hapsiphyllidae, F253, F267
Hapsiphyllum, F267
Harmodites, F472
HARRINGTON & MOORE, F9
Hattonia, F455
Hayasakaia, F474
Hedstroemophyllum, F312
Hedstromophylltlm, F312
HEHENWARTER, Fl90

Index

HEINRICH, F115, F117, F120,
F121, FI24-F126

Helenterophyllum, F278
HELlANTHOIDA, F231
Heliastrea, F401
Heliastreopsis, F405
Helicoptilum, F227
Helioalcyon, F466
Heliocoenia, F376
Heliogonium, F278
HELlOLlTACEA, F458
Heliolites, F250, F446, F452, F460
Heliolithes, F460
Heliolithidae, F458
Heliolithinae, F458
HELlOLlTHOlDEA, F458
HELlOLlTlDA, F454, F458
Heliolitidae, F445, F450, F452,

F458
HELlOLlTINA, F454, F458
Heliolitinae, F450, F452, F460
Heliophrentis, F278
Heliophyllidae, F278
Heliophylloides, F278
Heliophyllum, F24I, F278
Helioplasma, F460
Heliopora, F18, FI76-FI78, FI81,

FI94, F449
Helioporidae, FI82, Fl94
Helioseris, F382
Helladastraea, F387
Helminthidium, F296
Hemicosmophyllum, F3I8
Hemicyathtls, F423
Hemicystiphyllum, F3I8
Hemiphyllum, F296
Hemiporites, F437
Heptaphyllum, F258
Heptastylis, F88
Heptastylopsis, F88
Hercophyllum, F272
Heritschia, F3IO
Heritschiella, F3IO
Hermatostroma, F112, FIB,

F1l5, F1l8, F1l9, F126, FBI
hermatypic, F248, F353
Herpetolitha, F389
Herpetolithus, F389
Herpolitha, F389
herringbone dissepimentarium,

F244, F248
Heteractis, F425
Heterastr'lea, F396
Heterastraea, F405
Heterastrididae, F84
Heterastridiidae, F84
Heterastridium, F84
Heterelasma, F258, F300
Heterocaeniopsis, F375
Heterocaninia, F290
Heterocoenia, F375
Heterocoenites, F464
HETEROCORALLA, Fl66
HETEROCORALLIA, F4, F20,

F162, F231, F324, F327
Heterocyathus, F424
Heterogorgia, F206
Heterogyra, F38I

F487

Heterolasma, F258, F300
Heterophrentis, F270
Heterophyllia, F327
Heterophyllia, F400
Heterophylliidae, F327
Heterophyllinae, F327
Heterophylloides, F327
Heteropora, F373
Heteropsammia, F436
Heteroseris, F382
Heterotrochus, F432
Heteroxenia, Fl90
Hettonia, F296
HEXACORALLlA, F165, F231,

F369
HEXACORALLlDAE (order),

F369
HEXACTINlA, F165, F233
HEXACTINIAE, F231
HEXACTINIARIA, F231
HEXACTINlDAE (order), F233
Hexagonaria, F280
Hexagoniophyllum, F280
Hexalasma, F262
Hexaphyllia, F327
Hexarhizites, F46, F47
Hexasmilia, F375
Hexastraea, F396, F410
Hexelasma, F262
HICKSON, F90, F94, F180, F181,

F210
Hicksonella, F2IO
Hicksonia, Fl84
HILL, F239, F325
Hindeastraea, F4IO
Hippopidiidae, F146, Fl47
Hippopodius, Fl47
Histiophyllum, F286
holacanth, F236, F248
HOLAXONIA, F4, FI70-FI72,

F182, F200
Holcotrochus, F426
Holmophyllinae, F312
Holmophyllum, F3I2
Holocoenia, F372
Holocystis, F375
Holophragma, F272
Homalophyllites, F267
Homalophyllum, F270
Homophyllia, F4I7
Hooeiphyllum, F304
Hoplangia, F409
horseshoe dissepiment, F248
Houghtonia, F458
HOWELL, F54
Huangophyllum, F321
Humboldtia, F292
Hydnophora, F360, F402
Hydnophorabacia, F38I
Hydnophoraraea, F403
Hydnophorella, F403
hydnophoroid, F248
Hydnophoropsis, F405
Hydnophyllia, F403
Hydra, F67, F83
Hydractinea, F84
Hydractinia, F84, FIl2, F1l6,

F117, F122, F124, Fl25
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F488

Hydraetinidae, F84
Hydractiniidae, FH
HYDRACTINOlDEA, FI24, FI25
hydranth, FI4, F81
HYDRARIA, F83
Hydrichthella, FI77
Hydrissa, F84
hydrocaulus, F81
Hydroeonophora, F84
HYDROCORALLINA, F90
Hydroeorella, F84
Hydrocraspedota, F75
HYDROIDA, F3, FH, F77, F78,

F8I, F83
HYDROlDEA, F83
Hydrokerion, F84
HYDROMEDUSAE, F67, F78
Hydromedtlsites, FI55
hydrophyllia, FI45
hydrorhiza, F81
hydrorhizal budding, F81
hydrotheca, F81
HYDROZOA, F3, F6, F7, F9,

Fl3, FH, F67
HYDROZOA, F83
HYDROZOARIA, F67
Hymenophyllia, F398
Hypnogorgia, F206

Iciligorgia, FI8I, FI96
Idiostroma, FI26, FBI
Idiostromatidae, FI24, FI26
Idiotrochus, F425
Ifalukella, F2H
Ifalukellidae, FI82, F2H
Illinodendron,F379
incomplete mesentery, F248
incomplete tabula, F248
increase, F248
indirect linkage, F248, F347
Indophyllia, F407
Indosmilia, F40I
Inferiolabiata, F98, F102
infrabasal scale, FI74
intermural increase F248
interradii, FI5, F39, F69, F248,

F347
interseptal ridge, F238
intramural budding, F248, F347
intratentacular budding, F248
Iowaphyllum, F302
Iranophyllum, F24I, F256, F309
Iridogorgia, F2I6
Irregulatopora, FB8
Isastrea, F380
Isastrocoenia, F370
Isidea, FI80
Isideae, F224
Isidella, FI77, F222
Isididae, FI76, FI78, FI82, F222
Isidinae, FI82, F224
Isis, 167, FI80, FI92, F224
lsoeora, F437
Isophyllastraea, F4I9
Isophyllia, F4I8
Isopora, F373
lstriaetis, Fl38
Ivanovia, F308

Coelenterata

Iallaria, F84
lavania, F426
Tal·anoseris, F388
jellyfish, F412
Jillua, F88
Illgodendron, F380
Junceella, F2H

Kakwiphyllum, F294
Kazania, F472, F477
Kenophyllum, F321
Kentlandia, F454
Keratoisidae, F222
Keratoisidinae, FI82, F222
Keratoisis, FI75, F222
Keriophyllum, F278
Keroeides, F20I
Keroeididae, FI82, F20I
Kerlmia, F84
Kesenella, F290
Ketophyllidae, F300
Ketophyllum, F300
Keyserlingophyllum, F293
Khmeria, F477
Kiaerophyllllm, F268
KIDERLEN, F30, F33, F37, F54,

F56
KIESLINGER, F43, F46, F74
Kinkaidia, F260
Kionelasma, F270
Kionophyllum, F290
Kionotrochus, F426
Kirklandia, F69, F70
Kirklandiidae, F70
Kitakamiphyllum, F3I2
KNoRR,I80
Kobymeandra, F386
Kodonophyllinae, F253, F271
Kodonophyllum, F24I, F271
Koilocoenia, F370
Koilomorpha, F381
Koilotrochus, F426
KOLB, F76
KOLLIKER, FI79, FI80
Kologyra, F430
Koninckocarinia, F290
Koninekophyllinae, F286
Koninckophyllum, F286
Kophobelemnidae, FI82, F226
Kophobelemnon, F226
Kophobelemnonieae, F226
Koreanopora, F460
Kraterostrobilos, F437
Kristinella, F87
Ktenodema, F376
Kueichouphyllum, F290
Klleiehowpora, F472
KUHN, F1I6, F1I7, FI20-FI26,

Fl36
Ktihnophyllia, F381
KUKENTHAL, FI70, FI81
Kumatiophyllt<m, F286
Kunthia, F280
Kuragea, F44
Ktirnatiophyllllm, F286
Kwangsiphyllum, F298
Kyphophyllinae, F253, F275
Kyphophyllum, F276

