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EDITORIAL PREFACE

The aim of the Treatise on Invertebrate
Paleontology, as originally conceived and
consistendy 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,

viii
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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.
The subject of family and subfamily names
is reviewed briefly in a following section
of this preface, and features of Treatise
style in generic descriptions are explained.

A generous grant of $35,000 has been
made by the Geological Society of America
for the purpose of preparing Treatise illus
trations. Administration of expenditures has
been in charge of the Editor and most of
the work by photographers and artists has
been done under his direction at the 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.

ix

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/."

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;
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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
acceptable and some quite unacceptable
under the Rules.

VALID AND INVALID NAMES

VaNd names. A valid zoological name is
one that conforms to all mandatory provis
ions of the Rules (Copenhagen Decisions,
p. 43-57) but names of this group are divis
ible into subgroups as follows: (1) "inviol
ate names," which as originally published
not only meet all mandatory requirements
of the Rules but are not subject to any sort
of alteration (most generic and subgeneric
names); (2) "perfect names," which as they
appear in original publication (with or
without precise duplication by subsequent
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 names,"
which as originally published and with or
without subsequent duplication meet mand
atory requirements but contain defects such
as incorrect gender of an adjectival specific
name (for example, Spironema recta in
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 transferred

x

name (as illustrated by change of a family
group name from -inae to -idae or making
of a superfamily name); (5) "improved
names," which include necessary as well as
somewhat 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 derived
from the 2nd and 3rd subgroups and possi
bly some alterations of 4th subgroup
names). In addition, some zoological names
included among those recognized 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
jected by application of the Rules except for
saving them in their original or an altered
spelling by action of 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 tem
porary and relative, the replacement 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., ~omen
perlectum, abbr., nom. perf.); (3) nomina
imperfecta (sing., nomen imperfectum,
abbr., nom. imperf.); (4) nomina translata
(sing., nomen translatum, abbr., nom.
transl.); (5) nomina correcta (sing., nomen
correctum, abbr., nom. correct.); (6) nom-
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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
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

xi

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, 7I-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, 71-1-b-i, 7l-1-b-ii,
79, 80, 87, 101.)

nomen inviolatum (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).

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-I-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. invioZ., nom. perf., nom. imperf., nom.
transZ.; 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").
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nomen vanum (nom. van.). Name conslstmg 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.

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] [ Kumatiophyllum
THOMSON, 1876 (nom. null.); Cymatophyllum
THOMSON, 1901 (nom. van.); Cymatiophyllum
LANG, SMITH & THOMAS, 1940 (nom. van.)].

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

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

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

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

Cyrtograptus CARRUTHERS, 1867 [nom. correct.
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
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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
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 Slylinidae
D'ORBICNY, 1851]

Superfamily ARCHAEOCTONOIDEA
Petrunkevitch, 1949

[nom. traniJ. PETRUNKEYITCH. herein (ex Archacoctonidac
PETIlU"KEVITCH, 1949)]

Superfamily CRIOCERATITACEAE Hyatt, 1900

[nom. transl. WRIGHT, 1952 (ex Crioceralilidae HYATT,
19(0)]

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 Strepte1asmidae
NICHOLSON, 1889, nom. imperl.)]

Family PALAEOSCORPIIDAE Lehmann, 1944

[nom. correct. PETRUNKEVITCH, herein (ex Palaeoscorpionidac
LEHMANN, 1944, nom. imperl.) 1

Family AGLASPIDIDAE Miller, 1877

[nom. correct. ST~"MER.t herein (ex Aglaspidae MILLER,
1877, nom. imperl.)]

Superfamily AGARICIICAE Gray, 1847

[nom. correct. WELLS, herein (ex Agaricioidae VAUGHAN &.
WELLS, 1943, nom. transi. ex Agariciidae GRAYt 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. cOlYect. HAUC, 1885 (pro Arielida. HYATT, 1875), nom.

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

Family STEPHANOCERATIDAE
Neumayr, 1875

[nom. correct. FISCHER, 1882 (pro Slephanoceralinen Nw
MAYR. 1875, inv.ilid vernacular name), nom constrv. pro·

posed ARKEU, 1955 (ICZN pend.)]

FAMILY·GROUP NAMES; REPLACEMENTS

Family-group names are formed by
adding letter combinations (prescribed for
family and subfamily but not now for
others) to the stem of the name belonging
to genus (nominate genus) first chosen as
type of the assemblage. The type genus
need not be the oldest in terms of receiving
its name and definition, but it must be the
first-published as name-giver to a family
group taxon among all those included. Once
fixed, the family-group name remains tied
to the nominate genus even if its name is
changed by reason of status as a junior
homonym or junior synonym, either objec
tive or subjective. 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
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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
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
auent 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. corr~ct. MOORE, 1952 (ex Disparata MOORE &: LAUDON,

1943)]

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

WELLS. 1943) 1

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

'x Fungacea 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-
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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,
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
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) J.
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
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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.

CITAnON OF TYPE SPECIES

The name of the type species of each
genus and subgenus is given next following
the generic name with its accompanying
author and date, or after entries needed for
definition of the name if it is involved in
homonymy. The originally published com
bination of generic and trivial names for
this species is cited, accompanied by an
asterisk (*), with notation of the author
and date of original publication. An excep
tion in this procedure is made, however, if
the species was first published in the same
paper and by the same author as that con
taining definition of the genus which it
serves as type; in such case, the initial letter
of the generic name followed by the trivial
name is given without repeating the name
of the author and date, for this saves needed
space. Examples of these 2 sorts of citations
are as follows:
Diplotrypa NICHOLSON, 1879 (*Favosites petropoli-

tanus PANDER, 1830].
Chainodictyon FOERSTE, 1887 ("C. laxtlm].

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

Muriceides STUDER, 1887 ("M. tragilis 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
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indicated by accompanying designation
"(obj.)," others being understood to con
stitute subjective synonyms. Examples
showing Treatise style in listing synonyms
follow.
Calapoecia BILLINGS, 1865 [*C. anticostiensis; SD

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

Staurocyclia H.I-ECKEL, 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
its plenary powers to set aside the unwanted

name and validate the wanted one, with
placement of the concerned names on appro
priate official lists. In the Treatise citation
of such a conserved generic name is given
in the manner shown by the following ex
ample.
Tetragraptus SALTER, 1863 [nom. correct. HALL,

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

ABBREVIATIONS

A few author's 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
Abt., Abteilung, -en
Acad., Academia, Academie,

Academy
Acad., Acadian
afd., afdeeling, afdeling
Afr., Africa, -an
Akad., Akademie
Ala., Alabama
Alba., Alberta
Am•• America, -n
Ann., Analen, Annals, Annual
Appal., Appalachian
Arct., Arctic
Arenig., Arenigian
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Ariz., Arizona
Ark., Arkansas
Arsskr., Arsskrift
Ashgill., Ashgillian
AsiaM., Asia Minor
Assoc., Association
Ad., Adantic
Austral., Australia
Bait., Baltic
B.C., Brilish Columbia
Bell., Beilage
Beitr., Beitrag, Beitrage
Bdg., Belgique, Belgium
Bioi., Biological, Biology
Blackriv., Blackriveran
Bohm., Bohmischen
Boh., Bohemia
Bol., Bolivia

Abbreviations

Boll., Bollettino
Braz., Brazil
Br.I., British Isles
Brit., Britain, British
Bull., Bulletin
Bur., Bureau
C., Central
Calif., California
Cam., Cambrian
Can., Canada
Canad., Canadian
Caradoc., Caradocian
Carb., Carboniferous
CentralbI., Centralblatt
ceph., cephalon
Chazy., Chazyan
Chester., Chesteran
Cienc., Ciencias
Coli., Collection, Os; College
Colo., Colorado
Colom., Colombia
Comp., Comparative
Conn., Connecticut
Contr., Contribution, -s
cosmop., cosmopolitan
Couvin., Couvinian
cran., cranidium
Czech., Czechoslovakia
Danm., Danmarks
Dec., December
Denm., Denmark
Dept., Department, Depart

ments
deutsch., deutschen
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Dev., Devonian
dors., dorsal
Dresbach., Dresbachian
E., East
ed., edition, editor
Eden., Edenian
Eng., England
Est., Estonia
etc., et cetera
Eu., Europe
exoskd., exoskeleton
Exped., Expedition
exsag., exsagittal
f., for, £iir
F., Formation
Fac., Facultad, Faculte, Faculty
fasc., fascicle
fig., figure, -s
Forhandl., Forhandlingar, -er
Foren., Forening, -ens
Fr., France, Fran~ise, -e,

French
Francon., Franconian
Gasconad., Gasconadian
G.Brit., Great Britain
Geog., Geography
Geol., Geologia, Geological,

Geol6gico, Geologie, Geolo
gisch, Geologiska, Geology

ceol., Geologie, Geologique
Ger., Germany
Gesell., Gesellschaft
Givet., Givetian
God., Gorland
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Hung., Hungarica, Hungary
I., Island, -s
ICZN, International Commis

sion on Zoological Nomen
clature

m., Illinois
illus., illustration, -s
Imp., Imperial, Imperiale
incompl., incomplete
Inst., Institut, Institute, Insti

tutet, Institution, Instituto,
Instituut

Internat., International, -en
Ire., Ireland
Jaarb., Jaarboek
Jahrb., Jahrbuch
Jahresber., Jahresbericht
Jahresh., Jahreshefte
Jahrg., Jahrgang
Japan., Japanese
Jour., Journal
K., Kaiserlich
Kans., Kansas
Kgl., Koniglich
K.K.., Kaiserlich Koniglich
KI., Klasse
Ky., Kentucky
L., Lower; Land
Landesanst., Landesanstalt
lat., lateral
Lief., Lieferung, -en
Linn., Linnean, Linneenne
Llandeil., Llandeilian
Llandov., Llandoverian
Llanvirn., Llanvirnian
Low., Lower
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M.,Middle
Mag., Magazine
Manch., Manchuria, -n
Mass., Massachusetts
Mat., Matimaticske, Matematik,

Matematisk
Math., Mathematische
Moo., Medicine
Meddel., Meddelelser
Medit., Mediterranean
Mem., Memoir, -ia, -s
Mem., Memoire, -s
Menev., Menevian
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Mich., Michigan
Mineral., Mineralogical, Min-

eralogie, Mineralogisch, -e
Mineral., Mineralogique
Minn., Minnesota
Misc., Miscellaneous
Miss., Mississippi, Mississippian
Mo., Missouri
Mon., Monograph
Mongol., Mongolia
Mont., Montana
Moroc., Morocco

Mts., Mountains
Mus., Musee, Museo, Museum
N., North
N.Am., North America
Nat., Natural; Naturale, Os;

Naturali; Naturelle, -s
Nad., National
Nat.-Med., Naturwissenschaft-

lichen-Medizinischen
Naturf., Naturforschende
Naturh., Naturhistorie, -ischen
Naturv., Naturvetenskap,

Naturvidenskapelig
N.B., New Brunswick
NE., Northeast
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Newf., Newfoundland
no., number, Os; numero, Os;

numero, -5

n.s., new series
N.Seot., Nova Scotia
N.S.W., New South Wales
NW., Northwest
N.Y., New York
N.z., New Zealand
N.Zem., Novaya Zemlya
obj., objective
Okla., Oklahoma
Ont., Ontario
Ord., Ordovician
p., page,-s
Pa., Pennsylvania
Pak., Pakistan
PaBiont., Palaontologie, Pal

aontologisch
Palaeont., Palaeontologia
Palaeontogr., Palaeontographia,

Palaeontographica, Palaeonto-
graphical

Paleont., Paleontologia, Pale
ontologica, Paleontological,
Paleontologiese, Paleontology

PaIeont., Paleontologie
pend., pending
Penn., Pennsylvania
Perm., Permian
Philos., Philosophical
Phys., Physique, Physikalische
pI., plates, -s
Pleist., Pleistocene
Pol., Poland
Port., Portugal, Portuguese
Preuss., Preussische
Proc., Proceedings
Prof., Professional
Prov., Province
pt., part, -s
Pub., Publication
pyg., pygidium
Quart., Quarterly
Que., Quebec
Queensl., Queensland
reconstr., reconstructed, -ion
Rept., Report, -s
Res., Research
Rev., Review
Roy., Royal, -e
S., South; Sea
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sag., sagittal
S.Am., South America
Sard., Sardinia
Scand., Scandinavia
Sci., Sciences, Scientifique
Seot., Scotland
SD, subsequent designation
SE., Southeast
sec., section, -s
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Selsk., Selskabs
Senckenberg., Senckenber-

gischen
ser., series, serial
Serv., Servic;;o, Service
Sh., Shale
Shrops., Shropshire
Sib., Siberia
Sil., Silurian
Skr., Skrifter
Soc., Sociedad, Societa,

Societe, Society
Sp., Spain
Spec., Special
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Sver., Sveriges
SwOO., Sweden, Swedish
SW., Southwest
t., tome, torno, tomus
Tasm., Tasmania
Tenn., Tennessee
Tex., Texas
Tidsskr., Tidsskrift
tr., transverse
Trans., Transactions
Tremadoc., Tremadocian
Trempeal., Trempealeauan
u.,und
U., Upper
Unders_g., Unders91gelse
Undersok., Undersokning
Univ., Universidad, Universita,

Universite, Universitets,
University

Up., Upper
Ural., Uralian
U.S., United States
USA, United States (America)
USSR, Union of Soviet Socialist

Republics
v., volume, -s
Va., Virginia
Venez., Venezuela
Vict., Victoria
Vidensk., Videnskabs
Vt., Vermont
W., West
Wenlock., Wenlockian
Wis., Wisconsin
Wiss., Wissenschaften, Wis-

senschaftliche, -en
Wyo., Wyoming
Z., zone
Zeitschr., Zeitschrift
Zool., Zoologi, Zoologia,

Zoological, Zoologie, Zoolo
gisch, Zoologiska
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REFERENCES TO LITERATURE
Each part of the Treatise is accompanied

by a selected list of references to paleon
tological literature consisting primarily of
recent and comprehensive monographs
available but also including some older
works recognized as outstanding in im
portance. The purpose of giving these
references is to aid users of the Treatise
in finding detailed descriptions and illus
trations of morphological features of fossil
groups, discussions of classifications and
distribution, and especially citations of
more or less voluminous literature. Gener
ally speaking, publications listed in the
Treatise are not original sources of inform
ation concerning taxonomic units of var
ious rank but they tell the student where
he may find them; otherwise it is neces
sary to turn to such aids as the Zoological
Record or NEAVE'S Nomenclator Zoolog
icus. References given in the Treatise are
arranged alphabetically by authors and
accompanied by index numbers which serve
the purpose of permitting citation most con
cisely in various parts of the text; these cita
tions of listed papers are inclosed invariably

XIX

in parentheses and are distinguishable from
dates because the index numbers comprise
no more than 3 digits. Ordinarily, index
numbers for literature references are given
at the end of generic or family diagnoses.

SOURCES OF ILLUSTRATIONS

At the end of figure captions an index
number is given to supply record of the
author of illustrations used in the Treatise,
reference being made to an alphabetically
arranged list of authors' names which fol
lows. The names of authors, but generally
not individual publications, are cited. Illus
trations consisting of exact copies of pre
viously published figures (except for possible
change of scale) are distinguished by the
use of an asterisk («<) with the index num
ber, and previously unpublished illustrations
are marked by the letter "n" (signifying
"new") with the index number; all other
indications of the sources of illustrations are
construed to mean "after" the cited author
or authors, that is, embodying some degree
of change. Addition of the abbreviation
"mod." denotes appreciable alteration of the
source figure. RAYMOND C. MOORE
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INTRODUCTION
By RAYMOND c. MOORE

This volume of the Treatise, primarily
concerned with the trilobites, is the product
of collaboration of 18 specialists who repre
sent 7 different nations, as follows: 6 from
the United States of America, 5 from West
Germany, 2 each from England and Nor
way, and one each from Argentina, Den
mark, and Sweden. Harmonious joint effort
of such an international group is unusual,
especially when account is taken of volumi
nous correspondence exchanged, not only by

individual contributors and the Editor but
by authors writing to each other. In this way
many problems have been settled more or
less definitely and satisfactorily, but it is
natural that divergent viewpoints on some
items of morphological terminology, inter
pretation of evolutionary trends, and es
pecially taxonomic arrangement of trilobite
genera should persist. Authors have been
allowed greatest possible freedom to make
determinations of the diagnostic characters
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02 Arthropoda-General Features

of genera allocated to them and to define
familial groupings.

A great deal of work in organizing the
assignments to authors and in dealing with
problems of several kinds, especially during
initial phases of effort, was done by C. J.
STUBBLEFIELD, who at the beginning of the
program and for some time thereafter was
Chief Palaeontologist of the Geological Sur
vey of Great Britain; his official duties then
prevented him from accepting responsibility
for an important share of writing on such
themes as the nature and significance of
morphological characters of trilobites or
classification of these fossils, but he aided in
preparing a first draft of definitions of mor
phological terms. Later, when Dr. STUBBLE
FIELD was made Assistant Director of the
Survey, he continued to help by giving
counsel orally and through correspondence
and by contributing editorial criticisms of
typescripts referred to him. These services
entitle him to special recognition and the ex
pression of sincere thanks that I record here
on behalf of each individual author and of
users of the volume. Although Dr. STUBBLE
FIELD'S name as a contributing author ap
pears only in connection with the "Glossary
of Morphological Terms" applicable to trilo
bites, actually he has shared in one way or
another in shaping the content of various
other sections.

In my capacity as general director of the
organization of Treatise volumes, it is ap
propriate to acknowledge the co-operative
attitude, patience, and especially the very
great amount of painstaking labor that the
numerous authors have provided. Without
these things and teamwork of unusually
high order, it would be impossible to accom
plish our goal, particularly in view of the
fact that no monetary compensation goes
to anyone. Acknowledgment consists simply
in publication of the names of authors. For
some units, such as general descriptions and
discussions prepared by H. J. HARRINGTON,
LEIF ST~RMER, and H. B. WHITTINGTON, no
difficulty is encountered in specifying au
thorship, but the situation is otherwise in
recording the authors of systematic descrip
tions. Because the allocations of taxonomic
units to individual authors deviate widely
from arrangement of these units in zoologi
cal order, the segregation of descriptions and

illustrations by authorship would be a most
effective way to destroy utility, and the
adoption of a zoological order requires a
highly interspersed listing of authorship of
taxonomic segments having diverse rank.
Complications have been introduced by re
visions of classification during the progress
of work, transferring genera from one fam
ily assignment to another and revising
familial classification; commonly, such
changes have served to blur the distinctness
of authorship boundaries. Accordingly, as
the most practicable means of specifying the
authors of intermingled taxonomic descrip
tions, record is given in connection with the
tabular outline of classificatory divisions of
the trilobites (p. 0160). Reference should be
made to this list in order to determine the
author or authors of any given taxonomic
description.

Some contributors to the volume on Trilo
bitomorpha were active in undertaking
work on their assignments virtually from
the time they were accepted in 1949 and
1950. In this group, along with C. J. STUB
BLEFIELD, belong CHRISTINA LOCHMAN-BALK,
CHRISTIAN POULSEN, FRANCO RASETTI, J. M.
WELLER, and H. B. WHITTINGTON. When
their work on systematic descriptions was
finished, most of these paleontologists ac
cepted an additional load and thus have
aided importantly in completing the whole
task. Meanwhile, death intervened to prevent
ELSA WARBURG from doing much Treatise
work and later (1956) both EMMA RICHTER
and RUDOLF RICHTER died before more than
a fraction of their important assignment on
Phacopacea had been sent to the Editor.
These were unhappy losses. Special acknowl
edgment and thanks are due to persons who
have filled in the ranks, at relatively late
dates accepting responsibility for organizing
descriptions and illustrations of taxa in un
finished groups; these contributors are GUN
NAR HENNINGSMOEN, VALDAR JAANUSSON,
HERTA SCHMIDT, WOLFGANG STRUVE, KLAUS
SDZUY, and RONALD TRIPP. In much the
same way but for other reasons, important
segments of the trilobitomorph volume still
were lacking in 1956, which made the date
of readiness for publication very doubtful;
these segments included general description
of the nature of Arthropoda, treatment of
the Trilobitoidea, and discussion of the mor-
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phology and classification of the Trilobita.
LEIF ST~RMER accepted the assignment to
contribute materials on the first two men
tioned segments, and H. J. HARRINGTON ex
pressed willingness to grapple with the ap
preciably larger task of preparing intro
ductory sections on the trilobites. It is al
most superfluous for me to express thanks
for this help. Also, I should not omit state
ment of appreciation to B. F. HOWELL for
the efforts given by him to completion of a
rather formidable assignment of systematic
descriptions in time to permit organization
of the typescript when other sections were
ready.

It is appropriate here to record the valu
able support furnished by Professor PER
THORSLUND of the Paleontological Institu
tion of Uppsala in authorizing work done

by VALDAR JAANUSSON for this volume and
in furnishing highly competent services of
an illustrator. Likewise, the Carlsberg Foun
dation financed illustrations needed by CHR.
POULSEN. Thanks for this aid are expressed.

Special acknowledgments are made to
CAROLE F. BAILEY, Editorial Assistant, for
careful attention to innumerable tasks re
lated to preparation of this volume, es
pecially in dealing with complexities of re
arrangements among various authors of
work on systematic descriptions and in
supervising parts of the organization of fig
ures. Finally, the Editor has been aided
greatly by GUNNAR HENNINGSMOEN in com
pletion of the text on systematic descriptions
and in dealing with some unsettled ques
tions of trilobite classification. This was
made possible by his visit at the University
of Kansas in January and February, 1958.

ARTHROPODA-GENERALFEATURES
By LEIF ST~RMER
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The joint-legged invertebrates grouped to
gether in the phylum Arthropoda (Gr.
arthros, joint; podos, foot) are an extremely
numerous and varied assemblage that is
represented by fossils of extreme antiquity.
They include several kinds of complexly

organized trilobites found in lowermost fos
sil-bearing Paleozoic strata, and thus the
origin of arthropods surely belongs to some
part of Precambrian time. The nature of
earliest ancestors classifiable as belonging to
the Arthropoda, probably characterized by
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close resemblance to annelids, is conjectural.
Despite reasoning that supports conclusions
as to great evolutionary development of
arthropod stocks before the Paleozoic Era,
none of the supposed Precambrian arthro
pods, such as Beltina (from Belt strata of
Montana), Xenusion (?onychophoran from
?Precambrian quartzite erratic in Sweden),
and Protadelaidea (from Precambrian rocks
of Australia), are accepted as fossil represen
tatives of the phylum demonstrating Pre
cambrian age. Classification as arthropods is
doubtful or age of the fossil-bearing rock is
doubtful.

Phylum ARTHROPODA Siebold &
Stannius, 1845

Aquatic, terrestrial, and aerial inverte
brates with heteronomous segmentation and
jointed legs; body covered with chitinous
cuticula, each segment movably connected
to adjoining ones by an articulating mem
brane. Segments ordinarily provided with
one pair of jointed appendages. Growth
takes place through molts. Nervous system
with well-developed brain and ventral cord
with ganglia in each segment; ocelli or com
pound eyes. Respiration by gills, tracheae,
or body surface. Circulatory system lacunar.
Coelome reduced in adults. Eggs with much
yolk, cleavage superficial. L.Cam.-Rec.

Because the arthropod body is inclosed in
a more or less solid exoskeleton, a great
number of fossil forms have been found and
described from all geological systems
younger than Precambrian. Fossil arthropod
remains-trilobites from early Paleozoic de
posits, and eurypterids, crustaceans, and in
sects from later rocks--early attracted the
attention of students in natural science.

The arthropods playa very dominant role
in the Recent faunas. The number of living
arthropods constitutes 75 to 80 per cent of
the one million or more Recent animals de
scribed, among which the 700,000 species
of insects form the greatly predominant part.
Members of the arthropod phylum occupy
the sea, land, and air, and occur from
tropic to arctic regions. They have disclosed
a most extraordinary ability to accommo
date themselves to very different modes of
life, for arthropods live both in cold and hot,
light and dark environments. Very pro
nounced morphological changes are noticed

in connection with transition into a parasitic
mode of life.

In Recent times certain groups occur in
a great number of species, as for example
some 350,000 species of the order Coleop
tera among the insects, whereas others,
such as the subclass Xiphosura, include only
a few species. The groups with many species
seem to be in a state of rapid evolution or
radiation, and the same was true in earlier
times. The rapid increase of trilobite species
in the Middle and Late Cambrian and the
sudden development of pterygote insects in
the Late Carboniferous may be mentioned.

In segmentation of the body the arthro
pods demonstrate their relation to the anne
lids, and on this basis the two phyla were
placed by CUVIER in a common major group
called Articulata. The main difference be
tween the Annelida and Arthropoda is
found in the development of the appendages.
The annelid parapodia, which consist of un
jointed lateral outgrowths of the body wall
are fundamentally different from the jointed
arthropod appendages, which are structures
only possible in a body with a solid exo
skeleton.

The typical Arthropoda (Euarthropoda)
comprise the following groups: Trilobito
morpha (Trilobita, Trilobitoidea), Chelicer
ata (Merostomata, Arachnida), Pycnogon
ida, Crustacea, Myriapoda, and Hexapoda
(including Insecta). The Onychophora and
the aberrant Tardigrada and Pentastomida
have several characteristics common to both
the Annelida and Arthropoda. The ony
chophoran legs have claws but no distinct
articulation. The mentioned arthropod-like
groups are generally regarded as arthropods
different from the typical ones and in the
Treatise are designated as Protarthropoda
(LANKESTER, 1904); they have been classed
together as Pararthropoda by VANDEL
(1949).

MORPHOLOGY

BODY WALL
The arthropod body is incased in a more

or less solid exoskeleton, which serves the
purposes of forming an armor against
enemies, a protection against desiccation,
and a framework for support of the softer
parts and for attachment of the muscles
(Fig. 1). The body wall may be sclerotized
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so as to form a rigid exoskeleton, with softer
membranes occurring between the sclero
tized parts (called sclerites), or remain
flexible.

The outer integument (cuticula) is se
creted from the cellular epidermis (Fig. 2).

TRILOBITA

In the stratified cuticula an endo- and exo
cuticula may be distinguished, the latter
more dense and pigmented. The cuticula
chiefly consists of chitin, a very characteristic
substance that occurs in various invertebrate
groups. It is a polyacetyl-glucosamin re-
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FIG. 1. Division of the arthropod body in representative types.
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seta -----,rty

epicuticula -=liiID1[R
exocuticula - ..endocuticula

epidermis

FIG. 2. Morphological features of the arthropod integument (diagrammatic).

lated in molecule structure to cellulose. The
long molecular chains form the fibrillous
micellae. Chitin is very resistant to chemical
agencies, being insoluble in water, most
acids, alcohol, and alkalies. The flexible
chitin may be strengthened (sclerotized) by
an impregnation of calcium carbonate and
phosphate, but in most arthropods only the
outer part of the cuticula (exocuticula) is
sclerotized. The hard sclerotized parts con
tain much less chitin than the cuticula of
soft membranes. The body wall is covered

by a thin epieuticula, which is not chitinous
but contains a waxy substance that prevents
water and acids from penetrating the cuti
cula.

The cuticula may be provided with spines
or movable setae (hairs), with tubulae lead
ing from the cells in the epidermis below.
Invaginations of the sclerotized cuticula,
called apodemes, serve as attachments for
muscles (Figs. 2, 3).

Sclerotization of the body wall creates
problems with regard to the growth and

sclerite membrane

)~,)0~t:=--. .- .

B

D

membrane

c

sclerite

~-

A
epidermis

cuticula

FIG.. 3. Morphological features of the arthropod exoskeleton.--A. Formation of apoderne.--B. Flexible
membrane between sclerites, membrane not infolded.--C. Same as B but showing infolded membrane.

D. Articulation between segments of appendage. (All after Snodgrass and Weber.)
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mobility of arthropods. Growth leads to in
crease of body volume that can be accom
modated only by molting (ecdysis) of the
hardened exoskeleton. Fluids dissolve the
endocuticula so that the exocuticula peels
off and splits along ecdysal nonsclerotized
sutures. The ecdysal sutures have consider
able taxonomic importance in certain groups.
A solid exoskeleton impedes mobility of
the body and appendages. Accordingly, the
armor has to be divided into a number'! of
sclerites separated by flexible membranes
that permit bending or telescoping of the
various parts (Figs. 3, 4). An articulation
between adjoining sclerites (ball-and-socket
joints) also may be provided.

BODY SEGMENTS
The body of annelids and arthropods is

divided into a number of segments (somites
or metameres) primarily alike. In the gen
eralized annelid the cylindrical body has

transverse grooves marking the border of
segments (Fig. 4a). Movements of the body
are controlled by transverse and longitudinal
muscles. Among arthropods the cylindrical
body segments may be more or less sclero
tized. A dorsal sclerite is called a tergite,
and the ventral a stemite. The intermediate
lateral parts, mostly membranous, are
termed pleurites. The articulation between
succeeding segments may not necessarily
follow the primarily segmental borders, for
each tergite commonly has a part of the
frontal one incorporated in it (Fig. 4b).

APPENDAGES
In its typical development each body seg

ment is provided with a pair of locomotor
appendages. As expressed in the name of
the group, jointed appendages are char
acteristic of the Arthropoda, each segment
ordinarily bearing one pair of appendages.
Throughout the phylum, as well as within

A

muscle
exit of appendage

tergite

sternite

FIG. 4. Internal views of body segments of an annelid (A) and an arthropod (B), diagrammatic.
(Mod. from Weber.)
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a single individual, the appendages show a
diversity in form that is unique in the ani
mal kingdom. The limbs are adapted to the
most different functions, some forming
highly specialized tools needing a highly
developed nervous system. The appendages
are situated in the lateral (or ventrolateral)
pleural part of the segment, between the
tergite and sternite (Fig. 4b). The limbs
form hollow outgrowths of the body wall,
connected with the body by various muscles,
chiefly promotor and remotor types. Each
limb has several sclerotized cylindrical joints
mutually connected by membranes or articu
lations (Fig. 3d), these joints being regarded
as true joints only when they have separate
muscles inserted at their bases. A secondary
division into numerous separate rings does
not mean appearance of new joints.

Much work and discussion have been de
voted to the problem of homology of the
arthropod appendages. Effort to homologize
different joints of the limbs must take into
account possible tendency of a limb to de
velop a more or less common type. Func
tionally, the simple cylindrical, locomotory
limb is divided into coxal, femoral, tibial,
and tarsal portions, according to position of
the joints and their axis of articulation.
The limbs of trilobites, eurypterids, and
primitive arachnids (Fig. 5c) possess 8 or
9 joints: precoxa (doubtfully distinguished
as a true separate joint), coxa, 1st tro
chanter, 2nd trochanter (prefemur), femur,
patella, tibia, tarsus, and pretarsus. The
patella (knee) occurs in Chelicerata, Pycno
gonida, and probably Trilobita; since the
musculature of trilobite legs is unknown,
the joint here considered may represent
the proximal half of a divided tibia, but this
is rather improbable. In Crustacea, joints
of the limb mostly have other names: pre
coxa (presence uncertain), coxopod (or
coxopodite), basipod, ischiopod, meropod,
cercopod, propod, and dactylopod. No joint
corresponding to the patella is known in the
Crustacea, Myriapoda, and Insecta.

The arthropod limb may have lateral
lobes, either fixed or movable. The outer
(lateral) ones are called exites and the in
ner (median) ones are endites (Fig. 5c,g,i).
Exites of the precoxa, coxopod (coxa), and
basis (1 st trochanter) are called pre-epipo
dite, epipodite, and exopodite. The pre-

epipodites and epipodites are generally de
veloped as a respiratory organ in the Crusta
cea (Fig. 5d,g,i). The exopodite forming
the lateral branch of the biramous crustacean
limb has mostly a natatory function. In
Crustacea the basal uniramous part of the
biramous appendage, the so-called sympod,
may have 3 joints (precoxa, coxopod,
and basipod or basis), 2 joints (coxopod
and basipod), or a single joint (proto
pod consisting of an undivided coxopod and
basipod). Although some authors (HANSEN,
LANG) assume that the 3-jointed sympod
is most primitive, others (CALMAN, HEE
GAARD, VANDEL) regard the single-jointed
(protopod) limb as the ancestral type. A
correct assumption is important for inter
pretation of the trilobite limb, which has a
characteristic structure that is found in
various trilobites of different age and like
wise in crustacean- and merostome-like
arthropods of the Middle Cambrian. In
biramous trilobite appendages (Fig. 5c) the
lateral gill branch is attached to the very
base of the limb, although uncertainty exists
as to whether the attachment is to a short
precoxa or the basal part of a large basal
joint. According to the different inter
pretations mentioned, the lateral branch of
the trilobite limb may be explained as a pre
epipodite or epipodite (SNODGRASS, ST~R

MER) or an exopodite (HEEGAARD, VANDEL).
If the first view is correct, the trilobitan and
crustacean legs are fundamentally different,
leaving little support for assumptioQs of a
close relationship between these major
groups, whereas if the second interpretation
is true, the Trilobita and Crustacea are
shown by this character to be closely related.

RELATIONS OF BODY SEGMENTS
AND APPENDAGES

The number of arthropod somites varies
considerably in primitive groups such as the
trilobites but becomes fixed in advanced
forms. During ontogeny the 1st segmenta
tion, producing a small number of somites,
seems to take place approximately simul
taneously. To these segments (classed as
primary by IVANOV) new secondary ones are
added by teloblastic growth in a subterminal
generative zone. A definite number (4) of
postoral primary somites is indicated in the
Trilobita and Xiphosura, but in the Crusta-
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cea the number (?2) is uncertain; in the
Myriapoda and Insecta it is unknown. Some
Lower Cambrian trilobites exhibit char
acters suggesting the presence of more than
4 postoral segments in the head of their
ancestors.

Unlike the body of annelids, which has a
series of more or less uniform segments be
hind the head, that of arthropods reveals
more complicated and specialized structures.
The body generally is divided into groups
of segments (tagmata), in which each seg
ment and its appendages are somewhat
closely alike. A tagma may comprise a num
ber of fused segments forming a continuous
shield, such as the cephalon (head) and
pygidium of a trilobite (Fig. 1), or it may
consist of several mutually similar movable
segments, such as the thorax of a trilobite or
abdomen of an insect. In the arthropod head

fusion of segments may be so complete that
the borders of original segments have be
come quite obsolete. The naming of tagmata
differs among the major groups of Arthro
poda (Fig. I) to such extent that the same
names do not necessarily embrace corre
sponding segments (for example, cephalo
thorax in the Crustacea).

The homology of segments in the arthro
pod head presents a difficult problem, for
interpretation of the segments must be
based primarily on studies of early embry
onic growth stages, and especially on the
nerves leading from cephalic appendages to
the brain or ventral nerve cord. The anne
lids have a mass of nerve tissue or brain
(archicerebrum) in front and above the
stomodaeum (fore-gut). Behind and below
it comes a double ventral nerve cord with
segmented ganglia and paired connectives.

endoPod

precoxo'--/i

1~r;f:J~~p---pre-epiped

~m~-ePipod

tibia

pretorsus

tarsus

sternum

{

aXal
. . . /

promary JOints femoral

A tibial

tergum

B c D

E

gill

F G

FIG. 5. Appendages of arthropods.--A. Transverse section of arthropod body segment and attached limb
with primary joints (diagrammatic, hypothetieal).--B. Limb of type belonging to insects and arachnids.
--c. Biramous trilobite limb showing gill branch and walking leg.--D. Biramous limb of crustacean
(Decapoda), diagrammatic.--E,F. Abdominal appendages of xiphosurans.--G. Crustacean maxilliped
(Anaspidacea).--H. Crustacean thoracic appendage (Copepoda).--T. Crustacean thoracic leg (Branchio-

poda). (A-B, after Weber; G·T, after Hansen.)
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2nd antenna

frontal ganglion

labrum

1st maxilla

FIG. 6. Nervous system and segmentation of arthropod head (diagrammatic), showing undivided preoral
portion (acron+antennal and preantennal segments). (After Weber.)

In the Arthropoda, the brain is normally
divided into a protocerebrum, deutocere
brum, and tritocerebrum (Fig. 6).

The protocerebrum contains the optic
centers and the centers of nerves leading to
possible preantennae, which are appendages
identified in the embryos of certain terres
trial forms (Chilopoda, Insecta). Vestigial
coelomic sacs also suggest the presence of
frontal segments.

The deutocerebrum contains the ganglia
of the 1st antennae (antennules). These an
tennae are unique among arthropod ap
pendages in usually having numerous ar
ticulations (although few are true joints)
and in being uniramous (although branched
in Pauropoda). The antennae of primi
tive trilobites differ markedly from the
other appendages (except cerci in Olen
oides). The deutocerebrum is strongly re
duced in the Chelicerata, which is con
nected with complete reduction of the 1st
antennae in members of this group. Traces
of antenna-glomeruli, however, have been
found, supporting the assumption of a sec
ondary reduction of the appendages.

The 2nd antennae of crustaceans, belong
ing to the tritocerebral segment, have the
structure of biramous "normal" appendages.
The tritocerebral lobes are united by a com
missure running below the esophagus (stom
odaeum), thus indicating that the corre
sponding ganglia actually belong to the

ventral nerve cord, being secondarily in
corporated in the brain complex. The trito
cerebral somite has accordingly been called
the 1st postoral segment (I).

The preoral portion of the brain was re
garded as a primarily unsegmented acron by
SNODGRASS and others (Fig. 6), the unique
structure of the 1st antennae possibly serv
ing to support this view. The occurrence of
coelomic sacs and vestiges of preantennae
in certain forms, however, rather favors the
assumption that at least 2 more segments
(deuto- and protocerebral) are to be in
corporated. This means also that these 2 once
were primarily postoral (Fig. 7). In the
concept of TIEGS & WEBER the acron, corre
sponding to the prostomium of annelids, is
restricted to the portion in front of these
segments (Fig. 7). The possible occurrence
of even more incorporated segments and a
corresponding restriction of the acron, is
suggested in the structure of certain lower
Lower Cambrian trilobites (HuPE) (Fig.
7d). A secondary backward movement of
the mouth (or corresponding forward move
ment of postoral segments) is characteristic
of the Arthropoda. In the Chelicerata the
chelicerae secondarily attain a pronounced
preoral position. The probable homology of
the segments and appendages in the anterior
part of the arthropod body is indicated in
the following tabulation.
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Suggested Homology of Segments and Appendages in Anterior Part of Arthropod Body

Preoral region and
Appendages

postoral segments
MYRIAPODA(I-VI)

TRILOBITA CHELICERATA CRUSTACEA INSECTA

acron .__.._---- .......... -.....--.. __ un ____

preantennal • _un ____ ...--..... -......... ----------

antennal antennae ......._-. 1st antennae antennae

I legs chelicerae 2nd antennae ..........

II legs pedipalpi mandibles mandibles

III legs legs 1st maxillae maxillae

IV legs legs 2nd maxillae labia

V .......... legs maxillipeds ..-------.

VI .......... legs ·..·n.__ . -_ ........

A distinct head, evidently compnsmg 4
(or primarily 6) postoral segments, is pres
ent in the Trilobita, Myriapoda, and Insecta
(Fig. 1) (although Pauropoda have only 3
segments). In the Chelicerata the prosoma
contains 6 postoral segments, a reduced 7th
being incorporated in the Xiphosura.
Among the Crustacea cephalization is less
distinct. The "head" may include 1, 3, or
4 postoral segments.

As mentioned above, the deutocerebral
appendages are developed as antennae (1st
antennae or antennules). The tritocerebral
appendages are lacking in Myriapoda and
Insecta, but they form the biramous 2nd an
tennae in Crustacea, the characteristic cheli
cerae in the Chelicerata, and the undifferen
tiated limbs of Trilobita. The 2nd postoral
appendages form the mandibles or jaws of
Crustacea, Myriapoda, and Insecta, the pedi-

aeron

X segment
pre-antennaI
segment

antenna I segment
I
II
III
IV

II
III
IV

ocronacron

A B c D

FIG. 7. Cephalic segmentation in an annelid-like arthropod prototype (A), generalized typical arthropod
(B,C), and a trilobite (D). Ventral views in A,B; lateral views in C,D. The backward migration of the
mouth is indicated in B,C. Traces of an "x segment" in trilobites (D) suggest that at least one segment

is incorporated in the acron. (Mod. from Weber and Hupe.)
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cornea

A

cornea

sense cells

B

crystal cone

rhabdom

FIG. 8. Simple eye and part of compound eye of arthropods in section.--A. Median ocellus of an insect
(Formica).--B. Diagrammatic section of compound eye normal to surface. (Both after Snodgrass.)

palpi of Arachnida, and the simple 2nd legs
of Trilobita. The mandibles are limbs in
which only the coxa has escaped reduction.
Also the next-following appendages (maxil
lae borne by segments III and IV) take part
in the masticatory functions. The 3 seg
ments numbered II, III, and IV form a
gnathocephalon. Jaws are lacking in trilo
bites and arachnids, but in the Merostomata
the coxae of the well-developed prosomal
legs serve to a certain extent as masticatory
organs.

SENSE ORGANS
In connection with the nervous system

mentioned above, the arthropods possess
well-developed sense organs. Most char
acteristic are the sensory hairs (or setae) and
eyes. Each of the movable setae (Fig. 2) has
the extension of a nerve cell leading through
a pore in the shell to the base of the body
wall below. Fixed spines are only out
growths of the outer cuticula.

The eyes, which are organs receptive to
light, comprise the dorsal ocelli, lateral ocelli
(or stemmata), and compound eyes. They
are all connected with the optic centers in
the frontal (protocerebral) part of the
brain. Two main types of eyes are dis
tinguished: simple eyes (or ocelli) and com
pound eyes (Fig. 8). Both have a similar
ectodermal origin and are not fundamentally
different. The simple eye consists of a trans-

parent cornea, that commonly is developed
as a lens; a vitreous crystal body beneath
the cornea, which takes over the function
of the cornea when it is not lenticular; and
a retina composed of elongate optic nerve
cells. Adjacent retina cells unite so as to form
a rodlike structure called rhabdom. Groups
of simple eyes may replace the lateral com
pound eyes.

In typical development the compound
eyes are composed of a large number of in
dividual elements, termed ommatidia, each
having a group of elongate retinal cells en
closing a long rhabdom with a crystal body
and corneal lens above (Fig. 8b). Compound
eyes occur in the earliest trilobites and are
characteristic also of crustaceans, insects,
and possibly extinct types of myriapods. In
merostomes (xiphosurids and probably
eurypterids) the primitive compound eyes
have a common cornea with groups of rhab
dom-forming sense cells below. The com
pound eyes, so very similar in crustaceans
and insects, have evidently developed inde
pendently in several major arthropod
groups.

FEEDING AND DIGESTIVE ORGANS
The crustaceans, insects, and myriapods,

together comprising the so-called Mandi
bulata, have well-developed jaws tha~ per
mit chewing of prey before digestion. The
prosomal coxae of the merostomes partly
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serve as jaws, but other chelicerates and
trilobites have no masticatory organs.
Arachnids suck out the liquids of the prey.
The intestine has an ectodermal frontal part,
the stomodaeum, which may be associated
with a gizzard (in crustaceans and mero
stomes). An ectodermal hind part of the
intestine is called the proctodaeum. The mid
dle, mesodermal one, the mesentron,. has
numerous diverticular sacs in the Chehcer
ata, certain Crustacea, and evidently in the
Trilobita. Excretion also takes place through
special glands (coxal glands opening at the
base of the 2nd antennae in crustaceans).

RESPIRATORY AND CIRCULATORY
SYSTEMS

Very small arthropods, including both
aquatic (Copepoda) and terrestrial (Pauro
poda) types, have cutaneous respiration. The
gills or branchiae are the characteristic
respiratory organs in aquatic forms. These
generally form lateral lobes extending from
the basal portion of the appendages (Figs.
Se,d,!). Terrestrial arthropods (Myriapoda,
Insecta, Arachnida, Onychophora, and cer
tain Crustacea) have tracheae, consisting of
invaginated parts of the integument that
form either branched tubuli or so-called
book lungs (Fig. 9).

In contrast to conditions in annelids, the
circulatory system is incomplete, the blood
running from the dorsal heart into lacunae
or sinuses.

ONTOGENY

The arthropod egg, which is rich in yolk,
exhibits a discoidal cleavage. The 1st larva
may be more or less developed when it is
hatched. In several crustacean groups a small
larva, called the nauplius, is very character
istic. It has a convex elliptical body with
only 3 pairs of appendages (lst and 2nd an
tennae and maxillae). The corresponding 3
body segments, 2 of which are postoral, have
been regarded as primary somites, suggest
ing development from an annelid with the
same number of primary segments (IVANOV,
1933). This interpretation, however, is un
certain (VANDEL, 1949). In trilobites the
small larva, called protaspis (pl., protas
pides), has a circular outline with a seg
mented convex dorsal surface. The early
trilobite larva seems to have had 4 postoral

FIG. 9. Lung books of an arachnid (Phryniehida).
(After Kastner.)

segments, a number also indicated m the
embryo of the Xiphosura.

GEOLOGICAL OCCURRENCE
No arthropod remains are known certain

ly from Precambrian rocks. The so-called
Protadelaidea of Australia (DAVID & TILL
YARD, 1936) and Beltina (WALCOTT, 1911)
are evidently inorganic formations (HuPE,
1952). The onychophoran-like fossil Xenu
sion (POMPECKJ, 1927) has been referred to
the Precambrian but it may be younger.

The trilobites appeared near the beginning
of Cambrian time. Although several groups
of trilobites are represented in the Lower
Cambrian, one need not expect a very long
existence of typical trilobites (with solid
exoskeleton) before the dawn of the Paleo
zoic. The trilobites had a very strong de
velopment and radiation through the Mid
dle and Late Cambrian. Subsequently, they
declined and became extinct in the Permian
(Fig. 10).

The Crustacea probably existed in the
Early Cambrian (identification being uncer
tain because appendages are unknown).

Primitive Merostomata (Aglaspida) also
occur in the Lower Cambrian. The Eu
rypterida became extinct in the Permian but
the Xiphosura still exist, the Recent repre
sentatives forming excellent examples of
very long-enduring forms.

The Arachnida were well established if>.
the Silurian and the first Myriapoda appear
near the beginning of the Devonian.

The first insects (Apterygota) occur in
the Middle Devonian. A sudden strong de
velopment of the Pterygota took place from
Early to Late Carboniferous.

The Pycnogonida are represented in the
Lower Devonian.
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FIG. 10. Geological distribution of major arthropod
groups. (For "Pseudocrustacea," read "Pseudono

tostraca.")

PHYLOGENY
Among fossil arthropods, conclusions as

to affinities have to be based on structure of
the solid parts, the exoskeleton. Since the
skeleton to a large extent serves functional
purposes, phylogenetic conclusions may be
misled by homeomorphy.

Primitive arthropod features are expressed
by uniformity of the appendages of trilo
bites (only the antennae and in some forms
a pair of cerci, differing from the common
type). Another primitive feature is expressed
in variation of the number of body seg
ments. On the other hand, the development
of compound eyes, known even in Lower

Cambrian forms, indicates advanced evolu
tion at least as concerns the eyes.

The Xiphosura and Eurypterida of the
Merostomata have many common charac
teristics, and the presence of an apparently
more or less ancestral form (Paleomerus) in
the Lower Cambrian suggests that division
of the Merostomata into 2 separate branches
took place at about that time.

The Arachnida probably branched off
earlier. The Xiphosura, both earliest and
Rec~nt repres~ntatives, have features sug
gestmg a relationship with trilobites.

The Pycnogonida commonly have been
placed among the Chelicerata because of
their chelicera-like appendages, but the pres
ence of many particular and unique struc
tures supported classification in a separate
subphylum (HEDGPETH).

The Crustacea form a heterogeneous but
still fairly well-defined group. They have
been rega~de~ as relatives (close or remote)
of the Tnloblta, because of the presence in
both of antennae and biramous legs, al
though homology of the legs may be
doubted.

With few exceptions, the Myriapoda and
Insecta are terrestrial forms, their mor
phology showing many adaptations to this
mode of life. The 2 groups are definitely
related. The insects form a well-established,
compact group (comparable to the trilo
bi~es), whereas the myriapods (Pauropoda,
Dlplopoda, Chilopoda, Symphyla) demon
strate a wide field of variation. The origin
of the Myriapoda and Insecta is still un·
known, their postulated derivation from
trilobite- or crustacean-like forms being sup
ported by little evidence. Affinities with the
Onychophora have recently been pointed
out by TIEGS (1947). Generally, however,
the Onychophora have been regarded as
having a more isolated position, being a kind
of "arthropodan annelid," little related to
the other arthropod groups.

In phylogenetic discussions of arthropods,
certain Middle Cambrian fossils described
by WALCOTT (1911, 1912, 1931) have played
an important role. The specimens, though
flattened to films in shale, show fine details
of the exoskeleton, including minute setae.
They vary considerably in general appear
ance. Some (Pseudonotostraca, including
Burgessia, Yohoia, Opabinta, Waptia) are

© 2009 University of Kansas Paleontological Institute



Arthropoda-General Features 015

very crustacean-like, whereas others (Mar
rellomorpha, containing Marrella) are trilo
bite-like or resemble merostomes (Mero
stomoidea, including Emeraldella, Naraoia,
Leanchoilia, Sidneyia). In development of
the appendages, however, all these different
arthropods seem to be linked together by
their apparently common trilobitan append
ages (or modifications of these structures).
This points to existence of a mutual rela
tionship of the forms mentioned and at the
same time suggests definite affinities to trilo
bites. The Middle Cambrian arthropods dis
cussed are mostly regarded as representatives
of a primitive, more or less ancestral group
called Trilobitomorpha by ST~RMER (1944)
and Proarthropoda by VANDEL (1949); it is
from this group that the 2 stems, Crustacea
and Chelicerata, are generally presumed to
have been developed (RAYMOND, 1920,
1935). On the other hand, the crustacean
like features may be interpreted as indicating
homeomorphy, the whole group including
the trilobites (Trilobita) belonging to the
trilobite-chelicerate stem (STj1IRMER, 1944) .
The problem is not settled. A monophyletic
origin of the Arthropoda has been advocated
among others by HEYMONDS, LANKESTER,
CARPENTER, SNODGRASS, WATERLOT, and
HEEGAARD. In recent years the idea of a
polyphyletic origin has become more com
mon (PACKARD, KINGSLEY, PLATE, FEDOTOV,
IVANOV, STj1IRMER, VANDEL, TIEGs, WEBER).

CLASSIFICATION
A detailed clasification of arthropod as

semblages is given in the individual treat
ments of the various groups. Here only the
major groups are considered.

The Pentastomida, Tardigrada, and Ony
chophora differ from the rest and have often
been placed in a separate group (Protarthro
poda LANKESTER, 1904; Pararthropoda VAN
DEL, 1949; Oncopoda WEBER, 1954).

The typical arthropoda (Euarthropoda
LANKESTER, 1904) comprise 5 major groups.
(1) The Trilobitomorpha ( =Proarthro
poda, VANDEL, 1949) comprehend the host
of trilobites that together form the class
Trilobita and the chiefly Middle Cambrian
forms known as Marrellomorpha, Mero
stomoidea, and Pseudonotostraca. These lat
ter are here ranked as subclasses of nontrilo
bite Trilobitomorpha collectively designated

as the class T rilobitoidea. (2) The Cheli
cerata is a well-defined group that includes
xiphosurans and arachnids (Treatise, Part
P). (3) The Pycnogonida (sea spiders),
which in some respects seem comparable to
the chelicerates and by many authors have
been classified with them, are regarded as a
distinct subphylum (Treatise, Part P). (4)
The Crustacea are a very distinct assemb
lage consisting of the branchiopods, ostra
codes, copepods, cirripeds, and malacostra
cans. (5) The myriapod-insect group com
prises the Pauropoda, Diplopoda, Chilopoda,
Symphyla, and Hexopoda (Collembola,
Protura, Insecta).

The Crustacea with Myriapoda and In
secta have often been placed together in an
assemblage called Mandibulata (or Anten
nata), a group that may be artificial in not
being based on true relationships.

The main divisions of the Arthropoda
may be given in tabular form as follows; in
this outline the category "supersubphylum"
is introduced so that divisions treated else
where (see Treatise, Part P) as subphyla
may retain this assignment of rank.

Main Divisions ot Arthropoda!
Protarthropoda (supersubphylum). ?Precam., Cam.-

Rec.
Pentastomida (subphylum). Rec.
Tardigrada. Rec.
Onychophora. ?Precam., Cam.-Rec.

Euarthropoda (supersubphylum). Cam.-Rec.
Trilobitomorpha (subphylum). Cam.-Perm.

Trilobitoidea (class). Cam.-Dev.
Merostomoidea (subcl.ass). Cam.-Dev.
Pseudonotostraca. Cam.
Marrellomorpha. Cam.

Trilobita (class). Cam.-Perm.
Chelicerata (subphylum). Cam .-Rec.

Merostomata (class). Cam.-Rec.
Xiphosura (subclass). Cam.-Rec.
Eurypterida. Ord.-Perm.

Arachnida (class). Sil.-Rec.
Latigastra (subclass). Sil.-Rec.
Stethostomata. Carb.(Penn.)
Soluta. Dev.-Carb.(Penn.)
Caulogastra. ?Dev., Carb.(Penn.)-Rec.

Pycnogonida (subphylum). Dev.-Rec.
Mandibulata. Cam.-Rec.

1 The outline of classification given here conforms to
views of the author of this section in recognizing the Protar~
thropoda (with their subdivisions) and Euanhropoda; also,
the arrangement and taxonomic rank of the Trilobitomorpha
(with their subdivisions) are adopted from ST~RMER. The
Editor is responsible for the portion of the table that follows
Trilobitomorpha; this is based partly on consultation with
other contributors to volumes of the Treatise allotted to
arthropods.-R.C.M.
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Crustacea (class). Cam.-Rec.
Branchiopoda (subclass). Cam.-Rec.
Cephalocarida. Rec.
Ostracoda. Ord.-Rec.
Copepoda. Rec.
Cirripedia. Ord.-Rec.
Malacostraca. Perm.-Rec.

Myriapoda (class). Penn.-Rec.
Chilopoda (subclass). Penn.-Rec.
Diplopoda. Penn.-Rec.
Symphyla. Rec.
Pauropoda. Rec.

Hexapoda (class). Dev.-Rec.
Collembola (subclass). Dev.-Rec.
Protura. Rec.
Insecta. Penn.-Rec.
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PROTARTHROPODA
By RAYMOND C. MOORE

INTRODUCTION
The Protarthropoda (6) include inverte

brates having subcylindrical, wormlike form
and morphological characters intermediate
between those of annelids and typical arthro
pods. No members of the group, however,
are entitled to serious consideration as pos
sible ancestors of the Arthropoda, for they
possess obvious marks of evolutionary di
vergence that distinguish them as more or
less aberrant stocks. Three assemblages, each
classified as a subphylum! are recognized:
Onychophora, Tardigrada and Pentastom
ida. The onychophores are surely a very an
cient group that exhibits hardly any per
ceptible change in external form during ap
proximately 500 million years of their ex
istence from Cambrian, or possibly Pre
cambrian, time down to the present, al
though they have changed from originally
marine habitats to a present exclusively ter
restrial mode of life. The tardigrades (so
called "water bears") are very minute ani
mals found on land, in fresh waters, and in
the sea; they are unknown as fossils. The
pentastomids are exclusively parasitic

protarthropods that also have no fossil rec
ord.

ONYCHOPHORA
Living Onychophora (onychus, claw;

phora, bearing) are represented by 70 de
scribed species, distributed in a dozen genera
(1 ). Except for reported occurrence in the
West Indies, Mexico, Central America,
northern South America, and southeastern
Asia, they are restricted to widely scattered
parts of the Southern Hemisphere. They are
found most commonly in moist dark places,
such as beneath leaves and stones, in rock
crevices, and concealed by the loosened bark
of rotting logs. Generally, they are adapted
to lowland forests in warm temperate to
tropical areas, but some species exist in
mountains to an elevation of about 6,000
feet above sea level where a snow cover may
persist 4 or 5 months, and at least one form
has been observed in arid parts of central
Australia. During unfavorable periods of
cold and dryness, onychophores are rela
tively or entirely immobile.

The Onychophora are elongate cylindri
cal animals of wormlike appearance ranging
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FIG. 11. Types of living Pararthropoda.--l. Onychophora; la, Peripatus, from South Africa, side view of
whole animal, X2; lb,c, side and ventral views of same, X2.5 (Mod. from Snodgrass}.--2. Tardigrada;
Maerobiotus from side, a cosmopolitan genus, X60 (Mod. from Cuenot}.--3. Pentastomida; Cephalo-

baena, parasite in lungs of snakes, X4 (Mod. from Heymons).

in length from less than 1 inch (25 mm.) to
a maximum of about 8 inches (200 mm.)
(1). The body lacks evident marks of seg
mentation, but on its underside are regularly
spaced pairs of thick and rather short
stumpy legs, in different species (fossil and
Recent) ranging in number from 10 to 43
pairs (Fig. 11,1). The anterior extremity
bears 2 short antennae and a pair of small
eyes, but there is no distinct head. The
mouth, located between and just below the
antennae, is bordered by a fleshy lip and
provided with a pair of small horny jaws
or mandibles laterally opposed to one an
other. On each side of the mouth is a blunt
oral papilla that projects obliquely forward.
The integument of the body is a flexible thin
chitinous covering that bears numerous
closely spaced transverse rings of fine papil
lae, each with a short hairlike spine. The fat
rounded legs also carry transverse rings and
lack division into joints such as characterize
the limbs of typical arthropods; they are
tapered toward their distal extremity, which
is provided with a pair of claws (or in some
extinct forms with 6 claws on each foot).
The bluntly conical rear end of the body
contains the anus and just ahead of it on
the underside, a single genital opening (7).

Layers of longitudinal and transverse
muscles immediately underlie the chitinous
integument and in tubular manner inclose
the undivided body cavity, digestive tract,
excretory organs, and other soft parts. Spe
cial muscles control movement of the legs.
The nervous system consists of a pair of
ill-defined ganglia above the mouth, various
nerves in the anterior part of the body, and
a pair of ventral nerve cords (with many
transverse connections) running the length
of the body. Reproductive organs are paired
and the sexes are separate. Most onycho
phores are viviparous. A large female may
produce as many as 40 young in a year, each
resembling the adult except in size and
color.

Fossil onychophores are known only from
Middle Cambrian rocks of British Columbia
(Aysheaia) and possibly from Precambrian
quartzite in Scandinavia (Xenusion) (4,5).
They resemble modern species in external
form but differ in some morphological char
acters and in being found (at least as re
gards Aysheaia) to occur in a marine habi
tat. The ancient onychophores are distin
guished by their small number of body seg
ments (10 in Aysheaia bearing limbs, as
compared with 15 to 43 in living forms),
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fewer and more widely spaced transverse
rings of papillae, branched antennae instead
of simple undivided antennae, presence of 6
terminal claws on the walking legs, and
frontal rather than ventral position of the
mouth. Xenusion is known only from a
rather poorly preserved single specimen,
which, however, clearly shows a pair of
moderately large tubercles on the ventral
side of each segment, their significance be
ing quite unknown.

OTHER GROUPS
Protarthropoda unrepresented by fossils

are included in the subphyla named Tardi
grada and Pentastomida (2,3). For the pur
pose of completeness in survey of divisions
of the Arthropoda, it is desirable to notice
these even though discovery of them in the
paleontological record is unlikely. Both have
a cylindrical wormlike form, with a body
that lacks distinct segmentation inclosed by
a thin chitinous integument, and such loco
motor appendages as are developed (4 pairs
in tardigrades and a single pair in pentasto
mids) consist of rather stumpy unjointed
limbs. The legs of Tardigrada, like those of
Onychophora, are armed with terminal
claws. The Pentastomida include only some
what aberrantly specialized parasites that
infest various mammals, snakes, and birds.

SYSTEMATIC DESCRIPTIONS

Supersubphylum PROTARTHRO~

PODA Lankester, 1904
(=Pararthropoda, VAN~EL. 1949; Oncopoda WEB Ell, 1954J

[Type-Perzpattts GUILDINO, 1825]

Wormlike invertebrates having some
characteristics of arthropods, which may in
clude o~c.u~rence. ~f molts, but lacking rigid
or semmgId chltlnous body covering and
possession of jointed appendages; mouth
with ~air of modified appendages serving as
mandIbles. Includes some aberrant special
ized forms, in part parasitic (6). ?Precam.,
Cam.-Rec.

It is true that LANKESTER (1904, p. 565)
assigned only the Onychophora to the
"grade" Protarthropoda, but the lack of
mention by him of the Tardigrada and Pen
tastomida (or Linguatulida) is not con
strued to be a significant omission, (1) be
cause at the time of his writing these groups

had received little attention from the stand
point of general taxonomy, being unrecog
nized as entitled to rank correlative with
the Onychophora, and (2) because modi
fication of the assigned limits of the as
semblage named Protarthropoda does not
require rejection of the taxon itself since
the essential concepts relating to it and its
content of the Onychophora remain. Ac
cordingly, designations proposed a half cen
tury after publication of Lankester's classi
fication are here treated as synonyms; they
are Pararthropoda (VANDEL, 1949) and On
copoda (WEBER, 1954).

Subphylum ONYCHOPHORA
Grube, 1853

Relatively slender, subcylindrical, worm
like body with anterior extremity not dif
ferentiated as a distinct head but bearing a
pair of short antennae, small eyes, blunt
oral papillae, and mouth opening with 2
laterally placed mandibles on underside;
body unsegmented, marked by numerous
~ransverse rings of small papillae and bear
mg 10 to 43 pairs of short, stout, unjointed
walking legs that terminate in claws; body
and legs covered by thin chitinous integu
ment; anus at conical posterior extremity
behind slitlike genital opening. ?Precam.,
Cam.-Rec.

Order PROTONYCHOPHORA
Hutchinson, 1930

Extinct marine Onychophora with ter
minal mouth, frontal papillae, and branched
antennae, pairs of short walking legs pro
vided with 6 terminal claws (5). ?Precam.,
Cam.

Family AYSHEAIIDAE Walcott, 1911
[nom. correct. MOORE, herein (pro Aysheaidae WALCOTT,

1911) ]

Characters of the order. M.Cam.
Aysheaia WALCOTT, 1911 ["A. pedunculata]. Small

(length 15-50 mm.), body unsegmented, but on
basis of paired appendages divisible into 11 parts,
each with 4 transverse rings of minute papillae;
anterior pair of appendages antenniform, with 4
laterally diverging branchlets, attached above mid
line of sides and directed obliquely forward; other
appendages consisting of short, blunt, tapered
walking legs that are transversely annulated and
provided with 6 terminal claws; unbranched ali
mentary canal extending length of body; obscure
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ventral or internal organs, possibly respiratory in
function, located near extremities of legs (4,5,9).
Burgess Shale, W.Can.(B.C.).--FIG. 12,1.•A.
peduncttlata; 1a,b, type specimen, X2, X4 (6);
1c, another specimen, X 1.5 (5); 1d, reconstr.,
X2.5 (5). [Species known from 9 specimens.]

Family UNCERTAIN
Xenusion POMPECKJ, 1927 [.X. allerswaldae]. Body

subcylindrical, moderately large (length more than
100 mm.), weakly segmented, with pair of
rounded prominences on ventral side of each seg
ment except at ?posterior extremity (opposite end

Aysheaia

Xenusion

FIG. 12. Fossil Onychophora.--1. Ays/zeaia pedtlllclIlata WALCOTT, M.Cam., W.Can.(B.C.); 1a,b, type
specimen, X2, X4 (6); 1c, another specimen, X1.5 (5); Jd, reconstr., X2.5 (5).--2. XenllSlOn atlers

waldae POMPECKJ, ?Precam., Swed.; ventral side, Xl (4).
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unknown); legs thick, rounded and annulated,
tapering distally, without observed claws; antenni
form appendages unknown (4). ?P,·ecam. (erratic
in glacial drift), Swed.--FIG. 12.2. ·X. auers
waldae; cast made from type (only known speci
men), which is a mold, ventral side, XI (4).

Order EUONYCHOPHORA
Hutchinson, 1930

Terrestrial Onychophora with tracheal res
piratory system; anterior end with un
branched, moderately short antennae and
blunt, laterally directed oral papillae; mouth
anteroventral, with pair of horny mandibles;
walking legs with terminal pair of claws (5).
Rec.

Family PERIPATIDAE Evans, 1901

Reddish brown pigment altered by light
and soluble in alcohol; with 22 to 43 pairs
of legs; species tending to large size (length
to 200 mm.). Rec., distribution circum
tropical.

Family PERIPATOPSIDAE Bouvier, 1907

Blue to green pigment not altered by light
or soluble in alcohol; with 14 to 25 pairs of
legs; species tending to medium or small
size. Rec., distribution south of equator
(Chile, G.Afr., S.Afr., Austral., Tasm.,
N.Z.).
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EUARTHROPODA-GENERAL FEATURES
By RAYMOND C. MOORE

Determination of the classificatory limits
of the phylum Arthropoda and the defini
tion of first-rank divisions within the phy
lum are matters involving a large amount
of subjective judgment. For example, the
groups designated as Onychophora, Tardi
grada, and Pentastomida are almost uni
versally considered to stand sufficiently apart
from one another and from other inverte
brates to warrant treatment of them as sub
phyla, but if this is accepted, to what phy
lum do they belong? Obviously they possess
characters denoting affinity with typical
arthropods, yet lack jointed legs and well
chitinized exoskeleton such as basically dis
tinguish the Arthropoda. Recognition of the
Protarthropoda as an independent phylum

intermediate between Annelida and Arthro
poda seems to be less satisfactory than
stretching limits of the later enough to ad
mit the Protarthropoda. This course is
adopted in the Treatise.

LANKESTER (1904) introduced the "grade"
Euarthropoda to contain all typical arthro
pods, including particularly the classes Diplo
poda, Arachnida, Crustacea, Chilopoda, and
Hexapoda (insects), as enumerated by him.
Present classification calls for inclusion of
the trilobites and related forms (here col
lectively designated as Trilobitomorpha) as
a major division of the Euarthropoda, corre
lative in rank with Chelicerata, which is
composed of the Arachnida and Merosto
mata; LANKESTER assigned the Trilobita and
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merostomes such as Limulus to the Arach
nida. Also, present judgment of most spe
cialists on the arthropods supports a group
ing together of the Crustacea, Myriapoda
(Chilopoda, Diplopoda, Symphyla, Pauro
poda), and Hexapoda (Insecta, Collembola,
Protura) in a subphylum designated Mandi
bulata. Entomologists commonly recognize
the Insecta as including the Collembola and
Protura, however.

The Euarthropoda are characterized by
their segmented, externally jointed body
that is covered by a hardened exoskeleton
containing chitin. This covering firmly in
closes the internal soft parts, allowing essen
tially no change of dimensions, expansion
in growth being provided for by periodic
molts. The body commonly is divided into
a head, thorax, and abdomen, but these parts
vary in distinctness and in some euarthro
pods the different regions may be fused to
gether. Appendages consist basically of one
pair to each somite and each appendage has
few or many hinge joints that are moved by
opposed sets of muscles; the appendages may
be reduced in number, however, and gen
erally they are differentiated to serve var
ious functions. The digestive tract is a sim
ple or complex tubular structure extending
from the mouth, mostly located on the un
derside of the head, to the anus at the rear
of the abdomen; elaborate diverticula may
exist. The mouth commonly is provided
with lateral jaws adapted for chewing or
sucking. Respiration is effected by gills, air
ducts (tracheae), so-called book lungs, or by
the body surface. A dorsally placed heart
forces blood through arteries to the various
organs and body tissues, return of blood to
the heart being through open body spaces.
A well-developed nervous system consists
of paired dorsal ganglia connected to ventral
nerve cords leading to ganglia in each so
mite and branches serving the appendages.
Eyes generally are present; they include both
simple and compound types, although many
euarthropods possess only one kind or the

other. Tactile and chemoreceptor hairs, an
tennae, statocysts, and auditory organs are
widely occurring sensory equipment of these
invertebrates. The sexes usually are separ
ate, with fertilization of eggs inside of the
female. After hatching, the young almost
invariably pass through a series of larval
stages that lead gradually or with abrupt
metamorphosis to the adult form (7,8).

Taking account of the enormous number
of different kinds of euarthropods, their ef
fective adaptation to almost every conceiv
able environment, and their extremely long
paleontological record, one must judge this
group of animals supremely successful. The
complex organization of their hard parts,
found more or less abundantly and well pre
served in rock formations throughout the
geologic column, adapts them for purposes
of stratigraphic correlation and age deter
mination. As fossils, most of them are in
trinsically of great interest to both special
ists and laymen.

Supersubphylum EUARTHRO
PODA Lankester, 1904

Arthropoda distinguished by hardened
body covering composed largely of chitin,
body usually well segmented and jointed
externally and commonly divisible into
head, thorax, and abdomen (although with
some of these parts fused together in many
forms); with jointed appendages composed
of few or several segments connected by
hinges and moved by opposed sets of inter
nal muscles; with rather highly developed
sensory organs, circulatory and nervous sys
tems, and modes of respiration; sexes usually
separate; young mostly passing through a
number of larval stages before gradual or
abrupt attainment of adult form, growth
accommodated by molts of exoskeleton
(6-8). ?hecam., Cam.-Rec.
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TRILOBITOMORPHA
By LEIF ST~RMER

INTRODUCTION
The name Trilobitomorpha was intro

duced (STlIlRMER, 1944)l to include the
Trilobita and trilobite-like forms, particu
larly several peculiar Middle Cambrian
arthropods found and described by W AL

COTT (6-8). These forms, occurring in the
Burgess Shale of British Columbia, are ex
cellently preserved. Although flattened into
films in the shale, the outlines, even of finest
details such as bristles of the appendages,
are very well preserved (Fig. 13). In spite
of favorable preservation of these fossils,
our knowledge of the various species repre
sented is hardly sufficient to warrant definite
determination of their taxonomic position.
Whereas. the trilobites apparently are very
conservatIve as regards their basic struc
tures, the nontrilobite members of the Trilo
bitomorpha exhibit a considerable variation
both in development of the body and of the
appendages. This suggests that the trilo
bites represent a well-established group, in
contrast to the others that seem to be in a
state of radiation, with ability to develop
new and different groups.

The characterist.ic st~ucture of appendages
forms the connectlOg llOk between different
me?1bers of the Trilobitomorpha. On its
b.aslc struct~~e the trilc:'bite appendage con
SI~tS of a JOlO~ed, cylIndrical walking leg
with a l~teral gIll branch attached to its very
base (Fig. 14). As far as can be ascertained
from materials available, the nontrilobite
f?rms hav~ trilobitic appendages or deriva
~lOns of. thiS type. In some genera the walk
109 leg IS more or less reduced and in others
the gil~ branch (certain appendages such as
thos~ ~nterpret:d ~s 2nd antennae) is too
specialIzed to Justify comparison with the
trilobite limb.

The common features in development of
the appendages seem to justify the establish
ment of a common group (Trilobitomor
pha) for the different forms observed.

1 Liter:nure cited in this section is included in "R f
enccs" at the end of the following section on Trilobito~~~:

Whether the structure of trilobite ap
pendages is sufficiently unique to warrant
recognition of trilobitomorphs as a separate
subphylum of the Arthropoda, or whether
it is so related to the biramous limb of
Crustacea as to call for classification with
this group remains an open question. The
occurrence of the trilobite type of limb in
several different trilobites from very dif
ferent geological ages and its presence in
several nontrilobite arthropods, apparently
both benthonic and planktonic, are points
favoring interpretation as a unique struc
ture. The bifurcate nature of appendages in
both trilobitomorphs and crustaceans has
been con~i~ered. to denote relationship. The
charactenstlc gIll branch of the trilobite
limb, however, might be homologous with
the gill-bearing epipodite (or pre-epipodite)
of the crustaceans. The name Trilobito
morpha (4) is appropriate for segregation
of the trilobites and trilobite-like arthro
pods as a group distinct from the Crustacea.
The name Proarthropoda, suggested for the
group by VANDEL (5) in 1949, seems to be
less appropriate, especially if forms dis
tinctly more primitive than the trilobita
morphs are found in future.

The Trilobitomorpha are here regarded
as a subphylum comprising classes called
Trilobitoidea (including the subclasses
Merostomoidea, Pseudonotostraca, Marrello
morpha) and Trilobita. A diagnosis of the
group follows.

SYSTEMATIC DESCRIPTIONS

Subphylum TRILOBITOMORPHA
St~rmer,1944

[=Proarthropoda VANDEL, 1949]

Aquatic Arthropoda with preoral anten
nae and remaining appendages of typical or
modified trilobite type, biramous appendages
characterized by presence of a lateral gill
branch attached to very base of walking leg.
L.Cam.-MPerm.
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TRILOBITOIDEA
By LEIF ST~RMER
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INTRODUCTION
Practically all forms referred to the Trilo

bitoidea come from the Middle Cambrian
Burgess Shale of British Columbia. The
fossils generally appear as thin films in the
shale. Only in forms having a relatively
solid exoskeleton is a certain relief pre
served. Dark imprints of the intestine are
seen in a number of specimens, signifying
that they represent dead individuals rather
than shed molts.

In the light of present knowledge it is
difficult to establish a satisfactory taxonomy
for the many different forms. WALCOTT (6),
RAYMOND (3) and ST9iRMER (4) have sug
gested major classifications that contain
features now considered unacceptable. The
recognition of separate classes and subclasses
for these arthropods as here outlined, simi
larly may be somewhat premature. For the
following description of the morphology and
relationships of the Trilobitoidea, all non
trilobite forms of the Trilobitomorpha are
treated together.
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FIG. 13. Leanclzoilia SI1periata WALCOTT, M.Cam., W.Can.(B.C.); dorsolaterally compressed specimen (un
retouched photo), X 1.5 (3).

MORPHOLOGY
The body length of trilobitoids ranges

from 1 to 16 em., the most common length
being 4 to 8 em. The shape of the body
varies from broad and dorsoventrally flat
tened (Fig. 16) to narrow and laterally com
pressed (Figs. 21,24). Some have a pro
nounced merostome-like appearance, where
as others closely resemble crustaceans. Trilo
bite-like forms (Manella) also occur. The
b.od.y is divided into parts (tagmata) con
SISting of severally distinct sorts of more or
less closely united segments (somites).

CEPHALIC REGION
~ head shield is well defined, particular

ly. I~ me~ostomoid forms but also in Opa
bInza. It IS not possible to decide the num
ber of p~storal segments in the head. Only
Mollzsoma and Yohoia show traces of a
dorsal segmentation of the head shield. In
Leanchoilia, Emeraldella, Burgessia, and
Manella, the appendages suggest about 4
postoral segments (as compared with 4 such
segments in trilobites). The Devonian
Cheloniellon has a short "protocephalon"
with only a single postoral segment, but the
coxal development of the appendages indi
cates a functional cephalon having 5 pos
toral segments. In the trilobite-like Man'ella
the head shield is prolonged into 4 promi-

nent horns that evidently served as a float
ing orga~ in this small, probably planktonic,
form (Fig. 15). The presence of supposed
sutures at the base of the lateral horns sug
gests interpretation of them as "free cheeks."
The posterior horns and their common base
are prolonged backward as a sort of cara
pace. A typical carapace is developed in the
most crustacean-like forms (Burgessia,
Waptia) (Fig. 21). It extends backward so
as to cover a small or large part of the trunk.

Eyes have not been distinguished in
!ime~aldella and Sidneyia, and they are
Identified only with doubt in Leanchoilia
and Helmetia. WALCOTT thought that he
could recognize small (sessile) eyes in

Triorthrus
Marrella

~
~iIIf__ 4

Leanchoilia

FIG. 14. Trilobite-type appendages of trilobilO
morphs.--l ,2. Trilobites.--3. Marrellomorph.
--4. Merostomoid. (All diagrammatic, not to

scale.)
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Naraoia and Burgessia. Well-developedses
sile eyes occur in Cheloniellon. Of particu
lar interest is the presence of apparently pe
dunculate eyes in Opabinia and Waptia. In
other groups of arthropods, pedunculate eyes
characterize the Malacostraca. Similar types
of eyes, however, seem to develop independ
ently in very different groups of the Arthro
poda.

In Opabinia a peculiar frontal organ, pos
sibly erectable, with a median canal, has
been compared to structures in male Ano
straca among the Branchiopoda (Fig. 22).

An upper-lip, resembling the hypostoma
of trilobites, has been described in Burgessia
and Mart·ella. A ventrally located plate in

Cheloniellon may represent a postoral plate
or labium.

POSTCEPHALIC REGION
The trunk is generally elongate and di

vided into a number of movable segments.
The number varies from 10 to 12 in the
Merostomoidea to more than 12 in the other
groups. A tagmatic division occurs. In
N araoia all the trunk segments are covered
by a continuous abdominal shield (Fig. 18).
In Helmetia the posterior segments are fused
into a "pygidium" (Fig. 25). The last seg
ment of the trunk carries a telson or lateral
"fins," comprising either lateral outgrowth
of the segments or modified appendages.

2

1st antenna

\

3

gill branch

FIG. 15. Marrella splendens WALCOTT, M.Cam., W.Can.(B.C.); 1,2, dorsal and ventral sides, X3, X4;
3, dorsal side (reconstr.), X3; 4, frontal appendages in ventral view showing one branch on either side

(reconstr.) (4,7).

© 2009 University of Kansas Paleontological Institute



026 Trilobitomorpha-Trilobitoidea

The trunk may be fairly broad and flat, its
pleural parts then forming a cover to the
appendages. A trilobation is characteristic
of many forms (Leanchoilia, Emeraldella,
Naraoia, Molaria, Yohoia, Opabinia, and to
some extent in Cheloniellon) but is absent in
Sidneyia and the typical crustacean-like
forms in which the pronounced carapaces
function as a protecting cover.

In crustacean-like and merostomoid forms
(Waptia, Emeraldella, Sidneyia) the pos
terior trunk segments lack appendages, and
the tergites and sternites unite to form solid
cylindrical segments. A terminal lanceolate
telson is characteristic of the Merostomoidea
(except Sidneyia, in which the terminal seg
ment has a transverse posterior border). The
2 long extensions from the dorsal side of
the posterior segment in Cheloniellon may
have the same origin as the ordinary single
telson spines. A secondary jointing of the
telson spine seems to have taken place in
Burgessia.

APPENDAGES

The appendages are well preserved in
many trilobitoids, but it is difficult to estab
lish their number in the head and trunk
and to decide on their homology. Generally,
a pair of anterior uniramous, multijointed
antennae are present. They are very char
acteristic of all 3 major groups. In Lean
choilia vestiges of short appendages in front
of the "great appendages" are possibly in
terpreted as 1st antennae. The flexible 1st
antennae of all these members of the Trilo
bitomorpha are probably homologous with
the antennae of trilobites and are thus pre
oral antennae (or antennules) correspond
ing to those of the Crustacea and Insecta.
Whereas in trilobites all postoral appendages
are practically alike (except for the antenni
form last appendages in Olenoides), those
of the nontrilobitic forms show considerable
variation. Two pairs of antennae occur in
Marrella (Fig. 15). The 2nd pair may corre
spond to the 2nd antennae in Crustacea. The
"great appendages" of Leanchoilia possibly
belong to the same segment (Figs. 13,20).
In these appendages endites are prolonged
into flexible multijointed tactile organs. The
many blade-shaped endites of the powerful
cephalic appendage in Sidneyia may be
homologous structures.

In general, the appendages of the postoral
segments of the Trilobitoidea seem to be
more or less trilobite-like. Both N araoia and
Marrella have biramous appendages similar
to those found in the trilobites Triarthrus
and Cryptolithus (Fig. 14). The gill branch
has a multijointed shaft with a fringe of
gills. A similar development seems to be
present in the Devonian Cheloniellon. In
Burgessia the gill branch appears to be of
the Olenoides type, with a broad unjointed
shaft. The walking legs have endites like
those of Triarthrus. In Opabinia and the
thoracic region of the trunk in Waptia, gill
branches occur, but the walking legs seem
to be much reduced. In Waptia the abdomi
nal part of the trunk lacks appendages other
than flattened terminal ones (Fig. 21).
Walking legs without gill branches possibly
occur in the cephalic region of Burgessia
and Waptia. The various nontrilobitic forms
seem to bear appendages that are either of
trilobite type or derivations of this type.
The comparatively strong deVelopment of
the gills, even in small forms like Marrella,
may signify a low oxygen content of the
sea.

DIGESTIVE TRACT

In some trilobitoid fossils, traces of the
intestine appear as a dark staining along
the median line of the body. In Naraoia and
Burgessia beautifully distinct imprints of
the anterior part of the intestine with di
verticulae are preserved in many specimens
(Figs. 18,21).

ONTOGENY
Larval stages of described species of Trilo

bitoidea are unknown but certain fossils,
such as those named Mollisonia and T on
toia, may actually represent larval forms
(Fig. 26).

MODE OF LIFE
Among the Trilobitoidea flat forms with

a length of more than 10 em. (Helmetia,
Cheloniellon) probably were benthonic ani
mals. The tail of Sidneyia suggests that this
species was a good swimmer. The middle
sized species, with a length of about 4 to 8
em., probably were able swimmers also.
The shrimplike nature of Waptia suggests
a corresponding mode of life (Fig. 21). It
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FIG. 16. Sidneyia inexpecfans WALCOTT, M.Cam., W.Can.(B.C.); 1, dorsal side with impressions of ventral
structures, XO.7; 2, dorsal and ventral sides, XO.5; 3, ?2nd antenna; 4, distal parts of trunk appendages

(6) .

is likely that the small trilobitoids, Bur
gessia and Marrella (1 to 1.5 em. in length),
characterized by their broad carapace and
horned cephalon, belonged to the plankton
(Figs. 15,21).

RELATIONSHIPS
As pointed out previously, the Trilobito

morpha are linked together by the seeming
ly common basic structure of their append
ages. Since the trilobite limb appears to be
a characteristic and conservative structure,
its presence in fossil arthropods may be in
terpreted as evidence of close relationship
between the many different forms possessing
it.

The Trilobitomorpha possess various mor
phological features that are characteristic of
many members of the Chelicerata. Among
these may be mentioned (1) trilobation, in
cluding development of broad pleural areas;
(2) tendency to develop a styliform telson;
(3) lack of true jaws; (4) structure of the
appendages; (5) strong development of the
intestinal diverticulae; and (6) probably
like number of larval segments. The Mero
stomoidea resemble the Merostomata in

shape of the body. The lack of antennae and
presence of chelicerae in the Chelicerata do
not deny affinities. Indeed, it is probable
that the Chelicerata developed from anten
nate forms.

Some of the characters mentioned above
(1,5), may occur, though less typically, in
the Crustacea, but the affinities of Trilo
bitoidea with crustaceans are suggested es
pecially by some very crustacean-like forms
(Burgessia, Waptia, Opabinia). In addition
to general appearance, features that suggest
crustaceans are presence of a carapace, pe
dunculate nature of the eyes, and occur
rence of a possible "branchiopod" frontal
organ (Opabinia). If Hymenocaris, from
the Burgess Shale, also belongs to the Trilo
bitoidea, it supports connection of this group
with the Crustacea. The typical trilobite
limb has not, however, been observed in
crustaceans. It is possible, as held by most
carcinologists, that this is of minor im
portance, and not denied is the possibility
of deriving crustacean-type limbs from those
of the Trilobitomorpha.

The Cambrian crustacean-like forms that
here are assigned to the Trilobitoidea have
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been regarded by WALCOTT, CALMAN, RAY
MOND, HENRIKSEN, and others as true crus
taceans belonging to an ancestral group
from which Recent crustaceans evolved. On
the other hand, merostome-like trilobitoids
have been regarded as more or less definitely
ancestral to Recent merostomes.

A few authors (ST(6RMER, SNODGRASS) have
advocated a more fundamental difference
between trilobitic and crustacean limbs, and
consequently they have questioned close
connection between the Trilobitomorpha
(Trilobita and Trilobitoidea) and Crus
tacea.