Labechia, FI40, FHI, F449
Labechiella, FHI
Labechiidae, F1I8, FI24, FI26,

FHO
LABECHIOlDEA, FI24, FI25
Labiata, FI02
Labiopora, FIOO
Labyrinthites, F469
Laccophyllidae, F253, F258
Laeeophyllum, F258
Laceripora, F463
Laeeropora, F463
LAMARCK, FI80
Lambeophyllum, F252, F253,

F257
lamella, FI09, F1I2
lamellar columella, F248
lamellar linkage, F248, F347
lamellar sclerenchyme, F236
Lamellastraea, F402
Lamellofungia, F437
Lamellopora, F477
laminar septum, F248
Laminopora, F464
Lamottia, F454
LAMOUROUX, FI80
Lamprophyllum, F272
LANG,F239
LANKESTER, F28
Laotira, F2I, F23
lappet, F39, F68
Lasmoeyathlls, F282
Lasmogyra, F400
Lasmophyllia, F398
Lasmosmilia, F399
Latepora, F475
lateral dissepiment, F248
lateral increase, F248
Laterophyllia, F40I
latilamina, FlIO
Latimaeandra, F380
Latimaeandraraea, F392
Latiphyllia, F399
Latomeandra, F380
Latusastrea, F397
leaf club, FI74
Leeanophyllllm, F318
LECOMPTE, F252
Legnophyllllm, F314
Leiopathes, FI66
Leioptilus, F228
Lekanophyllum, F3I8
Lemnalia, FI88
Leonardophyllum, F266
Leont<ra, F51
Lepieont<s, F437
Lepidisis, F222
Lepidoeyathtts, F373
Lepidogorgia, F216
Lepidogorgiinae, FI82, F2I6
Lepidomuricea, F206
Lepidomurieea, F206
Lepidophyllia, F396
Lepidopora, FI02
Leptastrea, F353, F406
Leptaxis, F407
Leptobothrus, F104
Leptobrachia, F51
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Leptobrachiidae, F40, FSI
Leptobrachites, F46, FSI
Leptocyathus, F424
Leptogorgia, F175, F178, F212
LeptoinophyUidae,F303
LeptoinophyUinae,F303
LeptoinophyUum, F303
LEPTOUNAE, F78
LEPTOLINIDA, F78
LEPTOMEDUSAE, F78, F79,

F86, F87
LEPTOMEDUSINA, F78
Leptomussa, F417
Leptopenus, F390
Leptophyllaraea, F388
Leptophyllastraea, F385
Leptophyllia, F385
Leptophyluidae,F385
Leptopora, H66
Leptoporidae, F466
Leptopsammia, F433
Leptoria, F402
Leptoseris, F360, F382
Leptosmilia, F429
Letepsammia, F390
Levipalifer, F423
Liardiphyllum, F294
Lichenaria, F452, F4S4
Lichenaridae, F454
Lichenariinae, F450, F4S4
ligne parietale, F56
Limaria, F466
Limnocnida, F70
Limnocnididae, F69, F70
Lindstroemia, F2S8
Lindstromia, F258
Lindstroemiidae, F257
Lindstromiidae, F257
Lindstroemophyllum, F300
Linerdigae, F43
Lingulosmilia, F396
Linipara, F475
Linuche, F43
Liopora, F458
Liriope, F7I
Lissogorgia, F206
Lithactina, F389
Litharaea, F393
lithocyst, F69
Lithodendron,F282,F418
Lithodendroninae,F282
Lithodrumus, F292
Lithodrymus, F292
Lithomyces, F432
LithophyUia, F418
Lithophyllon, F388
LithophyUum, F314
Lithopora, F131
LITHORHIZOSTOMATIDA, F3,

F40, F43, F46
UTHORHIZOSTOMEAE, F46
Lithoseris, F379
Lithostroma, F298
Lithostrotion, F282
Lithostrotionella, F306
LithostrotioneUiJae,F306
Lithostrotionidae, F253, F282
Lithostrotionoides, F370

Index

Lithoswotiontidae,F282
Lithostrotium, F282
Litophyllum, F45S
Litophyton, FI88
Lituaria, F226
Lobactis, F388
Lobocoenia, F376
Lobonema, F46, F48,F51
Lobophyllia, F417
Lobophytum, FI88
Lobopsammia, F43S
Loborhiza, F51
Lobularia, FI88
Lochmaeosmilia, F398
Lochmaeotrochus, F424
loculus, FI74
LoepophyUum, F306
LoipophyUum, F306
Lonsdaleia, F428, F306
Lonsdaleiastraea, F310
Lonsdaleidae, F306
Lonsdaleiidae, F253, F306
Lonsdaleiinae, F253, F306
lonsdaleoid dissepimentarium,

F244
lonsdaleoid septum, F241, F248
Lonsdaleoides, F290
Lonsdalia, F460
Lonsdalidae, F306
Lophamplexus, F26S
Lophelasma, F257
Lophelia, F427
Lophiostroma, FBI
Lophocarinophyllum, F265
Lophogorgia, F212
Lophohelia, F427
Lopholasma, F257
Lophophrentis, F261
LophophyUidae,F264
Lophophyllidiidae, F253, F264
Lophophyllidium, F265
LophophyUoides, F286
Lophophyllum, F266
Lophoseris, F382
Lophosmilia, F422
Lophotichium, F265
Lorenzinia, F43
Lorifera, F5 I
Lovcenipora, F88
Loylophyllum, F296
Lucernaria, F40
LUCERNARIA, F40
LUCERNARlDAE, F40
LUCERNARllDA, FI6
Ludidictyon, F141
Lumbricaria, F153, FI59
Lychnorhiza, F51
Lychnorhizidae,F51
LycocystiphyUum, F272
LycophyUum, F272
Lycurus, F222
LyeUia, F460
LykocystiphyUum, F272
Lykophyllinae, F253, F272
LYkophyUum, F272
Lyliophyllum, F280
Lyopora, F4S8
Lyoporidae, F457

F489

Lyrielasma, F306
LYTHOPHYLLACEA, F310, F314
LythophyUidae,F314
LythophyUum, F3I4
LythophyUidae,F314
LytophyUinae, F3I4
Lytvelasma, F267
Lytvolasma, F267
LytvophyUum, F284

MAAS, F74
Macgeea, F282
hlachaerigorgia,Fl96
Mackenzia, F233
Madigania, F154
Madracis, F360, F372
Madrepora, F180, F412
Madrepora, F373
hlADREPORARIA, F369
hlaeandra, F415
MaeandreUa, F402
Maeandroseris, F385
Maeandrostylis, F395
hlaia, F312
MALACACTlNIAE, F233
Malacostroma, F88
MalonophyUum, F265
mamelon, FIlO
Manicina, F403
Manopora, F374
manubrium, F15, F39, F68, F77,

F82
Margarastraea, F398
Margarophyllia, F364, F378
Margarosmilia, F378
marginal canal, F82
marginarium, F234, F243, F248,

F445
hlarinduqueia, F88
MARSUPIAUDAE, F40
massive, F238
AfastophyUia,F392
MAYER,F43,F44,F72,F78
Meandraraea, F392
Meandrastrea, F399
Meandrina, F367, F415
Meandrinidae, F367, F369, F413
Meandrininae, F359, F369, F414
meandroid, F248, F351, F445
Meandrophyllia, F392
Meandroria, F415
Meandrosmilia, F429
medulla, Fl74
medusa (-ae), F5, Fl53
Medusa, F76
MEDUSAE OF HYDROIDA, F77
MedusaephyUum, F282
Medusichnites, Fl59
hledusina, F153, FI56
Medusites, F153, F158, Fl59
MegaphyUum, F280
Melitaea, F200
Melitella, F200
Melithaea, F200
Melithaeidae, F182, F200
Melitodes, F200
Melitodidae, FI78
Melitodidae, F200
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F490

Menacella, F206
Meniscophyllum, F258
Menophyllum, F267
Merulina, F416
Merulinidae, F339, F367, F369,

F416
Mesal'tis, F272
mesenchyme, FlO
mesenterial filament, F249, F332
mesentery, F17, F161, F168,

FI74,F249,F330,F331
Mesobelemnon, F226
Mesoconularia, F61
mesogloea, F5, F6, F170, F174,

F249
Mesokylix, F87
Mesomorpha, F372
Mesophylloides, F303
Mesophyllum, F318
Mesoseris, F386
mesozooid, Fl68
metacneme, F249, F333
Metaconularia, F56, F61
metagastraea, F6, F7
Metallogorgia, F216
metaseptum, F240, F249, F339
Metasmilia, F437
Metastraea, F402
Metaulastraea, F397
Metethmos, F379
Metriophyllal'ea, F257
Metriophyllidae, F253, F257
Metriophyllum, F257, F258
Mezenia, F477
Mil'helinaraea, F392
Michelinia, F445, F466
Mil'helinidae, F466
Micheliniinae, F446, F450, F452,