According to divergent opinions, the
Trilobitomorpha represent (1) an ancestral
arthropod group from which both the Cheli
cerata and the Crustacea evolved, or (2) an
ancestral arthropod group that gave rise to
the Chelicerata, crustacean-like features of
the Trilobitomorphs being due to homeo
morphy. The present material is insufficient
to solve the problem.

CLASSIFICATION
Taxonomic divisions may be based either

on general morphological characteristics or
on some particular element, such as devel
opment of the appendages. The latter here is
employed for the group (Trilobitomorpha)
as a whole. WALCOTT (6) regarded the
Middle Cambrian trilobitoid forms as be
longing to the Branchiopoda, Merostomata,
and Trilobita (Naraoia). RAYMOND (2,3)
established for them 2 subclasses (Homo
poda, Xenopoda), chiefly distinguished by
the presence of 2 pairs or a single pair of
tactile organs (antennae). The degree of
development (specialization) of the frontal
appendage was also used by ST(6RMER in his
classification, published in 1944. Since the
development of the frontal appendages is
not well known, taxonomy based on these
structures may be uncertain. The general
structure of the body has to be taken into
account at the same time. Inasmuch as
phylogeny of the Trilobitomorpha is un
certain, it is rather undesirable to use group
names that express distinct phylogenetic
concepts (for example, Palaeanostraca
HUTCHINSON, 1930, and Prochelicerata
ST(6RMER, 1944). RAYMOND'S major groups,
Homopoda and Xenopoda, are difficult to
maintain. The former includes such differ-

ent forms as Aglaspis (now assigned to the
Merostomata), Marrella, and Waptia.

The evolutionary radiation of Middle
Cambrian Trilobitoidea occurred at a "low
level," that is, it yielded diverse groups of
high taxonomic rank, seemingly almost cor
relative with the class Trilobita. To dis
tinguish the Merostomoidea, Pseudonoto
straca, Marrellomorpha, and possibly addi
tional groups as independent classes asso
ciated with the class Trilobita seems ill
advised, or at least premature. In the pres
ent state of knowledge it is judged more
appropriate to recognize assemblages of non
trilobites as subclasses, grouping them to
gether under the name Trilobitoidea, de
fined as a class. The classification here
adopted therefore deviates from that given
by ST(6RMER (4) in 1944. Several forms are
not definitely placed in named major groups.
Numbers of genera belonging to each divi
sion are indicated by numerals inclosed by
parentheses.

Divisions of Trilobitoidea (16 genera)
Marrellomorpha (subclass) (1). M.Cam.

Marrellida (order) (1). M.Cam.
Marrellidae (1). M.Cam.

Merostomoidea (subclass) (7). M.Cam.
Limulavida (order) (2). M.Cam.

Sidneyiidae (2). M.Cam.
Emeraldellida (order) (1). M.Cam.

Emeraldellidae (I). M.Cam.
Nectaspida (order) (3). M.Cam.

Naraoiidae (3). M.Cam.
Leanchoiliida (order) (1). M.Cam.
Leanchoiliidae (1). M.Cam.

Pseudonotostraca (subclass) (2). M.Cam.
Burgessiida (order) (I). M.Cam.

Burgessiidae (1). M.Cam.
Waptiida (order) (1). M.Cam.

Waptiidae (1). M.Cam.
Subclass uncertain (2). M.Cam.-L.Dev.
Opabiniida (order) (1). M.Cam.

Opabiniidae (1). M.Cam.
Cheioniellida (order) (1). L.Dev.

Cheioniellidae (1). L.Dev.
Subclass and order uncertain (4). M.Cam.
Yohoiidae (1). M.Cam.
Family uncertain (3). M.Cam.

SYSTEMATIC DESCRIPTIONS
Class TRILOBITOIDEA

Stprmer, nov.
Trilobitomorpha lacking distinctive mor

phologic characters of Trilobita and, in ad
dition, exhibiting divergent structural pe-
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FIG. 17. Emera/della brooki WALCOTT, M.Cam., W.
Can.(B.C.); dorsal side, Xl.2 (7).

culiarities of their own, unlike those of
trilobites (such as presence of eurypterid
like body, shield covering both cephalic and
abdominal regions, laterally compressed
carapace, widely divergent flat horns pro
duced from cephalic shield, and others).
Postoral appendages less uniform than in
Trilobita. M.Cam.-Dev.

Subclass MARRELLOMORPHA
Beurlen, 1934

Trilobitomorpha with cephalic shield pro
longed into flat horns; trunk with numerous
free tergites and small telsonic plate; 2 pairs
of antennae, other appendages of trilobitic
type. M.Cam.

Order MARRELLIDA Raymond,
1935

[nom. correct. ST{6RMER, herein (pro Marcellina RAYMOND,

1935)1
Characters of subclass (3). M.Cam.

Family MARRELLIDAE Walcott, 1912
Small Marrellida characterized by cepha-

Ion with 4 flat horns directed backward,

bearing facial sutures and sessile eyes; trunk
elongate, composed of about 24 segments,
probably with pleural areas; telson small,
plate-shaped; elongate labrum attached to
doublure; 1st pair of antennae uniramous
with numerous joints, 2nd antennae with
fewer joints, densely covered with setae,
other appendages probably of Triarthrus
type; fringe of gills broad (7). M.Cam.
Marcella WALCOTT, 1912 (*M. splendens]. Char-

acters of family, order, and subclass. Burgess Sh.,
W.Can.(B.C.).--FIG. 15. "'M. splendens, Bur
gess Sh.; 15,1,2, dorsal and ventral sides, X3,
X4; 15,3, dorsal side (reconstr.), X3; frontal ap
pendages, in ventral view showing one branch on
either side (reconstr.), X3 (4,7).

Subclass MEROSTOMOIDEA
St~rmer, 1944

[nom. trand. ST~JtM£R, herein (ex class Merostomoidea
ST~'ME'. 1944) J

Trilobitomorpha with eurypterid or
xiphosurid type of body, trilobation more or
less distinct; tergites of trunk free or anky
losed into continuous shield, telson mostly
styliform; 1st and last pair of trilobitic ap
pendages may be modified and others partly
reduced (4). M.Cam.

Order LIMULAVIDA Walcott, 1911
[nom. correct. ST0RMER, herein (pro order Limulava WAL~

C01'T, 1912, nom. transl. (ex suborder Limulava WALcorr,

1911) 1 [=Subclass Prochelicerata ST~'ME', 1944 (partim) 1

Merostomoidea with eurypterid-like body,
?2nd pair of appendages provided with nu
merous flat median spines; trunk append
ages of trilobitic type, with walking legs re
duced (4,6). M.Cam.

Family SIDNEYIIDAE Walcott, 1911
[nom. correct. STjiSRME.R. herein (pro Sidneyidae WALCOTT,

1911) I
Limulavida with short cephalon provided

with marginal ?eyes and ventral labrum;
trunk divided into a preabdomen of 9 seg
ments and postabdomen of 2 or 3 segments,
with tail fin formed either by lateral out
growth of last segment or by modified cerci;
?1st antennae (uniramous, with numerous
setiferous joints; ?2nd antennae devel
oped as powerful appendages of 9 to 10
joints provided with numerous long flat
spines on their median sides; other cephalic
appendages apparently resembling trilobitic
walking legs, appendages on preabdomen
probably consisting of jointed shafts with
broad fringes of gills (6). M.Cam.
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4

3intestinal diverticUiae2

FIG. 18. Naraoia compacta WALCOTT, M.Cam., W.Can.(B.C.); 1, dorsal side, X2; 2, reconstr., X1.5; 3,
intestinal diverticula, X 4.5; 4, trunk appendages (reconstr.), X 4.5 (4, 7).

Sidneyia WALCOTT, 1911 [-So inexpectans] [=Sid·
neya STl'lRMER, 1944]. Characters of family (4,6).
Burgess Sh., W.Can.(B.C.).--FIG. 16. -S. in
expectans, Burgess Sh.; 16,1, dorsal side with im
pressions of ventral structures, X 0.7; 16,2, dorsal
and ventral sides, XO.5; 16,3,antenna (?2nd), Xl;
16,4, distal parts of trunk appendages, Xl (all 6).

Amiella WALCOTT, 1911 [-A. ornata]. Little known,
possibly synonym of Sidneyia. Burgess Sh., W.Can.
(B.C.).

Order EMERALDELLIDA St~rmer,

1944
[nom. transl. ST¢RMER, herein kx subclass Emeraldellida

ST¢RMER. 1944)]

Merostomoidea with elongate trilobed
body, styliform telson, all appendages of
practically unaltered trilobitic type (4). M.
Cam.

Family EMERALDELLIDAE Raymond,
1935

Body narrow, divided into semicircular
cephalon, preabdomen of 10 segments, and
narrow, probably 2-segmented postabdomen
bearing styliform telson expanded at base,
postabdomen without appendages; eyes un
known; labrum elongate; 1st antennae long,
uniramous, with many joints, other ap
pendages probably biramous, of trilobitic
type (3). M.Cam.

Emeraldella WALCOTT, 1912 [-E. brocki]. Char
acters of family. Burgess Sh., W.Can.(B.C.)-
FIG. 17. -E. brocki; dorsal side, Xl.2 (7).

Order NECTASPIDA Raymond,
1920

[nom. corr~cl. ST¢RMER, herein (pro order Ncctaspia
RAYMOND,I920)]

Merostomoidea with body covered by
cephalic and abdominal shield, postabdomen
short and narrow, with telson; appendages
of trilobitic (T1'ia1'th1'us) type; intestinal
diverticulae well developed (2,4,7). M.Cam.

Family NARAOIIDAE Walcott, 1912
[nom. correct. ST¢RMER. herein (pro Naraoidae WALCOTT,

1912) 1
Small Nectaspida with subelliptical, trilo

bate body, cephalon with small sessile eyes,
postabdomen short and narrow with ?single
segment and short lanceolate telson bear
ing lateral spines that protrude from below
abdominal shield; 1st antennae short, with
numerous setiferous joints, other ap
pendages probably of trilobitic (T1'ia1'th1'us)
type; intestinal diverticulae with 5 pairs of
basal branches (7). M.Cam.
Naraoia WALCOTT, 1912 [-N. compacta]. Char

acters of family. Burgess Sh., W.Can.(B.C.).-
FIG. 18. -N. compacta; 18,1,2, dorsal side, photo,
X2, and reconstr., X 1.5; 18,3, intestinal diverti-

© 2009 University of Kansas Paleontological Institute



Pseudonotostraca 031

culae, X4.5; 18,4, trunk appendages (reconsrr.),
X4.5 (4,7).

?Molaria WALCOTT, 1912 [*M. spinitera]. Body
small, elongate, distinctly trilobate, with lanceo
late telson. Cephalon semicircular, with median
axis divided into ?3 transverse lobes, traces of
intestinal diverticulae. Trunk 9-segmented, elon
gate last segment possibly representing about 3
fused segments; tel son lanceolate; pleurae curved,
quite narrow on last segment. Cephalic append
ages little known, I st antennae probably short
and delicate; trunk appendages trilobitic, evidently
with both branches present; last segment lacking
appendages (7). [Genus probably related to
Emeraldella, but whether it belongs to Emeraldelli
dae or a separate family is doubtful.] Burgess Sh.,
W.Can.(B.C.).--FIG. 19,1,2. *M. spinitera; dor
sal side and lateral view, X3 (7).

?Habelia WALCOTT, 1912 [*H. aptata]. Little
known; body presumed to be similar to Malaria
but with long styliform telson; appendages rrilo
bitic (7). [Single known specimen is imperfectly
preserved and may belong to another genus (e.g.,
Burgessia with carapace lost).] Burgess Sh., W.
Can. (B.C.).--FIG. 19,3. *H. aptata; dorsolat
eral view, X 1.7 (7).

Order LEANCHOILIIDA Stf:Srmer,
1944

[nom. corr~ct. ST¢RMER, herein (pro order Leanchoilida
ST0RMER, 1944)] [=order Pseudanosuaca RAYMOND, 1935

(parlim); subclass Proche1icera,a ST¢RMER, 1944 (parlim)]

Merostomoidea with elongate trilobate
body (aglaspidid type), divided into cepha-
Ion and segmented trunk with lanceolate tel
son; 1st antennae considerably reduced or
possibly absent, ?2nd antennae strongly de
veloped and specialized, other appendages
filamentous, walking legs (telopodites) miss
ing (4). M.Cam.

Family LEANCHOILIIDAE Raymond,
1935

Body narrow, elongate, of medium size;
cephalic shield subtriangular, with pointed
rostrum, lateral eyes probably missing;
trunk distinctly trilobate, with 10 curved
tergites; telson short lanceolate, with mar
ginal spines; presence of 1st antennae un
certain, probably reduced to short and deli
cate appendages, ?2nd appendages devel
oped as powerful tripartite tactile organs;
2 distally jointed ?endites attached to distal
portion of 5- or 6-jointed shaft, remaining
appendages (2 or 3 pairs belonging to
cephalic shield) developed as gill branches

Molaria

FIG. 19. Malaria and Habelia, M.Cam., W.Can.
(B.C.); 1,2, M. spinifera WALCOTT, dorsal and lat
eral views, X3 (7); 3, H. aptata WALCOTT, dorso-

lateral view, X 1.7 (7).

of Olenoides types, walking legs (telopo
dites) missing (3). M.Cam.

Leanchoilia WALCOTT, 1912 [*L. superlata]. Char
acters of family. Burgess Sh., W.Can.(B.C.).-
FIGS. 13,20. *L. superlata; 13, dorsolaterally com
pressed specimen (unretouched photo), X 1.5 (3);
20, dorsal and lateral views (reconstr., convexity
probably exaggerated), XO.7 (4).

Subclass PSEUDONOTOSTRACA
Raymond, 1935

[nom. trans/. ST¢RMER, herein (ex order Pseudonotostraca
RAYMOND, 1935] [==Class Pseudocrustacea ST¢RMER, 1944]

Carapace well developed, eyes sessile or
pedunculate; pleurae absent in trunk (at
least beyond posterior border of carapace);
styliform telson or tail fin formed by flat
cerci; 1st antennae and other appendages of
trilobitic type in postoral appendages with
one branch reduced in some; postabdomen
without appendages (except cerci) (3,4).
M.Cam.
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FIG. 20. Leanchoilia superlala WALCOTT, M.Cam.,
W.Can.(B.C.); 1,2, dorsal and lateral views (re
constr.), convexity probably exaggerated, XO.7 (4).

Order BURGESSIIDA StJ'Srmer, 1944
[nom. correct. ST~\lME\l, herein (pro order Burges,ida

ST~\lME\l, 1944)]

Carapace large subcircular, plate-shaped,
with small sessile ?eyes and narrow labrum;
postabdomen carrying long many-jointed
telson; postoral cephalic appendages 3 to 4,
of trilobitic type, with gill branch possibly
reduced; trunk appendages of trilobitic
(Olenoides) type; intestinal diverticulae
well developed (4). M.Cam.

Family BURGESSIIDAE Walcott, 1912
[nom. correct. ST~RM£R, herein (pro Burgessidae WALCOTT

1912)] ,

Body small, with trunk of 8 segments'
walking legs with endites; intestinal diverti:
culae with single pair of basal branches.
M.Cam.

Burgessia WALCOTT, 1912 [*B. bella]. Characters of
family and order. Burgess Sh., W.Can.(B.C.).-
FIG. 21,1-5. "'B. bella; 21,1,2, dorsal and ventral
sides, with one branch of appendages omitted on
either side, X4.5 (4); 21,3, trunk appendages
(endites not indicated), x7.5 (4); 21,4, intestinal
diverticulae, X4.5 (4); 21,5, dorsal side with in
testinal diverticulae visible below carapace, X 3
(7) .

Order WAPTIIDA StJ'Srmer, 1944
[nom. correct. ST¢lllMEIl, herein (pro order Waptida

ST~\lME\l, 1944)]

Carapace laterally compressed, covering
head, thorax, and part of ?preabdomen
with rostrum and pedunculate eyes; trunk
la~king pleurae, postabdomen with 6 cylin
~ncal segme?t~; 1st antennae with compara
tIvely. long )OlDts, cephalothoracic append
ages little known, apparently trilobitic walk
ing legs, preabdominal appendages fila
mentous, with jointed shaft (Triarthrus
type); postabdomen with flat jointed cerci
on distal segment (4). M.Cam.

Family WAPTnDAE Walcott, 1912
[nom. CO"cct. ST~RMEIl, herein (pro Waptidae WALC007

1912)] ,

Medium size, with thorax of 5 to 7 short
segments, ?preabdomen with 5 to 7 seg
ments. M.Cam.
Waptia WALCOTT, 1912 ["'W. fieZdensis]. Characters

of family and order. Burgess Sh., W.Can.(B.C.).
--FIG. 21,6-8. "W. fieldensis; 21,6, dorsal side
(reconstr.), X1.5 (4); 21,7,8, dorsal and lat
eral views, X 1.5 (7,8).

Subclass UNCERTAIN

Order OPABINIIDA StJ'Srmer, 1944
[nom. correct. ST~IlMEIl, herein (pro order Opabinida ST~Il'

MEIl, 1944)] I=Suborder Palaeanostraca HUTCHINSON, 1930;
order Pseudanostraca RAYMONO, 1935 (partim)]

Body elongate, with small head bearing
erectable frontal organ and pedunculate
eyes; segmented trunk trilobate, with pleu
rae covering gill appendages of trilobitic
type; postabdominal segment with telsonic
plate (4). M.Cam.

Family OPABINIIDAE Walcott, 1912
[nom. correct. ST9lRMEB., herein (pro Opabinidae WALCOTT,

1912)]

Body fairly large, narrowly elongate, with
distinct trilobation; cephalon short and nar
row, frontal organ long, with median canal
and distal paired portion with spines; trilo
bitic cephalic limbs unknown; trunk with
?15 segments; postabdomen spatulate; trunk
appendages trilobitic, consisting of gill
branches of Olenoides type (7). M.Cam.
Opabinia WALCOTT, 1912 ["0. regalis]. Characters

of family and order. Burgess Sh., W.Can.(B.C.).
[Opabinia generally has been regarded as belong
ing to the Branchiopoda division of the Anostraca
(WALCOTT, 1912; FEDOTOV, 1924; HUTCHINSON,
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FIG. 21. Burgessia and Waptia, M.Cam., W.Can.(B.C.).--1-5, B. bella WALCOTT; 1,2, dorsal and ventral
sides, with one branch of appendages.omitted on either side, X4.5 (4); 3, trunk appendages, with endites
not shown, X 7.5 (4); 4, intestinal diverticula, X 4.5 (4); 5, dorsal side with intestinal diverticula visible
below carapace, X3 (7) .--6-8, W. fieldensis WALCOTT; 6, dorsal side (reconstr.), X 1.5 (4); 7,8, lat-

eral and dorsal views, X 1.5 (7, 8).
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FIG. 22. Opabinia regalis WALCOTT, M.Cam., W.Can.(B.C.); 1, dorsal side wtih exoskeleton of trunk re
moved, X2.5 (7); 3, dorsolateral and lateral views showing frontal organ (reconstr.), Xl (7).
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FIG. 23. Cheloniellon calmani BROIL!, L.Dev., Ger.; dorsal and ventral views (reconstr.), XO.4 (7).

1930). RAYMOND (1935), however, placed it in
a separate order (Pseudanostraca), interpreted as
probably leading to the Anostraca. Since homology
of the frontal organ with the fused and modified
2nd antennae in Anostraca is problematical and
since trunk appendages are fundamentally differ
ent in the 2 forms, the taxonomic position of this
genus remains an open question. ]--FIG. 22.
"0. regalis; 22,1, dorsal side, exoskeleton of trunk
removed, X2.5; 22,2, dorsolateral view, axis less
distinct, X2.5; 22,3, lateral and dorsal views of
frontal organ (reeonstr.), Xl (7).

Order CHELONIELLIDA Broili,
1933

[nom. traml. STjlRMER, herein <ex subclass Chclonicllida
BROILl, 1933)1

Body broad trilobate with short cephalon;
trunk segmented, 1st segment double; nar
row and short postabdomen with long furca;
head short with lateral eyes and 2 pairs of
antennae, trunk with trilobitic appendages,
coxae of 4 first pairs enlarged. L.Dcv.

Family CHELONIELLIDAE Broili, 1933
Body large, flat, subcircular, with narrow

axis; head with centrally situated lateral
eyes, ventral labrum or labium; 1st antennae

uniramous, many-jointed, 2nd antennae
uniramous, with 4 or 5 joints, basal one
with pit suggesting aperture of ?gland;
trunk with 9 radiating segments, of which
1st is double; postabdomen narrow, 2-seg
mented, with furca inserted between pleurae
of last pre-abdominal segments; trunk ap
pendages trilobitic, with walking legs and
delicate gill branches, anterior 4 pairs of
coxae enlarged, probably forming gnathites.
L.Dcv.
Che1onie11on BROIL!, 1932 [lOC. calmani]. Charac

ters of family and order. Ger.--PIG. 23. lOC.

calmani; dorsal and ventral sides (reconstr.), XO.4
(7).

Subclass and Order UNCERTAIN
Family YOHOIIDAE Henriksen, 1928

[=Order Pseudanoslraca RAYMONO, 1935 (partim!]

Body small, narrowly elongate; head sub
triangular, with 4 transverse lobes on axis,
possibly with pedunculate eyes and small
rostrum; trunk with 12 segments, 8 anterior
ones with short pleurae, 4 posterior ones
cylindrical without pleurae; telson spatulate
(cerci described by WALCOTT not demon-
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FIG. 24. Yohoia tenllis WALCOTT, M.Cam., W.Can.(B.C.); 1,3, dorsal side, X3, X3.5 (7); 2,4, lateral
views, X6, X4 (7).

strated in illustrations of type species); ap
pendages little known, indications of power
ful cephalic limb with distal spines pos
sibly representing 2nd antennae (or frontal
organ similar to that of Opabinia) , trunk
appendages probably similar to gill branch
of trilobitic appendages. M.Cam.

Yohoia WALCOTT, 1912 [·Y. tenllis]. Characters of
family (7). Burgess 5h., W.Can.(B.C.). [WALCOTT
described Y. plena with bilobed telson or pair of
Aat cerci. This species may represent another

genus, possibly little related to Yohoia. The small
size of Yohoia suggests that it may represent a
larval stage of Opabinia or a related form. Tax·
onomically, Yohoia may belong in intermediate
position between Merostomoidea and the Pseudo·
notostraca.]--FIG. 24. ·Y. tenuis; dorsal side,
X3, X3.5 (7); 24,2,4, lateral views, X6, X4 (7).

Family UNCERTAIN
Helmetia WALCOTT, 1917 [·H. expansa]. Body

large, Aat, divided into cephalic shield, thorax, and
pygidium, trilobation faintly suggested; cephalic

FIG. 26. Yohoiidae (Mollisonia and Tontoia) , M.
Cam.--1, M. symmetrica WALCOTT, W.Can.
(B.C.), dorsal side, XO.7 (7).--2, M. gracilis
WALCOTT, W.Can.(B.C.), dorsal side, Xl.8 (7).
--T. k",agllntensis WALCOTT, Tonto 5s., $W.

U5A(Ariz.), dorsal side, XO.7 (7).
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FIG. 25. Helmetia expansa WALCOTT, M.Cam., W.
Can.(B.C.); dorsal side, with impressions of ventral

gills at right, X 0.2 (8).
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shield trapezoid, with pointed anterolateral cor
ners (median anterior lobe possibly representing
displaced labrum); thorax with 6 segments; pygi
dium subtriangular, with 2 lateral and 1 median
point; filamentous appendages probably of trilo
bitic type present in cephalic shield, thorax, and
pygidium; antennae and walking legs unknown.
M.Cam. (Burgess Sh.), W.Can.(B.C.).--FIG. 25.
"H. expansa, dorsal side with impressions of
ventral gills at right, X 0.2 (8).

Mollisonia WALCOTT, 1912 [*M. symmetrical. Body
small to medium in size, elongate, more or less
narrow, divided into cephalic shield, thorax, and
pygidium of equal width, trilobation faintly indi
cated; cephalic shield semicircular to elongate
subovate, with 5 transverse lobes and marginal
rim; thorax with narrow pleurae; pygidium sub
circular, about equal to cephalic shield in size;
appendages unknown (7). M.Cam. (Burgess Sh.),
W.Can.(B.C.).--FIG. 26,1. *M. symmetrica;
dorsal side, XO.7 (7).--FIG. 26,2. M. gracilis
WALCOTT, dorsal side, x1.8 (7).

Tontoia WALCOTT, 1912 ["T. kwaguntensis]. Body
small, elongate, with convex somewhat indistinct
axis, divided into cephalic shield, thorax, and
pygidium; cephalic shield elongate subovate, with
marginal rim; thorax 4-segmented, with concave
posterior margin; pygidium smaller than cephalic
shield, with rounded posterior margin; appendages
unknown. [Since appendages are unknown in
Mollisonia and Tontoia, the subclass and order to
which they belong cannot be decided with cer
tainty. The development of a cephalic shield,
thorax, and pygidium indicates, however, that they
belong to the Trilobitomorpha.] M.Cam., SW.
USA(N. Ariz.).--FIG. 26,3. "T. kwaguntensis,
Tonto Ss.; dorsal side, XO.7 (7).
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INTRODUCTION

DEFINITION OF CLASS
The Trilobita are extinct Arthropoda dis

tinguished by an exoskeleton that is trilobed
longitudinally into axial and side regions
and differentiated transversely into anterior,
middle, and posterior areas. Tergites of the
anterior and posterior areas are fused into
rigid plates, whereas those of the middle
area are movable upon each other, generally
articulating freely. Compound eyes generally
are present on the dorsal side of the head.
Ventral appendages consist of an anterior
pair of multijointed uniramous antennae
and behind these a variable number of un
differentiated paired biramous appendages,
4 of which are cephalic, with a pair of ap
pendages corresponding to each postcephalic
somite. Caudal antenniform cerci occur in
some forms. Respiration is by means of
branchial fringes on the limbs called pre
epipodites. Ontogenetic development is
marked by progressive metamorphoses pro
ceeding from a free larva that shows only
cephalic segments, although some authors
claim the hindmost segment to be the anal.

OCCURRENCE
Trilobites are exclusively marine animals,

remains of which are restricted to rocks of
the Paleozoic Era. They first appeared in
the Early Cambrian, already diversified in
many families and genera, and attained
maximum development in Late Cambrian
time. They were still very numerous in the
Ordovician but the Silurian witnessed the
beginning of their decline, with disappear
ance of many "archaic" types. Still fairly
abundant in the Devonian Period, where
only a few families are represented, they
dwindled rapidly during the late Paleozoic
and completely disappeared by the close of
Permian time.

Though they form a morphologically com
pact group, the trilobites diversified from
the outset into different stocks which, dur
ing the 250-million-year life span of the
class, gave rise to numerous genera and
species. VOGDES, in 1923, estimated that
about 450 genera and 3,970 species of trilo
bites had been described. Since then, the
number of described forms has increased
greatly, so that at present about 1,500 genera
and a total of about 10,000 species are recog
nized.

DEVELOPMENT OF STUDffiS
The first known descriptions and figures

of trilobites were published by LHWYD in
1698, who called them Trinuclei. In 1745
LINNE described several species under the
collective name of Entornolithus paradoxus,
regarding them as a division of his Insecta
(by modern standards, Arthropoda). The
name Trilobitae was proposed by WALCH
in 1771, and though WAHLENBERG (1821)
preferred Entomostracites and DALMAN
(1826) used Palaeades, WALCH'S term (mod
ified to "Trilobita"), alluding to the longi
tudinal trilobation of the exoskeleton, is now
universally accepted.

The number of monographs dealing with
description of trilobites is large, and during
the last 130 years many paleontologists have
added greatly to our knowledge of the class.
Pioneers in the description of these fossils
are BRONGNIART (1822), DALMAN (1827),
GREEN (1832), EMMRICH (1839), MILNE
EDWARDS (1840), BURMEISTER (1843), GOLD
FUSS (1843), BEYRICH (1846), HAWLE &
CORDA (1847), and M'CoY (1849). Since the
middle 1800's fundamental monographs
have been published on trilobites of various
regions: (1) Bohemia by BARRANDE, NOVAK,
and PRANTL & PRIBYL; (2) Germany by
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GURICH, POMPECKJ, and RUDOLF & EMMA
RICHTER; (3) Scandinavia by ANGELIN,
BRj1IGGER, WARBURG, STj1IRMER, and WESTER
GARD; (4) Baltic region of Russia by NJESZ
KOWSKI, EICHWALD, SCHMIDT, OPIK, and
LERMONTOVA; (5) Great Britain by SALTER,
WOODWARD, HICKS, REED, COBBOLD, and
LAKE; (6) France by ROUAULT, OEHLERT,
BERGERON, BARROIS, and THORAL; (7) Italy
by MENEGHINI; (8) North America by
HALL, FORD, CLARKE, BILLINGS, MATTHEW,
BEECHER, WALCOTT, RESSER, RASETTI, RAY
MOND, WHITTINGTON, and POULSEN (Green
land); (9) South America by KAYSER,
CLARKE, KOZLOWSKI, KNOD, ULRICH, KOBAY
ASHI, and HARRINGTON & LEANZA; (10) Asia
by LORENZ, MANSUY, WALCOTT, RESSER,
ENDO, REED, KOBAYASHI, and SUN; (11)
Africa by SALTER and HUPE; and (12)
Australia by WHITEHOUSE.

Up to 1870 only the hard exoskeleton of
trilobites was known, and the zoological
position of these organisms remained a mat
ter of considerable uncertainty. They were
variously regarded as related to quite differ
ent groups of Arthropoda, such as the
Xiphosura, Branchiopoda, and Isopoda, and
even to the Mollusca (Amphineura).

The ventral appendages were first de
scribed by BILLINGS in 1870 from North
American Ordovician specimens of lsotelus.
Between 1895 and 1920, excellently pre
served specimens of several Cambrian and
Ordovician species, showing all ventral ap
pendages, were described by BEECHER, W AL
COTT, and RAYMOND, and in 1930 BROILI de
scribed those of 2 species from Lower Dev
onian rocks. In recent years, our under
standing of the trilobite appendages has

greatly increased, thanks largely to STj1IR
MER'S outstanding investigations.

Trilobite larvae were first described by
BARRANDE (1852) and the name "protaspis"
was given by BEECHER (1895) to the initial
larval stage. The postembryonic develop
ment of some 50 species now is known, al
though only a few complete series of larval
stages have been described.

MODE OF PRESERVAnON
Trilobites are found in different types of

marine sediments either (1) with their
mineralized exoskeleton preserved, or (2)
as external or internal molds. Fossils con
sisting of preserved hard parts may show lit
tle or no change in composition of the origi
nal exoskeleton, or alternatively, the sub
stance of the exoskeleton may be replaced
partly or wholly by silica, pyrite, or other
mineral substances.

Complete specimens of trilobites are
found frequently, either outstretched or en
rolled, but commonly the remains consist of
detached parts of the exoskeleton. These
may represent exuviae shed during molting
or the disarticulated parts of exoskeletons
which became disjointed after death of the
animals.

Exceptonally well-preserved complete
specimens, with their fragile ventral ap
pendages preserved, have been found both
in black shales and in extremely fine-grained
limestones. During recent years our knowl
edge of minute details of the exoskeleton of
many species has grown through study
of silicified specimens found in limestones,
which can be completely detached from the
matrix by dissolving away the limestone
with hydrochloric, formic, or other acids.

MORPHOLOGY OF EXOSKELETON

SHAPE AND SIZE
Trilobites are typically ovoid to subellipti

cal in outline when seen in dorsal view, but
this basic shape may be substantially modi
fied in progressive and aberrant genera
(Deiphon, Ceratarges, Odontopleura). The
exoskeleton is usually moderately convex
but in some (Dionide) it is almost flat,
whereas in other (Leiagnostus) it is highly
arched or globose.

The average length of trilobites ranges
from 3 to 10 em. Minute forms, however, are
numerous, entire families (Shumardiidae,
Eodiscidae) and even orders (Agnostida)
being characterized by very small size. Some
species of Shumardia are less than 5 mm.
long, and many Agnostida measure less than
6 mm. The Eodiscidae are usually about 12
to 15 mm. long. Among the Agnostida, a
species measuring 25 mm. in length is re
garded as huge.
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Truly gigantic forms, measuring more
than 20 em. in length, are scarce and re
stricted to a very few families. Outstanding
examples are Pat'adoxides harlani (45 em.),
Paradoxididae, of Middle Cambrian age;
Megistaspis heros (36 em.), Isotelus gigas
(44 em.), and Thysanopyge argentina (45
em.), all Asaphidae, of Ordovician age;
lllaenus giganteus (40 em.), Illaenidae, of
Ordovician age; Arctinurus boltoni (30 em.)
and Terataspis grandis (60 em.), Lichidae,
from the Ordovician and Devonian, respec
tively; Trimerus major (38 em.), Homalono
tidae, of Devonian age; and Coronura myr
mecophora (40 em.), Dalmanitidae, of Dev
onian age. The largest known trilobite is
Uralichas riberoi (70 em.), a lichid from
Ordovician rocks of Portugal. The measure
ments given, representing recorded maxima,
do not take account of appendages such as
antennae and possibly caudal rami that pro
jected beyond the front and rear margins
of the exoskeleton.

ORIENTATION
Orientation of trilobites is self-evident,

with exception of the Agnostina. In these
small blind trilobites, having only 2 thoracic
segments separating 2 subequal "shields,"
it is difficult to decide, on purely morphologi
cal grounds, which is the front and which
is the rear part of the animal. Only 2 mor
phological features of the Agnostina fur
nish some indications in this regard but, un
fortunately, they provide contradictory evi
dence. One is the direction of curvature of
thoracic pleural extremities, and the other
is the direction of paired marginal spines
commonly carried by one of the "shields."
These 2 directions are opposite. Since the
earliest descriptions of agnostid trilobites,
virtually all authors have accepted the con
clusion that the marginal spines are carried
by the "tail shield" and that, therefore, the
spines are directed backward as postero
lateral projections of the margin. RAYMOND,
however, was an exception. Reasoning that
in the Agnostina, as in all other trilobites,
the pleural extremities should curve back
ward, he oriented the agnostid dorsal exo
skeleton accordingly, regarding as rear ex
tremity what all other authors consider to
be the anterior end. He overlooked, how
ever, the fact that the ontogenetic develop
ment of the Agnostina, as described by BAR-
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FIG. 27. Orientation of trilobite exoskeleton. Eeti/
laenus katzeri (BARRANDE) JAANUSSON, V.Ord., Boh.,

X 1 (sag., sagittal line; exsag., exsagittal line; tr.,
transverse line) (79,1954).

RANDE as far back as 1852 for several Bo
hemian species, is opposed to this interpre
tation. If RAYMOND'S views on orientation
were to be accepted, this would imply admit
ting that the agnostids differ from all other
known Arthropoda in the manner in which
new thoracic segments are developed in the
successive larval stages (see "Ontogeny of
Trilobita"). Accordingly, the accepted ori
entation of these trilobites is such that when
the animal faces forward, the pleural ex
tremities also curve forward, the marginal
spines (if present) being carried by the
"tail shield" as backwardly directed projec
tions of the posterolateral margins.

For the purpose of describing without am
biguity the length and width of trilobite
parts, the descriptions are referred to the
longitudinal and transverse directions of the
whole animal (Fig. 27). Longitudinal mea
surements, however, can be taken either
along the axial (sagittal) line of the body
(abbreviated "sag."), or along lines running
parallel to it on either side and, therefore,
"exsagittal" in position (abbreviated "ex
sag."). When a given part, such as an axial
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ring or occipital ring, is said to be "wide
(sag.)," the meaning is that its width has
been measured along the sagittal line of the
body. When "exsag." is used, as in referring
to width of a pleural segment, this means
that the measurement has been taken along
an "exsagittal line," namely, along a line
running parallel to the sagittal line on
either side of the body. Transverse measure
ments (abbreviated "tr.") are always taken
along lines transverse to the whole body.

For the purpose of describing directions
away from or toward the line of symmetry
of the body, the terms abaxial and adaxial
are used, respectively, in preference to the
ambiguous expressions "outer" and "inner."
Distal and proximal are used almost in the
same sense.

Ventral and dorsal are self.explanatory
terms, but in description of exoskeletal parts
of trilobites, the injudicious use of these
terms may lead to confusion. The name
"dorsal exoskeleton," for instance, is applied
by some paleontologists to that part of the
mineralized exoskeleton which other au
thors prefer to call "carapace." As the "dor
sal exoskeleton" has a discrete thickness, it
obviously has a dorsal or external, and a
ventral or internal surface. Moreover, the
so-called dorsal exoskeleton is not wholly
dorsal in position, having a reflected rim
(doublure) extending onto the ventral side
of the animal. Clearly, the downwardly fac
ing ventral side of the doublure is also its
external surface, conditions being exactly
the opposite to those obtaining in the truly
dorsal part of the "dorsal exoskeleton." This
may lead to descriptive expressions such as
"dorsal side of the ventral extension of the
dorsal exoskeleton" which, though per
fectly correct, should be avoided as con
fusing, its far simpler equivalent "internal
surface of the doublure of the carapace" be
ing preferable. The term "dorsal exoskele·
ton" is not fortunate, since its reflected
doublure is ventral in position. This would
not be too objectionable if the doublure in
variably were a very narrow rim, but in
many trilobites it is actually a broad band
extending a considerable distance adaxially.
In some Illaenidae, for instance, the pygidial
doublure covers more than 0.7 of the ventral
side of the pygidial region. For these rea
sons, the term "carapace," despite its differ
ent connotation in crustacean morphology,

is preferred to "dorsal exoskeleton" by some
authors, including me.

STRUCTURAL ELEMENTS
The exoskeleton of trilobites consists both

of hard mineralized integument and com
paratively soft chitinous parts. The min
eralized integument covered the dorsal side
of the body and parts of its ventral side,
whereas the nonmineralized chitinous inte
gument covered the ventral appendages. The
remainder of the ventral side of the body
was covered by a soft membrane. Most trilo
bites were capable of enrollment, and thus
the vulnerable ventral side could be pro
tected.

The chitinous covering of the appendages
is very rarely preserved, all that usually re
mains of the trilobites being the hard min
eralized exoskeleton that covered the dorsal
side of the body and certain areas of the
ventral side.

The carapace (dorsal exoskeleton) con
sists of the separate or fused areas of min
eralized integument (sderites) covering suc
cessive body segments. Each individual cov
ering of this sort is a tergite. The tergites
are longitudinally trilobed into an axial re
gion (mesotergite) and 2 side regions
(pleurotergites), which should be regarded
as lateral extensions of the axial portion. The
anterior tergites and their lateral extensions
are fused together into a single rigid tagma,
called the cephalon. Similarly, the posterior
tergites normally are fused into a single
plate called the pygidium. The part of the
carapace interposed between cephalon and
pygidium is termed thorax, being formed
of individual tergites that are movable upon
each other, articulating along their axial
portions (Fig. 28).

Ventral sclerites, consisting of separate
areas of mineralized integument (sternites),
are restricted to the cephalic region. Trilo
bites have a maximum of 3 such sternites,
which are known as rostral plate, hypo
stoma, and metastoma, the first 2 being pre
oral and the last postoral in position.

The external surface of the trilobite exo
skeleton is usually smooth, but it may be
sculptured by pits, granulations, tubercles,
radial crests, and "terrace lines." The ter
race lines, running subparallel to the mar
gins of the exoskeleton and usually arranged
in a Bertillon pattern, seem to represent
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FIG. 28. Nomenclature of exoskeleton.--A. O/enellus vermontanus (HALL) HALL, L.Cam., VSA(Ver
mont), Xl (64).--B. Phacops fecundus BARRANDE, Dev., Bohemia, Xl (2).--C. Asaphiscus whee/eri

MEEK, V.Cam., VSA(Vtah), Xl (488).
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folds of the integument comparable to those
seen in living Arthropoda (SCHULZE, 1937).
The granulations and tubercles may be per
forated, as in some Calymenidae and Chei
ruridae (noted in description of integumen
tary sensory organs).

CEPHALIC REGION
The term "cephalon" is properly applied

to the rigid plate formed of fused anterior
tergites of the trilobite exoskeleton.1 How
ever, the term is sometimes loosely extended
to embrace the internal organs, appendages,
and other parts located beneath the exo
skeletal covering or "cephalon proper." This
is a case of the name of a part being ex
tended to designate the whole, being strictly
comparable to the incorrect use of "skull"
or "cranium" to designate the head of mam
mals, birds, and other vertebrates. To avoid
confusion it is preferable to use different
terms to designate the ensemble of fused
anterior somites and the ensemble of their
fused exoskeletal coverings.

The name cephalic region is here specif
ically applied to that area of the trilobite
body formed by fusion of several anterior
somites. The term embraces, by definition,
the dorsal and ventral integuments (min
eralized or not), internal organs, and ven
tral appendages borne by the somites. The
term cephalon is here restricted, following
common usage, to the rigid tagma formed of
fused tergites of the cephalic region. It
should be apparent that though the rostral
plate, hypostoma, and metastoma are parts
of the cephalic region, they are not parts
of the cephalon.

The cephalon, being formed of fused ter
gites, is essentially dorsal in position, but it
extends ventrally into a more or less wide
reflected rim or doublure. Typically, it is
semielliptical in outline, but considerable
departure from this basic shape is seen fre
quently. In some Agnostida the cephalic
outline is almost circular, whereas in other
trilobites it may be semicircular, crescentic,
subtrapezoidal, or subtriangular (Fig. 29).
The size of the cephalon varies considerably
in relation to that of the thorax and pygi
dium. Usually the cephalon is shorter than

1 Noting that the rostral plate is commonly <though not
invariably) part of the cephalic doublure and that the
hypostoma almost universally is joined by suture or fusion
to the rostral plate <as subsequently described), C. J.
STUBBLEFIELD holds that these ventrally placed skeletal ele
ments are correctly classed as pans of the cephalon.-R.C.M.

D
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E

FIG. 29. Different cephalic shapes among trilobites.
--A. Lonchodomas rostraWs (SARS) ANGELIN, L.
Ord., Norway, X2.65 (reconstr. from 99, 1950).
--B. Dieranopeltis scabra (BEYRICH), Ord., Bo
hemia, XO.65 (after 2).--C. Eurycare latum
(BOECK) ANGELIN, V.Cam., Swed., X 4 (after 97,
1922) ,--D. Phillipsinella parabola (BARRANDE)
NOVAK, V.Ord., Scot., X4 (after 99, 1950).--E.
Ciceragnostus iruyensis (KAYSER) HARRINGTON &

LEANZA, L.Ord., Arg., X4.8 (after 19).
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FIG. 30. Cephalic nomenclature of a typical ptychopariid trilobite.

the thorax and longer than the pygidium,
but in many genera cephalon and pygidium
are of about equal size.

The cephalon is usually convex both
longitudinally and transversely. The con
vexity ranges from very slight (Dionide) to
exceptionally great (Deiphon, Sphaerexo
chus).

Longitudinal trilobation of the cephalon
gives rise to an axial raised region (glabella
and occipital ring) and 2 lateral (genal) re
gions which carry the compound eyes, if
present. In some so-called smooth trilobites
(Leiagnostus, Illaenus) the trilobation is ob
solete and the cephalon then appears as a
single evenly convex structure. In the great
majority of trilobites, the cephalon is tran
sected by paired facial sutures that separate
a middle portion (cranidium) from 2 side
regions (librigenae, "free cheeks"), which
carry the visual surface of the eyes (Fig. 30).

GLABELLA
Typically, the glabella forms a distinctly

raised area along the axis of the cephalon,
being bounded laterally by axial furrows.

These usually converge forward and grade
into a transverse preglabellar furrow that
bounds the anterior extremity of the glabella.
In some genera, a pair of anterior pits (fos
sulae) are developed at the bottom of the
axial furrows close to the anterolateral cor
ners of the glabella. In "smooth" trilobites
the axial and preglabellar furrows may be
very shallow and indistinct. In extremely
modified forms they disappear entirely, the
glabella being then undifferentiated from
the rest of the cephalon. The glabella is
bounded posteriorly by the occipital furrow,
which separates it from the occipital ring.
In some trilobites (Illaenus, Ectillaenus,
Stenopareia, Dysplanus) the occipital fur
row is obsolete, the occipital ring coalescing
with the glabella proper (Fig. 27).

Size, shape, and convexity of the glabella
are highly variable. In some genera, the
glabella is moderately convex, usually ex
tending along the posterior 0.7 of the cepha
Ion. In progressive genera it may become
inflated or globose and very large, even ex
tending for a considerable distance beyond
the anterior margin of the cephalon (Lon.

© 2009 University of Kansas Paleontological Institute



Cephalic Region

anterior border

frontol area I
d<L ir,/rpre

9
10bellor field

. - t'~II.. .... • ..·if..~

. jlll[lllll~

FIG. 31. Morphological divisions of the cephalon of a ptychopariid trilobite.
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chodomas, Fig. 29A; Raphiophorus, Fig.
32R). The shapes of glabellae are commonly
diagnostic characters of different genera
(Fig. 32).

The glabella usually retains traces of the
original cephalic segmentation. This is evi
denced by paired lateral glabellar furrows
which may vary in different genera from 5
pairs to a single pair (Fig. 33). In many
trilobites, however, the glabella lacks fur
rows, being completely smooth. The lateral
glabellar furrows mayor may not reach the
axial furrows. Their direction varies from
inward-forward to inward-backward and
their adaxial extremities may unite across
the glabella so that a pair of furrows may
form a single transglabellar furrow. For pur
poses of description, the lateral glabellar
furrows are numbered by some paleon
tologists from front to back. When only 3
pairs are present they are termed anterior,
middle, and preoccipital (or posterior). An
alternative method is to number the fur
rows from back to front, in which case the
preoccipital furrows are termed 1p (1 st from

the posterior extremity of the glabella), the
next forward pair are designated as 2p, and
so on to the foremost furrows.

In some genera (Parabolinella) the pre
occipital furrows may bifurcate at their
abaxial extremities, whereas in others (Hedi
naspis, Hypermecaspis) an intercalary pair
may be present between the occipital and
preoccipital furrows.

The paired side portions of the glabella
between successive lateral glabellar furrows
are called lateral glabellar lobes. They are
numbered either from front to back or from
back to front, much as the lateral glabellar
furrows; using the latter method, 1p corre
sponds to the preoccipital lobes. The portion
of the glabella between the preglabellar fur
row and the 1st (anterior) pair of lateral
glabellar furrows is called frontal glabellar
lobe. This may be continued backward
along the axial line of the glabella into a
central area delimited by the adaxial ex
tremities of the lateral furrows. When fron
tal lobe and central area are confluent, they
form a frontomedian lobe. In some special-
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FIG. 32. Different outlines of trilobite glabellae and occipital lobes.--A,B. Tapering forward; A, truncate
anteriorly (Hm'pides); B, rounded anteriorly (Ptychoparia).--C. Parallel-sided, rounded anteriorly
(Brassicicephalus).--D. Subquadrate (Uoydia).--E,F. Elliptical; E, lsocoltlS; F, Seleneceme.--G,H.
Evenly expanded forward, axial furrows straight; G, Ceratopyge; T, Theamataspis.--I. Pyriform
(Famatillolithus).--I-M. Expanded forward; I, Phacops; K, Sctltellum; L, lllaenopsis; M, S/lIImardia.
--N,O. Contracted at middle; N, Birmanites; 0, Phaetonellus.--P,Q. Bell-shaped; P, Apatokephallls;

Q, Teratol'izync/ms.--R. Rhomboidal (Raphiophorus). (All diagrammatic, not to scale.)

ized genera (Lichidae, Odontopleuridae)
the anterior lateral glabellar furrows are
continued backward in longitudinal fur
rows more or less parallel to the axial fur
rows. Coincidently, one or more of the lat
eral glabellar furrows may disappear, caus
ing the lateral glabellae lobes to coalesce so
as to form bicomposite and tricomposite
glabellar lobes (Fig. 34).

The frontal glabellar lobe may carry a
mesial spine, usually directed forward
(Lollchodomas) or upward-forward (Para
calmonia). In some trilobites (Telephina bi
corm's, Fig. 37D) paired glabellar spines
are developed. In many forms (Asaphidae,
Ceratopygidae), the central area of the
glabella bears a small mesial node that us
ually is located near the occipital furrow.

The paired preoccipital glabellar lobes
may become a single preoccipital lobe when
the preoccipital furrow becomes transglabel
lar. In some genera (Ditomopyge, Fig.
35A) the preoccipital lobe is longitudinally
trisected into a median preoccipital and 2
lateral preoccipital lobes, whereas in others
(Schizoproetus, Fig. 35B) a pair of small
triangular lateral lobes may be developed
close to the posterolateral corners of the
glabella. These are termed basal glabellar
lobes. In the Agnostida (Fig. 35C), which
lack a differentiated occipital ring, the basal
lobes reach the posterior margin of the
cephalon.

OCCIPITAL RING
In most trilobites the rear part of the

cephalic axis is differentiated into a distinct
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FIG. 33. Glabellar segmentation in different genera, showing decreasing number of lateral glabellar fur·
rows from 5 pam to none. A, FallotasplS; B, Dagt/inaspis; C, Latiredlichia; D, Talbotina; E, Elrathiella;

F, Piethopeitis.

D

A B c
FIG. 34. Composite lateral glabellar lobes 1fi the
Lichidae.--A,B. Bicomposite lobes (Dicranopel
tis); shaded area in schematic interpretation (A)
represents bicom posite lateral lobe resulting from
fusion of 1st (4p) and 2nd (3p) lateral glabellar
lobes.--C ,D. Tricomposite lobes (Hopioiichas);
shaded area in schematic interpretation (D) repre
sents tricomposite lateral lobe resulting from fusion
of 1st (4p), 2nd (3p), and 3rd (2p) lateral

glabellar lobes.

area called occipital ring, separated from
the posterior extremity of the glabella by
the occipital furrow. In many species, how
ever, the furrow may be shallow and indis
tinct, disconnected at the middle or even
effaced completely, in which condition
(Illaenidae, Fig. 27) an occipital ring is not
distinguished.

The occipital ring may be smooth or more
or less trisected into a middle and 2 side
portions (Hypermecaspis). It may carry
mesial or paired tubercles or spines and, in
some genera (Pagetia), the whole ring may
be drawn into a stout spine. In Fallotaspis
(Fig. 45]) and some other forms, the ring
may be more or less subdivided into anterior
and posterior bands by short lateral intra
occipital furrows directed more or less at
right angles to the sagittal line of the
cephalon.

FRONTAL AREA
In most Cambrian trilobites and in many

later genera, the glabella does not extend

FIG. 35. Preoccipital and basal glabellar lobes. A,
Ditomopyge; B, Sc!lizoproettls; C, Geragnostt/s.
(Explanation: bl, basal lobes; mp, median preocci-

pital lobes; lp, lateral preoccipital lobes).

to the anterior margin of the cephalon but
ends in a depressed region called frontal
area. The lateral and posterior boundaries
of the frontal area are not always easy to
define. In most Cambrian trilobites having
a comparatively short glabella, submedian
to subanterior eyes, and well-developed eye
ridges, there is usually no difficulty in
delineating the frontal-area boundaries. The
area is bounded laterally by anterior sections
of the facial sutures and posteriorly by the
eye ridges (facial sutures and eye ridges
described in subsequent paragraphs), or, if
these are absent, by imaginary lines con
necting the anterolateral corners of the
glabella with the anterior extremities of the
raised areas called palpebral lobes. In many
other trilobites, particularly in those pos
sessing a long glabella, submedian to pos
terior eyes, and no eye ridges, the boundaries
are difficult to define. In these the frontal
area is reduced to the part of the cranidium
directly in front of the preglabellar furrow
and bounded laterally by imaginary lines
parallel to the cephalic axis extending from
the anterolateral corners of the glabella to
the anterior margin. Sides of the cranidium
lying between these imaginary lines and an-
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terior sections of the facial sutures and sit
uated in front of the anterior extremities of
the palpebral lobes must be regarded as parts
of the lateral areas of the cranidium called
fixigenae. In trilobites devoid of facial su
tures, such as the agnostids and olene1lids,
the frontal area is also reduced to the
cephalic portion lying directly in front of the
glabella between the preglabellar furrow
and anterior margin.

In trilobites having an anterior border
furrow, the frontal area is subdivided into
a preglabellar field, between the preglabel
lar and anterior border furrows, and an an
terior cephalic border, between the border
furrow and cephalic margin. Typically, the
preglabellar field is depressed and flat, but
in some genera it may be strongly curved
forward-downward, globose, or concave.
The width (sag.) of the preglabellar field
ranges from very wide to quite narrow. In
many trilobites it is wholly absent, the pre
glabellar furrow becoming part of the an
terior border furrow.

The preglabellar field may be transected
by a mesial longitudinal ridge or furrow.
In some genera it is crossed by raised radi
ating ridges that bifurcate and anastomose
more or less irregularly.

The anterior border furrow may bear a
row of small pits (Kainella, Angelina). The
anterior cephalic border may be flat and de
pressed or raised and wirelike. It may be
either wider or narrower than the preglabel
lar field. In some trilobites it is produced
into a median process, which may bifurcate
or trifurcate, or may be developed as a
mesial spine that is actually a projection of
both the border and ventral doublure. Also,
the border may bear a row of small spines.

FIXIGENAE

In trilobites devoid of facial sutures
(agnostids, olenellids) side portions of the
cephalon, comprising areas between the
glabella and the lateral and posterior
cephalic margins, are called genal regions.
If facial sutures are present, the genal re
gions are subdivided into fixigenae and libri
genae. The fixigenae ("fixed cheeks") are
the lateral parts of the cranidium lying be
tween the glabella, facial sutures, and pos
terior cephalic margin. Their anterior boun
daries in some forms are rather ill defined.

Three areas may be distinguished in each
fixigena: (1) anterior, in front of the palpe
brallobe; (2) palpebral, between the abaxial
edge of the palpebral lobe and the glabella;
and (3) posterior, from the palpebral lobe
to the posterior margin of the cranidium.
The posterior areas may be very small and
triangular (Kainella) , long (tr.) and nar
row (exsag.) (Hungaia), or wide (tr.) and
large, as in most trilobites classed as pro
parian. The posterior border of the fixigenae
is usually differentiated by a posterior bor
der furrow. The posterior border and ventral
doublure may be produced at some point
between the axial furrows and posterolateral
corners of the genae into paired spines
termed metafixigenal, or into a row of
small spines. Spines developed at the pos
terolateral angles of the cephalon are called
genal spines.

PALPEBRAL LOBES

The palpebral lobes are lateral extensions
of the abaxial edge of the palpebral areas
of the fixigenae that may rise obliquely or
even vertically above the main fixigenal sur
face. Their abaxial margin, separated from
the visual surface of the eye by the facial
suture, may have semicircular, semiellipti
cal, or crescentic outline. The palpebral lobes
may be marked off distinctly from the rest
of the fixigenae by a palpebral furrow run
ning parallel to the outer edge of the lobe.
In many trilobites this furrow is absent, the
palpebral lobe grading into the palpebral
areas of the fixigenae without marked
boundary. In a few forms (Asaphus, En
crinurus) the palpebral lobe of the fixigenae
and the area beneath the eye (eye platform)
of the librigenae may form a more or less
tubular stalk supporting the visual surface
of the eye, which is located near the tip of
the peduncle.

EYE RIDGES

The eye ridges are raised, generally nar
row bands running across the fixigenae from
the vicinity of the anterolateral corners of
the glabella to anterior extremities of the
palpebral lobes. In most trilobites the eye
ridges spring from the axial furrows close to
the glabella, but in some Cambrian forms
(Protolenidae, Daguinaspididae) they are
direct extensions of the anterolateral portions
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FIG. 36. Different types of eye ridges.--A ,B. Trifid; A, Chotlbertella spinosa HupE, L.earn.,
Morocco, X 1.2; B, Kingaspis campbelli (KING) KOBAYASHI, L.Carn., Morocco, X 1.8 (both after 24).-
C. Bifid; Bigotina bivallata COBBOLD, L.Carn., Fr.(Normandy), X4 (after 24).--D. Normal unseg
mented ptychopariid type; EZ,'athina /ectlnda DEISS, M.Cam., USA (Montana), X2.2 (after 24).--E.
Palpebro-ocular ridge; Rossaspis superciliosa (Ross) HARRINGTON, L.Ord., USA (Idaho), x5.3 (after 49).

of the glabella. In these trilobites, the ad
axial extremity of the eye ridges may be
divided into two (Bigotina, Fig. 36C) or
three (Kingaspis, Choubertella, Fig. 36A,B)
segments, which are direct lateral exten
sions of the frontal glabellar and anterior
lateral glabellar lobes. The eye ridges may
end at the anterior extremity of the palpe
bral lobes or continue backward-outward so
as to form the whole palpebral lobe or only
its raised outer rim. The length and direc
tion of the eye ridges is variable according
to size and location of the palpebral lobes
and width of the palpebral area of the
fixigenae. In some Pliomeridae (Rossaspis,
Fig. 36E) with anterior eyes and narrow
(tr.) palpebral areas of the fixigenae, the
eye ridges and the palpebral lobes form
units termed palpebro-ocular ridges.

LIBRIGENAE
The librigenae ("free cheeks") are paired

cephalic areas extending between the facial
sutures and lateral margins. They are
usually crescentic, but variation in their
shape depends mostly on the course of the
facial sutures. In some opisthoparian trilo
bites (Basiliella) they are very large, where
as in most proparian genera they are mod
erately to very small (Pagetia). In such
genera as Entomaspis, Pteroparia, and Lo
ganopeltis, as well as in the Trinucleidae,
the Iibrigenae are almost wholly ventral in
position, practically coinciding with the
cephalic doublure.

The librigenae carry the visual surface of
the eyes, which are usually semielliptical,
crescentic, or reniform areas circling the

outer edge of the palpebral lobes. In many
trilobites the surface of the librigenae rises
more or less abruptly close to these areas,
forming a sharp-curved tract or sort of
socle (eye platform) at the base of the vis
ual surface of the eye.

CEPHALIC SPINES
Numerous species of trilobites are char

acterized by cephalic spines. These may
spring from the glabella, occipital ring, or
genae as projections of the dorsal integu
ment, or from the cephalic margins, as pro
jections of both the dorsal integument and
doublure. In many odontopleurids (Miras
pis, Ceratocephala, Acidaspis, Odonto
pleura, Radiaspis), as well as in some tele
phinids (Glaphurus), there are numerous
pairs of marginal cephalic spines produced
from the lateral and anterior margins,
whereas in some lichids (Terataspis) similar
spines are found also along the posterior
cephalic margin. These spines, which prob
ably had a defensive purpose that was effec
tive during enrollment, are secondary out
growths having no relation to the primitive
cephalic segmentation. Therefore, they have
little taxonomic value. Of considerable im
portance, on the other hand, are the 50

called genal spines that characterize many
trilobites. These are projections of the bor
der and doublure of the posterolateral ex
tremities of the cephalon, the genal angles,
which may be either carried by the libri
genae (opisthoparian condition) or carried
by the fixigenae (proparian condition).
These spines, usually hollow and circular or
subtriangular in section, may diverge
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FIG. 38. Advanced cephalic spines.--A. Menoparia genalunata Ross (Remopleurididae), L.Ord., USA
(Utah), X7.2 (after 88, 1952).--B. Sphaerophthalmus alatus (BOECK) ANGELIN (Olenidae), U.Cam.,
Swed., XI0 (after 97, 1923).--C. Laudonia bispinata HARRINGTON (OleneUidae), L.Cam., Can.(B.C.),

x2.5 (new).

abruptly sideward from the genal angles or
they may extend backward as continuations
of the curved cephalic margins.

In addition to the genal spines, some
trilobites bear 1 or 2 more pairs of marginal
spines springing from the lateral and pos
terior margins. These spines, which are of
considerable importance for taxonomic pur
poses, may be classified on the basis of their
placement with reference to the genal angle
and posterior sections of the facial sutures
(Fig. 37). Proposed classification of these
marginal spines of the cephalon is given in
the following table.

Classification of Paired Marginal Spines of
Trilobite Cephala

Located at genal angles mm m Genal
Located in front of genal angles.
Carried by genal region

(no facial sutures) m Progenal
Carried by fixigenae mm Profixigenal
Carried by librigenae n Prolibrigenal

Located behind genal angles.
Carried by genal regions

(no facial sutures) ...hm....m.mh.mmm.Metagenal
Carried by fixigenae ..nmmm..mmhmMetafixigenal
Carried by librigenae .....n.m...m"hmMetalibrigenal

Fixigenal and librigenal spines are appro
priate general terms to distinguish paired
marginal spines carried by the fixigenae and

librigenae, respectively. It should be pointed
out in this connection that the metagenal
and metafixigenal spines often have been
referred to in literature on trilobites as in
tergenal spines. The term "intergenal," as
applied to these spines, is a confusing mis
nomer, because the only spines carried "be
tween the genae" very evidently are those
borne by the occipital ring or glabella.

Typically, the genal spines spring from
the posterolateral angles of the cephalon,
but in some trilobites these and other mar
ginal spines show a marked tendency to
occupy a forward position. This tendency is
already present in the Lower Cambrian
Olenellidae. In such genera as Laudonia
(Fig. 38C) what appear to be the genal
spines actually are metagenal spines that
have migrated outward, the true genal
spines being located far forward. This ten
dency appeared independently in many
other families, such as the Redlichiidae,
Neoredlichiidae, Saukiandidae, Paradoxidi
dae, Zacanthoididae, Damesellidae, Oleni
dae, Remopleurididae, Telephinidae, Lichi
dae, and Harpidae (Fig. 38).

DOUBLURE
The cephalic exoskeleton is continued on

to the ventral side as a reflected rim or

(See facing page)
FIG. 37. Nomenclature of paired cephalic spines.--A. Olenelloides armatus PEACH, L.Cam., Scotland,
X 10 (after 83, 1894).--B. Holmia kierulfi (LINNARSSON) MARCOU, L.Cam., Swed., X 1.5 (after 78,
1887).--C. Zacanthoides romingeri RESSER, M.Cam., Can.(B.C.), Xl (after 84, new).--D. Telephina
bicornis (ULRICH), M.Ord., USA (Virginia), X2.9 (after 94, 1930).--E. Sphaerocoryphe d. granulatus
(ANGELlN), Ord., Estonia, X3 (after 24).--F. Paracalmonia cuspidata (CLARKE), L.Dev., S.Am.(Brazil),

XO.75 (after 73, 1913).

© 2009 University of Kansas Paleontological Institute



054 T rilobitomorpha-T rilobita

B

anterior wing

;/

laterol notch~I_~ .--l

shoulder

..~ posterior lobe

A posterior border

anterior margin

anterior border

FIG. 39. Nomenclature of hypostoma, illustrated by Ceraurinella typa B.N. COOPER, M.Ord., USA (Virginia) ,
X5. A, Exterior view; B, oblique interior view (after 71).

doublure of variable width (Figs. 43,48).
The doublure is usually marked by terrace
lines, which run subparallel to the margins
of the cephalon, being arranged in a Bertil
lon pattern. The soft ventral membrane was
attached to the inner edge of the doublure.

ROSTRAL PLATE
In addition to the doublure, 3 sternites

may be present on the ventral side of the
cephalic region. The most anterior of these
is the rostral plate, which may be separated
from the doublure by a transverse rostral
suture and by paired longitudinal connec
tive sutures. The other sternites are named
hypostoma and metastoma.

The rostral plate may be a large crescentic
plate extending from the vicinity of one
genal angle to the other, as in Olenellidae
(Fig. 48B-D); a moderately wide (tr.) and
short (sag.) plate, as in most ptychopariids
(Fig. 48£); a small, narrow (tr.) band, as
in many Pliomeridae; or a small subtri
angular plate, as in the Homalonotidae (Fig.
48H). In the last-mentioned family, the
rostral plate is partly dorsal in position. In
progressive trilobites (Asaphidae, Nileidae,
Phacopidae), a rostral plate is absent.

HYPOSTOMA

The 2nd sternite, called the hypostoma,
covers the mouth region. Typically, it has a
general ovoid outline (Figs. 39-41), con
sisting of a median body convex adventrally,
and a surrounding flat, convex, or concave
border that is bent into a dorsal doublure.
The median body may be subdivided by a
more or less distinct median furrow into a
larger, more convex anterior lobe and a
smaller, flatter posterior lobe. Also, the
median body may bear a pair of varyingly
elongated protuberances, termed maculae,
usually located near the abaxial extremities
of the median furrow.

The hypostomal border, subdivided into
anterior, lateral, and posterior parts, is us
usually separated from the median body by a
shallow border furrow. The anterior border
is narrow mesially, widening laterally into
a pair of anterior wings, each of which may
carry a rounded boss or thornlike structure
(wing process), located on the interior (dor
sal) surface near their abaxial tips. A corre
sponding pit is located on the exterior (ven
tral) surface of the wings. The anterior
wings are separated from the lateral borders

(See facing page)

FIG. 40. D!fferent views of the hypostoma of Ceraurinella typa COOPER, M.Ord., USA (Virginia) (after 71).
A,B, Extenor ventral and obhque view; C-E, posterior. anterior, and lateral views' F G interior dorsal and
oblique view; H, cranidium and hypostoma mounted in approximate relative 'na~u;al position, oblique

ventral view (A-G, X6.7; H, X5.8).
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FIG. 41. Cephalic region of Olenoides serratus
(ROMINGER) KOBAYASHI, M.Cam., Can.(B.C.), Xl
(after 60) (Explanation: h, hYPosIoma; m, rneta
stoma; a, antenna; 1-4, ?fragments of the 4 biram-

ous cephalic appendages).

by deep lateral notches. Immediately be
hind the notches, the lateral border usually
reaches maximum width in a somewhat in
flated area (shoulder) that projects ven
trally. Behind the shoulder, the doublure of
the lateral border may be projected into
a pair of posterior wings. These are exten
sions of the doublure and not parts of the
border. The notches have been interpreted
(WHITTINGTON & EVITT, 1953) as passage
ways for the forwardly directed antennae of
the trilobites, and the ventral bosses on the

tips of the anterior wings are thought to be
places of attachment of the antennary mus
cles.

The posterior border of the hypostoma
may be very wide (Kanoshia, Fig. 42,33), or
narrow (Nileus, Fig. 42,17), and the corre
sponding posterior margin may be evenly
rounded (Callavia, Scutellum, Fig. 42,18),
pointed (Pseudocybele, Fig. 42,31), or ser
rated (Fremontella, Fig. 42,4). The lateral
margins may grade into the posterior mar
gin in an uninterrupted curve (Dalmanitina,
Fig. 42,38), or the posterolateral angles of
the hypostoma may be produced into a pair
of spinelike projections (Hypodicranotus,
Fig. 43D; Asaphus, Fig. 42,14). In the first
case the hypostoma is said to be "entire" or
to have an "entire posterior margin," where
as in the second it is said to be "bifurcated"
or to have a "bifurcated posterior margin."

Hypostomas have been described in less
than a third of known species of trilobites.
In most they are detached plates found asso
ciated with other parts of a given species.
Only in comparatively few fossils has the
hypostoma been found in situ, preserving
its original relation to other cephalic parts.
The study of these specimens shows that 3
different types of hypostomal attachment
existed among trilobites: (1) fused with the

FIG. 42. Different shapes of hypostomata.--l. Callavia broeggeri (WALCOTT) MATTHEW (Olenellidae),
L.Carn., Can., X I (after 64) .--2. Olenellus thompsoni (HALL) HALL (Olenellidae), L.Carn., USA
(Tenn.), X2.8 (after 64).--3. Wanneria walcottana (WANNER) WALCOTT (Olenellidae), L.Carn., USA
(Pa.), Xl (after 64).-4. Fremontella halli (WALCOTT) HARRINGTON (Olenellidae), L.Carn., USA (Ala.),
X 12 (after 64).--5. Paradoxides oelandiclls ANGELIN (Paradoxididae), M.Cam.. Swed., X3 (after 31).
~. Paradoxides harlani GREEN (Paradoxididae), M.Cam., USA (Mass.), X 1.2 (after 91, 1944).-
7. St"enuaeva primaeva (BR¢GGER) KIAER, L.Carn., Norway, XIO.7 (after 28).-8. Kootenia lakei
(COBBOLD) (Dorypygidae), M.Cam., Eng., X2.5 (after 30, 1938).--9. Mexicaspis stenopyge LOCHMAN
(Zacanthoididae), M.Carn., Mexico, X4 (after 81, 1948).--10. Dikelocephalus minnesotensis OWEN
(Dikelocephalidae), U.Carn., USA, X l.1 (after 95, 1930).--11. Damesella blackwelderi WALCOTT,
(Damesellidae), M.Cam., China, Xl.1 (after 96, 1913).--12. Saukiella indenta ULRICH & RESSER
(Saukiidae), U.Carn., USA(Wis.), X2.8 (after 95, 1930).--13. Parabolina jemtlandica WESTERGARD
(Olenidae), U.Carn., Swed., X5 (after 97, 1922).--14. Asaphus (Neoasaphus) ludibundus TORNQUIST
(Asaphidae), M.Ord., Swed., XI.65 (after 79, 1953).--15. Megistaspis (Megistaspis) d. elongata
(SCHMIDT) JAANUSSON (Asaphidae), M.Ord., Estonia, X1.9 (after 31).--16. Asaphellus homfrayi
(SALTER) CALLAWAY (Asaphidae), L.Ord.(Tremadoc.), Eng., X1.22 (after 30, 1942).--17. Nileus arma
dillo DALMAN (Ni1eidae), Ord., Swed., X3 (after 31).--18. Scutellum polyactin (ANGELIN) (Thysano
peltidae), U.Sil., Swed., X2.8 (after 31).--19. Eobronteus lunatus (BILLINGS) WILSON (Thysanopelti
dae), M.Ord., Can., X3 (after 92, 1949).--20. Plalillaenus ladogensis (HOLM) JAANUSSON (Illaenidae),
L.Ord., Swed., X2.3 (after 31).--21. lllaenus sarsi JAA"USSON (Illaenidae), Ord., Norway, X 1.75 (after
79, 1954).--22. Stenopareia linnarssoni (HOLM) HOLM (Illaenidae), M.Ord., Swed., X2.5 (after 79,
1954).--23. Proetus signatus LINDSTROM (Proetidae), Sib., Swed., X4 (after 31).--24. Proetus (Pro~

ttls) coneinnus (DALMAN) (Proetidae), Sib., Swed., X4 (after 87, new).--25. Paladin (Paladin) helml
sensis WHITTINGTON (Phillipsiidae), U.Miss., USA(Tex.), X5.6 (after 99, 1954).--26. Lioharpes ve~ulo
StiS (HAWLE & CORDA) (Harpidae), L.Dev., Bohemia, X1.85 (after 99, 1950).--27. Eoharpes przmus
(BARRANDE) RAYMOND (Harpidae), L.Ord.. Bohemia, X3.4 (after 99, 1950).--28. Cryptolithus tesselalus
GREEN (Trinucleidae), M.Ord., USA(N.Y.), X10.5 (after 41).--29. Ampyx linleyensis WHITTARD
(Raphiophoridae), L.Ord., Eng., x3.35 (after 98,1955).--30. Cheirurus insignis BEYRICH (Cheiruridae),
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.Ord., Bohemia, X 1.25 (after 2).--31. Pseudocybele nasuta Ross (Pliomeridae), L.Ord., USA (Utah) ,
8.3 (after 49).--32. Tesselacauda depressa Ross (Pliomeridae), L.Ord., USA (Idaho) , X7 (after 49).
-33. Kanoshia kanoshensis (HINTZE) HARRINGTON (Pliomeridae), L.Ord., USA (Utah), X4 (after 77,
152).--34. Cybeloides virginiensis B.N. COOPER (Encrinuridae), M.Ord., USA (Virginia) X3.7 (after 74,
153).--35. Flexicalymene senaria (CONRAD) WHITTINGTON (Calymenidae), M.Ord., USA (N.Y.), X6
fter 75, 1953).--36. Homalonotus knighti KONIG (Homalonotidae), U.Sil., Eng., X2.5 (after 89,
:65).--37. Phacops fecundus BARRANDE (Phacopidae), Sil., Bohemia, Xl.l (after 2).--38. Dal
anitina socialis (BARRANDE) REED (Dalmanitidae), Ord., Bohemia (after 2).--39. Lichas laciniatus
1,7AHLENBERG) HISINGER (Lichidae), U.Ord., Swed., X 1.4 (after 67).---40. Ceratocephala laciniata

WHITTINGTON & EVITT (Odontopleuridae), M.Ord., USA (Virginia), X9 (after 71).
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FIG. 43. Relative lengths of hypostomata in different genera, shown by carapaces and hypostomata in ventral
view, with doublure, rostral plate, and hypostoma in white, and ventral (internal) surface of carapace
shaded.--A. Stygina lati/rons PORTLOCK (Styginidae), U.Ord., Ireland, X 1.7 (after 99, new).--B.
CheirurrtS gibbus BARRANDE (Cheiruridae), Sil., Bohemia, X 0.65 (after 2) .--C. Phillipsinella parabola
(BARRANDE) NovAK (Phillipsinellidae), U.Ord., Scot., X4 (after 99, 1950).--D. Hypodrcmnotus

striatulus (WALCOTT) WHITTINGTON (Remopleurididae), U.Ord., USA(N.Y.), X1.6 (after 99, 1952).

rostral plate, forming a single "rostral-hypo
stomal plate" (Fig. 44); (2) attached to the
rostral plate or anterior cephalic doublure
(if rostral plate was lacking) by means of a
hypostomal suture that could be either
functional or in a state of complete or
partial symphysis; and (3) attached to the
rostral plate or anterior cephalic doublure
by a stalk or peduncle. In some trilobites the
hypostoma was "free," not attached by any
plate to the cephalon, but supported by the
soft ventral membrane.

No hypostomas have been found asso
ciated with any agnostid and only in Pagetia
among eodiscid trilobites. RASETTI has men
tioned that in enrolled silicified specimens
of agnostids, no hypostoma is to be found
inside the tightly closed "box" formed by
the enrolled specimen. The absence of a
hypostoma, however, may be due to the
fact that the plate was not mineralized in
the agnostids and, therefore, not preserved.
In the Eodiscidae, the apparent lack of
hypostomas probably is due to faulty rec
ords. Judging by the close relationship be
tween Eodiscidae and Pagetiidae, it is only
natural to suppose that the Eodiscidae pos
sessed a small hypostoma, just as in the
Pagetiidae.

METASTOMA
The 3rd sternite is postoral in pOSItIOn.

It consists of a very small concave plate
that seems to have been supported by the
ventral membrane immediately behind the
mouth. The metastoma is known only in a
few genera, notably Olenoides (Fig. 41),
Triarthrus, and Phacops (Fig. 57B).

SUTURES
Trilobites are typically distinguished by

the presence of cephalic sutures. These are
very narrow, almost lineal bands where the
exoskeleton remained soft and unca1cified.
They transect the mineralized integument
of the cephalon and its ventral doublure.
Typically, the sutures were lines of weak
ness along which the cephalic exoskeleton
could break apart into isolated pieces at
times of molting (ecdysis). Cephalic sutures
are wholly lacking in some trilobites, p~r

ticularly the agnostids and eodiscids, and III

many others they are in such a state of
partial or complete symphysis that obviously
they could not have functioned in ecdysis.

FACIAL SUTURES

The name facial suture (sutura facialis)
was introduced by DALMAN (1827) for the
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FIG. 44. Rostral-hypostornal plate resulting from ankylosis of hypostornal suture.--A. Holmia k;erulfi
(LINNARSSON) MARCOU (Olenellidae), L.Carn., Norway, XO.4 (after 28).--8. Redlichia noetlingi (RED
LICH) COSSMAN (Redlichiidae), L.Carn., W.Pakistan, X2.7 (after 90, 1955).--C. Paradoxides davidis
SALTER (Paradoxididae), M.Carn., G.Brit., X2.65 (after 30, 1935).--D. Fieldaspis jurcata RASETTI
(Zacanthoididae), M.Carn., Can., X3 (after 84, new).--E. Oryctocephalus walcotti RESSER (Orycto-

cephalidae), M.Carn., USA (Idaho), X6.65 (after 39).

most conspicuous and typical of all cephalic
sutures. They appcar as a pair of fine im
pressed lines that start symmetrically on
the posterior or lateral doublure, cross the
cephalic border, and take symmetrical
courses along the dorsal surface of the
cephalon bounding the adaxial side of the
visual surface of the eyes; thence they con
tinue forward to unite anteriorly on the
dorsal side, along the margin, or on the
ventral side (doublure) of the cephalon. If
the sutures meet anteriorly on the dorsal
side, they are said to be dorsal-intramarginal
anteriorly. If they meet along the margin,
the sutures are described as marginal an
teriorly. If they meet along the ventral side,
the sutures are ventral-intramarginal an
teriorly. So far as known, the pairs of facial
sutures invariably meet anteriorly. RESSER'S
unpublished reference, mentioned by RICH
TER (1933) and STUBBLEFIELD (1936), of a
type of facial sutures in which individuals of
the pair extend onto the anterior doublure
without connection between them has not
been substantiated. RASETTI (1952) pointed
out that this condition may exist in the
Pagetiidae, but it seems likely that even in
these trilobites the anterior parts of the
facial sutures were connected by a transverse
marginal suture.

Each of the symmetrical pair of facial
sutures is subdivided for descriptive pur
poses into an anterior section (incorrectly
called "anterior branch"), extending from
the anterior margin to the eye, and a pos
terior section ("posterior branch"), extend
ing from the eye to the posterior or lateral
margins. Facial sutures are classed as opis
thoparian, proparian, and gonatoparian, ac-

cording to whether the posterior sections
intersect the posterior margin, lateral mar
gin, or genal angle of the cephalon. In opis
thoparian sutures the posterior sections cut
the posterior cephalic margins in a manner
that makes the genal angles or spines carried
by the librigenae. In proparian sutures, the
posterior sections cut the lateral cephalic
margins in front of the genal angles, which,
therefore, are carried by the fixigenae. In
gonatoparian sutures, the posterior sections
of the facial sutures bisect the genal angles.

The course of both the anterior and pos
terior sections of the facial sutures shows
considerable variation in different genera of
trilobites. The anterior sections may diverge
in forward direction (Ptychoparia, Fig.
45E), run subparallel (Odontochile, Fig.
45C), converge (Flexicalymene, Fig. 45D),
or be retrodivergent (directed outward
backward, as in Entomaspis, Fig. 451). The
posterior sections may vary from very short,
directed outward-backward, cutting the pos
terior margin very close to the occipital ring
(Kainella, Fig. 45F), to long, directed out
ward-forward, cutting the lateral margin
well in front of the genal angles (Burlingia,
Fig. 45B).

No attempt has been made to classify all
possible variations of the facial sutures, but
certain recurrent patterns found in different
trilobites have received special names. Only
2 types of proparian sutures deserve such
designations. (I) One of these is the bur
lingiiform type, in which the anterior and
posterior sections of the sutures are subpar
allel, diverging outward-forward at an
angle of about 45° to the axial line of the
cephalon (Burlingia, Fig. 45B). (2) The
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other is the dalmanitiform type, in which
the anterior sections of the sutures meet on
the dorsal side of the cephalon, being wholly
dorsal-intramarginal (Odontochile, Fig.
45C).

Several types of opisthoparian sutures
have received special names. (3) The term
cedariiform (or pseudoproparian) is applied

to the type in which the posterior sections
of the sutures swing behind the eyes so as
to intersect the adaxial portions of the lat
eral borders and thence swing inward-back
ward to the posterior margin of the cephalon
(Cedaria, Fig. 45G). When the librigenae
of species possessing cedariiform sutures are
not preserved, it is often difficult to dis-

FIG. 45. Types of facial sutures.--A-C. Proparian sutures; A, cheirurid type, Ceraurinella typa B. N.
COOPER, M.Ord., USA(Virginia), X35 (after 71),B. burlingiiform type, Burlingia hectori WALCOTT, M.
Cam., Can., X9.3 (after 96, 1908); C. dalmanitiform type, Odontochile hausmanni (BRONGNIART) HAWLE
& CORDA, Dev., Boh., X 1 (after 2).--F. Gonatoparian suture; Flexicalymene senaria (CONRAD) WHIT
TINGTON, M.Ord., USA(N.Y.), X3.5 (after 70).--D.E,G-I. Opisthoparian sutures; D, kainelliform type,
Kainella meridionalis KOBAYASHI, L.Ord., S.Am.(Arg.), XO.73 (after 19); E, ptychopariid type, Ptychoparia
stt'iata (EMMRICH) HAWLE & CORDA, L.Ord., Boh., X 1 (after 2); G, cedariiform type, Cedaria prolifica
WALCOTT, U.Cam., USA(Ala.), XI.6 (after 81,1948); H, isoteliform type, Isotelus gigas DEKAY, M.Ord.,
Can., Xl.2 (after 84, 1912); I, entomaspidiform.type, Entomaspis radiattls ULRICH, U.Cam., USA(Mo.),
XS.6 (after 448, 1952).--1, Metaparian sutures; Fallotaspis taxemmourtensis HupF., L.Carn., Afr.

(Morocco), XU3 (after 24).
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FIG. 46. Evolution of the facial sutures in the loganopeltid stock of the Harpidae.--A. Loganopeltoides
hndlei RASETTI, U.Cam., Can. (Newf.), X5.4.--B. Loganopeltoides zenkeri (BILLINGS) RASETTI, U.Cam.,

Can.(Que.), X4.65.--C. Loganopellis depressa RASETTI, L.Ord., Can.(Que.), X3.3 (All after 38).

tinguish this kind of opisthoparian sutures
from the true proparian type. (4) In the
ptychopariiform type, anterior sections of
the facial sutures have a more or less straight
course from the eyes to the anterior margin
of the cephalon, where adaxially they be
come marginal or ventral-intramarginal to
the mid-line (Ptyehoparia, Fig. 45E). (5)
In the kainelliform type the anterior sec
tions first diverge strongly in front of the
eyes and then bend sharply inward-forward,
cutting very obliquely the anterior border
of the cephalon and meeting mesially either
on the dorsal side or marginally (Kainella,
Fig. 45F). (6) The terms isoteliform and
niobiform formerly were used to distinguish
2 supposedly different types of opisthoparian
sutures within the family Asaphidae. In iso
teliform sutures the anterior s.ections meet
in a more or less pointed ogive at the mid
point of the anterior margin of the cephalon
and are, therefore, wholly dorsal-intramar
ginal (/sotelus, Fig. 45H). Niobiform su
tures were regarded as being marginal an
teriorly, that is, with anterior sections along
the margin for a certain length. This type
of sutures was believed to characterize the
genus Niobe (hence niobiform), but LAKE
(1942) was able to prove that in this genus
the anterior suture sections are wholly dor
sal-intramarginal even if they run very close
to the cephalic margin. Clearly, then, the
term niobiform is inappropriate. (7) Lastly,
the name entomaspidiform may be applied
to the peculiar type of opisthoparian sutures
in which the anterior sections are retrodi
vergent, running outward-backward from
the eyes to the lateral margins (Entomaspis,
Fig. 45/). In such genera as Entomaspis and
Hypothetiea, the anterior sections of the

sutures reach the lateral cephalic margins
just in front of the genal spines and then
run marginally to the anterior mid-point of
the cephalon. In these genera, the librigenae
are reduced mostly to the ventral side
(doublure), with a narrow dorsal extension
between the eyes and the posterolateral
areas of the cephalon.

In some genera of trilobites belonging to
families in which the presence of well-de
veloped facial sutures is the general rule,
the sutures may become ankylosed and non
functional, and eventually traces of them
may disappear entirely. This is frequently
the case with blind trilobites, but many gen
era characterized by normal eyes also show
this "regression" which, as in some Cono
coryphidae and Proetidae, clearly preceded
the reduction and final disappearance of the
eyes.