F466
Mil'helininae, F466
Mil'helinopora, F466
Micrabacia, F390
Micrabaciidae, F356, F362, F369,

F390
Microcyathus, F469
Microl'yathus, F427
Microcyclus, F263
Microphyllia, F381
Microplasma, F312
Mil'rosaraea, F392
Mil'roseris, F388
Microsmilia, F433
Microsolena, F392
Microsolenidae, F338, F356, F358,

F366, F369, F390
Mil'rospil'ularia, Fl88
Mil'rostylus, F51
Mil'rotrol'hus, F432
Mictocystis, F300
Mictophyllum, F280
Millarella, F88
Milleaster, F91, F93, F94
Millepora, F90-F94, F95, F1l6,

F124, F176, FI77, F449
Milleporadae, F94
Milleporella, F138
Milleporellidae, F1l6, F122, F123,

F125, F126, F138

Coelenterata

Milleporidae, F90, F94, Fl24
Milleporidiidae, F1l6, FI22-F126,

F138
Milleporidium, F1l6, F126, F140
Milleporidium, F94
MILLEPORINA, F4, F14, F90,

F91, F124
MILLEPOROlDEA, F124, Fl25
Milleria, F466
Millestroma, F94
Mirmidia, F437
Mitrodendron, F397
Mittellinie, F56
Miyakosmilia, F375
Mol'hlophyllinae, F317
Mochlophyllum, F244, F318
Mollukkia, F395
Moltkia, F224
Monilopora, F472
Moniloporidae, F469
monocanth, F235, F249
Monol'arya, F428
monocentric, F249, F348
MONOCYCLlA, Fl64
Monomyces, F344, F432
monopodial budding, F81
monostomatous, F249
monostomodaeal, F249, F348
Monotubella, F472
MONTANARO-GALLITELLl, F181,

F190
Montastrea F404
Montastreinae, F356, F369, F403
Montil'ularia, F403
Montil'ulastraea, F403
monticule, F249, F351
Montil'ulina, F403
Montigyra, F403
Montipora, F360, F374
Montlivaltia, F398
Montlivaltiidae, F338, F354, F366,

F369, F398
Montlivaltiinae, F358, F369, F398
Mont/ivaltiopsis, F398
Mopsea, F222
Mopseadae, F222
Mopseinae, F182, F222
Mopsella, F200
Moravophyllum, F278
Morchellastraea, F437
Morphastrea, F372
Mortieria, F477
Mosl'ovia, F455
MOSELEY, F90
Moseleya, F407
mouth, F39, F68, F78
mouth arms, F39
Mucophyllum, F277
Multicolumnastraea, F406
Multisolenia, F464
MULTISOLENlDA, F454
Multisolenidae, F460
Multithecopora, F474
mural pore, F249
MURCHISON, F54
Muricea, Fl77, F210
Muril'eidae, F170, F203
Muriceides, F206

Muricella, F206
Muricellisidinae, F182, F224
Muricellisis, F224
Muriceopsis, F210
Mussa, F418
Mussidae, F358, F359, F369, F416
Mussismilia, F417
MYl'edia, F381
Mycedium, F419
Mycetaraea, F391
Mycetophyllia, F419
Mycetophyllopsis, F399
MYl'etoseris, F381
Mycophyllidae, F253, F277
MYl'ophyllum, F277
Myogramma, F46, F47
Myriophyllia, F376
Myriophyllia, F378
Myriopora, Fl40
Myrioporina, F140

Nagatophyllum, F289
Nalivkinella, F258
Naos, F241, F249, F275
naotic sepfum, F241, F249
Napopora, F393
Nm'cissastraea, F402
NARCOMEDUSAE, F71
NARCOMEDUSINA, F3, F68,

F69, F71
Nardophyllum, F314
Narella, Fl77, F222
Nauphontopsis, F41
Nausithoe, F43
Nebenlinie, F56
Nectalia, Fl47
nectophore, Fl45
Nefocoenia, F402
Nefophyllia, F414
Nemaphyllum, F282
nematocyst, F5, Fll, F69, F78,

FI70,F174,F249,F334
NEMATOPHORA, F9
Nematophyllinae, F282
Nematophyllum, F282
NEMATOZOA, F9
Nemistium, F284
Neol'aninia, F292
Neol'oenia, F405
Neoconularia, F65
Neol'ystiphyllidae, F272
Neocystiphyllum, F272
Neohelia, F412
Neokoninl'kophyllum, F286
Neomphyma, F298
Neoporites, F393
Neospongodes, F188
Neospongophyllum, F306
Neostringophyllum, F306
Neostroma, F393
Neozaphrentis, F267
Nephthea, F188
Nephtheidae, F182, F188
Nephyadae, F188
Netrostoma, F51
Nevadaphyllum, F270
Nicella, FI77, F214
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NICHOLSON, FI13, F1l6-FI26,
F268

lVkhouonia,F258,F300,F460
Nidalia, Fl88
Nidaliopsis, Fl88
Nipponophyllum, F313
lVodulipora, F463
Nomlandia, F423
Notocyathus, F425
Notophyllia, F342, F434
lVototrochus, F425
lVUDlBRACHIATA, F83
Nyctopora, F454, F458

Oceania, F79
OCEAlVlDAE, F79
Oceaniidae, F79
ocellar bulb, F82
ocelli, F39, F78
OCTACTllVlA, F180, Fl83
Octactinia, Fl80
Octocoenia, F376
OCTOCORALUA, F4, F17, F18,

F162, F164, FI66, F180, Fl83
Octotremacis, Fl94
Octotremacis, F374
Oculina, F410
Oculinella, F469
Oculinidae, F190, F362, F369,

F410
Oculininae, F369, F410
Odontocyathus, F424
Odontocyathus, F373
Odontophylluffi, F273
OEClOA, FI64
offset, F249
Ogilviastraea, F402
OKULITCH, FI84
Oligophyllum, F262
Olindiadae, F70
Olindiadidae, F69, F70
Olindias, F70
Omphalophyllia, F378
Omphyma, F321
Omphyma, F300
Omphymatidae, F300
Onchotrochus, F432
Onychophylluffi, F272
oozooid, Fl68
open fossula, F249
operculum, F82, FI74, F240,

F249
Opisthophyllum, F396
Oppelismilia, F339, F395
oral arm, F39
oral disc, FI68, FI74, F249, F329
oral lobe, F15, F39
Orbicella, F404
Orbignycaenia, F375
Orbignygyra, F415
Orbitolina, F386
Orbulites, F390
Orionastraea, F283
Oroseris, F392
orthocneme, F249, F333
Orthophyllum, F259
Osteodes, F433
ostiole, F39

Index

otoporpa, F69
Oulangia, F409
Oulastrea, F405
Oulophyllia, F402
Ovalastrea, F380
Oxyphyllia, F4I9
Oxypora, F419
Oxysmilia, F422
Oyonnaxastraea, F397

Pachycaenia, F375
Pachycanalicula, F460
Pachyc1avularia, Fl84
Pachygyra, F367, F415
Pachyphyllinae,F281
Pachyphyllum, F282
Pachypora, F464
Pachyporidae,F464
Pachyporinae, F190, F450, F452,

F464
Pachypsammia, F436
Pachyseris, F383
Pachystroma, F133
Pachytheca, F455
Pacifigorgia, F212
Paeckelmannopora, F460
Palaeacidae, F466
Palaeacinae, F446, F450, F452,

F466
Palaeacis, F453, F469
Palaeactinia, F233
Palaeactis, F233
Palaearaea, F296
Palaeastraea, F3911
Palaeastraea, F290
Palaegina, FI59
Palaeoalveolites, F454
Palaeocoryne, F88
Palaeocyathus, F268
Palaeocyclidae, F310
Palaeocyclinae, F3IO
Palaeocyclus, F312
Palaeofavosites, F452, F461
Palaeokylix, F86
Palaeomussa, F417
Palaeophyllum, F268
Palaeopora, F460
Palaeoporidae,F458
Palaeoporites, F459
Palaeoporitinae, F450, F452, F458
Palaeopsammia, F433
Palaeosceptron, F230
Palaeoscia, F150
Palaeosemaeostoma, F76
Palaeoseris, F381
Palaeosmilia, F290
Palaeosmilia, F437
Palaeosmiliidae, F290
Palaeotuba, F87
Palaestraeopora, F374
Palassopora, FI04
Palastraea, F290
Palauastrea, F372
Palauphyllia, F417
Paleoalveolites, F454
Paleoalveolitinae, F454
Paleocaninia, F292
Paleocyclidae, F3II