The disappearance of facial sutures is ac
complished in 2 different ways: (1) by
migration of the anterior and posterior sec
tions preceding ankylosis, and (2) by direct
ankylosis without previous migration of the
sections. The 1st mode is excellently illus
trated in the Harpididae. RASETTI (1945,
1948) has shown that in Loganopeltoides
kindlei (Fig. 46A) and L. minutus, from
the Upper Cambrian of Newfoundland and
Quebec, respectively, the sutures are bur
lingiiform, the anterior and posterior sec
tions running outward-forward, initially
approaching each other but not coming to
gether, then diverging slightly and curving
near the lateral margins to become marginal,
the anterior section running forward in the
mid-line and the posterior section running
backward to the genal angle. Thus, the
librigenae are ventral in position, corre-
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FIG. 47. Lateral migration of the facial sutures accompanying migration, reduction, and disappearance of
the eyes in the Phacopidae.--A. Phacops ei>'eumspeetans PORTLOCK, V.Dev., Ger.--B. Phacops wede
kindi RICHTER & RICHTER, V.Dey., Ger.--C. CrypllOps? ensae (RICHTER & RICHTER), V.Dey., Ger.--
D. Trimeroeephalus mastophthalmus (REINH. RICHTER), V.Dev., Ger.--E. Dianops limbata (REINH.

RICHTER), V.DeY., Ger.--F. Due/ina due/ilrons (RICHTER & RICHTER), V.Dey., Ger. (All after 47.)

sponding to the cephalic doublure, with a
narrow bandlike extension on to the dorsal
side between the eyes and anterolateral mar
gins of the cephalon. In L. zenkeri, from
the Upper Cambrian of Quebec (Fig. 46B),
the 2 sections have fused into a single suture
running outward-forward along a narrow
crest extending from the eye to the antero
lateral margin of the cephalon. Lastly, in
Loganopeltis depressa, from lowermost
Ordovician rocks of Quebec (Fig. 46C), all
traces of facial sutures have disappeared and,
presumably, all that remains of them is an
entirely marginal suture running all along
the edge of the cephalon from one genal
angle to the other.

In many other trilobites regression of
facial sutures was accomplished "in situ,"
without previous migration of the sections.
In many Phacopidae, for instance, where
the facial sutures are apparently continuous
and well developed, they were evidently non
functional in ecdysis. This seems clear from
the fact that the cephalic exuviae of many
species (hard cephalic exoskeleton shed dur
ing molting) consist of a single piece, the
librigenae being still firmly attached to the
cranidium (Fig. 83). Therefore, although
the sutures are still clearly observable,
they must be regarded as in a state
of symphysis. Curiously enough, in certain
Phacopidae the nonfunctional sutures dis
appeared by outward migration of the sec
tions, accompanying outward migration, re
duction, and final disappearance of the eyes.
This is seen in the Phacops circumspeetans
Duetina duetifrons series of Late Devonian
age, as shown by RICHTER & RICHTER (1926)
(Figs. 47, 291).

The nonfunctional character of the su
tures leading to final disappearance is beau-

tifully shown by the blind proetid Typhlo
proetus, in which the facial sutures are well
developed except for the rear extremities of
the posterior sections that have vanished.
Though it is generally true that in blind
trilobites, like the Conocoryphidae and
Raphiophoridae, the facial sutures tend to
migrate outward and become more or less
dorsal-intramarginal, this migration and dis
appearance are not related necessarily to
migration, reduction, and final disappear
ance of the eyes. This is clearly shown by
such blind proetids as Drevermannia, Carni
cia, Palpebralia, and Formonia, which,
though lacking eyes, possess well-developed
facial sutures, or, reversing the conditions,
by Braehymetopus, which possesses well
developed eyes though generally lacking
facial sutures.

METAPARIAN SUTVRES

The Olenellidae and related trilobites
have a functional wholly ventral-intramar
ginal suture separating the cephalon from
a large crescentic or horseshoe-shaped rost
ral plate. The great majority of species lack
facial sutures, but a few forms are char
acterized by the presence of peculiar lines
or fine "ocular ridges" that spring from the
anterior and posterior extremities of the eye
lobes, curving backward toward the pos
terior margin of the cephalon. Some au
thors (FORD, WALCOTT in early papers,
BEECHER, MOBERG, KIAER, W ARBURG) have
been inclined to regard these lines as the
last traces of fused facial sutures of opistho
parian type, whereas others (LINDSTROM,
WALCOTT in later papers, SWINNERToN,
POULSEN, STUBBLEFIELD, ST~RMER) have
been prone to regard them as sutures in
process of development, as wrinkles orig-
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inated during entombment, or as structures
with no sutural significance. Until 1953 the
discussion was centered on a few European
and North American forms, such as Kjerul
fia lata, Holmia kjerulfi, and some species
of Paedeumias and Wanneria. In all these
trilobites, even in better-preserved speci
mens, only the posterior ("postocular")
ridges, springing from the posterior extrem
ity of the eye lobes, are completely developed
and reach the posterior cephalic margin. The
anterior ("preocular") ridges, springing
from the anterior extremity of the eye lobes
and swinging backward in a gentle curve,
were found to vanish before reaching the
posterior border of the cephalon. This led
several authors to regard the preocular
ridges as impressions left on the dorsal side
of the cephalon by the inner edge of the
rostral plate, an hypothesis which seemed
substantiated by the well-known thinness
of the olenellid exoskeleton and by the fact
that in some species the structures regarded
as preocular ridges, instead of springing
from the anterior extremity of the eye lobes,
originate in the axial furrows well in front
of the eyes. The fact that both the preocular
and postocular ridges are raised crests was
also used as an argument against their su
tural significance. However, RASETTI'S stud
ies on Loganopeltoides have shown that
facial sutures in process of disappearance
may run along the crests of fine raised
ridges; also, WHITTINGTON & EVITT have
shown that in silicified specimens of Di
meropyge vit'giniensis the facial sutures are
located on narrow crests which they termed
"sutural ridges." Though it is evident that
in some olenellids (i.e., Laudonia) the an
terior ridges are best regarded as impres
sions of the inner edge of the rostral plate,
this explanation cannot be applied to fos
sils in which the ridges exactly join the an
terior extremity of the eye lobes.

In recent years, Hup.E's studies on the
Lower Cambrian faunas of Morocco have
led to discovery of several olenellid genera
which seem to provide an acceptable answer
to this much discussed problem. In such
genera as Fallotaspis (Fig. 45f) and Daguin
aspis both the preocular and postocular
ridges are fully developed, the preocular
ridges actually reaching the posterior ce
phalic margin adaxially from the genal
angle. In these genera, the preocular and

postocular ridges are independent structures
from the "pseudo-preocular ridges" (im
pression of the inner edge of the rostral
plate) and the metagenal ridges, respec
tively, and little doubt can remain that the
preocular and postocular ridges actually
represent completely ankylosed facial su
tures. The name metaparian sutures was
used by RAW (1925) to distinguish this
peculiar type of nonfunctional opisthoparian
sutures in which both sections are directed
outward-backward and cut the posterior
margin of the cephalon.

ROSTRAL AND PERROSTRAL SUTURES

In typical ptychopariid trilobites having
a rostral plate and facial sutures, the an
terior sections of the sutures become mar
ginal on reaching the edge of the cephalon
or continue on to the anterior doublure,
becoming ventral-intramarginal and meet
ing at a point located on the sagittal line.
This transverse marginal or ventral-intra
marginal suture connecting the cranidium
with the rostral plate is called rostral suture.
However, it can be regarded as being an
integral part of the dorsal cephalic suture
system and the name "grande suture" was
used by BARRANDE for the ensemble of facial
and rostral sutures, which he regarded as
forming a single structure. This is also the
view of some modern authors (RASETTI,
HUPE), and others (KIAER, WARBURG, HEN
RIKSEN, RICHTER) believe that the rostral
suture is a structure independent of the
facial sutures.

Evidently, the rostral suture can be dis
tinguished as such only if a rostral plate is
present. If this plate is absent, as in the
saukiids, asaphids, nileids, dalmanitids, and
other trilobites, the facial sutures become
indistinguishable from BARRANDE'S grande
suture, for it should be clear that in these
forms rostral suture cannot be used as
designation of the transverse anterior sec
tion (dorsal-intramarginal, marginal, or
ventral-intramarginal) connecting the an
terior sections of facial sutures.

The name perrostral suture was applied
by RICHTER to the functional ventral-intra
marginal suture of olenellids. This suture
extends in a semicircle or semiellipse from
the vicinity of one genal angle to the other,
and becomes definitely ventral in the pos
terolateral areas of the cephalon where it
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A B

FIG. 48. Cephalic types defined by suture patterns.--A. Agnostid type, Phalacroma glandijorme (ANGE'
UN) WESTERGARD, M.Cam., Swed., X3.3 (after 97, 1946).--B. Olenellid type, Kjerulfia lata KIAER,
L.Cam., Swed., XO.5 (after 28).--C. Paooeurniid type, Paedeumias transitans WALCOTT, L.Carn., USA
(Vermont), X2.5 (after 64).--D. Holrniid type, Holmia kjemlfi (LINNARSSON) MARCOU, L.Carn., Swed.,
X 1.85 (after 28) .--E. Ptychopariid type, DysplamlS ccntrottls (DALMAN) BURMEISTER, L.Ord., Swed.,
XI.2 (after 79, 1954).--F. Dirneropygid type, Dimcropygc tJirginic'nsis WHITTINGTON & EVITT, M.Ord.,
USA (Virginia), X21.7 (after 7l).--G. Corynexochid type, Fie/daspis furcata RASETTI, M.Carn., Can.
(B.C.), XU (after 84, 1951).--H. Hornalonotid type, Dipleura dekayi GREEN, M.Dev., USA(N.Y.),
XO.8 (after 17).--1. Bathynotid type, Bathynotus holopygus (HALL) HALL, L.Carn., USA (Vermont),
X2 (after 81, new).--J. Asaphid type, Lachnostoma latucelsum Ross, L.Ord., USA(UIah), X7.45 (after
49).--K. Nileid type, Nileus armadillo DALMAN, Ord., Swed., X 1.5 (after 1, 1854, and 2).--L.
Phacopid type, Odontochilc hausmanni (BRONGNIART) HAWLE & CORDA, Dev., Bohemia, X 1.25 (after 2).
--M. Trinucleid type, Cryptolithus tcssclatus GREEN, M.Ord., VSA(N.Y.), X3 (after 70, and 85, 1930).

--N. Harpid type, Paraharpes hornei (REED) WHITTINGTON, V.Ord., Scot., X2 (after 99, 1950).

© 2009 University of Kansas Paleontological Institute



Cephalic Region 065

FIG. 48 (Continued from facing page)

swings inward-backward in a gentle curve
across the base of the genal angle, finally
ending at the inner edge of the ventral
doublure (Kjerulfia, Paedeumias, Holmia,
Fig. 48B-D). If the metaparian sutures of
the olenellids is accepted as an ankylosed
opisthoparian structure, the perrostral su
ture may be regarded as the equivalent of
the rostral suture of most ptychopariid trilo
bites, and as the only part of the grande
suture which has remained functional.

CONNECTIVE AND MEDIAN SUTURES

In most ptychopariids possessing a rostral
plate, a pair of symmetrical sutures springs

from the abaxial extremities of the rostral
suture- and crosses the anterior cephalic
doublure so as to reach its inner edge.
These are connective sutures that bound the
rostral plate abaxiallY' separating it from
the doublure of the librigenae. The con
nective sutures are usually wholly ventral,
but in the Homalonotidae (Fig. 48H) they
are partly dorsal. They may be (1) widely
separated from each other (with rostral
plate wide, tr., as in Dysp/anus, Fig. 48E);
(2) very close to each other (rostral plate
reduced to narrow band, as in Pliomeridae
and Encrinuridae); or (3) they may con
verge to the mid-point of the internal edge
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of the doublure (rostral plate more or less
triangular in outline, as in Dipleura, Fig.
48H).

In some trilobites, notably the Asaphidae
(Fig. 48/), the connective sutures coalesce
into a single median suture that runs along
the sagittal line of the doublure, and the
rostral plate disappears. In the Nileidae
(Fig. 48K), which are closely related to the
Asaphidae, the median suture disappears
through ankylosis and the doublures of the
librigenae are confluent along the sagittal
line. The phacopid trilobites also lack a
connective or median suture.

MARGINAL AND SUBMARGINAL SUTURES

Some trilobites, notably the Harpidae,
which lack facial sutures, possess a marginal
suture, which runs all along the outer edge
of the cephalon separating the dorsal exo
skeletal plate from the ventral doublure
(Fig. 48N). In these trilobites, the suture is
located along the mid-line of the cephalic
rim, along the anterior and lateral margins,
as well as adaxial margins of the prolonga
tions. The suture is, therefore, wholly mar
ginal.

In the Trinucleidae and Dionididae (Cryp
tolithus, Fig. 48M) the suture is marginal
or dorsal-intramarginal almost all around
the cephalon, but becomes dorsal near the
posterolateral extremities of the shield,
obliquely cutting over the base of the genal
spines, which are connected directly with
the ventral doublure (called "lower lamella"
in the Trinucleidae). The suture, therefore,
may be described as marginal to submar
ginal with dorsal posterior extremities. It is
conceivable that the trinucleid suture may
have been developed from facial sutures of
cedariiform type, resembling those of
Orometopus, suffering the following modi
fications: (1) backward migration of an
terior sections of the sutures, passing
through an entomaspidiform stage; (2)
fusion of the anterior and posterior sections;
and (3) ankylosis and final disappearance
of the suture. This has been suggested by
RASETTI (1952). The peculiar double meta
genal ridges of Dionide, directed outward
backward toward the genal angles, suggest
that they represent the ankylosed posterior
and anterior sections of sutures of ento
maspidiform type.

In the Raphiophoridae the suture is dor
sal-intramarginal to submarginal with dor
sal posterior extremities. In the Conocory
phidae it is submarginal to distinctly mar
ginal, approaching the trinucleid condition
(Conoeoryphe, Ctenoeephalus). This suture,
however, is not homologous to the trinu
cleid suture, as it seems to have been de
rived from both the anterior and posterior
sections of normal opisthoparian sutures
that have migrated outward, as in the
phacopid Duetina (Fig. 47F). The trinu
cleid suture, on the other hand, seems to
have been developed almost exclusively
from the anterior sections of opisthoparian
sutures of entomaspidiform type.

HYPOSTOMAL SUTURE

The hypostoma of most trilobites was
attached to the rostral plate or anterior
cephalic doublure by means of a transverse
hypostomal suture (Figs. 43,48). Generally,
this suture was functional in ecdysis, as in
dicated by the fact that hypostomas are
usually found detached and isolated. Some
authors, however, believe that the hyposto
mal suture may have had the character of
a semirigid articulation, permitting slight
movements of the hypostoma (such as rapid
vibration) during the life of the animal.
The warped curvilineal course of this su
ture in many trilobites, and the fact that the
opposing edges of the hypostoma and doub
lure (or rostral plate) are cut normal to the
surface of the exoskeleton, makes the possi
bility of any movement rather implausible.

In some trilobites belonging to different
families (Olenellidae, Redlichiidae, Para
doxididae, Zacanthoididae, Oryctocephali
dae), the hypostomal suture is in a state
of complete symphysis, the hypostoma be
ing fused with the rostral plate to form a
single "rostral-hypostomal plate" (Fig. 44).

CEPHALIC TYPES DEFINED BY
SUTURAL PATTERNS

RASETTI (1952) has attempted to systema
tize our knowledge concerning ventral
cephalic sutures among Cambrian trilobites,
distinguishing several types which he desig
nated by the names of the characteristic
genus or family portraying them. The classi
fication of cephalic types here offered, modi
fied from RASETTI'S, with such additions as
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seem needed to cover both Cambrian and
later trilobites, is based on the whole sutural
pattern and takes into consideration the
presence or absence of marginal, facial, con
nective, median, rostral, and hypostomal
sutures.

Descriptive List of Trilobite Cephalic Types
Defined by Sutural Pattern

Agnostid type. Cephalic sutures lacking; hypostoma
absent (Fig. 48A). Absence of the hypostoma
may be due to chitinous natures of this plate,
nonmineralized in the living animal. Agnostida.

Eodiscid type. Like agnostid type, but probably
with hypostoma joined to anterior doublure by
hypostomal suture. Occurrence of hypostoma
known only in Pagetia but judging by the close
relationship between the Pagetiidae and Eodisci
dae, probably the latter possessed a small hypo
stoma. Eodiscidae.

Olenellid type. Perrostral and hypostomal sutures
functional, rostral plate large, crescentic; meta
parian sutures may be present (Fig. 48B). Some
Olenellidae, Daguinaspididae.

Ho/miid type. Like olenellid type, but with hypo
stoma fused to rostral plate forming a single
"rostral-hypostomal plate" (Fig. 48D). Some
Olenellidae.

Paedeumiid type. Like olenellid type, but without
hypostomal suture, hypostoma being connected
with rostral plate by a narrow (tr.) stalk (Fig.
48C). Paedeumias.

Ptychopariid type. Facial, rostral, connective, and
hypostomal sutures all functional (Fig. 48E).
Most Ptychopariidae, Ellipsocephalidae, some
Redlichiidae, and Paradoxididae, Ogygopsidae,
Catillicephalidae, Proetidae, Otarionidae, I1Iaeni
dae, Thysanopeltidae, Styginidae, Phillipsinellidae,
Calymenidae, Cheiruridae, Encrinuridae, Pliomeri
dae. Probably also the Pagetiidae, since it is
likely that Pagetia had an anterior marginal
(rostral) suture connecting the anterior sections
of the facial sutures, and a wide rostral plate to
which the hypostoma was connected by a func
tional hypostomal suture.

Dimeropygid type. Like ptychopariid type, but
without hypostomal suture, hypostoma being
connected with rostral plate by a narrow (tr.J
stalk, which seems to be a backwardly directed
prolongation of the rostral plate (Fig. 48F).
Dimeropyge.

Corynexochid type. Like ptychopariid type, but with
hypostomal suture in a state of complete sym
physis, hypostoma being fused with rostral plate
forming a single "rostral-hypostomal plate" (Fig.
48G). Some Redlichiidae, some Paradoxididae,
Gigantopygidae, Corynechoxidae, Dolichometo
pidae, Dorypygidae, Zacanthoididae, Hemirhodon,
?Hysterolenus.

Ory~tocephalid ,type. Like corynexochid type, but
with connective sutures nonfunctional in ecdysis
though usually fairly well marked. Oryctoceph:
alidae.

Homalonotid type. Facial, rostral, connective, and
hypostomal sutures all functional; rostral suture
dorsal-intramarginal; connective sutures partly
dorsal and partly ventral, converging backward
on cephalic doublure; rostral plate subtriangular,
partly dorsal in position (Fig. 48H). Homalonoti
dae.

Bathynotid type. Facial sutures functional, marginal
anteriorly; paired ventral sutures diverge from
mid-point of cephalic margin toward inner edge
of doublure, separating adaxial extremities of
librigenal doublures from the hypostoma; rostral
plate apparently absent, but probably fused with
so-called hypostoma forming a "rostral-hyposto
mal plate" (paired ventral sutures being then
regarded as true connective sutures); rostral su
ture absent (Fig. 481). BathynolUs.

Asaphid type. Facial, median, and hypostomal su
tures functional; rostral plate and suture absent;
hypostoma connected with anterior doublures of
librigenae (Fig. 48J). Asaphidae, T Ileodenisia
la~a, T. spinosa, Stenopilus, Leiocoryphe gemma,
.D~kelocephaltls raasclli, HOl/sia, ?Proceratopyge.

Nzleld type. Facial, transverse ("rostral"), and
hypostomal sutures functional; connective and
median sutures absent (doublures of librigenae
confluent anteriorly); rostral plate absent; hypo
stoma connected with anterior doublures of libri
genae (Fig. 48K). Nileidae, Raphiophoridae, most
Conocoryphidae, Dikelocephalus retrorsus, D.
subplanus, Levisella, Hungaia, Lauzonella, Lo
ganellus, Leiocoryphe transversa, Rasettia.

Olenid type. Like the nileid type, but with hypo
stoma separated from anterior cephalic doublure,
supported only by ventral membrane. Olenidae.

Phacopid type. Like the nileid type, but with facial
sutures (including transverse anterior suture
which may be dorsal-intramarginal) nonfunc:
tional in ecdysis (Fig. 48L). Phacopidae, Dal
manitidae.

Trinucleid type. Marginal to submarginal sutures
functional, becoming definitely dorsal across base
of genal angles; hypostomal suture functional'
facial sutures absent (Fig. 48M). Trinucleidae'
Dionididae, Alsataspididae, Harpididae. (Char:
acters of the marginal flange and method of
numbering pits on the flange are illustrated in
Figure 84.)

Harpid type. With functional wholly marginal su
ture all around cephalon and prolongations;
hypostomal suture functional; facial and rostral
sutures absent (Fig. 48N). Harpidae. (Characters
of, the harpid cephalon and nomenclature ap
plIed to parts are illustrated in Figure 85.)

It is believed that the ptychopariid type
should be regarded as the primitive basic
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structural pattern of the whole class Trilo
bita. All other types can be considered as
being secondarily derived from the ptycho
pariid by migration and regression of the
dorsal and ventral sutures. For instance, it is
abundantly clear that the fusion of the hypo
stoma with the rostral plate originated the
corynexochid type independently in several
Lower, Middle, and Upper Cambrian fam
ilies and even in some Ordovician genera.

!he asaphid type app.eared independently
m some genera belongmg to the Cambrian
families Catillicephalidae (Theodenisia),
Plethopeltidae (Leiocoryphe, Stenopilus),
Dikelocephalidae (Dikelocephalus), and
Housiidae (Housia), as well as in the Ordo
vician Asaphidae. The nileid type charac
terized by functional facial and hypostomal
sutures and absence of connective and me
dian sutures, appeared independently in the

A
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FIG. 49. Articulation of thorac,ic segments in Ceraurinella typa COOPER, M.Ord., USA(Virginia), X8 (after
7l).--A. Left half of 2 a~tlculated thoracic segments, dorsal view.--B. Same, ventral (interior) view.
--~. Left half of a thoraCIC segment, anterior view.--D. Same, posterior view.--E. Lateral view of
2 art1c~lated thoracic segn;-ents. (Explanation: afl, anterior flange; ahr, articulating half-ring; ap, apodeme;
ax, aXIal furrow; axp, aXIal process; axs, axial socket; Ip, fulcral process; Is, fulcral socket; im, internal

margin of flange; pfl, posterior flange.)
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FIG. 49 (Continued from facing page)
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Cambrian Hungaiidae (Hungaia), Lecano
pygidae (Rasettia), and Loganellidae (!..c:u
zonella, Loganellus), and in the OrdovIcIan
Nileidae. The outward migration of the
facial sutures, pari passu with the outward
migration, reduction, and final disappear
ance of the eyes, gave origin to the dorsal
intramarginal and submarginal sutures of
many Conocoryphidae during Middle Ca~

brian time. The same pattern appeared Ill

dependently in the Raphiophoridae during
the Ordovician and even in such Upper
Devonian genera as the phacopid Duetina.
In this genus, however, the marginal suture
was nonfunctional in ecdysis, betraying its
derivation from the phacopid type.

THORACIC REGION
As in the case of the cephalon, distinc

tion should be made between the thoracic
region and the thorax. The thoracic region
is here defined as comprising the ensemble
of metameric somites interposed between
the cephalon and the pygidium. Naturally,
in practically every fossil trilobite, all that
remains of the thoracic region is its dorsal
exoskeletal covering or thorax proper, which
in the living animal was formed of suc
cessive tergites articulating and movable
upon each other.

The thorax is usually parallel-sided,
slightly tapering backward, or somewhat
spindle-shaped in dorsal outline. The num
ber of thoracic segments ranges from 2
(Agnostida) to more than 40 (Olenellidae,
Menomoniidae). Some families, and even
taxa of suprafamilial rank, are characterized
by a fixed number of thoracic segments. All
the members of the suborder Agnostina have
2 segments, those of the family Eodiscidae
have 3, and those of the family Asaphidae
have 8. Generally, however, the number of
thoracic segments is variable within a fam
ily and even within a single genus.

The thoracic tergites are formed of a
median part, the axial ring, and paired lat
eral extensions, or pleurae. All successive
axial rings together form the axial region
or axis of the thorax, and all of the lateral
pleurae taken together form the paired
pleural regions, separated from the axis by
longitudinal axial furrows. In a large ma
jority of trilobites, the thoracic segments are
fundamentally alike, differing only in a

gradual decrease in size from the anterior
to posterior segments (Fig. 28B,C). In most
Olenellidae, however, 2 sharply different
thoracic sections can be distinguished: an
anterior part, or prothorax, comparable to
the whole thorax of other trilobites, and a
posterior part, or opisthothorax, character.
ized by very small and short (tr.) pleurae
(Fig. 28A).

AXIAL RINGS
The axial portion of each thoracic somite

has a mineralized dorsal covering (mesoter
gite) and a corresponding noncalcified softer
sternite, which, by its very nature, is sel
dom if ever preserved.

The mesotergite consists of 2 parts of dis
similar size, the axial ring proper and the
articulating half-ring. The name "ring" is
an obvious misnomer, as the tergites are
clearly not annular, but nothing would be
gained by trying to uproot this well-en
trenched term. The axial ring proper, form
ing the bulk of the mesotergite, i~ a com
paratively narrow (sag.) and WIde (tr.)
band that is more or less convex transversely.
It is always visible, whether the specimen
has been preserved in an outstretched or
enrolled attitude. The articulating half-ring
is a crescentic extension of the anterior part
of the mesotergite, separated from the axial
ring proper by a transverse furrow. In out
stretched specimens it is covered by the pos
terior part of the preceding ring, but it is
plainly visible in enrolled individuals. The
posterior border of each ring has a narrow
ventral doublure which was connected to the
anterior border of the succeeding articulat
ing half-ring by a soft articulating mem
brane (Fig. 49). The transverse furrow
separating the ring from its articulating half
ring may show paired invaginations of the
dorsal integument projecting downward
(ventrally). These are the apodemes, re
garded as places of attachment of ventral
appendage muscles (Fig. 49C,D).

The axial rings of different genera and
species may show considerable differences
as regard presence or absence of granules,
mesial tubercles, or spines. In some genera,
one or more of the axial rings may bear a
macrospine which may project farthe~ ~ack
than the posterior margin of the pygIdlUm
(Fig. 28A). In some species, paired tubercles
are developed close to the axial furrows.
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PLEURAE
The pleurae are comparatively narrow

(exsag.) and long (tr.) lateral extensions of
the thoracic tergites. They may be more or
less flat, stretching horizontally outward
(Dionide), uniformly arched outward
downward (Nileus), or strongly bent down
ward at their distal extremities (Placopana,
Calymene). The distal extremity of the
pleurae is reflected ventrally into a doublure,
which may be narrow (Calymene) or wide
(Placoparia). In some specimens (Cerata
cephala) it is projected downward in a sec
ondary narrow fold. A thin membrane, at
tached to the adaxial margin of the doub
lure, covered the ventral side of the pleurae,
leaving a thin body cavity between the cal-

cified dorsal exoskeleton and the soft ventral
integument.

In most trilobites the pleurae had a more
or less marked geniculation or fulcrum lo
cated somewhere between their adaxial and
abaxial ends. The adaxial (proximal) part,
extending between the axial furrow and the
fulcrum, articulated with the contiguous
pleurae, whereas the abaxial (distal) part
was free. Different articulating mechanisms
between contiguous pleurae were developed
in different trilobite stocks. In the most
primitive Lower and Middle Cambrian
forms, such as the Olenellidae, Redlichiidae,
and Paradoxididae, no special devices were
present, articulation being achieved by sim
ple overlap of a narrow posterior strip of

A

FIG. 50. Articulation of thoracic segments. Interior (ventral) view of left half of 2 articulated segments.
--A. Ceraurus aculeatus EICHWALD, M.Ord., Estonia, X3.3 (after 34).--B. Rossaspis superciliosa

(Ross) HARRINGTON, L.Ord., USA(Utah), X18.3 (after 88,1952).
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one pleura over the anterior border of its
neighbor immediately behind. Different
articulating devices appeared in Late Cam
brian and Ordovician trilobites, reaching a
high degree of efficiency in the Cheiruridae
and Pliomeridae. In some genera belonging
to these families articulation was accom
plished by a narrow raised band separated
from the main body of the pleura by a fine
submarginal furrow, the posterior edge of
a pleura fitting into the submarginal furrow
of the one immediately behind (Figs. 49,
50). The mechanism was complemented
with bosses and corresponding sockets lo
cated along the margins of the contiguous
pleurae. In certain trilobites, particularly the
Asaphidae and IlIaenidae, the doublure of
the pleurae bears elongated crests or rounded
bosses which represent special devices to
prevent overgliding of the free extremities
of the overlapping pleurae during enroll
ment (see panderian protuberances, p.
0105).

Typically, each pleura is obliquely crossed
by a pleural furrow, starting at the axial
furrow opposite the anterior extremity of an
axial ring and running outward-backward
toward the distal extremity of the pleura.
The pleural furrow marks off an anterior
and a posterior pleural band. This type of
furrowed pleura ("plevre a sillon" in BAR
RANDE'S terminology) characterizes almost
all Cambrian trilobites and many later fam
ilies, such as the Asaphidae, Proetidae, and
Phacopidae. In many Ordovician and later
trilobites, however, this primitive type suf
fered different important modifications. In
some forms (Illaenidae, Homalonotidae,
some Nileidae) the pleurae became smooth
by the disappearance of the pleural furrows.
In others, the 2 principal pleural bands fused
into a single band by disappearance of the
pleural furrow, while auxiliary bands were
developed along the anterior and posterior
edges of the pleurae. This type of banded
pleura ("pleura a bourrelet" of BARRANDE)
characterizes many Cheiruridae and Plio
meridae (Fig. 51).

The distal extremities of the pleurae may
be rounded, truncate, or prolonged into
spines of varying length. In some Odonto
pleuridae each of the pleural bands ends in
a free spine and, in some species, auxiliary
spines may be developed also. In many
trilobites belonging to very different fam-

ilies, such as Paedeumias and Olenellus
(Olenellidae), Bathynotus (Bathynotidae),
Albertella (Zacanthoididae), Anoria (Doli
chometopidae), Shumardia (Shumardiidae),
Promegalaspides (Asaphidae), and Hypo
dicranotus (Remopleurididae), one pair of
pleurae is considerably more developed than
the rest, and the corresponding spines are
far larger than the others. These macro-
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FIG. 51. Different types of thoracic segments.-
A. Hapalopleura clavata HARRINGTON & LEANZA, L.
Ord., S.Am.(Arg.), X10.6 (after 19).--B. Pel
tura scarabaeoides (WAHLENBERG) MILNE EDWARDS,
V.Cam., Swed., X2.33 (after 97, 1923).--C. Tri
merus delphinocephalus GREEN, M.Sil., USA(~.Y.),

XO.8 (after 17).--D. Pliomera fischeri (EICH
WALD) ANGELIN, M.Ord., Estonia, X2.8 (after 34).
--E. Nieszkowskia capitalis QPIK, Ord., Estonia,
XO.3 (after 34).--F. Dichelepyge pascuali HAR
RINGTON & LEANZA, L.Ord., E.Am.(Arg.), X8.3
(after 19) .--G. Ceraurus aculeatus EICHWALD,
Ord. Estonia, X2.4 (after 34).--H. Miraspis mira
(BARRANDE) RICHTER & RICHTER, M.Sil., Bohemia,

X3.75 (after 99,1956).
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pleurae were probably related to internal
sexual organs.

In most trilobites having well-marked
pleural fulcra, as the Asaphidae, Nileidae,
Proetidae, and Phacopidae, the anterolateral
extremity of the pleurae bears a subtri
angular articulating facet, consisting of a
smooth Rat surface slanting forward-down
ward. This facet, also developed on the
anterolateral angles of the pygidium, facili
tated the gliding of the free extremities of
the pleurae over one another. Articulating
facets are absent in spiny or very long
pleurae, as well as in those having auxiliary
bands.

PYGIDIAL REGION
As for the cephalon and thorax, distinc

tion should be made between pygidial re
gion and pygidium proper. The pygidial
region consists of several fused posterior
somites, whereas the pygidium proper is
formed of their exoskeletal coverings (ter
gites) fused dorsally into a single rigid
plate. Exceptionally, as in some Olenellidae,
the pygidium is formed of a single tergite.
In all other trilobites it is formed of a
variable number of segments, up to more
than 30 in some Dionididae. Actually, how
ever, the single-segmented pygidium of
Olenellus and allied forms is not homolo
gous to the pygidia of other trilobites. The
typical olenellid pygidium is a true telson
or caudal piece, the pygidia of other trilo
bites being the equivalent of the ensemble
of opisthothorax plus "pygidium" of the
Olenellidae. The reduction and "caudaliza
tion" of the opisthothorax was already
achieved by some Olenellidae, as is plainly
shown in the subfamily Holmiinae.

The relative size of the pygidium com
pared with the cephalon has taxonomic im
portance. A trilobite is said to be micro
pygous, macropygous, or isopygous accord
ing to whether the pygidium is smaller,
larger, or subequal in size as compared to
the cephalon.

Typically, the pygidium of trilobites is
semielliptical in outline, but important de
partures from this basic shape are numerous
and sharply marked (Fig. 52). Its convexity,
both transverse and longitudinal, is also
variable in different genera, for pygidia
range from almost Rat in some Dionididae

to highly inRated and globose in such gen
era as Pemphigaspis and Leiagnostus.

The pygidium of most trilobites, being
formed by the fusion of several tergites fun
damentally like those of the thorax, also
show an axial and paired pleural region
(Fig. 53).

AXIS

The axial region or axis of the pygidium
is formed of a succession of axial rings
separated by transverse ring furrows. The
segmentation varies from well marked to
obsolete, the latter giving a smooth appear
ance to the axis. In many pygidia, particu
larly large ones, segmentation is well marked
on the anterior part of the axis but progres
sively obsolete toward the rear, so that
often it is impossible to determine the true
number of fused segments. The axis may
end with an unsegmented terminal piece
that is more or less sharply marked off from
the well-segmented part. A postaxial ridge
may extend from the rear end of the axis
toward the posterior margin of the pygidium
(Fig. 53).

PLEURAL REGIONS

The axis is separated from the pleural re
gions on either side by axial furrows. The
pleural regions, extending from these fur
rows to the margins of the pygidium, are
usually more or less convex. In many pygidia
they display well-marked segmentation, re
sulting from the fusion of several pleurae
similar to those of the thorax. Typically, the
pleural regions are crossed obliquely by 2
different sets of furrows. The most con
spicuous and well defined are usually true
pleural furrows, corresponding to the fur
rows of the thoracic pleurae. The 2nd set
consists of interpleural furrows, typically
finer and less impressed, representing the
line of fusion of 2 successive pleurae. Both
sets of furrows usually curve outward-back
ward across the pleural regions, but the
pleural furrows, starting at the axial fur
rows opposite the anterolateral extremities
of the axial rings, have an oblique direction
with respect to that of the interpleural fur
rows (Fig. 53). In some trilobites there are
as many pleural segments as axial rings, but
in many genera, especially those character
ized by large pygidia, the correspondence
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between axial rings and pleural segments is
lost from front to back, the number of
axial rings being greater than that of pleural
segments.

In many trilobites, the fusion of the pygi.
dial pleurae is complete and interpleural
furrows disappear. Then, only the pleural
furrows remain, marking off smooth ribs
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that result from complete fusion of the pos
terior band of a pleura with the anterior
band of one immediately behind it (Fig.
53). In some species, however, the reverse
is true, the pleural furrows becoming obso
lete and only the interpleural furrows re
maining, marking off true pleurae. Lastly,
in the so-called "smooth trilobites," both
the pleural and interpleural furrows disap
pear, the pleural regions losing all or nearly
all vestiges of their segmentation. In ex
tremely modified pygidia even the axial fur
rows disappear, giving rise to a uniformly
convex, smooth plate (Fig. 27).

The pleural and interpleural furrows may
reach the margin of the pygidium or end
at some distance from it. In many trilobites,
a smooth convex or concave border, more or
less well defined by a border furrow, is
present around the lateral and posterior
margins. The term pleural field is then ap
plied to that part of the pleural regions ex
tending between the axis and the border
(Fig. 53).

The pygidium is reflected ventrally into
a doublure. Though no absolute correspond
ence exists, it seems that, generally speak
ing, the doublure is wide if the pygidial axis
is narrow. No ventral sternites are known
in the pygidium. It is probable that the so
called "anal plate" described by BEECHER

and RAYMOND from a few specimens of
Triarthrus eatoni with ventral appendages
preserved, is nothing more than the tips of
the last, tiny pairs of biramous appendages
protruding from beneath the posterior pygi
dial margin.

Many pygidia bear marginal spines, which

are actually projections of the dorsal inte
gument and doublure. These may be paired
lateral spines, or mesial spines projecting
from the posterior margin. In most fossils,
the lateral spines are direct continuations of
the pygidial pleurae. Whereas in some gen
era (Ctenopyge, Coronura, Pliomera, Cro
mus) each pleura ends in a free spine, in
others (Hartshillina, Vanuxemella, Housia,
Marjumia, some Olenidae) only a fraction
of the pleurae are spinose, part of the pygi
dial margin being entire. In a few trilobites,
such as Ceratopyge, the lateral spines spring
from the posterior band of one pleura fused
with the whole pleura next behind it, where
as in many others belonging to the families
Yinitidae, Crepicephalidae, Dikelocephali
dae, Dikelocephalinidae, Taihungshaniidae
as well as in some Zacanthoididae, the spines
spring from 2 or more fused pleurae, corre
spondence between the spines and pleural
segmentation being usually very obscure or
lost entirely. In a few genera (e.g., Thysano
pyge) the correspondence between spines
and pleural segments, plainly seen in young
holaspid specimens, is lost after successive
molts, the large individuals having irregu
larly distributed spines that commonly do
not coincide in number from one margin to
the other.

The mesial spine carried by many trilo
bites may be either a true posterior spine,
springing from the border and doublure and
disconnected from the axis (Thysanopyge,
Kayseraspis, Anchiopsis, Eocyphi11ium), or
a terminal axial spine that forms a posterior
projection of the pygidial axis (Symphysur
ina, Xenostegium).

(See facing page)

FIG. 52. Different shapes ano segmentation of pygidia.--A. Machairagnostus tmetus HARRINGTON &
LEANZA, L.Ord., S.Am.(Arg.), X12.3 (after 19).--B. Wanneria walcottana (WANNER) WALCOTT, L.
Cam., VSA(Pa.), x5.3 (after 64).--C. Parabolina heres BRlIlGGER, V.Cam., Swed., X8 (after 97, 1923).
--D. Thysanopyge argentina KAYSER, L.Ord., S.Am.(Arg.), X 0.45 (after 19).--E. Illaenus erassi
cauda (WAHLENBERG) DALMAN, Ord., Swed., X2.6 (after 79, 1954).--F. Pemp/ligaspis bullata HALL,
V.Cam., VSA(Minnesota), X6 (after 82, 1951 ).--G. Pseudokainella keideli HARRINGTON, L.Ord., S.Am.
(Arg.), X14 (after 19).--H. Macropyge chermi STUBBLEFIELD, L.Ord., Eng., X4.3 (after 93, 1927).
--I. Kainella billingsi (WALCOTT) WALCOTT, V.Cam., Can.(B.C.), XO.85 after 96, 1925).--/. Holia
secristi WHITTINGTON &. EVITT, M.Ord., USA (Virginia), X 12.2 (after 71 ).--K. Sphaerexochus pulchel'
WHITTINGTON & EVITT, M.Ord., USA(Virginia), X7 (after 71).--L. Ceraurus aCllleatus EICHWALD, M.
Oro., Estonia, X2 (after 34).--M. Dimeropyge virginiensis WHITTINGTON & EVITT, M.Ord., USA(Vir
ginia), X27 (after 71).--N. Scutellum brevifrons (BARRANDE), V.SiL, Bohemia, XO.65 (after 2).-
O. Deiphon forbesi BARRANIlE, L.SiL, Bohemia, XIl.3 (after 2).--P. Trimel'llS delplzinocephalus GREEN,
U.SiL, Eng., XO.65 (after 89, 1865).--Q. Dicranopeltis scabra (BEYRICH), Ord. Bohemia, XO.81 (after
2).--R. Ancyropyge romingeri (HALL & CLARKE) CLARKE, M.Dev., USA(Michigan), Xl.33 (after 17).

--So Terataspis grandis HALL, M.Dev., USA (N.Y.), XO.15 (after 91, 1944).
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VENTRAL APPENDAGES
Ventral appendages of trilobites are very

rarely preserved. Although EICHWALD, as
far back as 1825, and later BILLINGS in 1870,
had correctly described and interpreted frag
mentary appendages, they failed to convince
the majority of specialists as to trustworthi
ness of their studies. It was not until 1876,
when WALCOTT first published his observa
tions on trilobite biramous aopendages, that
these structures came to be recognized as
such.

Ventral appendages of some 19 species of
trilobites have been described up to the
present, but only in 5 species are all the ap
pendages known. The following list tabu
lates all such species, with citation of age,
locality, mode of preservation, papers deal
ing with the description of the appendages,
and kind of appendages known.

Trilobite Species and Ventral Appendages
Studied

Olenellidae
Olenellus getzi DUNBAR, L.Cam. (Kinzers For
mation), Rohrerstown, Pa., USA. Single speci-
men preserved in shale. DUNBAR, 1925 ...

Antennae

Dorypygidae
Olenoides serratus (ROMINGER) KOBAYASHI

[=?Nathorstia transitans WALCOTT], M.Cam.
(Burgess Shale, Stephen Formation), Burgess
Pass, B.C., Canada. Several complete specimens
preserved in shale. RAYMOND regarded type
specimen of N. transitans as a "recently
molted O. serratus, still in the 'soft-shelled'
condition." WALCOTT, 1912, 1918, 1921; RAY-
MOND, 1920; STj1lRMER, 1939, 1951 ..

All appendages
Kootenia daUlsoni (WALCOTT) WALCOTT, M.