F491

Paleonectris, F150
Palephyra, F43
pali (see palus)
paliform lobe, F249, F343
PALLAS, Fl80
Palmipora, F94
palpon, Fl45
palus, FZ49, F342
Palythoa, Fin
Papilionata, Fl59
Papiliophyllinae,F272
Papiliophyllum, F273
Paracamptogorgia, F210
Paracaninia, F295
Paracis, Fin, F206
Paraconularia, F65
Paraconulariinae, F57, F65
Paracyathus, F424
Paracyclolites, F391
Paracycloseris, F387
Parade1tocyathus, F425
Paraerrina, F96, FI04
Parafavosites, F462
Paragorgia, F197
Paragorgiidae, F182, Fl97
Paragorgunae, Fl97
Parahalomitra, F389
Paralcyonium, FI90
Paralithophyllum, F314
Paralithostrotion, F286
Parallelopora, F1l2, FIl4-FIl9,

FI22-FI26, F136
Parallelopora, F462
Paralleynia, F258
Paralythophyllum, F314
Paramedusium, F154
Paramontlivaltia, F398
Paramuricea, FIn, F203
Paramuriceidae, F182, F203
PARAlVEMATA, Fl66
Paranephthya, Fl88
Paraphyllina, F42
Paraphyllinidae,F42
Paraphyllininae, F40, F43
Paraphyllites, F42
Paraplexaura, F212
Parasmilia, F428
Parasmiliinae, F356, F36Z, F367,

F369,F428
Parasmiliopsis, F437
Parastenella, F222
Parastrea, F40Z
Parastroma, F88
Parastromatopora, F136
paratheca, F249, F346
Parathouarella,F220
Parelleloporella,F462
Parerythropodium, Fin
parietal columella, F249
Parisididae, F178, F182, F200
Parisis, FIn, F200
Parkeria, F88
PARKS, F1l7, FI20, FI26
Parksia, F136
Paropsonema, Fl50
parricidal budding, FZ49, F350
patellate, FZ37, F249, F35I
Patera, FH
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F492

Pateroeyathus, F422
Paterophyllum, F257
Patinula, F477
Patrophontes, F271
Pattalophyllia, F407
Pavona, F360, F382
Pavonaraea, F383
Pat'onaria, F228
Pavonariina, F228
Pavonia, F382
Peetanthis, F70
Peetillidae, F70
Pectinia, F420
Pectiniidae, F399, F367, F369,

F419
Peetis, F70
PectyIlididae, F69, F70
Peetyllis, FiO
pedal disc, F81
pedalia, F39
Peetzia, F292
Peg-antha, F72
Peganthidae, F72
Pelagia, F44
Pelagiidae, F40, FH
Pelagiopsis, F51
Peltastisis, F222
Peneckiella, F282
Peneekiellidae, F281
Pennatula, FI77, FI80, F228
PENNATULACEA, F4, FI9,

FI70,FI72,FI75,FI82,F224
PENNATULlDA, F224
Pennatulidae, FI83, F228
Pennatulina, FI80, F228
Pennatulites, F230
Pentaeoenia, F375
Pentalophora, F372
Pentamplexus, F262
Pentaphyllinae, F262
Pentaphyllum, F262
Peplosmilia, F400
Peponocyathus, F426
Pericolpa, F41
periderm, F81
Peripaedium, F321
peripheral increase, F249
Periphylla, F41
Periphyllidae, F40, FH
Periphyllinae, F40, F41
Periphyllopsis, F41
Perirhiza, F51
Periseeles, F2IO
Periseris, F380
Perismilia, F398
peristome, F248, F330
Permia, F258
Peromedusae, F41
peronia, F69
perradii, FI5, F39, F69, F78
Peruviastrea, F376
Petalaxis, F282
Petasidae, F69, F70
Petasus, F70
Petraia, F259
Petraiadae, F259
Petraiaidae, F259
Petraiidae, F253, F259

Coelenterata

Petrainae, F259
Perrophyllia, F437
Petrophyllia, F401
Petrophylliella, F401
Petrozium, F274
Pexiphyllidae, F281
Pexiphyllum, F282
Peytoia, FI54
Phacellophora, F44
Phacellophyllinae, F253, F281
Phacellophyllum, F282
phaceloid, F238, F249, F351
Phaeelophyllum, F282
Phalangopora, FI04
pharynx, FI68, FI74
Phaulactis, F272
Phegmatoseris, F379
Philippinactinia, F85
Phillipsastraea, F279, F280
Phillipsastraeidae, F236, F253,

F279
Phillipsastraeidea, F279
Phillipsastraeinae, F253, F279
Phillipsastrea, F279, F280
Phillipsastreidae, F279
Phloeoeyathus, F424
Pholadophyllum, BI2
Phoudophyllida,F3II
Phoudophyllidae,F3II
Pholidophyllum, F3I2
Phragmatoseris, F379
Phragmophyllum, F272
P!u'agmosmilia, F414
Phryganophyllum, F260
Phycogorgia, F2I2
Phyllangia, F409
Phyllaftraea,F402, F4I9
Phylloeaeniopsis, F405
Phvlloeoenia, F404
Phylloeoeniella, F405
Phyllodes, F432
Phyllogorgia, F214
Phyllogyra, F399
Phyllohelia, F404
Phyllopora, F372, F374
Phylloseris, F379
Phyllosmilia, F414
Phyllotroehus,F437
Phymastrea, F402
Physalia, FI45, FI48
Physaliidae, FI46, FI48
Physogyra, F430
PHYSONECTAE, FI47
Physophora, FI47
Physophoridae, FI46, FI47
PHYSOPHORINA, F4, FI46,

F147
Physophyllia, F419
Physoseris, F388
PHYTOCORALLlA, FI86, F231
Phytogyra, F431
Pilema, F5I
pillar, FH 0, FIB
Pilophyllidae, F300
Pilophyllum, F30I
Pinacophyllinae, F356, F369,

F370
Pinacophyllum, F346, F370

Pinaeopora, F460
Pinnatophyllum, F273
pinnule, FI74
Pironastrea, F385
Plaeastrea, F380
Plaeoeaeniopsis, F437
Placocoenia, F405
Plaeoeyathus, F4I5
Placogorgia, F206
Placogyra, F43I
Plaeohelia, F402
Placophora, F406
Placophyllia, F398
Placophyllum, F298
Plaeopsammia, F435
Plaeoseris, F385
Placosmilia, F400
Plaeosmilia, F4I4
Placosmiliinae, F356, F358. P369,

F400
Plaeotroehides, F432
Placotrochus, F432
Plagiophyllum, F314
Plagiopora, F464
Planalveolites, F466
planula, F5, FI4, F249, F333,

F346
Plasmadictyon, F464
Plasmoeystidae, F3I4
Plasmophyllidae, F3I4
Plasmophyllinae, F314
Plasmophyllum, F3I6
Plasmopora, F460
Plasmoporella, F460
Plasmoporinae, F450, F452, F460
Plassenia, F136
Platastrea, F380
Platastroeoenia, F370
Platyaxum, F466
Platyeaulos, F206
Platycoenia, F370
Platycyathus, F423
Platygyra, F402
Platyhelia, F4IO
Platyphyllum, F314
Platysmilia, F376, F414
Platytrochus, F426
pleat, F249, F332
Pleetoeonularia, F60
I1lectodiscus, F419
Pleramplexus, F262
Plerastrea, F402
Plerogyra, F429
Plerophyllidae, F260
Plerophyllinae, F253, F261
Plerophyllum, F262
Plesiastrea, F401
Plesiastreopsis, F40 I
Plesioeunnolites, F386
Plesioparasmilia, F428
Plesiophyllia, F402
Plesiophyllum, F395
Plesioseris, F372
Plesiosmilia, F398
Plesiosmilia, F400
Pleuraetis, F388
Pleuroeoenia, F397
Pleurocora, F404
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Pleurocoralloides, F200
Pleurocyathus, F424, F425
Pleurodictyidae, F466
Pleurodictyum, F452, F453, F466
Pleurogorgia, F216
PleurophyUia,F397
Pleuropodia, F437
Pleurosmilia, F398
Pleurostylina, F376
Plexaura, F210
Plexaurella, F212
Plexauridae, F170, F182, F206,

F210
Plexauroides, F206
Plexauropsis, F210
Plexituba, F472
Plicodendron,F380
Pliobothrus, F96, F98, FI04
plocoid, F249, F351
PlocophyUia, F429
Plumalina, F88, F212
Plumarella, F220
Plumigorgia, F216
pneumatophore, F145
Pocillopora, F360, F372, F449
Pocilloporidae, F358, F360, F369,