Cam. (Burgess Shale, Stephen Formation), Bur
gess Pass, B.C., Canada. Single specimen pre-
served in shale. WALCOTT, 1918 Limbs

Alokistocaridae
Elrathina cordillerae (ROMINGER) RESSER, M.

Cam. (Burgess Shale, Stephen Formation).
Burgess Pass, B.C., Canada. Single incomplete
specimen preserved in shale. WALCOTT, 1918.

Fragmentary limbs
Ehmaniella burgessensis RASETTI [=Ptychoparia

pe"multa WALCOTT (partim)]. M.Cam. (Bur
gess Shale, Stephen Formation), Burgess Pass,
B.C., Canada. Single specimen preserved in
shale. WALCOTT, 1918 Antennae

Olenidae
Westergaardia lata (MATTHEW) HENNINGSMOEN,
V.Cam. (Acerocare Zone), Sandby, Skane,

Sweden. Single cephalon preserved in black
limestone. WESTERGARD, 1909, 1922. m .

Antennae
Triartlmu eatoni (HALL) RUEDEMANN [=T.

becki AUCTT. (non GREEN), M.Ord. (Utica
Shale), Holland Patent, Rome, N.Y., USA.
Several complete pyritized specimens in black
shale. BEECHER, 1895; WALCOTT, 1918, 1921;
RAYMOND, 1920; STjORMER, 1939..-- .m

All appendages
Asaphidae

Isotelus arenicola RAYMOND, L.Ord. (Aylmer
Formation), Britannia, Ont., Canada. Single
ventral impression in sandstone. RAYMOND,

1910, 1930. --- Fragmentary limbs
lsotelus gigas DEKAY, M.Ord. (Trenton Lime

stone), Trenton Falls, N.Y., USA. Single speci
men preserved in limestone. WALCOTT, 1881;
RAYMOND, 1920 Fragmentary limbs

Isotelus maximus LOCKE, M.Ord. (Richmond
Group), Oxford, Ohio, USA. Single fragmen
tary specimen preserved in limestone. MICKLE
BOROUGH, 1883; WALCOTT, 1918; RAYMOND,
1920 mmu Fragmentary limbs

lsoteltls latllS RAYMOND, M.Ord. (Trenton Lime
stone), Ottawa, Ont., Canada. Single frag
mentary specimen preserved in limestone.
BILLINGS, 1870; RAYMOND, 1920 ..

Fragmentary limbs
Asaphus cornutrls PANDER, M.Ord. Baltic region

of Russia. Single specimen preserved in lime-
stone. HUPE, 1949 ?Limb

Trinucleidae
CryptolitllUs tessellatus GREEN, M.Ord. (Utica

Shale), Holland Patent, Rome, N.Y., USA.
Thirteen pyritized specimens preserved in black
shale. BUCHER, 1895; RAYMOND, 1920; WAL
COTT, 1921; STjIIRMER, 1939.........All appendages

Cheiruridae
Cerau1"US pleurexanthemus GREEN, M.Ord.

(Trenton Limestone), Trenton Falls, N.Y.,
USA. Several complete specimens preserved in
limestone. WALCOTT, 1881, 1918, 1921; RAY'
MOND, 1920; STjORMER, 1939, 1951. .........Limbs

Calymenidae
Flexicalymene senaria (CONRAD) SHIRLEY,

M.Ord. (Trenton Limestone), Trenton Falls,
N.Y., USA. Several complete specimens pre
served in limestone. WALCOTT, 1918, 1921;
RAYMOND, 1920; STjIIRMER, 1939. m ... m .......Limbs

Odontopleuridae
"Acidaspis n'entonensis HALL" (identification of

specimen somewhat doubtful), M.Ord. (Utica
Shale), Holland Patent, Rome, N.Y., USA. Sin
gle specimen preserved in black shale. RAY'
MOND, 1920 Fragmentary limbs

Phacopidae
Phacops sp., L.Dev. (Hunsriick Shale), Bun·

denbach, Germany. Four complete specimens,
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partly pyritized and partly silicified, preserved
in black shale. BROIL!, 1929, 1930; ST16RMER,
1939. .. All appendages

Dalmanitidae
Asteropyge sp., L.Dev. (Hunsruck Shale), Bun

denbach, Germany. Single complete specimen,
partly pyritized and partly silicified, preserved
in black shale. BROIL!, 1930 All appendages

Incenae Sedis
Gen. el sp. indet., L.Ord. (Shumardia Lime
stone, Levis Formation), Levis, Quebec, Canada.
Single detached appendage. CLARK, 1922 .. ?Limb

Ventral appendages have been preserved
under exceptional circumstances. In some
fossils, such as specimens from the famous
Middle Cambrian Burgess Shale of British
Columbia obtained by WALCOTT, they ap
pear as extremely fine impressions coated
with a very thin silvery film. In others, as
in specimens from the Middle Ordovician
Utica Shale of New York and Lower
Devonian Hunsriick Shale of Germany, the
appendages are partly pyritized; these sedi
ments are very fine-grained mudstones. Ex
cellent specimens are also found in lime
stones, such as Middle Ordovician remains
collected in the Trenton Limestone of New
York and eastern Canada; the exceptional
preservation of soft parts is due to entomb
ment of enrolled or partially enrolled in
dividuals in an extremely fine mud.

Generally, elaborate and time-consuming
techniques are necessary to uncover the ap
pendages and to prepare them for study.
En..rolled or partially enrolled trilobites pre
served in limestone can best be investigated
by means of serial sections. Interpretation of
the true structure of appendages is, at best,
a difficult matter, subject to considerable
divergence of opinion among specialists.
The fundamental papers on the subject are
by WALCOTT (1918, 1921), RAYMOND
(1920), and STj1IRMER (1939, 1951). STjIlR~

MER'S interpretations, which show consider
able departure from the views of previous
authors, will be followed here in the main.

Though a sweeping generalization based
on the evidence furnished by only 19 species
belonging to 15 genera is somewhat risky,
we can accept with a certain degree of con
fidence the conclusion that trilobites pos
sessed a pair of multijointed uniramous
antennae succeeded by a variable number of
nondifferentiated biramous appendages, 4
pairs of which were cephalic. Antenniform
cerci have been discovered in a single
species.

ANTENNAE
These appendages are known in 8 species

of trilobites, ranging in age from Early

interpleural furrow

pleura

postaxial ridge

FIG. 53. Pygidial nomenclature.
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p
pcx

ex

FIG. 54. General plan and terminology of the trilo
bite biramous appendage (after 56). (Explanation:
ex, coxa; p, pre-epipodite; pex, precoxa; 1, tro
chanter; 2, prefemur; 3, femur; 4, patella; 5, tibia;

6, tarsus; 7, pretarsus; 1-7, te!opodite.)

Cambrian to Early Devonian. The antennae
are, in all observed examples, multijointed
and uniramous. They were attached
to the ventral membrane close to the lateral
margins of the hypostoma and, in some
genera (Cryptolithus), directly below the
dorsal fossulae or "anterior pits."

The 1st (basal) joint of the antennae
is usually somewhat larger than the remain
der. It is succeeded by a variable number of
shorter segments, which become smaller to
ward the distal tip of the appendage. In
Cryptolithus, where the joints are elon
gated in shape, only 15 or 20 are counted.
In other trilobites, where the joints are
shorter than their width or about as long as
wide, their number is considerably greater:
30 in Phacops, 35 to 40 in Asteropyge, 40 in
Ceraurus, and between 40 and 50 in Triar
thrus and Olenoides. In the last-named
genus, the joints carry short bristles.

The length of the antennae varies from
genus to genus. In Westergaardia they are
slightly shorter than the cephalon, in Pha
cops as long as the cephaloD, and slightly
longer in Olenellus. In Ehmaniella they are
about 1.5 times the length of the cephalon,
and in Triarthrus about twice this length.
In Olenoides their length approximately
equals that of the cephalon plus thorax, and
in Asteropyge it is about equal to % of the
total length of the dorsal exoskeleton.

In Olenellus, Westergaardia, and Ehman
iella, the antennae seem to have been rather

stiff and nearly straight, directed forward
and slightly outward, diverging at different
angles. In Olenoides, Triarthrus, Ceraurus,
Phacops, and Asteropyge, they were evident
ly very flexible. In Olenoides, Triarthrus,
and Ceraurus, they were directed forward
and S-shaped. In Phacops and Asteropyge,
they seem to have been gently curved and
directed outward and slightly backward. In
Cryptolithus, they were also slightly curved
but directed almost straight backward, pass
ing below the adaxial parts of the biramous
appendages and stretching as far back as
the level of the anterior border of the
pygidium.

BIRAMOUS APPENDAGES
The paired biramous appendages of trilo

bites, which apparently served the triple
purpose of ambulatory, natatory, and res
piratory organs, were nondifferentiated
among themselves other than by location
and size. The evidence available shows that,
in any given genus, all the appendages were
very similar in structure and shape, the only
differences noted between successive pairs
being a general increase in size from the
1st to the 3rd cephalic pair, and then a gen
eral decrease to the last pygidial pair.

Most authorities are agreed that 4 pairs of
appendages were cephalic and postoral in
position, the remainder being thoracic and
pygidial, a pair of biramous appendages be
ing attached to each postcephalic somite
(with the exception of the last pygidial seg
ment, which seems to have been apodous
or in some genera to have carried caudal
rami). The appendages were attached to
the thickened ventral integument along the
anterior half of each sternite at a place lo
cated about midway between the sagittal
line and the axial furrow, directly below the
ventral tips of the apodemes (when pres
ent).

The biramous appendages of all species
in which they have been preserved, show
that invariably they were built on the
same general plan (Fig. 54). The append
ages consist of 2 branches: (a) a principal
"walking leg" or telopodite, and (b) a sec
ondary "gill-bearing branch" or pre-epipo
dite. The appendage was attached to the
ventral integument by means of a basal
segment, the precoxa, succeeded by a con
siderably larger podite called the coxa (or
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FIG. 55. Diramous appendages of trilobites; recon
structions of the appendages of 2 thoracic segments
(after 56).--A,B. Triathrus eatoni (HALL)
RUEDEMANN, M.Ord., USA (N.Y.) ; A, ventral view;
E, anterior view, X5.--C,D. Cryptolithus tessela
tus GREEN, M.Ord., USA(N.Y.); C, ventral view;
D, anterior view, X14. (Explanation: ax, axis; ex,
coxa; ds, distal segment of pre-epipodite; t, fila
ments; p, pre-epipodite; pex, precoxa; pi, pleura; t,

telopodite. )

B

pi

p

A

coxopodite). The ensemble of precoxa and
coxa is usually termed protopodite. Con
trary to previous assertions, ST91RMER has
shown that the inner outgrowth (endite) of
the coxa (basiendite), is feebly developed
and cannot be regarded as a gnathobase.

The principal branch of the appendage,
the telopodite, springs from the coxa. It is
formed of 7 successive articulating podites
called trochanter, prefemur, femur, patella,
tibia, tarsus, and pretarsus. All joints, ex
cept the distal pretarsus, are similar in struc
ture, being subcylindrical in shape with
somewhat flattened sides. The ventral side
of the trochanter, prefemur, and femur
(Triarthrus, Fig. 55A,B), and in some
genera (Cryptolithus, Fig. 55C,D) also of
the patella, was produced into subtriangular
endites bearing spines or bristles. In some
species, spines or bristles are found also on
the flattened sides and on the distal margins
of the segments. The tibia and tarsus are
usually more tubular in shape and more
slender than other limb segments, the tarsus
being considerably smaller than the tibia.
The distal joint, or pretarsus, consists of
a small basal plate (equivalent to the pseu
donychium of some Recent Arachnida)
bearing a tripartite claw formed of 3 di
verging spines, the mesial spines being
longer than the others (Fig. 57C,D). The
telopodite had no well-marked knee, the
articulations between successive podites be-
ing of subequal importance. C

The pre-epipodite, or gill branch, sprang
from the precoxa and, in the living animal,
it occupied a dorsal position with respect to
the telopodite. It was usually shorter than
the telopodite and, except in Triarthrus, it
did not extend beyond the pleural extremi
ties. The pre-epipodite, especially char
acteristic of the trilobite limb, was essen
tially formed of an elongated shaft bearing
a fringe of bladelike filaments. Certain dif
ferences are evident when the pre-epipodites
of different genera are compared, even if
they can all be reduced to a common basic
type. In Cryptolithus, Triarthrus, Phacops,
and Asteropyge, the shaft is narrow, rod
like, and divided into numerous (15 to 20)
subsegments. The bladelike filaments are
directly attached to the shaft, but the distal
spoon-shaped portion of the shaft bears no
filaments, being provided, instead, with thin
bristles or setae. In Olenoides and Kootenia
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(Fig. 56B-D), the rodlike shaft forms the
anterior ridge of a rather broad paddle
shaped or spatulate lobe bearing faint traces
of transverse segmentation, the filaments

being attached to the posterior border of the
lobe. A distal, subtriangular segment is
clearly defined from the main part of the
spatulate lobe, but contrary to what hap-

D
B

E

FIG. 56. Biramous appendages of trilobites.--A-D. Reconstructions of the appendages of 2 thoracic seg
ments; A,B, Ceraurus pleurexanthemus GREEN, M.Ord., USA (N.Y.) (after 24, from 56); A, ventral view;
B, anterior view, X6.35; CoD, Olenoides serratus (ROMiNGER) KOBAYASHI, M.Cam., Can.(B.C.) (after 56);
C, ventral view;D, anterior view, X2.--E. Pre-epipodites of Kootenia dawsoni (WALCOTT) WALCOTT,
M.Cam., Can.(B.C.), X5 (after 56).--F. Telopodites of Olenoides serratus (ROMINGER) KOBAYASHI,
M.Cam., Can.(B.C.), X3.3 (after 56). (Explanation: ar, anterior ridge of pre-epipodite; ax, axis; b, bristles;
ex, coxa; ds, distal segment of pre-epipodite; t, filaments; p, pre-epipodite; pcx, precoxa; pI, pleura;

t, telopodite; 1-7, segments of telopodite.)

© 2009 University of Kansas Paleontological Institute



.......
'., ....~.

Ventral Appendages

E

081

FIG. 57. Ventral appendages of trilobites.--A. Asteropyge sp., L.Dev., Ger., X2; ventral view of speci·
men lacking cephalic biramous appendages (after 72).--B-E. Phacops sp., L.Dev., Ger.; B, ventral
view of specimen retaining several telopodites, right antenna, and metastoma, X 1.33; C-E, enlargment of
fragmentary telopodites, showing distal claw, X3.7 (after 55); F, lateral view of specimen showing
biramous appendages and antennae, XO.75 (after 72). (Explanation: an, antenna; ap, apodeme; c, claw;
e, eye; j, filaments; m, metastoma p, pre-epipodite; py, pygidium; t, telopodite; tx, thorax; 3-7, segments

of telopodite.)
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FIG. 58. Structural uniformity of trilobite biramous appendages; left side, telopodites; right side, pre
epipodites (after 56).--A. Phacops (Devonian).--B. Ceraurus (Ordovieian).--C. Olenoides (Carn
brian).--D. Triarthrus (Ordovician).--E. Cryptolithus (Ordovician). (Explanation: ex, coxa; ds, distal

segment of pre-epipodite; pc:x, precoxa; 1-7, segments of telopodite.)

pens in Cryptolithus and Triarthrus, this
distal part also bears filaments, albeit much
shorter than those carried by the main part
of the lobe. Lastly, the pre-epipodite of
Ceraurus (Fig. 56A,B) consists of 5
joints increasing in size abaxially, the dis
tal joint bearing filaments attached to its
outer and posterior margins. The joints
may be homologized with the broad faintly
jointed lobe of Olenoides and Kootenia.
The rodlike shaft is apparently reduced to
a faint anterior ridge, barely marked in the
the 3 distal segments of Ceraurus. In this
genus there is no structure equivalent to
the distal spoon-shaped or subtriangular
joints of Triarthrus and Olenoides (Fig.
58).

The bladelike filaments, regarded as
breathing organs or external gills, are very
similar in all genera (Fig. 59). They are
thin ribbon-like structures bearing a short

cylindrical bristle at their blunt distal ex
tremity. They were attached to the shaft
or lobe so as to resemble the teeth of a
comb, with their broad sides facing each
other. The fringe of gill blades was usually
directed backward, the anterior edge of one
pre-epipodite overlapping the posterior edge
of its neighbor immediately in front. In
Ceraurus and Cryptolithus, however, it
seems that the fringe could have been turned
forward.

FUNCTION OF LIMBS
Fundamentally, the telopodites clearly are

walking limbs, by means of which trilobites
were capable of crawling over the sea bot
tom and along sea weeds or floating ob
jects. The abundance of Cruziana markings
in lower Paleozoic rocks and their almost
total absence in post-Permian sedimentites
suggests, as already pointed out by WALCOTT
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and RICHTER, that they mainly represent
trails left by trilobites. The structure of the
strong distal claw of Phacops indicates that,
at least in some genera, the telopodites may
also have been used for digging in the soft
bottom. Isolated Cruziana trails commonly
end in a subcircular depression, suggesting
that the animal responsible for the marking
dug down into the soft sediment.

Several authors have suggested that the
telopodites were both walking and swim
ming organs, the endites of the successive
podites acting as paddles. This is extremely
unlikely, however, since it is difficult to
admit that such primitive Arthropoda could
have been capable of co-ordinating the move
ments of the same organs for such different
purposes as walking and swimming. In
walking, the arthropod legs move one after
the other in such a way that when one of
the rear legs is being moved backward for
"pushing" the body forward, one of the an
terior legs is being moved forward without
touching the substrate. In swimming, all
legs move backward or forward synchro
nously, the back stroke being a sudden flip
that propels the body forward. It is unbe
lievable that primitive Arthropoda could
have had the highly developed nervous sys
tem necessary to co-ordinate at will the
movements of the same appendages in these
2 very different manners. If the telopodites
were used in swimming, which is very un
likely, they must have moved just as in
walking, the result being a very inefficient
"walking in water."

The pre-epipodites, unlike the telopodites,
were probably swimming and breathing
organs. Their swimming function has been
suggested by several authors, although op
posed by others, but it must be owned that
their shape strongly indicates a swimming
adaptation. The flat expanse of the spatu
late lobe of Olenoides and Kootenia, and the
paddle-shaped pre-epipodite of Ceraurus,
suggest an oarlike function. These peculiar
shapes indicate that, admitting a respiratory
function of the fringe of bladelike filaments,
the pre-epipodites must have had some other
use than serving simply as supporters for
the gills. Actually, the "gill blades" them
selves may have aided effectively in swim
ming, since, during the "back stroke," they
could have overlapped each other like the

FIG. 59. Diagrammatic reconstruction of the fila
ments (gill blades) of (,eraurus pleurexanthemus
GREEN, M.Ord., USA (N.Y.), greatly enlarged (after
56). (Explanation: b, bristle; t, filaments; p, 5th

segment of pre-epipodite.)

shutters of a closed Venetian blind, thus
greatly increasing the "useful swimming
surface" of the pre-epipodite. During for
ward movement of the limb, the blades may
have rotated 90° or thereabout, presenting
the appearance of an open Venetian blind,
which would offer minimum resistance to
the water passing between the blades. The
distal spoon-shaped or subtriangular seg
ment of Triarthrus and Olenoides may have
served the purpose of a flipper or horizontal
rudder to control oblique upward or down
ward swimming. In short, it is believed that
the pre-epipodites could have acted as effec
tive swimming organs with synchronized
backward and forward movements. If this
was so, the telopodites were probably not
used at all in swimming. They may have
been bent inward and backward and left
idle in that position, leaving ample room for
free movement of the pre-epipodites.

The breathing function of the bladelike
filaments has been accepted by most authors
and, in truth, their structure and disposition
strongly suggest that they acted as external
branchia. ERIKSON (1934) and STjIlRMER

(1939) have suggested that a "sucking
chamber" could have been formed between
the pleurae and the overlapping pre-epipo
dites, water being forced into the chamber
by a downward movement of the pre-epipo
dites and expelled through the gill blades by
an upward movement. The distal segments
of the pre-epipodites could have acted as
valves or opercula, rhythmically opening and
closing the lateral borders of the chamber
and alternately permitting the influx and
preventing outflow of water. This sugges
tion, though ingenious, seems rather far
fetched and evidently it cannot be applied
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to Ceraurus. The same results-maintain
ing circulation of aerated water around the
gill blades-eould have been achieved in a
far simpler way by a gentle "fanning" of
the pre-epipodites. If the pre-epipodites were
used for swimming in the manner sug
gested, their movement would have bathed
the gills with a continuous supply of aerated
water.

ANTENNIFORM CERCI
In Olenoides serratus, the terminal (18th)

pair of ventral appendages consists of multi
jointed uniramous cerci, very similar
to the cephalic antennae (Fig. 60). Excel
lently preserved specimens show that the
antenniform cerci are somewhat shorter than
the antennae and evidently they were con
siderably stiffer. They were attached by

FIG. 60. Reconstruction of Olenoides seI'1'atus (ROMINGER) KOBAYASHI, M.Cam., Can.(B.C.), Xl (after 60).
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joints to the ventral integument of the last
pygidial segment. No trace of antenniform
cerci has been found in other trilobites, and
it is likely that they were absent in Triar
thrus, Ceraurus (Fig. 61), Phacops, and
other genera in which the ventral append
ages are known.

MICROSTRUCTURE OF
EXOSKELETON

The exoskeleton of trilobites consists of
a thin integument that is directly compar
able to the chitinous cuticle of other Arthro
poda. Parts of the integument, notably that
forming the dorsal covering of the body but

also certain areas of the ventral side, were
mineralized and hard. In these parts, the
inner layers of the cuticle were impregnated
by calcareous salts (carbonate, phosphate)
as in many living Crustacea. According to
SCHULZE (1937), P20 5 may form as much
as 30 per cent of the exoskeletal substance.
This mineralization gave a high rigidity to
the test, rendering it easily fossilizable.

Thickness of the mineralized exoskeleton
is variable and not directly related to size of
the trilobites. In specimens of Tretaspis aver
aging 17 to 18 mm. in length, thickness of
the cephalic exoskeleton is about 0.2 mm.
(STj2lRMER, 1930). Pygidia of Scutellum
flabelliferum 10 to 20 mm. in length are

FIG. 61. Reconstruction of Ceraurus pleurexanthemus GREEN, M.Ord., USA(N.Y.), X2.l5 (after 60).
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about 0.07 mm. thick, where cephala of
Phacops sobolevi about 15 mm. long are
approximately 0.33 mm. thick (KIELAN,

1954). Most Olenellidae have a very thin
exoskeleton but specimens of Agraulos only
4 mm. long may have exoskeletons as much
as 0.5 mm. thick! (HUPE, 1953). It seems
probable that in some olenellids the dorsal
integument of the opisthothoracic segments
was mineralized only weakly or not at all,
and accordingly, the opisthothorax of such
forms is never preserved. Lack of minerali
zation also could explain apparent absence
of the hypostoma among Agnostida.

1 Some authors (such as RAW, 1937) have claimed that
some trilobite exoskeletons have been thickened secondarily
during fossilization.-C.J.S.

A

c

The microscopic constitution of the min
eralized integument has been described in
only a few species, notably Trinucleus
bronni, T. bucculentus, Tretaspis kiaeri, T.
seticornis, Scutellum (Scutellum) {labelli
ferum, and Phacops (Phacops) sobolevi
(ST¢RMER, 1930; KIELAN, 1954). Sections of
well-preserved specimens (Fig. 62) show
that the integument is formed of 3 layers:
(1) a thin apparently pigmented outer layer,
(2) a median principal layer, and (3) a thin
nonpigmented inner layer. In addition, some
thin sections of T. seticornis show what
seems to be a very thin outermost layer that
is indicated in sections by a dark line (Fig.
67C). The principal layer makes up about
0.7 to slightly more than 0.8 of the whole

B

FIG. 62. Microstructure of the dorsal exoskeleton indicated by thin sections of parts of the cephalon of
Tretaspis seticornis (HISINGER) ST!1lRMER, Ord., Norway (after 55).--A, Transverse section across lateral
eye tubercle, X 38.--B, Cross-section of glabellar region, X 150.--C, Transverse section across axial
furrow, X 100. (Explanation: 0, possible traces of outermost layer; pg, pigmented layer; pr, principal layer;

in, inner layer; t, laminations of the integument.)
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thickness. In Trinucleus and Tretaspis the
inner layer, in many specimens not sharply
defined from the principal layer, is slightly
thicker than the outer layer, whereas in
Scutellum the reverse is true. The layers
show distinct lamination, which, however,
is most conspicuous in the median or prin
cipal layer. In addition, all layers are tra
versed by very fine straight canaliculi di
rected normally to the lamination, the canali
culi being most abundant and closely
crowded together in the principal layer. This
microscopic constitution is closely compar
able to that of the dorsal integument of liv
ing Arthropoda. Taken together, the 3 main
layers seem to correspond to the modern
arthropod endocuticle; the pigmented (out
er) and principal (median) layers of trilo
bite exoskeletons respectively represent the
outer and inner zones of the pre-exuvial lay
ers of living Arthropoda, and the inner
layer (trilobites) corresponds to the deep
postexuvial zone of the dorsal integument
(modern arthropods). The doubtful outer
most layer seen in Tretaspis seticornis may
represent the thin epicuticle of other Arthro
poda. It is worth while to mention that sec
tions of the granulose pygidial integument
of Scutellum flabelliferum show that the
exoskeleton becomes very thin at the gran
ules, where it is formed exclusively of the
outer pigmented layer (Fig. 63).

SENSORY ORGANS
With the exception of the antennae and

antenniform cerci, the only well-known sen
sory organs of trilobites are the paired dorsal
eyes. Less understood are the hypostomal
maculae, the median glabellar tubercle, and
the possible integumentary organs connected
with perforations of the exoskeleton in cer
tain species. The antennae and antenniform
cerci have already been described in dealing
with the ventral appendages (p. 076).

EYES
Normally, the dorsal side of the cephalon

of trilobites bears a pair of laterally placed
eyes, the visual surfaces of which are carried
by the librigenae if facial sutures are pres
ent. The eyes vary in size from very small,
as in some Harpidae, to extremely large, as
in most Cyclopygidae. Excepting a very
few genera, such as C)JClopyge, Ellipso-

taphrus, and Symphysops (Fig. 64,2), in
which the visual surfaces are confluent an
teriorly, all trilobites have separate eyes.

The visual surface of the eye is usually
crescentic or reniform in dorsal outline,
whereas in transverse section it is convex
outward-upward. In many trilobites a nar
row raised area of the librigena, called eye
platform, forms a sort of socle at the base
of the visual surface. Adaxially, the visual
surface is separated from the palpebral lobe
of the fixigena by the facial suture. In a few
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FIG. 63. Microstructure of the dorsal exoskeleton
indicated by thin sections of parts of the pygidium
of Scutellum (Scutellum) flabelliferum (GOLDFUSS)
RICHTER & RICHTER, M.Dev., Poland (after 29).
--A. Section across axis, cutting a tubercle, X35.
--B, Longitudinal section along rib, cutting
doublure· (ruled area corresponds to matrix), X35.
--C. Part of thc upper (dorsal) integument of B.
X 140.--D. Part of the lower integument (doub-

lure) of B, X140.
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trilobites, the eye platform and the palpe
bral lobe rise almost vertically from the
genal surface, forming a sort of stalk or
peduncle that carries the visual surface on
the abaxial side of its extremity (Fig. 400).

Several authors have described in detail
the eyes of different trilobites. The most
important contributions are those of CLARKE

(1889), LINDSTROM (1901), RICHTER &
RICHTER (1926), BRINK (1951), and BECK

MANN (1951).
Since CLARKE'S (1889) early studies and

LINDSTROM'S (1901) classical investigations,
it has been generally accepted that 2 types
of eyes are present among trilobites. These

are holochroal (compound) and schizo
chroal (aggregate) eyes.

HOLOCHROAL EYES
The holochroal (CLARKE) or compound

(LINDSTROM) eyes are characterized by the
presence of many small lenses packed close
ly together in direct contact with one an
other. The ensemble of all the lenses is cov
ered by a very thin pellucid cornea, which
grades laterally into the mineralized integu
ment of the cephalon. The cornea, therefore,
is a single continuous membrane that cov
ers the whole eye. The so-called "eye facets"
are nothing more than the outline of the in-

3
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FIG. 64. Eyes of trilobites.--l. Holochroal eye of Asaphus cornutus PANDER, Ord., Russia, X25 (after 24).
(Explanation: Is, facial suture; sf, sensorial fossette; pi, palpebral lobe; tiS, visual surface.)--2. Confluent
eyes of Symphysops subarmatus (REED) RAYMOND, V.Ord., G.Brit., X 1.2; 2a, dorsal view of carapace; 2b,
ventral view of cephalon; 2c, lateral view of cephalon (after 26).--3. Right eye of Phacops latifrons
(BRONN), M.Dev., Ger., X2.5 (after 45).--4. Right eye of Cryphops cryptophthalmus (EMMRICH), U.
Dev., Ger., X7 (after 45).--5. Left eye of Nephranops incisus incisus (ROEMER), V.Dev., Ger., X2

(after 45).
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FIG. 65. Holoehroal trilobite eyes (after 31).--1. lllaenus chiron HOLM, Ord., Swed.; 1a,b, transv. and
long sees. of several eye lenses, X60.--2. Dysplanus centrotus (DALMAN), Ord., Swed.; 2a,b, transv. and
long. sees., X60.--3. Cyrtometopus clavi/rons (DALMAN), Ord., Swed.; 3a,b, transv. and long. sees., X60;

4. Sphaerophthalmus alatus (BOECK) ANGELlN, U.Cam., Swed.; 4a,b, transv. and long. sees., X 100.

dividual lenses beneath the transparent
cornea. The number of lenses in a single eye
ranges from a hundred in some species of
Peltura, and more than 15,000 in some
Remopleurides. The lenses are usually hexa
gonal in outline and arranged with great
economy of space, but rhomboidal and even
quadrate outlines are by no means rare.
Lenses with quadrate outline seem to be the
rule in eyes with a very large visual surface
(Fig. 64,1,2), but they may occur side by
side with hexagonal lenses in eyes of mod
erate or small size.

LINDSTROM recognized 2 subtypes of holo
chroal eyes: (1) with prismatic planoconvex
lenses, and (2) with thin biconvex lenses.
The eyes of Asaphus fallax and of Illaenus
chiron (Fig. 65,1) illustrate the 1st subtype.
Here the lenses are hexagonal prisms that,
as seen in sections normal to the visual sur
face of the eye, are between 2 and 3 times
as long as wide. In LINDSTROM'S words, the
lenses "are columnar prisms, like the pillars
of basalt," having a plane outer surface and
a convex inner extremity. In Dysplanus cen
trotus (Fig. 65,2) the prisms are consid-

erably shorter than in Asaphus fallax, where
as in some species of Acidaspis they are just
a little longer than their width.

The 2nd subtype is illustrated by Cyrto
metopus clavifrons and Sphaerophthalmus
alatus (Fig. 65,3,4). Here the lenses are truly
"lenticular" in cross section, being thin and
biconvex. Probably this is the most primitive
subtype of holochroal eye, and it seems
that transitions exist between this and all
other types. The eyes of Peltura scarabae
oides appear to be intermediate between the
"biconvex" and the "planoconvex" subtypes,
and those of some Cheiruridae seem to pro
vide a link between the holocroal and the
schizochroal types.

SCHIZOCHROAL EYES
The schizochroal (CLARKE) or aggregate

(LINDSTROM) eyes are especially character
istic of the phacopid trilobites, but as WHIT
TINGTON & EVITT (1953) have shown, they
also occur in some Cheiruridae, notably in
the genera Rolia, Acanthoparypha, and
Sphaerexochus. The eye consists of biconvex
lenses, larger and less numerous than those
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of the holochroal type, each lens having its
own corneal covering. The individual lenses,
which are circular in outline in the pha-

copids but hexagonal in the cheirurids, are
separated from each other by thick sclerotic
walls that project into the interior of the

B
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FIG. 66. Schizochroal eyes.--A,H. Dalmaniles imbricallllw (AKGELlN), Sil., Swecl.; A, long. sec. of part
of eye, X53; H, part of visual surface, X 18.5.--B. Dalmaniles OblllSIlS LINDSTROM, Sil., Swed.; long.
sec. of part of eye, showing widely separated lenses, X 53.--C-E,l. Phacops macrophthalmllS BURMEISTER,
Dev., Ger.; C,D,E, long. sees. showing lenses separated by sclerotic walls, X53, X27.5, X27.5; 1, transv.
sec., X27.5.--F,G. "Harpes" vilat/lfs BARRANDE, V.Sil., Bohemia; F, long. sec. showing the 2 lenses,
X53; G, right eye, X7.--1, "Phacops"? sp., Dev., S.Afr.; part of visual surface, X25 (], after 10, all

others after 31).
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aggregate eye. The cornea itself is a very
thin pellucid membrane of uniform thick
ness, convex outward like a tiny watch glass.
Around each of the individual lenses the
cornea grades down into the sclera forming
the walls. The actual lenses, lodged in the
pits between the sclerotic walls and the cor
neal covering, were evidently structures sep
arate from the cornea. In beautiful silicified
specimens of Holia, Acanthoparypha. and
Sphaerexochus from Ordovician rocks of
Virginia (WHITTINGTON & EVITT, 1953) the
lenses are never preserved, all that remains
of the eyes being the convex corneas and the
sclerotic walls delimiting the pits where the
lenses were located. In some trilobites, the
individual lenses are set considerably apart
and the intervening integument is directly
comparable to that forming the bulk of the
cephalon. The surface of the areas between
the individual lenses may bear a reticulate
sculpture (Fig. 66).

The number of lenses forming the aggre
gate eye ranges in different genera from 2
to 300 or 400. Wide variation in the num
ber of lenses may occur even within a single
species, different specimens of Ormathops
atava bearing any number of lenses from 15
to 300, inclusive. The reduction of the eyes
in some stocks of phacopid trilobites may
lead to a marked decrease in the number
of lenses and even, in extremely modified
forms as Ductina ductifrons, to their com
plete disappearance. A most unusual condi
tion characterizes one observed individual
of the progressive phacopid Nephranops
incissus. In this specimen the visual surface,
separated from the nonfunctional facial
suture, carries 2 lenses. However, this is true
only for the right side of the cephalon; the
left side is blind. Other specimens have no
eyes.

The lateral eyes of the Harpidae are clear
ly also of schizochroal type (Fig. 66F,G),
but in members of this family the lenses of
each eye invariably have been reduced to
only 2. Probably also the lateral eyes of some
Trinucleidae (Tretaspis), consisting of a
single biconvex lens, are best interpreted as
extremely simplified schizochroal eyes.

BLINDNESS
We have no means of knowing whether

some trilobites provided with eyes were
blind, a condition that could have been

caused by simple sclerosis of the cornea, but
we know positively that many lacked eyes
and were, therefore, blind. For the purposes
of paleontology, "blindness" is used in the
sense of being eyeless.

Though LINDSTROM (1901) believed
blindness to have been a primitive condition
of trilobites and the appearance of eyes a
secondary character acquired in Late Cam
brian time, it is now generally accepted
(RAYMOND, 1917; RICHTER, 1921; RAW,
1925; HUPE, 1953) that the reverse is true,
blindness being of secondary origin.

This is clearly indicated by the fact that
sporadic blindness appeared at different times
in the midst of families characterized by
normal eyes and, conversely, by the fact
that in many eyeless families, some genera
retained ocular protuberances, palpebral
lobes, and other such features suggestive of
a derivation from eye-bearing ancestors. The
first case is illustrated by Porterfieldia
(Olenidae) ; Placoparia (Pliomeridae);
Areia (Cheiruridae); Dindymene (Encrin
uridae); Typhloproetus, Drevermannia,
Pteroparia (Proetidae); and Dianops, Tri
merocephalus, Ductina (Phacopidae). Ex
amples of the 2nd are Aulacodiscus (Eodis
cidae), Couloumania (Conocoryphidae),
and Shumardops (Shumardiidae). Reedo
lithus and Tretaspis are the only genera
among blind Trinucleidae possessing lateral
eyes, these eyes being characterized by a
single small biconvex lens.

The overwhelming majority of Lower
Cambrian trilobites, such as the olenellids,
redlichiids, and ellipsocephalids, had well
developed eyes, the early conocoryphids
Atops and Pseudatops being counted among
the few exceptions. However, all of the
small eodiscid and agnostid trilobites were
blind. During Middle Cambrian time eye
less trilobites became more abundant. In
addition to the Agnostida and Eodiscidae,
all the Conocoryphidae were blind, as well
as most Corynexochidae. Most authorities
(other than POULSEN) agree that the blind
Conocoryphidae are derived from an early
ptychopariid stock possessing normal eyes.

Blindness was rather exceptional among
Late Cambrian trilobites, the plethopeltid
Leiocoryphe being one of the few examples,
but in Ordovician time it was fairly wide
spread. Whole Ordovician families are char
acterized by lack of eyes, as for example the
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FIG. 67. Median glabellar tubercle of Tretaspis seti
cornis (HISINGER) ST!/lRMER, Ord., Norway (after
55). A, Lateral view of meraspid cephalon (stage
II) showing median tubercle (mt), X36; B, dorsal
view of median tubercle of same cephalon, X80;
C,D, dorsal views of median tubercle of 2 holaspid

cephala, X50.

Raphiophoridae, Dionididae, Alsataspididae,
and Shumardiidae, while sporadic blind
ness appeared in some genera belonging to
eye-bearing families, such as the Olenidae,
Pliomeridae, Cheiruridae, and Encrinuridae.

In Silurian times blindness was again the
exception (disregarding, of course, the
Raphiophoridae which continued the Ordo
vician tradition), but in Devonian time eye
less genera appeared sporadically in the
midst of families with normal eyes, such as
the Proetidae and Phacopidae. The last Late
Paleozoic trilobites had normal holochroal
eyes.

The tendency towards development of
blind forms seems to have been a persistent
trend among trilobites since the very be
ginning of the class. Why this tendency
materialized in certain stocks and not in
others is yet unknown. In all probability
the appearance of blind forms had no con
nection with environmental conditions.
Some of the blind Devonian phacopids like
Duetina and Trimeroeephalus were, in all
likelihood, vagrant benthic forms, while the
blind Ordovician olenid Porterfieldia was
probably a pelagic epiplanktonic animal.

MEDIAN SENSORY ORGAN
A median tubercle or pustule is present

on the glabella of many trilobites. Its location

Maculae are absent in the hypostomata of
many trilobites, whereas in others they con
sist of a pair of smooth rounded or elongate
protuberances visible on the lateral or
posterolateral areas of the median body
(Fig. 68). In a few species the outer sur
face of the maculae is reticulate or bears
closely set, regularly arranged tubercles re
sembling the lenses of the dorsal eyes.

MACULAE

is rather .va~iable from species to species.
In some It IS found close to the occipital
furrow, whereas in others it is located at the
level of the median lateral glabellar fur
rows or farther forward. In many trilobites
the tubercle is absent.
. The median tubercl~ has been variously
lllterpreted as representlllg the beginning of
the alimentary canal (BEYRICH, 1846), as a
"dorsal organ" similar to that of the living
Apus (BERNARD, 1894), as a median eye or
ocellus (M'CoY, 1865; OEHLERT, 1895;
BEECHER, 1895; RUEDEMANN, 1916; STjIlR
MER, 1930), or as a "sensorial complex"
similar to that existing among living syn
carid crustaceans (HANSTRjIlM, 1926; ~TjIlR

MER, 1949; HUPE, 1953). As RAYMOND
(1920) remarked, however, it seems likely
that the mesial glabellar tubercle is not
homologous in all trilobites.

At least in the Trinucleidae the median
tubercle seems to have been some sort of
sensory organ. STjIlRMER'S (1930) investiga
tions on the tubercle of Tretaspis setieornis
have shown that it consists of an almost
semispherical pustule bearing 5 tiny pits on
its outer surface (Fig. 67). One pit, usually
a little larger than the others, occupies a
central position, the remaining 4 being
evenly disposed around it. According to
STjIlRMER, the median tubercle is highly de
veloped in the larval stages of T. setieornis,
being larger than the lateral eyes. In holas
pid specimens the lateral eyes are larger than
the median tubercle. In 1930 STjIlRMER con
cluded that "the median tubercle must be
regarded as a true median eye," but in 1949
he was inclined to accept HANsTRjIlM's
(1934) view that it represents a "sensorial
complex" comparable to that of Recent syn
carids. Similar tubercles are known also in
the trinucleid genera Reedolithus, Tri
nucleus, and Cryptolithus.

D
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Usually only a small portion of the macular
surface is reticulate or faceted, the re
mainder being smooth.

The significance of the maculae and of
their reticulate or faceted surface, is still a
matter of subjective interpretation. LIND

STROM (1901), HANSTRf/lM (1926), and
HUPE (1953) regard the maculae as true
ventral eyes, whereas other paleontologists
such as RAYMOND (1920), STf/lRMER (1949),
and WHITTINGTON & EVITT (1953) prefer
to regard them as places of muscle attach
ment.

The probability that the maculae repre
sent places of muscle attachment seems rath
er small. This is indicated by several fea
tures: (1) the mineralized integument of
the maculae is much thinner than that of
the remainder of the hypostoma, as pointed
out by LINDSTROM and amply verified by
WHITTINGTON & EVITT (1953) on silicified

material: (2) the places of muscle attach
ment in the cephala of trilobites lacking
apodemes invariably have a smooth surface,
differing markedly in this respect from
maculae with a reticulate or faceted surface;
and (3) in some species of trilobites having
the hypostoma firmly welded to the rostral
plate (as Holmia kjerulfi, Redliehia noet
hngi, Paradoxides davidis, Fieldaspis fur
eata) smooth maculae are well developed.
In the last-named trilobites it is evident that,
if the maculae represent places of muscle
attachment, the muscles would function as
for movements of the hypostoma alone.
They may have been expansor mus
cles of the stomach, attached to the ventral
wall of the subglabellar proventriculum, but
it seems strange that such powerful mus
cles (judging by the size of the maculae)
should have been needed to produce slight
expansion of the soft-tissued stomach.
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FIG. 68. Hypostomal maculae.--A, Cheintrtts sp., Ord., Swed.; left macula, X 10.5.--B, Sctltelltlm
platyactin (ANGELlN), Sil., Swed.; right macula, X 10.5.--C,F, Lichas sp." ?Ord., Swed.; C, wax impres
sion of internal side of right macula, XIO.5; F, internal side of another right macula, XI0.5.--D,
Sctltel/tlm sp., Sil., Swed.; right macula, X 10.5.--E, SC/ftel/tim polyactin (ANGELlN), Sil., Swed.; right

macula, X 17.5.--G, Asap/ws ralliceps DALMAN, Ord., Swed.; left macula, X 10.5 (all after 31).
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The available evidence seems to favor the
view that the macuiae had a visual func
tion. This is especially true for the reticulate
and faceted maculae present in such genera
as Scutellum, Lichas, and Illaenus. The
smooth maculae seem best regarded as "de
generate" ventral eyes that have lost their
lenses. Sections normal to the surface of
the maculae show that in those of "reticu
late" type the macula consists of numerous
prismatic bodies very similar to the pris
matic lenses of the dorsal holochroal eyes.
According to LINDSTROM this is true of the
maculae observed in several asaphids and
in some species of Illaenus. The "faceted"
maculae show an aggregate of "globular"
lenses resembling biconvex lenses of the
dorsal eyes. These are especially well de
veloped in some species of Scutellum and
Lichas (Fig. 68B-F).

The presence of ventral eyes in some
trilobites would certainly not constitute a
unique feature among the Arthropoda, as
similar organs are known among the Cheli
cerata and Myriapoda (HANSTRj2lM, 1926).

INTEGUMENTARY SENSORY
ORGANS

Trilobites possessed a variety of inte
gumentary sensory organs which, in the
main, seem to have had a tactile function.
Three principal categories may be dis
tinguished: (1) stiff setae or bristles carried
by the ventral appendages and possibly also
by the ventral membrane; (2) tiny funnel
shaped fossettes carried by some trilobites

on the eye platform; and (3) perforated
tubercles of the exoskeleton.

In all species in which the ventral ap
pendages are known, bristles are carried by
the telopodites, pre-epipodites, and antennae.
In the telopodites, the bristles are usually lo
cated on the ventral face of the endites. In
the pre-epipodites, they are carried both
by the distal segment and by the bladelike
filaments, the free extremity of which ends
in a single stiff bristle. In the antennae, they
seem to spring from the base of each seg
ment. It seems likely that bristles were also
carried by the ventral membrane (HuPE,
1949).

Sensorial fossettes, excavated on the sur
face of the eye platform, are known in some
trilobites. According to HUPE (1953), the
fossettes of Asaphus cornutus are irregularly
distributed, funnel-shaped pits connected
with the interior of the cephalic region by
very fine tubelike canaliculi.

Perforated tubercles have been observed
in some Calymenidae, Odontopleuridae,
Dimeropygidae, and Cheiruridae (SHIRLEY,

1936; WHITTINGTON, 1941; WHITTINGTON &
EVITT, 1953). They are plainly visible in
silicified specimens, and it is evident that
they are an original feature and not due to
a particular state of preservation. The per
forations are located either at the tip of the
tubercle or slightly behind it. Seemingly,
they represent passageways for tactile setae.
However, we cannot altogether discard the
possibility that some of these perforations
represent the external opening of cutaneous
or subcutaneous glands.

CEPHALIC MUSCLES

Judging by what is known in recent
Arthropoda, it is evident that the basal
joint of the biramous appendages of trilo-

the dorsal exoskeleton extending inward as
more or less conspicuous processes. A corre
sponding pit or depression is usually de
veloped on the dorsal surface of the cara
pace. The dark markings are areas of darker
tone which may be slightly pyritized, ob
served on the internal (ventral) surface of
the carapace. They are usually plainly vis
ible only when the specimens are immersed
in alcohol.

INTERNAL ANATOMY

MUSCULAR SYSTEM
No actual remains of muscles have been

found in trilobites but judging from the
structure and location of certain areas of the
exoskeleton regarded as places of muscle
attachment, it is possible to draw some ten
tative conclusions as to distribution and
function of the more important muscles.
This is facilitated by a comparison with
conditions in living Arthropoda, especially
Arachnida and Crustacea.

Areas regarded as places of muscle attach
ment belong mainly in 2 categories: (1 )
apodemes and (2) so-called "dark mark
ings." The apodemes are invaginations of
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bites must have been connected with the
ventral surface of the carapace by means of
more or less powerful muscles that con
trolled movements of the appendage. The

assumption that all trilobites had 4 pairs of
cephalic biramous appendages and a pair of
antennae, leads to the inevitable conclusion
that 4 pairs of muscle scars or areas of

B
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D

FIG. 69. Areas of muscle attachment.--A, Cephalon of Notopeltis orthometopus (HARRINGTON) HARRING
TON & LEANZA, L.Ord., Arg., X2.5 (after 19).--8, Cephalon of lllaenus dalmani VOLBORTH, Ord. Russia,
Xl.2 (after 79, 1954).--C, Cephalon of Dysplanus centrotus (DALMAN) BURMEISTER, L.Ord., Swed.,
Xl.2 (after 79, 1954).--D, Cephalon of Stenopareia oviformis (WARBURG) ]AANUSSON, M.Ord., Swed.,
X 1.8 (after 79, 1954).--E, Cephalic axial region of Chasmops odini (EICHWALD), M.Ord., Estonia, X2
(after 9).--F, Cephalic axial region of Pharostoma nieszkowski SCHMIDT, Ord., Estonia, X5.75 (after
24).--G, Cephalic axial region of Cybele grewingki SCHMIDT, Ord., Estonia, X1.25 (after 24).-
H, Ventral view of pygidium of Reraspis plautini (SCHMIDT) QPIK, M.Ord., Estonia, X3.95 (after 34) .
.(Explanation: ant, antennary muscle scar; app, appendage muscle scars; aux, auxiliary impressions; hy,
outline of the hypostoma; ph, pharostomian scar; 1-4, principal muscle scars of cephalic axis, regarded

as places of attachment of ventral appendage muscles.)
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muscle attachment must exist on the ventral
surface of the cephalon in connection with
the 4 pairs of biramous appendages, and
that an additional pair of scars must also
be present, corresponding to the places of
attachment of the antennary muscles.

In many trilobites, and especially in those
possessing well-marked lateral glabellar fur
rows, the appendage muscles were almost
certainly attached to apodemes projecting
obliquely downward from infoldings of the
integument represented by the glabellar
furrows. These apooemes were usually lo
cated about midway between the sagittal
line and the axial furrows or somewhat near
er to the axial furrows than to the mid
cephalic line. They are especially conspicu
ous in many Cheiruridae, and can be plainly
seen in silicified specimens of Ceraurinella.
In all probability, 2 bundles of antagonistic
muscles (adductor-abductor) were attached
to each apodeme.

In many other trilobites, particularly in
those having a more or less smooth glabella,
such as many Illaenidae, Raphiophoridae,
Asaphidae, and Nileidae, no apodemes were
developed, the appendage muscles being at
tached directly to certain areas of the ventral
surface of the cephalon. These areas, which
are also known in some Olenidae, Encrin
uridae, Calymenidae, and Dalmanitidae, ap
pear as paired "dark markings." They have
been described and figured by many au
thors, including BARRANDE ( 1852), VOL
BORTH (1863), HOLM (1886), MOBERG
(1902), RAYMOND & NARRAWAY (1908), No
VAK (1918), BORN (1919), RICHTER & RICH
TER (1926), OPIK (1929,1937), REED (1935),
LAMONT (1939), WHITTARD (1939), SINCLAIR
(1947), STl2lRMER (1949), WHITTINGTON
(1950), HUPE (1953), JAANUSSON (1957),
and HENNINGSMOEN (1957).

The dark markings are best known in the
Illaenidae, where they are usually repre
sented by 4 pairs on the internal surface of
the axial region (Fig. 69B). HUPE (1953)
has interpreted the anterior pair as the
places of attachment of the antennary mus
cles, and the 3rd (2p) pair as representing
the "fused" places of attachment of the
muscles of the 2nd and 3rd pairs of biram
ous appendages. This interpretation may be
correct, especially in such forms as Steno
pareia oviformis (Fig. 69D), which has the
anterior pair of markings located far for-

ward on the cephalon. Also, the 3rd pair of
markings is usually considerably larger than
the others. However, it seems likely that at
least in some Illaenidae (Platillaenus) the
places of atachment of the antennary mus
cles were the small apodemes found imme
diately below the fossulae or "anterior pits."

The significance of the fossulae, and of
the corresponding "fossular apodemes," is
still doubtful. WHITTINGTON (1941) dis
cussed these structures at some length, reach
ing the sound conclusion that they are not
homologous in all trilobites and that they
probably served different functions in dif
ferent genera. In some cases, as Ceraurus,
Ceraurinella, and Flexicalymene, the "fos
sular apodemes" seem to have acted as places
of attachment of the antennary muscles and
likewise as supports for anterior wings of
the hypostoma. In these genera, the "fossular
apodemes" bear a tiny pit on the anterior
face near their ventral extremity, which has
been interpreted by WHITTINGTON as a
socket for the articulation of the anterior
wing process of the hypostoma (Fig. 40).
However, it seems very likely that the pos
terior face of the apodemes was the place of
attachment of the antennary muscles, be
cause in these genera the basal section of the
antennae runs forward along the lateral
notches of the hypostoma between the an
terior wings and the lateral shoulders. In
other genera, such as Platillaenus and Cryp
tolithus, it seems hardly possible that the
fossular apodemes had any relation with the
hypostoma.

In addition to the apodemes and axial
region dark markings, other paired impres
sions have been observed in the cephalon of
a few species. The auxiliary impressions of
BARRANDE are small, usually rounded dark
spots, distributed in a few pairs on the pre
glabellar field (Pharostoma), along the axial
furrows (Chasmops), or along the anterior
and posterior areas of the glabella (Dalman
ites, Proetus) (Fig. 69E,F). These markings
were regarded by BORN (1919) and RAY
MOND (1920) as the places of attachment of
hypostomal muscles, but as RICHTER (1933)
and SCHULZE (1937) have pointed out, it
seems more likely that they represent points
of attachment of expansor (dilator) mus
cles of the esophagus and stomach. The
pharostomian scars of OPIK, consisting of
a pair of large impressions found in Pharo-
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A c
FIG. 70. Areas of muscle attachment.--A. Exoskeleton of Lonchodomas rostratus (SARS), L.Ord., Norway,
X5 (after 24).--B. Exoskeleton of Ectillaenus katzeri (BARRANDE) JAANUSSON, M.Ord., Bohemia, XO.8
(after 24).--C. Pygidium of Tretaspis kiaeri STl1lRMER, U.Ord., Norway, X1.5 (after 55). (Explanation:
a, axial furrow apodemes, ?places of attachment of dorsoventral muscles; ant, antennary muscle scars;
app, places of attachment of the thoracic and pygidial appendage muscles; aux, auxiliary impressions,
?places of attachment of dorsoventral muscles; 1-4, principal cephalic axis muscle scars, regarded as

places of attachment of the cephalic appendage muscles.)

stoma (Fig. 69F) along the axial furrows
at the level of the preoccipital glabellar lobes,
are probably related to dorsoventral mus
cles. This seems to apply also to the small
pits found in Lonchodomas and Ampyx
near the distal extremities of the posterior
border furrows (Fig. 70A).

THORACIC AND PYGIDIAL
MUSCLES

In both the thorax and pygidium the most
conspicuous places of muscle attachment
correspond to the insertions of the append
age muscles. The respective apodemes, if
present, are downward projections of the
infolded integument forming the ring fur
rows that separate the axial rings proper
from the articulating half-rings. They are
located along the anterolateral portions of
each individual ring, nearer to the axial
furrows than the sagittal line of the body.

Axial ring apodemes are conspicuous in
Ceraurus, Ceraurinella, and Cryptolithus,
but are feebly developed in Flexicalymene
and absent in many Asaphidae, Illaenidae,
Raphiophoridae, and other trilobites. In
their place, dark markings are found along
the anterolateral portions of each ring (Fig.
70). In the pygidium there seem to be as
many pairs of markings as original seg
ments and appendages, but the markings are
usually split into double pairs, probably
representing the separate insertions of 2
bundles of antagonistic muscles (Fig. 70A,
C).

In some Asaphidae (Kayseraspis, Hoekas
pis. Megalaspidella) and Illaenidae (Ectil
laenus) (Fig. 70B) a distinct pit is found
on the axial furrow close to the posterior
border of each thoracic pleura, and a similar
pit is found close to the posterior margin of
the cephalon. These probably correspond to
smaller apodemes, which are best regarded
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FIG. 71. Internal anatomy of the thoracic region of trilobites, according to HUPE (I953).--A, Sagittal
section of the thorax, showing 2 segments.--B, Exsagittal section of the thorax, passing through the
apodemes and the underlying basal segments of the ventral appendages.--C, Schematic reconstruction
of the internal anatomy of 3 thoracic segments; one segment shown in transverse section and dorsal
integument of the right side of 2 segments supposed to have been removed. (Explanation: ab, articulating
boss on pleura; atr, articulating half-ring; am, articulating membrane; ap, apodeme; app, appendage
muscle; da, dorsal vessel of circulatory system; edm, external dorsal muscle; t, pleural facet; gc, ganglion
chain of nervous system; i, intestine; idm, internal dorsal muscle; lm, lateral muscles; plm, pleural

muscles, hypothetical; pr, precoxa; s, sternite; t, tergite; urn, ventral muscles.)

as places of attachment of dorsoventral mus
cles (compressors of the body).

Extensor muscles, in all likelihood, were
well developed in most trilobites, particular
ly in those capable of enrollment. The
principal extensors (internal dorsal muscles)
were probably attached to the ventral side
of the ring furrows on both sides of the
sagittal line, whereas the auxiliary extensors
(external dorsal muscles) probably extended
from the anterior margin of one articulat
ing half-ring to the anterior part of the
axial ring immediately in front (Figs. SO,
71). Clearly, the trilobites must have had

ventral muscles, particularly flexors of the
body (internal ventral muscles) attached to
the intersegmental folds of the ventral mem
brane, but, of course, nothing remains of
such muscles or of their places of attach
ment (Fig. 71A,C).

DIGESTIVE SYSTEM
Very little is known about the dige~t.ive

system of trilobites and even the pOSItIOn
of the mouth is not known with certainty.
It is generally assumed that the oral open
ing was located immediately behind the
hypostoma and in front of the metastoma,
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somewhere in the posterior part of the ven
tral side of the cephalic region. In truth,
this is very likely, but in no specimen have
actual traces of the mouth opening been de
tected. In all probability this is due to the
fact that the mouth was bounded by soft
tissue that decayed rapidly after the death
of the animal.

The accepted location of the mouth near
the rear part of the ventral cephalic region
suggests one of 2 possibilities: (1) the diges
tive tract extended directly backward from
the mouth, with practically no cephalic sec
tion; and (2) the tract began with a short
esophagus directed forward-upward, lead
ing to a stomach or proventriculum lodged
beneath the glabella and continued back
ward in a long and narrow intestine, ending
near the posterior extremity of the pygidial
region. The second possibility seems the
more likely and it has been generally ac
cepted by most paleontologists who have
studied this problem.

Structures regarded as representing traces
of the actual digestive tract have been de
scribed in a few specimens, but in most of
them these structures are of more than
doubtful significance. VOLBORTH (1863)
described and figured an enrolled specimen
of "lllaenus" sp. from the Ordovician of
Russia showing a narrow, multisegmented
raised band running sinuously along the
sagittal line of the thorax. The structure was
interpreted as a camerate heart by both VOL
BORTH (1863) and RAYMOND (1920), but as
a metamerized intestine by HUPE (1953). In
all likelihood, however, the structure is
alien to the trilobite and it may represent
a crinoid arm accidentally preserved in an
unusual manner. From VOLBORTH'S figure
it is evident that the number of segments
in the so-called "heart" or "intestine" is
considerably greater than the number of
somites in the trilobite. Moreover, just be
fore it disappears on reaching the cephalic
region, the "heart" or "intestine" clearly
bifurcates in a manner suggesting the bifur
cation of a crinoid arm.

The "alimentary canals" seen by WALCOTT
(1881,1921) and RAYMOND (1920) in some
sections of enrolled specimens of Ceraurus
and Flexicalymene, have been reinterpreted
by STl1lRMER (1939) as appearances due to
the differential mud-filling of the body

FIG. 72. Digestive system of trilobites. Onnia ornata
(STERNBERG) WHITTINGTON, U.Ord., Bohemia, X2
(after 2, illustrated as Trinucleus goldfussi BAR

RANDE); specimen showing hollow axial tube re-
garded as representing the digestive tract.

cavity of the trilobites shortly after entomb
ment of the enrolled individuals.

Skania tragilis, from the Middle Cam
brian Burgess Shale of British Columbia,
shows unquestionable traces of a long diges
tive tube, but this species, regarded by HUPE
(1953) as "probably a larval form," is evi
dently not a trilobite. The type specimen,
illustrated by WALCOTT (1931), is 2 em.
long and does not resemble any known
trilobite meraspis.

The only described structure that may
be regarded as representing true remains of
a digestive tract is that figured by BARRANDE
(1852) in 2 specimens of Onnia ornata
(STERNBERG) WHITTINGTON from the Ordo
vician of Bohemia (originally described by
BARRANDE as Trinucleus goldtussi BAR
RANDE) (Fig. 72). In both specimens, the
structure consists of a pyriform excavation
in the glabellar region followed by a nar
row sagittal canal ending at the posterior
extremity of the pygidial axis. The anterior
pyriform expansion has been regarded as
representing the stomach or proventriculum,
located below the glabella, whereas the
sagittal canal has been interpreted as repre
senting a hollow intestinal tube. Judging
by BARRANDE'S figures this interpretatioJ;l
seems plausible enough, and it agrees with
the usual assumption that the stomach pouch
of trilobites was located below the glabella.

Contrary to RAYMOND'S (1920) opinion,
however, it seems that no close corre-
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spondence could exist between size of
glabella and size of stomach. In most, if not
all, trilobites, the stomach probably occu
pied only a fraction of the space below the
glabella, and it seems certain that in all
species it was much narrower than the
glabella. This is pointed out by the location
of the "dark markings" and apodemes re
garded as places of attachment of the ceph
alic appendage muscles. It must be evident
that in most Illaenidae (Fig. 70B) very lit
tle space was left for the stomach (or any
other organs, for that matter) between the
appendage muscles. The same is true for

many Cheiruridae with well-developed
apodemes.

GENAL CAECA
Many trilobites belonging to diverse fam

ilies, such as Olenidae, Ptychopariidae, Con
ocoryphidae, Olenellidae, Remopleurididae,
Loganopeltidae, Harpidae, Harpididae, Tri
nucleidae, and Dionididae, show radiating
cephalic "nervures" (usually bifurcating
and in cases anastomosing) that RAYMOND

(1920) proposed to call "genal caeca." The
"nervures" are raised lines that usually ra
diate outward toward the periphery of the
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'FIG. 73. Genal caeca of trilobites and schematic reconstruction of the digestive system.--A-C, Camera
lucida drawing of genal caeca; A, Elyx laticeps (ANGELlN), M.Cam., Swed.; B, Conocoryphe mizen
(SCHLOTHEIM), M.Cam., Bohemia; C, Ptychoparia striata (EMMRICH), M.Cam., Bohemia.--D, Schematic
reconstruction of the digestive system of trilobite, showing stomach and genal diverticules in the cephalic

region, and intestine in the thoracic and pygidial regions (all after 24).
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B

FIG. 74. Cephalc impressions.--A. Cephalic im
pressions of a specimen of Asaphus cornutus PAN

DER, Ord., Xl, regarded by HUPE as possib!e ~m

pressions left by blood vessels.--B. Cephahc Im
pressions of a specimen of Nileus armadillo DAL

MAN, Ord., Swed., X2, showing sagittal marking
regarded as impression of the ligament suspensor of

the heart, and paired muscle scars (after 24).

cephalon, transecting the librigenae, pre
glabellar area, or fixige?~e. T~ey nev~r occur
in the glabella or OccIpItal nng (FIg. 73).
Usually they are far better impressed on the
internal (ventral) face of the cephalon. They
probably represent impressi.ons .left in the
integument by glandular divert1cl~s of t~e

digestive tube. Such organs, obViOusly 10

close correlation with the proventriculum or
stomach, are beautifully preserved in several
Trilobitomorpha found in the Middle Cam
brian Burgess Shale of British C~lum~ia,

suggesting that they also occurred 10 tnlo
bites. Fig. 73D is a theoretical reconstruc
tion (according to HUPE, 1953) of a ge~

eralized trilobite showing the probable POSI
tion of the digestive tract and cephalic glan
dular diverticles.

CIRCULATORY, NERVOUS, AND
RESPIRATORY SYSTEMS

Nothing is known with certainty about
the circulatory and nervous systems of trilo
bites. HUPE (1949) described what he re-

garded as doubtful traces of a circulatory
system in a single cephalon of Asaphus cor
nutus from the Ordovician of Rusisa (Fig.
74). Two sets of "communicating canals
filled by calcite," one set infraglabellar in
position and the other infragenal, were ten
tatively regarded as representing traces of
collateral and hepatic arteries respectively.
The structures, however, seem of very doubt
ful significance. Equally doubtful is the
meaning of a median cephalic impression
seen in a specimen of Nileus armadillo de
scribed by MOBERG (1902) and in some
cranidia as Bellefontia chamberlaini illus
trated by Ross (1951). These impressions
have been regarded (HUPE, 1953) as the
place of attachment of a ligament suspensory
of the heart or some other large cephalic
vessel.

The respiratory system of trilobites was
essentially external, represented by the
bladelike filaments borne by the pre-epipo
dites, which functioned as external branchia
(p. 079). RICHTER'S suggestion that the ven
tral membrane may have aided in respira
tion, probably by osmotic exchange, is be
yond the possibility of factual confirmation.

REPRODUCTIVE AND
EXCRETORY SYSTEMS

Again, nothing is known about the re
productive and excretory systems of trilo
bites. BARRANDE, in 1872, described and il
lustrated a specimen of Barrandia crassa
from the Middle Ordovician of Bohemia
bearing a mass of tiny ovoid bodies lo
cated below the integument of the frontal
glaellar lobe.! The bodies were regarded as
eggs still in place in ovaries below the
cephalic exoskeleton. If it could be proved
that the tiny corpuscles are, in fact, ova, this
would mean that the ovaries in Barrandia
(and possibly in other trilobites) were un
usually located very far forward in the
cephalic region. However, the nature of the
ovoid bodies is, to say the least, still a matter
for speculation. For all we know, they could
be alien to the single specimen in which

1 C. J. STUBBLEFIELD notes that in 1.852 BAR~ANI>E de
scribed as trilobite eggs various spherol';!al b?dl~s found
associated with trilobite exoskeletons 1D Stlunan and
Devonian deposits of Bohemia. These bodies were red or
black pellicles classifiable in 3 size groups: (I) 4 to 5 mm.
diameter, (2) 2 mm. diameter, and (3) less than 0.7 mm.
diameter.-R.C.M.
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they have been noticed.2 Equally uncertain
is the possibility, suggested by HUPE (1953),
that the macropleurae of some trilobites may
have a secondary sexual meaning, repre
senting the genital segments bearing the
gonopores.

It is worthy of mention that RESSER &
ENDO (1937) described 2 specimens of
Fengtienia peculiaris from the Middle Cam
brian of Manchukuo, lying side by side and
apparently joined by the tips of the pygidia,

2 According to C. J. STUBBLEFIELD, similar ovoid objects
from Tremadocian strata of England have been referred
(GROOM, 1902) to the genus Tomaculum, suggested to repre
sent either excreta or eggs. Run. RICHTER (1940) has favored
the view that Tomaculum (identified by him and others
from Ordovician strata of Germany and France) represents
the excrement of organisms not confined to that of tri1o~

bites.-R.C.M.

have been tentatively regarded as 2 individ
uals that died in copulo. Probably, how
ever, this so-called "copulating attitude" is
due to accidental association.

As regards excretory organs it seems like
ly that trilobites, being primitive Arthro
poda, possessed nephridia. In the great ma
jority of species the external openings of
these metameric organs probably were lo
cated on the ventral membrane of the genal
areas and thoracic pleurae, but, as already
suggested by SIEGFRIED (1936), it seems
likely that in some progressive forms the
openings were located on the cephalic and
thoracic pleural doublures, where they are
represented by the "Pander openings" (p.
0106).

ENROLLMENT

Most trilobites were capable of enroll
ment, being comparable in this respect to
the living Isopoda and to certain insects
(some blattids) and myriapods (glomerids).
However, it is practically certain that the
Olenellidae and other primitive Lower Cam
brian micropygous forms lacked ability to
enroll the carapace. This suggests that the
olenellids were essentially benthic forms and
that their vulnerable ventral side was pro
tected by close apposition to the substratum.

MECHANISM OF ENROLLMENT
In the normal outstretched attitude of the

trilobite, the thoracic mesotergites over
lapped each other in such a way that the
articulating half-ring of one segment was
concealed under the posterior part of the
axial ring immediately in front. In this atti
tude the distal parts of the pleurae over
lapped each other slightly, their extremities
being more or less separated and free.

During enrollment, maximum longitudi
nal displacement occurred both along the
sagittal line of the body and along imagin
ary lines passing through the pleural ex
tremities, whereas displacement was very
slight along the proximal parts of the pleurae
and practically none along the axial fur
rows. The abaxial extremities of the rings
acted as pivots for the movement and, as a
result, the articulating hatlf-rings were un
covered, in contrast to the distal parts of the

pleurae, which became strongly imbricated,
overlapping each other.

Several modes of enrollment may be dis
tinguished among trilobites and, as far back
as 1852, BARRANDE recognized 3 types which
he called spheroidal, double, and discoidal.

SPHEROIDAL ENROLLMENT
This is the commonest type, characteriz·

ing such families as the Bathyuridae, Asa
phidae, Illaenidae, Proetidae, Calymenidae,
Cheiruridae, and Phacopidae, and in gen
eral most isopygous or macropygous trilo
bites. In the spheroidal mode, all the thoracic
segments have an equal share in enrollment.
As the gliding of the thoracic segments be
gan, the articulating half-rings were pro
gressively uncovered and the thoracic axis
became increasingly convex longitudinally.
At the same time the downward curvature
of the distal parts of the pleurae increased
and their extremities became more and more
imbricated, overlapping each other. Also, the
transverse curvature of the cephalon in
creased slightly by downward bending of
the genal regions. When enrollment was
complete, the pygidium touched the cepha.
Ion and the whole animal attained a sub
spheroidal shape, the overlapping distal parts
of the thoracic pleurae forming a sort of
continuous lateral closure. The vulnerable
ventral part with its comparatively soft ap
pendages was thus protected by the firmly
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FIG. 75. Types of spheroidal enrollment; right side, lateral view of enrolled specimens; left side, sagittal
section of enrolled specimens.--A. Pseudomegalaspid type, Pseudomegalaspis formosa (TORNQUIST)
JAANUSSON, Ord., Swed., XO.95 (right, after 79, 1953).--B. Asaphid type, Asaphus (Neoasaphus) up
landicus WIMAN, Ord., Swed., X3.3 (right, after 79, 1953).--C. Phacopid type Eoeryphops kayseri
(HERMANN), M.Dev., Ger., X55 (right, after 87, 1931).--D. Phillipsinellid type, Phillipsinella parabola

(BARRANDE) NOVAK, U.Ord., Scot., X2 (right, from WHITTINGTON'S 1950 data).
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FIG. 76. Double and discoidal enrollment; right side, lateral view of enrolled specimens; left side, sagittal
section of enrolled specimens.--Double enrollment (above), Ellipsocephalus polytomus LINNJIllSSON, M.
Cam., Swed., X8.2S (data from 68).--Discoidal enrollment (below), Harpes macrocephalus Go1.DFUSS,

M.Dev., Ger., X1.2S (right side, after 86,1921).

closed "box" formed by the enrolled cara
pace.

Depending, however, on the manner in
which the pygidium comes in contact with
the cephalon, 4 types of spheroidal enroll
ment can be distinguished. (1) In the pseu
domegalaspid type (Fig. 75A), the anterior
margin of the cephalon fits against the in
ner edge of the pygidial doublure, while
the lateral margins of the cephalon come in
contact with the pygidial doublure close to
the lateral margins of the pygidium. The
pygidium, therefore, protrudes beyond the
cephalon for a distance equal to the width
of its doublure. (2) In the asaphid type
(Fig. 75B), the anterior margin of the
cephalon comes in contact with the posterior
margin of the pygidium, the cephalic and
pygidial doublures facing each other. (3)
In the phacopid type (Fig. 75C), the pos
terior margin of the pygidium fits into a
furrow on the cephalic doublure, which runs
parallel and close to the cephalic margin.
(4) Lastly, in the phillipsinellid type (Fig.
75D), the posterior margin of the pygidium
comes in contact with the hypostomal su
ture, in such a manner that the rostral plate
is not covered by the pygidium. The cepha
lon, therefore, protrudes well beyond the
posterior border of the pygidium.

DOUBLE ENROLLMENT
In this mode, characteristic of some prim

itive micropygous Cambrian trilobites such
as Ellipsocephalus and Bailie/la, the pos-

terior thoracic segments bend together with
the small pygidium under the thorax, and
then the main part of the thorax rolls up
according to the spheroidal mode. As a result
the dorsal side of the pygidium and last few
thoracic segments come in contact with the
cephalic doublure, the anterior cephalic mar
gin touching one of the rear thoracic rings
(Fig. 76A).

DISCOIDAL ENROLLMENT
In this mode, characteristic of certain pro

gressive micropygous and isopygous forms
(Harpidae, Trinucleidae, Hapalopleuridae),
the thorax folds together in halves like a
closing book. The flexion of the thorax is
differential, being maximum in a com
paratively short anterior stretch that acts
as a sort of hinge, whereas it is very slight
or none at all along the posterior segments.
In this mode of enrollment, the posterior
margin of the pygidium may come in con
tact (1) with the anterior margin of the
cephalon (hapalopleurid type), (2) with ~he
girder (harpid type, Fig. 76B), or (3) WIth
the inner edge of the lower lamella (crypto
lithid type). Apparently in no trilobite was
the hypostoma uncovered during complete
enrollment.

ANATOMIC FEATURES
RELATED TO ENROLLMENT
Progressive trilobites developed special

structures connected with enrollment. In
the main these are devices for providing a
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FIG. 77. Vincular furrows.--A. Anterior cephalic
doublure of Nephranops miserrimus (DREVERMANN),
U.Dev., Ger., X4, showing wide vincular furrow
(after 47). B-E. Sagittal sections along anterior part
of cephalon showing vincular furrow (v); B, Pha
cops; C, Trimerocephalus; D, Nephranops; E,
Dianops (after 47).--F,G. Lateral vincular fur
rows; F, lateral cephalic doublure of Phacopidella
glockeri (BARRANDE), Sil., Bohemia, X5 (after
HUPE, 1953); G, lateral cephalic doublure of Denck
mannites micromma (ROEMER), Dev., N.Afr.(Mor-

occo), x2.5 (after 87, 1943).

firm fastening of the tightly closed "box"
formed by the enrolled individual, and
devices tending to prevent overgliding of
the thoracic pleurae at the completion of
enrollment.

VINCULAR FURROWS AND
NOTCHES

The name "vincular furrow" (from Latin
vinculum, lock or fastening) is here used
as equivalent for RICHTER & RICHTER'S
(1926) "Verschlussfurche" and HUPE's
(1953) "sillon de fermiture." The term
"subcranial furrow" used by DELO (1935)
to designate these structures is unfortunate
because it is both inaccurate and inappropri
ate; therefore, it is rejected.

The vincular furrow, particularly well de
veloped in the Phacopidae, consists of a

more or less deep groove incised on the
cephalic doublure, running parallel and close
to the cephalic margin. The furrow may be
mainly anterior in position, in which case,
at the completion of enrollment, the pos
terior edge of the pygidium fits into the
groove as in a tongue-and-groove coupling,
providing a very efficient fastening. Anterior
vincular furrows are especially well de
veloped in such phacopid genera as Neph
ranops and Dianops (Fig. 77A,D,E). In
some other genera, notably Phacopidella and
Denckmannites (Fig. 77F,G), the vincular
furrows are found along the lateral cephalic
doublures. In this case they acted as grooves
for the reception of the thoracic pleural ex
tremities. In Denckmannites the furrow is
sinuous, providing a close fit for the over
lapping pleural extremities.

In some Asaphidae, notably Asaphus ex
pansus from the Ordovician of Estonia (Fig.
78), a vincular notch is developed along
each posterolateral angle of the cephalon. At
completion of enrollment, this notch re
ceived not only the distal extremities of the
pleurae but also a hooklike process carried
by the anterolateral angles of the pygidium.
This process engaged against the slight an
terior concavity of the notch providing a
firm fastening.

A very efficient fastening device was de
veloped in the pliomerid genus Pliomera.
It consists of a row of denticles along the
anterior cephalic border and doublure
which, upon completion of enrollment, in
terlocked with the short free extremities of
the pygidial pleurae.

PANDERIAN ORGANS
Panderian organs, originally discovered

by PANDER (1857) in Asaphus expansus, are
now known to be present in many Asaphi
dae, Nileidae, Illaenidae, Proetidae, Bathy
uridae, Dimeropygidae, and Phacopidae
(Fig. 79).

Actually, the name "panderian organs"
is applied to 2 different exoskeletal struc
tures which, though apparently related ana
tomically, may have had, and probably did
have, quite dissimilar functions. One of
these structures, which (HuPE, 1954)
should be called "panderian protuberances,"
consists of rounded elliptical or elon
gated ridgelike protuberances found in the
fixigenal and thoracic pleural doublures.
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FIG. 78. Vincular notch and hook in Asaphus ex
pansus DALMAN, Ord., Estonia (slightly schematic
drawing after S2.)---A. Specimen not completely
enrolled, X 2; the thoracic pleural extremities and
the anterolateral angle of the pygidium will fit, at
completion of enrollment, into cephalic vincular
notch.---B. Internal (ventral) view of the pos
terolateral angle of the cephalon and the anterior 3
overlapping thoracic pleurae, X4.---C. Internal
(ventral) view of the anterolateral angle of the
pygidium and of the posterior 3 overlapping pleurae,
X 4. (Explanation: d, doublure; po, panderian
opening; pp, panderian protuberance; t, terrace

lines; vn, vincular notch; vh, vincular hook.)

The other structures, which properly should
be called "panderian openings," are small
rounded or elliptical holes in the exoskele
ton~ located immediately behind the pan
denan protuberances. In some trilobites,
they appear as notches along the adaxial
margin of the pleural doublures, immedi
ately behind the panderian crests.

All authors who have described panderian
protuberances agree that they represent
"stopping devices" to prevent the overglid
ing of the onlapping pleurae during enroll
ment, the anterior border of one pleura
abutting against the protuberance of the
pleura immediately in front of it when
maximum permissible enrollment was
reached by the animal.

No agreement exists, however, about the
meaning of the panderian openings. Some
authors, notably HUPE (1945, 1954), actually
believe that no such openings existed in the
living animal. However, since these open
ings actually occur in fossil specimens, nota
bly in silicified material of Isotelus de
scribed by WHITTINGTON (1941), HUPE ad
vanced the hypothesis that in this and other
trilobites the integument near the pan
derian protuberances was extremely thin
and that it covered a special sensory organ,
which he called "avertisseur panderien,"
which "advertised" the passage of the an
terior border of one pleura just before it
touched the panderian protuberance of the
one immediately in front. He further ar.gued
that the integument may have been so thin
that, in some individuals, it may have
broken away during life of the animal, the
traumatism leading to death of the individ
ual. Such an hypothesis seems far-fetched
and fails to explain why all the pleurae have
openings. If the tiny holes originated acci
dentally and caused death, it is logical to
suppose that only one or at most a few of
the pleurae would have been thus perfor
ated, instead of all of them. Moreover, what
is known about cicatrization of wounds and
regeneration of parts in trilobites suggests
that such small wounds, if made, would
have healed very rapidly.

All in all, the available evidence seems to
be in favor of SIEGFRIED'S (1936) sugges
tion that the panderian openings represent
pores leading to some metameric internal
organs, such as nephridia. Probably in the
great majority of trilobites the pores opened

© 2009 University of Kansas Paleontological Institute



Other Characters 0107

on the ventral membrane of the pleurae and
fixigenae, whereas in a few (Dimeropyge
spinitera, Illaenus sarsi) the pores were lo
cated on the ventral membrane directly
along the adaxial edge of the doublure

("panderian notches"). In a few species the
pores seem to have opened in the doublure
itself behind the panderian protuberances,
which may have served as protecting bosses
or ridges.

(Fig. 81). A pygidium of Tricrepicephalus
paraconus from the Upper Cambrian of
Missouri, described by LOCHMAN (1941),
has the left spine broken at the base and a
callus, obviously formed during the life of
the animal, covering the wound. A pygi
dium of T. texanus, also from the Upper
Cambrian of Missouri (LoCHMAN, 1936),
has the tip of one of the spines bent abruptly
from its normal position. A cephalon of
lllaenus wahlenbergi from the Middle
Ordovician of Estonia, described by HOLM
(1886), shows an extra facial suture on one
side and a duplication of the posterior bor
der. As suggested by RAYMOND (1916) this
seems to have been due to partial retention
of the old integument after molting.

Several cases of regeneration of parts also
are known. A cephalon of Ceraurus matran
seris, from the Upper Ordovician of Quebec,
described by SINCLAIR (1947), shows a re
generated spine. The right genal spine was
broken near the middle part and the sec
ondary outgrowth differs from the original
spine in having a sculpture of concentric
striae instead of tubercles. Eye surfaces, be
ing salient unprotected areas, were also
easily damaged. Several instances of regen
eration of eye lenses are known. In a speci
men of Asaphus cornutus from the Ordovi
cian of the Baltic region of Russia, described
by HupE (1953), the regenerated parts can
be recognized easily. The newly formed
facets are either smaller than the original, or
polygonal in outline. A similarly damaged
eye of T elephina mobergi, from the Lower
Ordovician of Sweden, was figured by HAD
DING (1913) and described by ISBERG (1917).
It is probable that these eye injuries occurred
during molting.

Pathological specimens of trilobites are
also known. A classical example is a cepha
Ion of Megistaspis acuticauda from the
Ordovician of the Baltic region illustrated
by SCHMIDT (1906) (Fig. 82A) that shows
a large tumor on the left side and a corre
sponding deformation of the anterior sec-

OTHER CHARACTERS

COLOR PATTERNS

CICATRIZATION, REGENERA
TION, PATHOLOGY, AND

TERATOLOGY
Trilobites possessed the ability to heal

their wounds and to regenerate broken parts.
This is clearly shown by different specimens
displaying unmistakable evidence of cica
trization of injuries and secondary growth
of parts. A notable individual of Paedeu
mias robsonensis, from the Lower Cambrian
of British Columbia, illustrated by BURLING
(1917), has the 4th, 5th, and 6th right
prothoracic pleurae damaged, the injuries
having healed during the life of the animal

It is hardly conceivable that living trilo
bites were colorless, as this would mean that
their carapace was translucent. In all prob
ability their exoskeleton was pigmented, but
whether it was uniformly or irregularly col
ored is difficult to judge. Possibly both types
of patterns occurred. To the writer's knowl
edge only 4 instances of color markings on
trilobites have been described. These include
(1) a pygidium of Anomocare vittata from
the Middle Cambrian of Alabama (Fig.
80B), described by RAYMOND (1922), with
color markings that consist of somewhat ir
regular fan-shaped bands traversing the
pleural regions and continuing across the
axis in narrower belts; (2) a pygidium of
Phillipsia? tenuituberculata from the Mis
sissippian of Missouri (Fig. 80A), described
by WILLIAMS (1930), showing paired rows
of rounded pigmented spots on the abaxial
part of the rings; (3) a few specimens of
Isotelus maximus from the Upper Ordovi
cian of Ohio, described by WELLS (1940),
showing dark areas along the thoracic axial
furrows; and (4) a pygidium of Ditomopyge
meridionalis from the Permian of Western
Australia, described by TEICHERT (1944),
showing numerous small rounded spots scat
tered over the surface of both the pleural re
gions and the axis.
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FIG. 79. Panderian protuberances and openings.--A,B. Symphysurus palpebrosus (DALMAN), Ord., Swed.,
A, ventral view of 2 thoracic pleurae in enrolled position, X 10; B, cross section of same passing throu?,h
panderian protuberance, XI8 (after 25).--C,D. Asaphus (Neoasaphus) cornutus (PANDER), Ord., RUSSIa;
C, ventral view of 2 thoracic pleurae in enrolled position, X 10; D, cross section of same, passing through
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FIG. 80. Color patterns.--A. Pygidium of Phil
lipsia? tenuit/lberculata (J.S. WILLIAMS) HARRING
TON, Miss., USA (Missouri), X4, showing paired
spots on axial rings (after 100, 1930).--B. Pygi
dium of Anomocare vittata RAYMOND, M.Cam., USA
(Alabama), X2, showing fan-shaped light and dark

bands (after 42).

tion of the facial suture.! A pygidium of
Nieszkowskia capitalis from the Ordovician
of Estonia, illustrated by QpIK (1937),
shows strong deformity of the right side
affecting both the axis and the pleural re
gion. A pygidium of CO/'onura aspectans

1 Another example from Tremadoci:ln strata of England
(STUBBLEFIELD, 1926) is a specimen of S/wmardia pusilla
with normal 4th macropleural spine on the left side but
showing on the right side an abnormal 3ed macropleural
spine succeeded by the 4th and 5th pleurae fused at about
mid-length to form a stout nonmacropleural lau:ral ter
mination; this is inferred to denote an injury co the right
macropleural thoracic spine in a preceding molt.--C.} .5.