F372
Podabacia, F389
Podasteria, F403
Podocoryne, F125
Podoseris, F410
Policella, F226
Polyaraea, F388
Polyastra, F382
Polyastropsis, F437
polycentric, F249, F348
Polyclonia, F48
Polycoelacea, F260
Polycoelia, F259, F260
Polycoelidae,F259
Polycoeliidae, F253, F259
Polycoeliinae, F253, F260
Polycoelinae,F260
Polycyathus, F424
POLYCYCLIA, F164
Polydilasma, F321
Polydiselasma, F321
Polymorphastraea, F397
Polyorophe, F312
polyp, F5, F174
polypary, F174
PolyphyUastrea, F392
Polyphyllia, F389
PolyphyUia, F385
Polyphylloseris, F392
PolyphyUum, F280
POLYPIARIA, F83
polyp leaf, F174
Polypora, FI04
Polysolenia, F374, F464
Polystachys, F373
Polystephanastraea, F437
polystomodaeal budding, F249,

F347
Polythecalis, F310
Polytremacis, F194
Poractinia, F84
Porastrea, F394

Index

Porites, F335, F360, F393
Poriticae, F364, F366, F369, F390
Poritidae, F358, F359, F369, F393
Poritoidae, F390
Porosmilia, F433
Porosphaera, F88
Porpema, F150
Porpita, F24, F150
?Porpites, F150, F312
?Porpites, F386
Porpitidae, F146, F150
Porptiidae, F150, F311
Pourtales plan, F'249, F341
Pourtalosmilia, F429
Praestephanocoenia, F370
Pratzia, F381
Praya, FH7
Prayidae, F'146, F147
Premocyathus, F422
Primnoa, F167, F220
Primnoadae, F216, F220
Primnoeides, F220
Primnoeidinae, F182, F220
Primnoella, FI77, F220
Primnoidae, F176, F179, F182,

F216
Primnoides, F170
Primnoinae, F182, F220
Primnoisis, F222
Prionastrea, F402
Prionophyllum, F262
?Prisciturben, F321
?Prisciturben, F133
PrismatophyUum, F280
Prismatostylus, F454
Procharybdis, F41
Procladocora, F404
Procteria, F466
Procyathophora, F375
Procyclolites, F378
Procyclolitidae, F354, F356,

F369, F378
Prodiploastrea, F405
Prographularia, F230
Progyrosmilia, F430
Prohelia, F376
Proheliolites, F446, F460
Proheliolitinae, F450, F452, F460
Proleptophyllia, F385
PromiUepora, F94
Proplasmoporinae, F460
Proplesiastraea, F402
Propora, F446, F452, F460
Proporinae, F460
Prosmilia, F261
Protaeropoma, F314
Protaraea, F452, F458
Protaraeidae, F458
Protaraeinae, F458
Protaraeopoma, F314
Protethmos, F379
protocneme, F250, F333
protocorallite, F244, F250
ProtodibunophyUum, F286
Protodipleurosoma, F79, F87
Protoifrrina, FI02
Protohalecium, F86
Protoheterastrea, F396

F493

ProtolobophyUia,F417
Protolonsdaleia, F306
Protolonsdaleiastraea, F283
Protolyella, F155
PROTOMEDUSAE, F2, F9, F21,

Fl59
Protomichelinia, F466
Protomussa, F417
Protoniobia, F159
Protopora, F475
Protoptileae, F226
Protoptilidae, F183, F226
Protoptilum, F227
protoseptum, F240, F250, F325,

F339
Protoseris, F379
Protovirgularia, F230
Protowentzelella, F291
Protrochiscolithus, F459
Provinceastrea, F405
proximal, F250
Psammiophora, F404
Psammocoenia, F371
Psammocora, F364, F372
Psammogorgia, F212
Psammogyra, F431
Psammohelia, F376
Psammoseris, F436
Psammosmilia, F426
PseliophyUum, F278
PselophyUum, F277
Pseudamplexinae, F277
Pseudamplexus, F277
Pseudastraea, F382
Pseudaulina, F402
PSEUDAXONIA, F194
Pseudoacervularia, F280
Pseudobradyphyllum, F262
Pseudocaninia, F292
Pseudochonophyllum, F306
Pseudocladochonidae, F182, F186
Pseudocladochonus, F184, F186
Pseudocoenia, F376
Pseudocolumnastraea, F382
Pseudoconularia, F57, F63
PseudocosmophyUum, F318
Pseudocryptophyllum, F262
Pseudocystiphyllum, F272
Pseudofavia, F388
Pseudofavosites, F464
Pseudogatheria, F376
Pseudolabechia, F128
pseudomanubrium, F68, F78
Pseudomyphyma, F278
Pseudopisthophyllum, F397
Pseudoplumarella, F220
PseudoptenophyUum, F306
Pseudorhizostomites, F52
Pseudorhopilema, F51
Pseudoromingeria, F472
pseudosepta, F174
Pseudoseris, F437
Pseudosiderastrea, F385
PseudostringophyUum, F280
Pseudostylina, F398
Pseudostylodictyon, FBI
Pseudothecosmilia, F397
Pseudothesea, F206

© 2009 University of Kansas Paleontological Institute



F494

Pseudouralinia, F292
Pseudozaphrentoides, F292
Pseudozonophyllum, F314
Psilogyra, HI5
Ptenophyllidae, F253, F302
Ptenophyllum, F302, F303
Pterastrea, F381
PTEROCORALLlA, F256
Pteroeides, F230
Pteroeididae, F183, F228
Pterogorgia, F214
Pterorrhiza, F321
Ptilophyllum, F275
Ptilosarcus, F228
PTYCHODACTIARIA, F233
Ptychodactidae, F233
Ptychogastria, F70
Ptychogastridae,F70
PtychophyIlinae, F253, F276
Ptychophyllum, F242, F276
Ptychostroma, F88
Pycnactidae, F272
Pycnactis, F272
Pycnocoelia, F260
Pycnolithinae, F458
Pycnolithus, F458
Pycnophyllum, F298
Pycnostyudae,F296
Pycnostylus, F298
pyramidal, F237, F250
Pyrgia, F472
Pyrophyllia, F432
Pyxidophyllum, F437

quadrant, F240, F250
Quadrimedusina, F4I
Quelchia, F406
Quenstedtia, F470

Rabdastrea, F380
radial canal, F39, F68, F78, F82
Radiastraea, F280
RADlATA, F2, F5, F9
radiate, FI74
radiciform process, F238, F250
Radicipes, F216
Radiomyaria, F48
Radiophyllum, F278
ramose, F250
Rangea, F478
reclined, F250
regeneration, F350
Regmaphyllum, F269
regular dissepimentarium, F250
rejuvenescence, F245
Remesia, F472
Renilla, F226
Renilleae, F226
Renillidae, F182, F226
Rennensismilia, F428
RENZ, F43
reptant, F250
reptoid, F250, F351
reticulate tissue, FI13
retiform septum, F250
Retiophyllum, F258
Reuschia, F472
Reussangia, F4IO

Coelenterata

Retlssastraea, F382
Reussia, F372
Reussopsammia, F435
rhabdacanth, F235, F250
Rhabdocora, F404
Rhabdocyathus, F373
Rhabdocyclidae, F311
Rhabdocyclus, F311
Rhabdophyllia, F380
Rhabdophyllum, F276
Rhabdoplexaura, F210
Rhacopilus, F51
Rhaphidophyllum, F277
Rhectopsammia, F434
Rhegmaphyllum, F269
Rhegmatophyllum, F269
Rhipidigorgia, F212
Rhipidogyra, F430
Rhipidogyridae, F356, F362,

F368, F369,F430
Rhipidophyllum, F321
Rhipidosmilia, F431
Rhizangia, F348, F408
Rhizangiidae, F356, F358, F362,

F369,F408
Rhizophyllum, F314
Rhizophysa, FI48
RHIZOPHYSALlAE, F147
RHIZOPHYSALIINA, F4, F146,

F147
Rhizophysidae, F146, F147
Rhizopora, F466
Rhizopsammia, F434
Rhizostoma, F51
RHlZOSTOMAE, F48
RHIZOSTOMATA, F48
RHIZOSTOMATIDA, F3, F39,

F40,F48
Rhizostomatidae, F40, F5I
RHIZOSTOMEAE, FI6
RHIZOSTOMEAEA,F48
RHIZOSTOMlDAE, F48, F51
Rhizostomites, F43, F46, F51
Rhizostomitidae, F40, F46
Rhizostromella, F88
Rhizotrochus, F432
Rhodalia, FH7
Rhodaliidae, F146, FI47
Rhodaraea, F393
Rhodocyathus, F417
Rhodophyllena,F286
Rhodophyllum, F286
Rhodopsammia, F433
Rhopalelasma, F262
rhopalia, F15, F39
rhopaloid septum, F241, F250
Rhopalolasma, F262
Rhopalonema, F70, F71
Rhopalophyllum, F303
Rhopilema, F51
Rhypidomontivoltia, F431
Rhysodes, F271
Rhytidophyllum, F314
Riisea, F2H
rind, FI74
ring canal, F39, F68, F78
RIPPER, FI26
Rodophyllum, F286

Roemeria, F446, F453, F474
Romingerella, F464
Romingeria, F470
rootlet, F238, F250, F344
Rosenella, FI08, FHI
Rosenellina, F141
Rosenia, F133
Roseoporella, F88
Rossophyllum, F292
Rotiphyllum, F258
RUEDEMANN, F36, F43
RUGOSA, F4, F20, F162, F234,

F253,F256
Rumphella, F212
Rylstonia, F295

Saffordophyllum, F258
Sagartia, FI77
sagittal axes, FI7
Salpingium, F475
Saltastraea, F437
Sandalolitha, F389
Sanderia, F44
Sanidophyllum, F300
Sapporipora, F461
Sarcinula, F446, F458
Sarcodictyon, FI84
Sarcophyllum, F230
Sarcophyton, FI88
Sarcoptilus, F230
Sarsia, F79
Sarsiadae, F79
Sarsiidae, F78, F79
SAVILLE-KENT, FI80
Scalariogyra, F4I6
scale, F174, F238, F250
scaphoid, FI74
ScapophyIlia, F416
Scenophyllum, F272
SCHINDEWOLF,F255,F325
Schistotoechelasma, F282
Schistotoecholasma, F282
Schizocoralla, F454
Schizoculina, F411
Schizocyathus, F433
Schizophorites, F464
Schizophyllum, F306
Schizosmilia, F397
Schlotheimophyllum, F271
SchlUteria, F280
Schoenophyllum, F284
Schott, F37, F57
Sciophyllum, F307
Scirpearia, F2 I4
Scleracis, F206
SCLERACTINIA, F4, F20, F162,

F231, F252, F253, F328, F368,
F369

SCLERAXONIA, F4, F171, F182,
FI94

sclerenchyme, F234, F250
Sclerhelia, F411
sclerite, FI74
Sclerobelemnon, F226
scleroblast, FI74
sclerodermite, F250, F336
Sclerogyra, F431
Sclerohelia, F411
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Scleronephthya, F190
Sclerophyl/ia, F418
Scleroptilidae, F183, F227
Scleroptilum, F227
Sclerosmilia, F396
Scolangia, F427
scolecoid, F237, F250, F351
Scoliophyl/um, F315
Scoliopora, F464
Scolioporinae, F460
Scolymia, F418
Scyphocoenia, F375
SCYPHOMEDUSAE, F2, F3, F5,

F7, F9, F15, F16, F28, F30,
F31, F38-F40, F51, F68

SCYPHOPOLYPl, F164
SCYPHOZOA, F2, F7, F9, F13,

F15, F16, F27-F30, F82
SCYPHOZOA, F40
Scytaliopsis, F228
Scytalium, F228
Seitenlinie, F56
Selenegyra, F398
Semaeophyl/um, F272
SEMAEOSTOMAE, F43
SEMAEOSTOMATA, F43
SEMAEOSTOMATIDA, F3, F39,

F40, F43
SEMAEOSTOMEAE, F16
Semaeostomites, F44
Semaeostomitidae, F40, F44
Semaiophyl/um, F272
Sematethmos, F379
Semeloseris, F391
Semiplana, F257
SEMOSTOMAE, F43
Semperina, F196
Semperinidae, F196
Semperininae, F182, F196
septa (see septum)
Septachaetetes, F455
septal cycle, F250
septal dentation, F250
septal groove, F238, F250
septal lamella, F241, F250
septal teeth, F250, F338
Septastraeopsis, F370
Septastrea, F410
Septophyllia, F385
septotheca, F250, F346
septum, F17, F39, F174, F234,

F250, F324, F335
Seriatopora, F360, F372, F449
SERTULARIADAE, F86
SERTULARINA, F86
SESSILIFLORAE, F4, F182, F224
Setamainella, F286
shelf, F81
Sibogagorgia, F197
Siderastrea, F334, F384
Siderastreidae, F256, F258, F260,

F360, F383
Siderina, F384
Siderofungia, F385
Sidempora, F372
Sideroseris, F385
Simplastrea, F412
simple synapticula, F250

Index

simple trabecula, F250
SINCLAIR, F56, F57
Siniastraea, F437
Sinodictyon, F142
Sinophyllum, F265
Sinospongophyllum, F300
Sinularia, F176, FI88
siphon, F145
Siphonaxis, F477
Siphonodendron, F282
siphonoglyph, F17, F161, F168,

FI74
Siphonogorgia, FI88
Siphonogorgiidae, F182, F188
SIPHONOPHORA, Fl5
SIPHONOPHORA, F146
SIPHONOPORIDA, F4, F145
Siphonophrentis, F270
Siphonophyllia, F292
siphonosome, FI45
siphonozooid, F168, F174
Siphostroma, F120, F126, F138
Siphostromatidae, F125
Skleranthelia, F200
Skoliophyllum, F315
Smilophyllia, F417
Smilotrochus, F428
Smithia, F280
Sochkineophyllinae, F260
Sochkiniophyllum, F261
sola (see solum)
solenia, F170, FI71
Solenocaulon, FI96
Solenopodium, Fl94
Solenosmilia, F429
Solmaridae, F72
Solmariidae, F69, F72
Solmaris, F72
Solmissus, F72
Solmundella, F73
Solnhofenistomites, F44
solum, F250, F446
Somphopora, F463
Sparganophyllum, F306
Spatangopsis, F153, Fl56
Sphaeractinia, F126, F128
SPHAERACTlNOlDEA, F125
Sphaerella, F188
Sphaeronectes, F147
Sphaeronectidae, F146, F147
Sphaerophyllum, F321
Sphaerostroma, F136
Sphenoecium, F86
Sphenophyllia, F415
Sphenopoterium, F469
Sphenothallus, F65
Sphenotrochus, F425
spicule (octocorallian), F170, F174
spindle, FI74
Spinel/ia, F381
spines, F238
Spiniferina, F312
Spinopo1"a, FI02
Spinophylltlm, F280
Spirophyton, F226
Spongarium, F477
Spongiocyat/ltIs, F436
Spongioderma, F196

F495

Spongiodermatidae, F196
Spongiodermatinae, F182, Fl96
Spongiomorpha, F88
SPONGIOMORPHIDA, F3, F81,

F87, F88
Soongiomorphidae, F88
Spongiostroma, F88
Spongiothecopora, F455
Spongitamnia, F393
Spongophyllidae, F253, F298
Spongophylloides, F303
Spongophyllum, F298
spongy columella, F250
Sporadopora, F96, F98, FI04
Sporadoporidae, FIOO
SPRIGG, F24, F75, F80
Squameophyllum, F466
squamula, F250
Stachyodes, FIl8, F126, F136
Stachyodes, F222
Stachyptilidae, F183, F227
Stachyptilum, F227
stalk, FI4
Staminocoenia, F403
statocyst, F78, F82
STAURACEA, F256
Stauria, F296
Stauriacea, F296
Stauridae, F296
Stauriidae, F253, F296
STAUROMEDUSAE, Fl6
STAUROMEDUSAE, F40
STAUROMEDUSIDA, F3, F32,

F39,F40
Staurophyton, F23
Steganopora, FI04
Stegiastrea, F402
Steginopora, FI04
Stegophyllum, F321
STEINER, FIl9-FI21, F124-F126
Steinerella, FI 16, FIl7, F138
STEINMANN, FI21
Stelechophyllum, F286
Stelidioseris, F370
Stelliporella, F460
Stelloria, F428
Stene/la, F222
Stenocyathus, F433
Stenogorgia, F206
Stenogyra, F430
Stenohelia, F98, FIOO
Stenophyllidae, F302
Stenophyllum, F303
Stenosmilia, F415
Stephanaria, F372
Stephanastrea, F370
Stephanocoenia, F364, F371
Stephanocora, F372, F406
Stephanocyathus, F424
Stephanomia, FI47
Stephanomorpha, F385
Stephanophyllia, F334, F390
Stephanopsammia, F390
Stephanoseris, F390, F424
Stephanosmilia, F424
Stephanosmilia, F407
Stereacanthia, FI90
Stereocaenia, F372
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Stereocorypha, F258 Stromatoporella, FI08, FI09,
Stereoelasma, F258 F1l2-F1l4, F1l8, FI21-FI26,
Stereolasma, F257 FBI, Fl36
stereome, F250, F336, F344 Stromatoporellata, Fl36
Stereonephthya, Fl88 Stromatoporellidae, F1l8, F122,
Stereophyllia, F398 F126, FBI
Stereophyllum, F298 Stromatoporellina, F1l7, F123,
Stereophyllum, F316 FB6
Stereopsammia, F436 Stromatoporidae, F1l7, F1l8,
Stereostylus, F265 FI22-FI26, FB3
Stereoxylodes, F275 Stromatoporidae, Fl20
stereozone, F241, F250, F326, Stromatoporina, FB7

F445 Stromatoporinidae, F124, Fl25
sterigmatocneme, F250, F333 STROMATOPOROIDEA, F4, F87,
SteriphonotrocllUs, F423 F121, F126, F127
Stewartophyllum, F257 Stromatorhiza, FB7
Stibastrea, F381 Stromatostroma, Fl37
Stiboria, F381 Strombastraea, F300
Stiboriopsis, F388 Strombodes, F254, F300
STICHODACTYLlNA, F232 Strotogyra, F415
Stichopsammia, F435 Struthiopteron, F230
Stictostroma, F128, Fl31 Studeriotes, Fl90
Stoliczkaria, F84 STUMM, F252
Stoliczkiella, F88 Stylacropora, F372
stolon, F14, Fl74 Stylangia, F376
STOLONIFERA, F4, F18, F168. Stylangia, F410

FI82, Fl83 Stylantheca, F98, FIOO
stomach, F68, F78 Stylaraea, F393, F458
stomach pouch, F39, P68 Stylaster, F96, F98, F99, FlOO
stomodaeum, F17, F161, F251, Stylasteridae, F98

F330, FJ34 STYLASTERINA, F4, F14, F90,
Stomolophidae, F51 F91, F94
Stomolophus, F51 Stylasterinae, F99
Storthygophyllum, F312 Stylastraea, F283
Stortophyllum, F312 Stylastraea, F437
Stratiphyllidae, F272 Stylatula, F228
Stratiphyllum, F272 Stylaxinidae, F282
Stratophyllum, F272, F466 Stylaxis, F282
Strephodes, F290 Stylidophyllum, FJ06
Streptastraea, F2&0 styliform columella, F251
Streptastrea, F280 Stylina, F376
Streptelasma, F252,F268 Stylinidae, F354, F364, F369,
STREPTELASMACEA, F257, F268 F375
Streptelasmaidae, F268 Stylininae, F356, F369, F375
Streptelasmaticae, F268 Stylinopsis, F371
Streptelasmatidae, F242, F253, Stylocoenia, F370

F268 Stylocoeniella, FJ64, F370
STREPTELASMATINA, F4, Stylocora, F404

F252, F257 Stylocora, F404
Streptelasmatinae, F253, F268 3tylocyathus, F423
Streptelasmidae, F268 St"locyathus, F425
Streptelasminae, F268 Stylodictyon, FBI
Streptophyllum, F268 Stylogyra, F430
Streptoplasma, F268 Stylohelia, FJ76
Striatopora, F453, F464 Stylomadrepora, F372
Stringophyllidae, F253, F306 Stylomaeandra, F372
Stringophyllinae, 11'306 Stylonites, F464
Stringophyllum, F306 Stylophora, FJ60, F372
Strobilasma F270 Stylophyllicae, F369, F394
Strobilelasr:za, F270 Stylophyllidae, F354, F356, F366,

S bOI °1° F428 F369, F395
tro z ost;t~ za, Stylophyllopsis, F395

Stromactmla, F85 Stylophyllum F395
Stromatocerium, F141 Stylophyllum: F286
Stromatomorpha, F88 Stylopora, F376
Stromatopora, FI08-F1l2, F1l8, Sty/opsammia, F372

F1l9, F121, FI24-FI26, PB3- Stylorhiza, F51
Fl37, Fl42 Stylosmilia, F376

Stylostroma, F14I
Stylostrotion, F282
Stylotrochus, F425
Subergorgia, FI97
Subergorgiadae, Fl96
Subergorgiidae, F182, FI96
Sublonsdaleia, F306
Sublonsdalia, F306
SUBSELLIFLORAE, F4, F183,

F228
substitution, F251
Subtilicyathus, F437
subumbrella, F39, F68, Fn
subumbrellar funnel, F15, F39
Sugiyamaella, F321
sulcal, F168, Fl74
Summiktaraea, F388
Sunophyllum, F306
supporting bundle, Fl74
Swiftia, Fin, F206
Sychnoelasma, F268
Sycidium, F4n
Symphyllia, Hl8
Symplectophyllum, F289
sympodial budding, F81
Sympodium, Fl90
Synamplexus, F298
synapticula, F251, F343
synapticulotheca, F251, F346
Synaptophyllum, F280
Synaraea, F393
Synastrea, F386
Synastreidae, FJ56, F366, F369,

F385
Syndepas, F409
Synhelia, F379
Synhydra, F84
Synhydre, F84
Synthetostroma, F1l9, FBI
Syringaxon, F258
Syringaxonidae, F258
Syringoalcyon, FI83
Syringoalcyonidae, FI83
Syringolites, F473
Syringolitidae, F472
Syringoli6nae,F472
Syringophyllidae, F445, F450,

F452, F457
Syringophyllinae, F446, F450,

F453, H58
Syringophyllum, F298, F458
Syringopora, F108, F183, F452,

F472
Syringoporella, F474
Svringoporidae, FI83
Syringoporinae, F450, F472
Syringosphaera, F84
SYRINGOSPHAERlDAE (order),

F84
Syringostroma, F1l2, FIl3, F1l8,

F1l9, F121, Fl3I, FB2
Syringostromatidae, FII8, F120,

F122, F123, F126, Fl31
Syringostromidae, Fl31
Syringostromina, FB2
Syzygophyllia, F417

© 2009 University of Kansas Paleontological Institute



tabella, F243, F25I, F445
Tabellaephyllum, F298
tabula, F98, F234, F242, F25I,

F324, F445
tabular dissepiment, F251
Tabularia, F298
tabularium, F234, F243, F25I,

F445
TABULATA, F4, F20, FI62,

FI90, F23I, F253, F444, F450,
F454

Tabulophyllum, F300
Tachyelasma, F262
Tachyelasmidae, F262
Tachyelasminae, F262
Tachylasma, F262
Tachylasmainae, F262
Tachylasmatinae, F253, F262
talon, F238, F251
Tamoya, F41
Taonurus, F226
Taouzia, F465
Tarbellastraea, F406
Tarrichnium, F88
Tateana, F74, F75, FI54
Taxogyra, F400
Teleiophyllia, F403
TELESTACEA, F4, F18, FI68,

FI7I, FI82, F184, FI92
Telestidae, FI70, FI76, FI82,

F186
Telesto, FI8, F171, FI77;FI8I,

F186
Telestula, F186
Temeniophyllum, F280
Temnophyllum, F280
tentacle, F5, Fll, F32, F39, F69,

F78, FI6I, FI68, F251, F330,
F334

tentacle base, F69, F78
tentacular root, F69
tentaculocyst, FI5
tentilla, FI45
Tenuiphyllum, F275
Teratophyllum, F314
TERMIER & TERMIER, FI83
Tesseranthidae, F40
Tethocyathus, F423
TETRACOELIA, F256
Tetracoenia, F375
TETRACORALLA, F256
TETRACORALLIA, F23I, F256
TETRACTINIAE, FI66
Tetradidae, F454
Tetradiinae, F450, F454
TETRADlNA, F454
Tetradium, F452, F454
Tetradium, F62
Tetralasma, F261
Tetraphyllum, F260
Tetrapora, F474
Tetraporella, F475
TETRASEPTATA, F256
Thalamina, F88
Thalaminia, F88
Thalamocaeniopsis, F385
Thalamocoenia, F402
Thalamophyllia, F426

Index

Thalamosmilia, F88
T halamospongia, F88
Thalasnotrochus,F422
Thamnaraea, F393
Thamnasteria, F239, F372
Thamnasteriidae, F338, F354,

F364, F369, F371
thamnasterioid, F239, F25I, F351
Thamnastraea, F239, F372, F386
Thamnobeatricea, F142
Thamnocoenia, F404
Thamnophyllidae, F281
Thamnophyllum, F281
Thamnopora, FI90, F453, F464
Thamnoporinae, F464
Thamnoptychia, F464
T hamnoseris, F372
Thamnosmilia, F398
Thaumantiadae, F79
Thaumantiadidae, F78, F79
Thaumatostroma, F88, F94
theca, F25I, F335, F346
THECAPHORA, F86
Thecia, F464
Thecidae, F464
T hecidiosmilia, F397
Theciinae, F450, F464
Thecocyathinae, F356, F369, F420
Thecocyathus, F367, F420
Thecocyathus, F423
Thecophyllia, F398, F415
Thecopsammia, F436
Thecoseriopsis, F437
Thecoseris, F366, F378
Thecosmilia, F398
Thecostegites, F473
Thegioastraea, F405
Thesea, FI77, F206
Thigmastrea, F398
T horisastrea, F380
thorn club, FI74
thorn scale, FI74
Thouarella, FI77, F220
Thysanophyllum, F306
Thysanostoma, F51
Thysanus, F403
Tiaradendron, F356, F376
Tiarasmilia, F428
Tichopora, F393
Tichoseris, F382
Tienodictyon, F137
Timania, F292
Timorosmilia, F262
Timorphyllidae, F253, F266
Timorphyllum, F266
Titanideum, Fl96
Tjalfiella, FI77
Toechastraea, F370
Toeplitzella, F214
torch, FI74
Toreuma, F48
Tortophyllum, F278
Tosastroma, F138
Toxoclytus, F51
trabecula, F235, F25I, F337, F446
trabecular columella, F251
trabecular linkage, F25I, F347

F497

trabecular spine, F251, F337
TRACHOMEDUSAE, F70
TRACHYLINA, F15
TRACHYLINAE, F70
TRACHYLINIDA, F3, F7, F68,

F69, F70, F73, F78
Trachylopora, F373
TRACHYMEDUSAE, F70
TRACHYMEDUSINA, F3, F69,

F70
Trachymuricea, F210
Trachynema, F70
Trachynematidae, F69, F70
Trachynemidae, F70
Trachynemites, F72
Trachyphyllia, F407
Trachyphylliinae, F367, F369,

F407
Trachypora, FI08, F465
Trachypora, F419
Trachyporidae, F464
Trachyponnae, F464
Trachypsammia, FI90, FI92,

F469
TRACHYPSAMMIACEA, F4,

FI8I, FI82, F190
Trachypsammidae, FI90, F466
Trachypsammiidae, F190
Trachypsammiidae, F466
transverse axes, FI7
transverse division, F251
Trapezophyllum, F282
Trechmannaria, F388
Tremacoenia, F376
Trematophyllum, F306
Trematotrochus, F425
Triadophyllum, F364, F378
Trianisites, FI59
tricentric, F25I, F348
TRICHOCORALLIA, F454
Trichogorgia, F216
Tricycloseris, F378
Tridacophyllia, F420
Trigerastraea, F437
Trinacis, F375
Trinelladae, F200
Tripalea, FI92, F196
Tripedalia, F41
Triphyllocoenia, F370
triple stomodaeal budding, F251
Triplophyllites, F267
Triplophyllum, F270
TRIPP, F1l2, F1l6, F1l7, FI21,

FI25
Trismilia, F398
tristomodaeal budding, F25I, F347
Trocharea, F391
Trochiscolithus, F458
Trochocyathus, F423
trochoid, F237, F25I, F351
Trochophlegma, F391
Trochophyllia, F398
Trochophyllum, F258
Trochopsammia, F436
Trochopsis, F392
Trochoseris, F366, F381
Trochoseropsis, F381
Trochosmilia, F417
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Trochosmilietta, F437
Troedssonites, F475
Tropidocyathus, F426
Trupetostroma, F1l8, F1l9, F132
Trydacnophyllia, F420
Trymhelia, F410
Trymohelia, F410
Tryplasma, F236, F238, F248,

F250, F252, F312
TRYPLASMACEA, F310
Tryplasmatidae, F252, F253, F310
Tryplasmidae, F310
Tschussovskenia, F285
Tubastraea, F436
Tubicora, F437
Tubipora, F18, F171, F180, F184,

FI92, F214
Tubiporidae, F182, F184
Tubiporina, F180, FI84
TVBVLARINA, F84
TVBVLOSA, F454
Tumularia, F458
Turbinacia, F437
Turbinacis, F436
Turbinaria, F436
Ttlrhinastrea, F392
turbinate, F237, F251, F351
Turbinolia, F425
Turbinoliinae, F358, F362, F367,

F369, F425
Ttlrbinolopsis, F392
Ttlrbinoseris, F385
Turbophyllum, F290
TWITCHELL, FI2l
Tylopora, F373
tympanoid, F251, F351
Tyria, F268
Tyrrellia, F312

Ufimia, F241, F262
Vlangia, F409
Vlastrea, F405
Vlmaridae, F44
Ulmariidae, F40, F44
Vlmaris, F44
Vlocyathus, F432
Vlopllyllia, F402
umbelliferous, F251
Umbellula, F175, F228
Vmbelluleae, F228
Umbellulidae, F183, F228
umbrella, F15
Vmbrosa, F44
Vndaria, F381
Uralinia, F292
Uralophyllum, F318
Urceopora, F458
Vxacalcaraea, F437

VALENCIENNES, F180
Valloria, F437
Vasilltlm, F432

Coelenterata

Vaughanella, F424
Vaughania, F469
Vaughanudae,F466
Vaughanites, F475
Vaughanoseris, F381
velarium, F39
Velella, F34, FI49
Velellidae, F146, F149
Veliphyllum, F398
velum, F67, F68, Fn
ventral, F251
Vepresiphyllum, F298
Verbeekia, F266
Verbeekiella, F266
Veretillidae, F182, F224
Veretilloides, F224
Veretillum, F224
Vermipora, F183
Verneuilia, F268
VERRILL, F180
verruca, F174
Verrucella, F214
VERSEVELDT, F180
Versura, F51
Vesicularia, F276
Vesiculophyllum, F292
Vetofistula, F466
Viguieriotes, F190
Viguieriotidae, F182, F190
Villogorgia, F210
Viminella, F2l4
Viminohelia, F380
Virgularia, F228
Virgularidae, F228
Virgulariidae, F183, F228
Virgulariinae, F183, F228
Vollbrechtophyllum, F306

VVAAGEN& VVENTzEL,FI21
Waagenella, F309
VVaagenophyllinae, F253, F309
VVaagenophyllum, F309
VVadeopsammia, F433
VVALcoTT,F21
VVANG,F252
Warganella, F309
wart club, F174
Websteria, F88, F212
VVEDEKIND, F252, F254
Wedekindophyllum, F314
VVeissermelia, F275
Weissermelia, F261, F275
VVELLS, F239
VVentzelella, F309
VVentzelloides, F309
VVrightella, F200

Xenia, F190
Xenidae, F190
Xeniidae, F175, F182, F190
Xenina, F180, F190
Xenocyathellus, F263

Xenusion, F478
Xiphelasma, F312
Xylodes, F275
Xystriphyllum, F304

YABE & HAYASAKA, F325
YABE & SUGIYAMA, F1l7, F1l9,

F125, F126
Yabeella, F290
Yabeia, F298
yard-arm carinae, F241
Yassia, F300
Yatsengia, F291
Yatsengiinae, F253, F291
Yavorskia, F469
Yuanophyllum, F288

Zaphrenthidae, F278
Zaphrenthis, F278
Zaphrentiadae, F278
Zaphrenticae, F252, F253, F268
Zaphrentidae, F253, F278
Zaphrentis, F268, F278
Zaphrentites, F255, F267
ZAPHRENTOIDEA, F257, F268
Zaphrentoides, F267
Zaphrentoidida, F267
Zaphrentoididae, F267
Zaphrentoidinae, F267
Zaphrentula, F264
Zaphriphyllum, F267
Zelaeophyllum, F266
Zeliaphyllum, F266
Zelophyllum, F312
Zenophila, F298
zigzag carinae, F241
Zittelojungia, F386
ZOANTHA, F231
ZOANTHACEA, F232
ZOANTHACTINIARIA, F231
ZOANTHARIA, F4, F17, F19,

F162, F164, F231
ZOANTHARIA, F232
ZOANTHEAE, F232
ZOANTHIDA, F232
ZOANTHIDAE (order), F232
ZOANTHIDEA,F21
ZOANTHIDEA, F232
ZOANTHINIARIA, F4, F162,

F231, F232
Zonephyra, F43
Zonodigonophyllum, F318
Zonophyllidae,F314
Zonophyllinae, F253, F314
Zonophyllum, F314
ZOOCORALLIA, F180, F231
zooid, F174
ZOOPHYTA, F5, F9
ZOOPHYTARIA, F180, F183
Zoopilus, F390
zooxanthellae, F170, FIn, F214,

F331, F353
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