FIG. 81. Paede/lmias robsonensis BURLING, L.Cam.,
Can., X I, specimen showing healed injuries on

right side of pro thorax (24, after BURLING).

from the Devonian of Ohio, illustrated by
HALL & CLARKE (1888) (Fig. 82D), shows
marked deformities in the right pleural re
gion. Notable is the case of the deformities
observed in pygidia of Scutellum flabelli
ferum and allied forms, from the Middle
Devonian of Germany, described by RICH
TER & RICHTER (1934). Here several patho
logical pygidia were found, suggesting
either deformations of parasitic origin or
cicatrization of injuries inflicted during
molting (Fig. 82B). As long ago as 1843
PORTLOCK described and illustrated a de
formed pygidium of Phillipsia ornata from
Lower Carboniferous rocks of Ireland.

Teratological cases are also known among
trilobites. In most specimens the malforma-

(Continued from facing page)

panderian protuberances, X20 (after 25). E. Pse/ldomegalaspis formosa (TORNQUIST) JA.ANUSSON, Ord.,
Swed.; ventral view of 2 thoracic pleurae in enrolled position, X4.7 (after 79, 1953).--F. Asaphus
lepidurus NIESZKOWSKI, Ord., Baltic region; ventral view of thoracic pleura, X6 (after 25).--G. Niobe
frontalis (DALMAN), Ord., Swed.; ventral view of thoracic pleura, X9 (after 25).--H,l. Nileus armadillo
DALMAN, Ord., Swed.; H, ventral view of thoracic pleura, X 10; I, cross section of same, passing through
panderian protuberance, X 10 (after 25).--1. Illaenus c1l11dleighensis HOLM, Ord., Baltic region; ventral
view of thoracic pleura, X3 (after 25).--K. Acaste downingiae (MURCHISON), Sil., G.Brit.; ventral view
of thoracic pleura, X 9 (after 25) .--L. lllaenus sarsi JAANUSSON, Ord., Swed.; ventral view of thoracic
pleura, X 4 (after 25) .--M,N. Dimeropyge spinifera WHITTINGTON & EVITT, M.Ord., USA (Virginia) ;
M, ventral view of 3 thoracic pleurae in enrolled position, X30; N, same in outstretched position, X30
(after 71).--0. Ptychopyge sp., Ord., ?Swed.; ventral view of thoracic pleura, X2 (after 25). (Explana-

tion: in Figs. M,N, anterior margins of pleurae face to the right but in all others they face to the left.)
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MOLTING
Trilobites, having a hard unyielding exo

skeleton, could grow only by molting or,
more precisely, only during the brief p~

riods immediately after they had shed then
exoskeletons.

Probably the great majority of trilobite
remains known as fossils are exuviae shed

FIG. 82. Pathological and teratological individuals.--A. Pathological cephalon of Megistaspis acuticauda
(ANGELlN) ]AANUSSON, Ord., Baltic region, XO.6, showing tumor on left side and deformation of anterior
section of facial suture (after 24) .--B. Pathological pygidium of Scutellum (Scutellum) flabelliferum
(GOLDFUSS), M.Dev., Ger., X3 (after 24, from 48).--C. Teratological specimen of Rossaspis superciliosa
(Ross) HARRINGTON, L.Ord., USA (Utah), XI; the 2 anterior thoracic segments of the right side are fused
with the cephalon, whereas on the left side the 1st thoracic pleura is abortive (after 24, from 49).-
D. Pathological pygidium of Coronura aspectans (CONRAD) HALL & CLARK, L.Dev., USA (Ohio), X1.33

(after 17).

tions consist of abnormal fusion of seg- (1895). OEHLERT'S studies have shown that,
ments. In an individual of Paradoxides from in a collection of 2,000 specimens, about 40
the Middle Cambrian of Sweden described per cent are characterized by bifurcated
by WESTERGARD (1936) the last thoracic genal spines. The bifurcation may affect
segment is fused with the pygidium, where- only one (right or left) or both spines, and
as in a specimen of Bathyuriscus brighamen- it may occur at the base, the middle, or close
sis from the Upper Cambrian of Utah fig- to the extremity of the spine. The abundance
ured by RESSER (1939), the 1st thoracic seg- of teratological individuals may even sug
ment is fused with the cephalon. An excep- gest hybridism a,nd hereditary transmission
tional fossil described by Ross (1951) is a of malformations.
specimen of Rossaspis superciliosa from
the Lower Ordovician of Utah (Fig. 82C).
Here the 1st and 2nd right pleurae are fused
with the cephalon, whereas they are devel
oped on the left side. However, the 1st left
pleura is deformed and abortive.

A special case is that of uTrinucleus"
pongerardi from the Ordovician of France,
described by ROUAULT (1846) and OEHLERT
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FIG. 83. Phacopid mode of ecdysis. Exuviae of Nephranops sp., V.Dev., Ger., showing thoracic and
pygidial parts in normal position (ventral face downward), whereas the cephalon has rotated backward
about 180 0 and lies upside down; as the facial sutures are nonfunctional, the librigenae remain attached

to the cranidium (after 46).

during molting, either found "in situ" or
transported and accumulated by waves and
sea currents. This is suggested by 2 facts:
(1) remains of dead individuals must have
been destroyed rapidly by bottom scaven
gers, whereas the empty exuviae devoid of
soft tissues were left undisturbed; and (2)
a single individual, attaining the normal
life expectancy of the species, probably
molted many times. RAW (1927) estimated
that not less than 29 molts took place in
Leptoplastoides salteri from early protaspid
to late holaspid stages, and it seems likely
that in large trilobites the number of molts
was considerably greater. This means that,
even if one accepts the postulate that a trilo
bite carcass had the same chance of preser
vation as the exuviae, probably not more
than 10 per cent of the fossil remains would
correspond to those of dead animals.

It is generally accepted that the cephalic
sutures played an important role during
ecdysis, acting as lines of weakness along
which different cephalic exoskeletal pieces
cleaved apart, providing .spaces through
which the animal could crawl out of the old
integument. It seems certain, however, that
the junction line between cephalon and
thorax also played an important part in
molting, particularly in those trilobites that,
like most phacopids, had nonfunctional fa
cial sutures. The different sutural patterns
must have controlled the mechanics of
molting in different trilobites, but our
knowledge of the modes in which ecdysis
was accomplished is unsatisfactory and con
fined to the data furnished by comparatively
scarce specimens interpreted as representing
undisturbed exuviae. The best understood

are, at present, the phacopid and the olenid
modes of molting.

The phacopid mode, illustrated by SAL

TER (1864), was analyzed in detail by
RICHTER (1937), who styled it "Salter'sche
Einbettung" (Salterian molting).1 The term
"phacopid mode" seems more appropriate.
According to RICHTER, it characterizes sev
eral Devonian phacopids, including several
species of Phacops, Nephranops, Trimero
cephalus, Dianops, Cryphops, Phacopidella,
and Asteropyge, in which the facial sutures
are nonfunctional. The exuviae consist of
thorax and pygidium in normal position and
of a complete cephalon (librigenae firmly
attached to the cranidium) lying somewhat
in front of the thorax in upside-down posi
tion (Fig. 83). The main line of ecdysis
seems to have been the junction between
cephalon and thorax. As these 2 pieces
cleaved apart, the animal crawled backward
and buckled upward, forcing its head
through the opening while shedding the old
cephalon, which was tilted forward, rotat
ing on its anterior margin. Once the cephalic
region was free, the animal crawled for
ward, leaving behind the old thoracic and
pygidial integuments and causing the old
cephalon to overturn completely, so as to
rest on its dorsal surface with its anterior
margin facing the thorax.

A somewhat similar mode of molting
seems to have characterized some telephinid
trilobites. A specimen of T elephina spini
fera from the Upper Ordovician of Vir
ginia, illustrated by FISCHER (1946) and re-

1 This was first illustrated by J. DE C. SOWERBY in 1840
and later by PHILLIPS (1841) and SANDBERGER & SANDBERGER

(1850) .-C.J .s.
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garded by GLAESSNER (1948) as represent
ing undisturbed exuviae, jihows the thorax
and cranidium in a position jiimilar to that
of the phacopid postecdysial attitude, but in
this case the librigenae (still united anterior
ly by the narrow cephalic doublure) lie in
normal upside-up position between the
thorax and the cranidium. In this species,
therefore, the facial sutures were functional,
and the librigenae, with their very large

visual surfaces, were shed independently by
wiggling the head, probably before the ani
mal crawled out of its old thoracic inte
gument.

The olenid mode of molting has been
recently analyzed by HENNINGSMOEN (1957)
on the evidence furnished by numerous in
dividuals of Acerocare ecorne from the Up
per Cambrian of Norway, regarded as un
disturbed exuviae. This mode seems to have

1
"6
'xc

o

A

genal flange

vi

15

16

xvi

20

FIG. 84. Notation used for numbering of pits in the Trinucleidae (after 98, 1955).--A. Diagram of
the lower lamella of a hypothetical trinucleid.--B. Diagram of the median part of the upper lamella
of a hypothetical trinucleid. [Explanation: adventitious pits (9) marked in black; radii (R) indicated
by arabic, and interradii (IR) by roman numerals; 1st to 3rd concentric rows of primary pits external to
girder designated E1, Ea, E3 ; 1st to 6th rows of pits internal to girder (G) indicated It, la, la, I., 1o, 1_; ~in
pits (TP), indicated by square brackets in notation given bdow, are frequendy dumbbell-shaped and In
completely divided; pits (marked in black) indicate (i) an interradial position; (ii) a region on the
genal flange where the notation cannot be used; in the figure, 8 pits are irregularly arranged on the genal
flange between R14-15. The fringe-formula, which applies to half the complete fringe as illustrated, IS

Etl-21, Eal-18, E31-15, (E.13-14): e10,ii,e,.o-iv,vi,ix,xvi,ea<>-iv,vi,ix; hI-20, (M-8), 129-10,
1311-18, 1.12-17, 1.13-16, I_H.]
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inner margin of lower lamella

characterized many other trilobites belong
ing to this family. Among the Lower Ordo
vician olenids from Argentina described by
HARRINGTON & LEANZA (1957), specimens
belonging to not less than 7 species consist
of undisturbed exuviae closely similar to the
Norwegian material. These include species
of Parabolina, Saltaspis, Angelina, Para
bolinella, Plicatolina, and Triarthrus. The
undisturbed exuviae consist of a cranidial
thoracic-pygidial unit and of a librigenal
unit which lies below the cranidium and is
somewhat displaced backward. As inter
preted by HENNINGSMOEN, fission occurred
along the facial sutures, which were con
nected anteriorly by a transverse marginal
stretch. By slight wiggling of the head the
molting trilobite was able to enlarge the
opening so as to free itself from the old
librigenal integument, which then came to

inner mcJrgin of fringe

brim-----,'9'!O.

girder------7T-----r

genol roll'------.t-r---T'---

preglobellor field--#-,L--.....",£..-
eye ridge

eye tubercle --+-I-I-~--I-----;"i9'=-~
genol ridge -.l.-H-+--f-,"

genol roll

girder

rest beneath the cephalic region. As no
median or connective sutures were present
in the Olenidae, the 2 librigenae formed a
single piece connected anteriorly by the nar
row cephalic doublure. Once the librigenae
were shed, the trilobite crawled forward,
leaving the old thoracic and pygidial inte
gument behind and in so doing, pushing the
librigenal exuviae slightly backward (the
librigenae being still connected by the ven
tral membrane that supported the free hypo
stoma). As a result, the exuviae consist of a
cranidial-thoracic-pygidial complex and a
backward displaced librigenal unit that un
derlies the cranidium and anterior part of
the thorax. In some specimens of Acerocare
ecorne the cranidium is missing, and this
led HENNINGSMOEN to suggest that, in molt
ing of some specimens, ecdysis may have
been laborious, the freed trilobite carrying

'\--+-+-I+--olor furrow

--+-+--+-t+--olo

prolongation

inner margin of upper lomella

L~_""""\J--Jineof suture

lower external rim B

FIG. 85. Cephalic nomenclature of Harpidae; A,B, dorsal view and transverse section of cephalon.
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away the almost loose cranidial integument
that finally was shed at some distance from
the remainder of the exuviae. Similar ex
amples are known in Argentine specimens
of Parabolina argentina, Saltaspis stein
manni, and Triarthrus parchaensis.

A mode of molting somewhat similar to
that of the Olenidae seems to have char
acterized some Richardsonellidae, particu
larly Pseudokainella and Apatokephalus, as
can be inferred from specimens illustrated
by HARRINGTON & LEANZA (1957) from the
Lower Ordovician rocks of Argentina. In
these genera, however, the librigenae are
always separated, indicating the presence of
functional median (?or connective) sutures.

A small (15 em.) cephalon of Paedeumias
transitans from the Lower Cambrian of
Pennsylvania, illustrated by WALCOTT
(1910) and RESSER (1937), has been inter
preted by SWINNERTON (1919) and HUPE
(1953) as probably representing undisturbed
exuviae. The cephalon has the rostral plate
(bearing the stalked hypostoma) still at
tached to its rear part, but the plate lies
directly behind the cephalon and on the
same surface, having rotated 1800 on its
posterior extremities and so as to rest upside

down on its dorsal (internal) face. HUPE
interpreted the remains as cephalic exuviae
shed in a manner similar to that of the pha
copid mode of molting, but this can hardly
be the case. The remains suggest that the
perrostral suture was the main line of
ecdysis, and not the junction between
cepha~on and th?rax, as in the phacopid
tnlobaes. The WIde gap left by the fission
along the perrostral suture must have pro
vided a very easy means of escape for the
molting trilobite, which had simply to crawl
forward to free itself from the old integu
ment. It is difficult to imagine how, in so
doing, the trilobite could have caused the
rostral plate (and ventral cephalic mem
brane) to rotate downward and backward
by about 1800

• It is conceivable that such a
rotation may have occurred accidentally in
small specimens, but it seems completely
out of the question for large individuals.

FEATURES OF TRINUCLEIDS
ANDHARPIDS

Morphological characters of trinucleid
and harpid trilobites, omitted in earlier dis·
cussion, are illustrated in Figures 84 and 85,
with indication of nomenclature of parts.
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MORPHOLOGICAL TERMS APPLIED TO TRILOBITA
By H. J. HARRINGTON, R. C. MOORE, and C. J. STUBBLEFIELD

The somatic terminology of trilobites in
the English language has undergone con
siderable changes since the early descrip
tions by GREEN, MILNE EDWARDS, and
M'Coy. Several attempts have been made
during the last 25 years to stabilize nomen
clature, and important papers on the sub
ject have been published by WARBURG,
HOWELL, et al., WHITTINGTON, RASETTI,
JAANUSSON, Ross, WHITTARD, and HENNINGS
MOEN; but to this day no comprehensive
glossary of terms has been published. The
following attempt to list morphological
terms used by different authors has as one
of its purposes the stabilizing of nomencla
ture by redefinition of terms and introduc
tion of new names where thought to be
necessary.

Most important terms are printed in
boldface capital letters (as ANTERIOR
BORDER), useful but less important terms
in boldface small letters (as abaxial), and

least important (in part obsolete) terms in
italic letters (as antennary pit).

GLOSSARY OF TRILOBITE
MORPHOLOGICAL TERMS

abaxial. Away from axial line.
adaxial. Toward axial line.
aggregate eye. See schizochroal eye.
ala (pI. alae). Smooth semicircular area adjoining

posterior portion of glabella, outlined distally by
furrow and commonly depressed below adjacent
part of gena, as in Harpidae. See paraglabellar
area.

alar furrow. Curved furrow bounding ala periph
erally as in Harpidae.

anaprotaspis (pI., anaprotaspides). Smallest pro
taspides in a size series, in which protopygidium
is extremely small and ill defined.

antenna (pI. antennae). Multijointed sensory ap
pendage attached to front part of cephalon on
ventral side.

antennary pit. See fossula.
antenniform cercus (pl., cerci). Uniramous append

age on ventral side of last pygidial segment,
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known only in Olenoides serratus (syn., caudal
ramus, cercus, uropod).

antenmtlar pit. See fossula.
anterior area (of fixed cheek). See anterior area (of

fixigena).
anterior area (of fixigena). Portion of fixigena in

front of eye ridge. If eye ridges are absent, pos
terior boundary of the area is marked off by
imaginary line connecting anterior extremity of
palpebral lobe with anterolateral border of glabel
la (syn., anterior area of fixed cheeks, anterior
region of fixed cheek or of fixigena).

ANTERIOR BORDER. Portion of cephalic border
between anterior sections of facial sutures (if
present); otherwise ill defined.

ANTERIOR BORDER FURROW (OF CEPHA·
LON). Portion of border furrow bounding an
terior border (syn., front furrow, frontal fur
row).

anterior branch (of facial suture). See anterior sec
tion (of facial suture).

anterior flange. Narrow border extending along
anterior edge of adaxial portion of a pleura, as in
Ceraurinella.

ANTERIOR LATERAL GLABELLAR FURROW.
First lateral glabellar furrow when numbering
from front to back (see lateral glabellar furrow).

ANTERIOR LATERAL GLABELLAR LOBE. Lat
eral portion of glabellar region between anterior
lateral and median glabellar furrow, or between
anterior lateral and preoccipital glabellar furrows.

anterior limb. See frontal area.
anterior lobe (of glabella). See frontal lobe.
anterior lobe (of hypostoma). Portion of middle

body of hypostoma in front of middle furrow.
anterior median process. See frontal process.
anterior pit. See fossula.
anterior pleural band. Strip of thoracic or pygidial

pleura bounded posteriorly by pleural furrow.
anterior pleural spine. Extension of distal end of an

anterior pleural band.
anterior region (of fixigena or fixed cheek). See an

terior area (of fixigena).

ANTERIOR SECTION (OF FACIAL SUTURE).
Portion of facial suture lying in front of eye
[syn., anterior branch (of facial suture), preocu
lar branch (of facial suture)].

anterior wing (of hypostoma). Extension of antero
lateral borders of hypostoma.

apodemal pit. Excavation in external surface of a
tergite corresponding to apodeme on internal sur
face, as in Ceraurine/la (syn., appendiferal pit).

apodeme. Process for attachment of muscles or
ligaments, formed by inbending or thickening of
dorsal exoskeleton on internal side of a tergite
(syn., appendifer).

aPPendifer. See apodeme.
appendiferal pit. See apodemal pit.
area. Portion of region or lobe.

articulating boss (and socket). Corresponding struc
tures on the margins of thoracic segments, in
some cases situated in the axial furrows, as in
Remopleurididae.

ARTICULATING FURROW. Transverse groove be
tween main portions of articulating half ring.

ARTICULATING HALF RING. Anterior exten
sion of axial ring which bends downward to pass
under posterior edge of ring just in front of it
(syn., half ring).

associated. See attributed.
attributed. Term used for isolated parts of exo

skeleton found near together and considered to
belong to the same species.

AXIAL FURROW. Groove outlining axial regions
of cephalon, thorax and pygidium (syn., dorsal
furrow).

axial g1abdlar furrow. Furrow in axial line of
cranidium extending onto frontal lobe of glabella
from preglabellar furrow, as in Encrinuridae and
Cheiruridae.

axial line. See sagittal line.

axial lobe. See axis.

AXIAL NODE. Medial (or paired) tubercle on ex
ternal surface of axial ring.

axial region. See axis.
AXIAL RING. Central portion of thoracic or pygi

dial tergite bounded laterally by axial furrow
(syn., ring).

AXIAL SPINE. Medial (or paired) pointed struc
ture projecting from external surface of axial
ring.

AXIS (pl., AXES). Medial region of dorsal exo
skeleton, outlined by axial furrows (syn., axial
lobe, axial region, rachis, rhachis).

axis (of pygidium). Medial region of pygidium,
outlined by axial furtows (syn., pygothorax).

axis (of thorax). Medial region of thorax, outlined
by axial furrows (syn., axothorax).

axothorax. See axis (of thorax).
basal furrow. See preoccipital glabellar furrow.

basal lobe (of glabella). Lateral lobe adjacent to

posterolateral extremity of glabella, as in Agnos
tida and Schizoproetus. See lateral preoccipital
lobe.

basipodite. See trochanter.
Bertillon pattern. Pattern of subconcentrically ar

ranged, raised, terrace lines on external surface,
simulating a fingerprint.

bicomposite g1abellar lobe. Lateral glabellar lobe
representing fused anterior and median lateral
glabellar lobes, separated from frontomedian lobe
of glabella by anterior lateral glabellae furrow,
as in Lichidae.

biramous appendage. Ventral appendage consisting
of outer branch (pre-epipodite) and inner branch
(te1opodite).
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BORDER. Outer, dorsal flange of cephalon and
pygidium usually bounded by border furrow
(syn., marginal limb, marginal rim).

BORDER FURROW. Furrow bounding border of
cephalon and pygidium (syn., marginal furrow).

border pit. One of a row of pits along anterior
border furrow of cephalon, as in Angelina; may
occur also in lateral border furrow, as in Euloma
(syn., marginal pit).

brim. Peripheral portion of fringe, bounded on in
ward side by girder or corresponding inflection
of upper lamella, as in Harpidae, Harpididae, and
Trinucleidae (formerly used also in the sense of
"frontal area" or "preglabellar field").

brim prolongation. Peripheral portion of fringe pro
longation, bounded by girder; represents an ex
tension of brim, as in Harpidae and Harpididae.

burlingiiform sutures. Proparian sutures in which
the anterior and posterior sections are subparallel,
diverging outward-forward at an angle of about
45° to axial line of cephalon (as in Burlingia).

buttress (of fixed cheek). See buttress of fixigena.
buttress (of fixigena). Projection of fixigena into

axial furrow, meeting a papillate glabellar lobe
and bridging over axial furrow, as in Calymeni
dae (syn., buttress of fixed cheeks).

Carapace. See dorsal exoskeleton.
caudal ramus (pI., rami). See antenniform cercus.
caudal shield. See pygidium.
caudal spine. See posterior spine.
cedariiform suture. Opisthoparian suture in which

posterior sections run ou tward across the lateral
border furrow before curving backward and in
ward to posterior margin, as in Cedaria (syn.,
pseudoproparian suture) .

CENTRAL AREA (OF GLABELLA). Middle por
tion of glabella between fron tal lobe and occipital
furrow, bounded laterally by adaxial ends of
lateral glabellar furrows (syn., median lobe of
glabella, central region of glabella, median cervi
cal lobe).

central body (of hypostoma). See middle body (of
hypostoma).

central region (of glabella). See central area (of
glabella).

cephalic region. Area of trilobite body formed by
fusion of several anterior somites.

cephalic spine. Spine carried by cephalon.

CEPHALON (pI., CEPHALA). Anterior area of
dorsal exoskeleton separated from thorax by an
articulation (syn., head, head shield).

cercus (pI., cerci). See antenniform cercus.
cervical lobe. See preoccipital glabellar lobe.
cheek. See genal region.
cheek area. See genal region.
cheek lobe. See gena.
cheek region. See genal region.
cheek roll. See genal roll.
cheek roll prolongation. See genal roll prolongation.

composite internal mold. Mold showing the internal
surface of dorsal exoskeleton and impression of
internal surface of doublure.

compound eye. See holochroal eye.

CONNECTIVE SUTURE. Longitudinal suture tran
secting doublure in front of hypostoma (paired).

corner furrow. Groove extending obliquely outward
from axial furrow at anterolateral borders of
glabella, as in Strenuella.

coxa. Proximal joint of biramous appendage (syn.,
coxite, coxopodite).

coxite. See coxa.
coxopodite. See coxa.

CRANIDIUM (pI., CRANIDIA). Central dorsal
portion of cephalon bounded laterally by facial
sutures.

crenulation. Rounded scallop in a series cutting. a
margin.

dalmanitiform suture. Proparian suture in which
anterior sections meet on dorsal side of cephalon
near anterior margin, as in Dalmanites.

DEGREE OF MERASPID PERIOD. Successive
stages in development characterized by number
of thoracic segments, from 0 to holaspid number
minus one.

denticle. Small tooth or projection.

distal. End of a part or organ away from the point
of origin of medial line of the body.

DORSAL EXOSKELETON. Resistant, mineralized
dorsal integument extended onto ventral side in
a reflexed border or doublure (syn., carapace,
dorsal shield, test).

dorsal furrow. See axial furrow.
dorsal shield. See dorsal exoskeleton.

DOUBLURE. Reflexed continuation of dorsal exo
skeleton onto ventral side as a rim or shelf.

ecdysis. Act of molting or shedding outer cuticular
I~yer.

endite. Median or inner lobe of segment (podite)
of biramous appendage.

endopodite. See telopodite.

entomaspidiform suture. Opisthoparian suture in
which the anterior sections are retrodivergent,
running outward-backward from the eyes to the
lateral margins (as in Entomaspis).

ephebic stage. Mature or adult growth stage, loosely
applied to part of the holaspid period.

epimera. See pleura.
epistoma. See rostral plate.
epistomal plate. See rostral plate.
epistome. See rostral plate.
exite. Lateral or outer lobe of joint (podite) of

biramous appendage.
exopodite. See pre-epipodite.

EXOSKELETON. Resistant external integument
covering part of body and appendages (see dorsal
exoskeleton) .

exsagittal. Term used to describe a measurement
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parallel to, but outside of the medial line (abbrev.,
exsag.).

external mold. Mold of outer surface of dorsal exo
skeleton.

external rim. Outer smooth border of fringe along
anterior and lateral edges extending back to pos
terior tip or the prolongation, as in Harpidae,
Harpididae, and Trinucleidae.

exuviae. Any parts of trilobite exoskeleton that are
shed or cast off.

EYE. Visual organ on external side of cephalon,
bearing eye lenses or beets.

eye lappet. See visual surface of eye.
eye list. See eye ridge.
eye lobe. Ensemble of palpebral lobe and eye.
eye platform. Librigenal area adjacent to visual sur

face of eye.
EYE RIDGE. Raised band extending from anterior

end of eye to or just back of anterolateral angles
of glabella, usually simple but may be bifid, as in
Pruvostina, or trifid, as in Daguinaspis (syn.,
eye list, ocular band, ocular ridge, paired eye
ridges).

eye tubercle. Raised knob bearing simple eyes, as
in Trinucleidae.

FACET. Small triangular area located at antero
lateral corners of pygidium and lying at a de
pressed angle to surface of las t thoracic segment,
also developed on anterolateral portion of thoracic
pleurae, as in Phacops and Burnastus.

FACIAL SUTURE. One of 2 lateral sutures start
ing symmetrically on posterior or lateral doub
lure, crossing the border and taking a symmetrical
course to bound adaxial side of visual surface of
eye, continuing forward either to unite anteriorly
on dorsal surface or marginally; a facial su ture
may exist where compound eye is absent, its
course being then similar to that in nearest eye
bearing relative. Separates cranidium from libri
gena.

false eye ridge. See sutural ridge.
femur. Third joint of telopodite.
fixed cheek. See fixigena.
FIXIGENA (pl., FIXIGENAE). Portion of crani

dium between glabella and facial suture (syn.,
fixed cheek).

fixigenal boss. Fixigenal protuberance at level of last
lateral glabellar lobe, as in Neoredlichia.

FIXIGENAL SPINE. Any spine borne by fixigena.
flange. See fringe.
fossula (pl., fossulae). Small circular or oval de

pression which may occur in axial furrow at or
near anterolateral edges of glabella (syn., an
terior pit, antennary pit, antennular pit, pseu
dantennary pit, pore).

fossular apodeme. Process formed by inbending of
dorsal integument corresponding to fossulae on
external side.

free cheek. See librigena.

fringe. External, pitted portion of cephalon in
Harpidae, Harpididae, and Trinucleidae (syn.,
flange).

front furrow. See anterior border furrow.
FRONTAL AREA. Portion of cranidium between

anterior margin, facial sutures, front of glabella
and eye ridges; if eye ridges are absent, the
posterolateral boundaries of this area are marked
off by imaginary lines connecting anterior ex
tremities of palpebral lobes with anterolateral
borders of glabella (syn., preglabellar area, an
terior limb, limb); distinct from preglabellar
field.

frontal glabellar spine. Median structure projecting
forward from frontal part of glabella, as in
Lonchodornas.

frontal furrow. See anterior border furrow.
FRONTAL LOBE (OF GLABELLA). Lobe of

glabella between preglabellar furrow and most
anterior lateral glabellar furrows (syn., anterior
lobe of glabella).

frontal process. Projection of anterior border and
doublure of cephalon into a stout prolongation in
cases bi- or trifurcate anteriorly, as in Neoprobo
liurn (syn., anterior median process).

frontal spine. Projection of anterior border and
doublure of cephalon ending anteriorly in a
point, as in Selenecerne.

fronta-median lobe. Frontal lobe and central area
of glabella, as in Lichidae and Odontopleuridae.

fulcral process. Projection on anterior edge at ful
crum (and inner edge of doublure), as in
Ceraurinella.

fulcral socket. Excavation on posterior edge at ful
crum, as in Ceraurinella.

FULCRUM (pI., FULCRA). Geniculation of in
dividual pleurae separating a proximal from dis
tal portion.

GENA (pI., GENAE). Area enclosed within ce
phalic border furrows and axial furrows (used if
suture is marginal or absent, as in Olenellidae,
Agnostida) (syn., cheek lobe).

GENAL ANGLE. Posterolateral corner of cephalon.
genal caeca. Radiating and more or less anastomos

ing fine ridges on periglabellar portion of
cephalon.

genal field. Portion of librigena between facial
suture and border furrow.

genal lobe. See genal region.
GENAL REGION. Area enclosed within cephalic

margin and axial furrows (syn., cheek, cheek
area, cheek region, genal lobe).

genal ridge. Raised narrow band running outward
and backward from outer side of eye or eye
tubercle toward genal angle, as in Harpidae.

genal roll. Inner portion of fringe bounded on the
outer side by girder or corresponding inflection of
upper lamella and on inner side by genal regions,
as in Harpidae, Harpididae, and Trinucleidae
(syn., cheek roll).
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genal roll prolongation. Inner portion of fringe pro
longation, bounded outward by girder; repre
sents an extension of genal roll, as in Harpidae
and Harpididae (syn., cheek roll prolongation).

GENAL SPINE. Posterior extension of border and
doublure at genal angle forming a pointed pro
jection.

geniculate. Bent abruptly or at an angle.
gerontic stage. Senile or old growth stages, to be

applied when general evidence of senility is
available.

girder. Thickening or ridge of lower lamella parallel
to cephalic margin, found at some distance from
external rim at angulation of lamella, as in
Harpidae, Harpididae, and Trinucleidae.

GLABELLA (pl., GLABELLAE). Raised axial por
tion of cephalon, bounded by axial furrows and
by occipital furrow (syn., hologlabella). In some
trilobites (Illaenidae, Asaphidae, Odontopleuri
dae) this term is used to include the occipital
ring.

glabellar furrow. See lateral glabellar furrow.
glabellar lobe. See lateral glabellar lobe.
GLABELLAR NODE. Median (or paired) tubercles

developed in some part of fronto-median lobe of
glabella (syn., glabellar tubercle).

glabellar tongue. Subparallel-sided axial part of
cranidium anterior to eye lobes, bounded by con
fluent sections of facial sutures, and continuous
with remainder of glabella, which latter occupies
axial region between eye lobes (as in Remo
pleurididae) .

glabellar tubercle. See glabellar node.
GONATOPARIAN SUTURE. Facial suture with

posterior sections reaching cephalic margin at
genal angles.

granule. Minute protuberance from exoskeleton,
smaller than tubercle or node.

half ring. See articulating half ring.
head. See cephalon.
head shield. See cephalon.
HOLASPIS (pl., HOLASPIDES). Exoskeleton at

any particular stage of development during
holaspid period.

HOLASPID PERIOD. Period of growth after specific
number of thoracic segments has been attained.

holochroal eye. Compound eye consisting of nu
merous adjoining planoconvex or biconvex lenses,
covered by a continuous cornea (syn., compound
eye).

hologlabella. See glabella.
horn. See prolongation.

hypergJabella. Glabella with 7 segments, seen in im
mature forms of certain genera such as Daguin
aspis.

HYPOSTOMA (pI., HYPOSTOMATA). Small plate
anterior to or covering mouth opening on ven
tral surface of cephalon (syn., labrum, hypo
stome, epistoma of some early authors).

HYPOSTOMAL SUTURE. Line of junction be
tween posterior margin of frontal doublure or
rostral plate and anterior margin of hypostoma.

hypostome. See hypostoma.
inner margin (of fringe). Line separating genal

regions and preglabellar field (if present) from
pitted area and running into posterior border, as
in Harpidae (syn., lateral line of fringe).

inner margin (of lower lamella). Free inner edge
of lower lamella, as in Harpidae and Trinucleidae.

inner margin (of upper lamella). Boundary be
tween genal region and fringe on dorsal side of
cephalon; coincides with inner margin of fringe,
as in Harpidae and Trinucleidae.

integument. Enveloping layer of body (syn., tegu-
ment).

intercalary lobe. See median preoccipital lobe.
intercheek suture. See median suture.

intergenal spine. See metafixigenal spine (also used
as metagenal spine).

internal mold. Mold of interior surface of dorsal
exoskeleton or of surface of doublure, hypostoma,
metastoma or large spine.

internal rim. Smooth inner border of fringe, ad
jacent to thorax, and extending from posterior
margin of genal regions to posterior tips of pro
longations, as in Harpidae.

interocular spine. See metafixigenal spine.

INTERPLEURAL FURROW. Transverse groove ex·
tending from axial furrow across pleural region
of pygidium, indicating boundary of fused pleurae
(syn., interpleural groove, rib furrow).

interpleural groove. See interpleural furrow.

INTRAMARGINAL SUTURE. Suture running
along border of cephalon, close to margin.

ISOPYGOUS. Exoskeleton with pygidium similar
in size to that of cephalon.

isoteliform suture. Opisthoparian suture of certain
Asaphidae where anterior sections meet in an
ogive on exterior surface of dorsal exoskeleton, as
in lsorelus.

kainelliform suture. Opisthoparian suture in which
anterior sections first strongly diverge outward
and then bend sharply inward and frontward,
meeting anterior cephalic margin at its median
point, as in Kainella.

labium. See metastoma.

labrum. See hypostoma.
larva. Early form of invertebrate that, while im

mature, is unlike its parents and must pass
through more or less of a metamorphosis before
assuming adult characteristics (syn., larval stage).

larval stage. See larva.
lateral articulating furrow (of pleura). Transverse

groove parallel to and a little behind anterior mar
gin of proximal half of a thoracic pleura, as in
Rossaspis.
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LATERAL BORDER (OF CEPHALON). Portion
of cephalic border between anterior section of
facial suture and genal angle.

LATERAL BORDER FURROW (OF CEPHA
LON). Portion of border furrow bounding lat
eral border.

LATERAL GLABELLAR FURROW. Narrow
groove extending inward on each side of glabella
from axial furrow part way across glabella; occurs
in bilaterally symmetrical pairs (syn., median
lateral glabellar furrows, glabellar furrow).
Usually these are referred to by numbering
from front to back (or by the adjectives
anterior, median and preoccipital when 3 pairs
are present), but some writers prefer to number
preoccipital lobe as first and continue forward;
this last convention is used here as lp, 2p, etc.

LATERAL GLABELLAR LOBE. Portion of glabella
audined and more or less separated by successive
pairs of lateral glabellar furrows (syn., glabellar
lobe).

lateral line (of fringe). See inner margin of fringe.
lateral lobe (of pygidium). See pleural field (of

pygidium).
lateral notch (of hypostoma). Incision between

shoulder and anterior wing of hypostoma.
lateral occipital lobe. Lateral or anterolateral por

tion of occipital ring, if differentiated (syn., occi
pital lobe).

LATERAL PREOCCIPITAL LOBE. Lateral por
tion of glabellar region directly in front of occi
pital ring where differentiated, as in Otarion,
Ditomopyge. See basal lobe (of glabella).

lateral tongue furrow. Portion of axial furrow
bounding sides of glabellar tongue, as in Remo
pleurides.

LIBRIGENA (pl., LIBRIGENAE). Lateral portion
of cephalon outside facial su ture (syn., free cheek,
movable cheek, paria).

LIBRIGENAL SPINE. Spine borne by librigena
(syn., paria! spine).

limb. See frontal area.

longitudinal glabellar furrow. Posteriorly directed
extension of anterior glabellar furrow, as in
Lichidae and Odontopleuridae.

longitudinal preglabellar furrow. Median furrow
along sagittal line in front of glabella, as in
Agnostida and Dimeropygidae.

lower (external or internal) rim. Smooth, raised
or thickened portions of lower lamella of fringe,
as in Harpidae, Harpididae, and Trinucleidae.

lower lamella. Inferior plate of fringe, as in Harpi
dae, Harpididae, and Trinucleidae.

macropleura (pl., macropleurae). Pleura, much
larger than average (syn., macropleural segment).

macropleural segment. See macropleura.

macropleural spine. Pleural spine, much larger
than average.

MACROPYGOUS. Having a large pygidium.

macrospine. Axial spine, much larger than average.

macula (pl., maculae). Small, usually smooth area
lying laterally in front of middle furrow of
hypostoma; it may be sunk, flat, or elevated.

MARGIN. Edge of cephalon, pygidium, thoracic
pleurae or sternite.

marginal band. Narrow vertical band uniting upper
and lower edges of rim, as in Harpidae.

marginal furrow. See border furrow.
marginal limb. See border.
marginal pit. See border pit.
marginal rim. See border.

marginal spine (of cephalon). Spine in a series
projecting from cephalic border and doublure, as
in Odontopleura.

marginal spine (of pygidium). Spine in a series
projecting from lateral border and doublure of
pygidium.

MARGINAL SUTURE. Suture running along edge
of cephalon, as in Harpidae.

median border spine. See posterior spine.
median cervical lobe. See central area (of glabella).

MEDIAN LATERAL GLABELLAR FURROW. Sec·
and lateral glabellar furrow when numbering
from front to back, in case 3 pairs of such fur
rows are present (see lateral glabellar furrow).

MEDIAN LATERAL GLABELLAR LOBE. Lateral
portion of glabellar region between median lat
eral glabellar furrow and preoccipital glabellar
furrow.

median lobe (of glabella). See central area (of
glabella).

median preoccipital lobe. Median portion of glabel
lar region between lateral preoccipital lobes, as
in Ditomopyge [syn., intercalary lobe, preoccipital
lobe (partim ) J.

MEDIAN SUTURE. Median longitudinal suture
transecting doublure in front of hypostoma (syn.,
intercheek suture).

MERASPID PERIOD. Period of development from
appearance of first transverse joint in exoskeleton
until specific number of thoracic segments less
one has been attained.

MERASPIS (pl., MERASPIDES). Exoskeleton at
any particular degree of development during
meraspid period.

mesotergite. Axial portion of a tergite.
metacranidial spine. See metafixigenal spine (also

used as metagenal spine).
METAFIXIGENAL SPINE. Spine projecting from

border and doublure of fixigena inside genal
angle [syn., intergenal spine (partim), interocular
spine, metacranidial spine (partim)].

METAGENAL SPINE. Spine projecting from bor
der and doublure inside genal angle in trilobites
with no facial suture, as in Olenellidae [syn.,
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intergenal spine (partim), metacranidial spine
(partim)] .

metamere. See segment.
metaparian suture. Nonfunctional opisthoparian su

ture in state of complete symphysis in which
trace of fused anterior section on dorsal surface
of cephalon curves outward and backward from
eye, cutting posterior margin inside genal angle,
as in some Olenellidae.

METAPROTASPIS (pI., METAPROTASPIDES).
Large protaspides, or the larger protaspides in a
size-series, in which the protopygidium is rela
tively large and well defined.

metastoma (pI., metastomata). Small plate lying
posterior to mouth opening on ventral side of
body (syn., labium, metastome, postoral plate).

metastome. See metastoma.
MICROPYGOUS. Having a small pygidium.
middle body (of hypostoma). Swollen middle por

tion of hypostoma (syn., central body of hypo
stoma).

middle furrow. Transverse furrow dividing middle
body of hypostoma into anterior and posterior
lobes.

movable cheek. See librigena.
muscle scar. Smooth, or slightly depressed paired

areas, in cases darker in color than surrounding
regions, in external surface of axial region of
exoskeleton, interpreted as areas of muscle at
tachment.

neanic stage. Immature or adolescent growth stage,
loosely applied to part of the holaspid period.

neck furrow. See occipital furrow.
neck node. See occipital node.
neck ring. See occipital ring.
neck spine. See occipital spine.
nepionie stage. Infantile or young growth stage,

applied to the meraspid period as here defined.
node. Swelling on any part of exoskeleton resem-

bling a knot or knob (syn., tubercle).
nuchal fu"ow. See occipital furrow.
nuchal node. See occipital node.
nuchal ring. See occipital ring.
nuchal spine. See occipital spine.

OCCIPITAL FURROW. Transverse groove running
from axial furrow to axial furrow forming pos
terior boundary of glabella (syn., neck furrow,
nuchal furrow).

occipital lobe. See lateral occipital lobe.

OCCIPITAL NODE. Median (or paired) tubercle
developed on exterior of occipital ring (syn.,
neck node, nuchal node).

OCCIPITAL RING. Axial region of most posterior
segment of cephalon, bounded at sides by axial
furrows, at front by occipital furrow and at back
by posterior margin (syn., neck ring, nuchal
ring).

OCCIPITAL SPINE. Median (or paired) pointed
structure projecting from exterior of occipital
ring (syn., neck spine, nuchal spine).

ocular band. See eye ridge.
ocular platform. Area of librigena adjacent to visual

surface of eye.
ocular ridge. See eye ridge.

OPISTHOPARIAN SUTURE. Facial suture with
posterior sections cutting posterior margin of
cephalon inside genal angle, which is carried by
librigena.

opisthothorax. Posterior portion of thorax with re
duced pleurae, observed in certain Olenellidae.

paired eye ridges. See eye ridge.
palpebral area (of fixed cheek). See palpebral area

(of fixigena).
palpebral area (of fixigena). Portion of fixigena

lying between eye ridge and imaginary trans
verse line connecting posterior corner of palpebral
lobe with axial furrow (syn., palpebral area or
region of fixed cheek).

PALPEBRAL FURROW. Usually curved groove
separating palpebral lobe from palpebral area of
fixigena.

PALPEBRAL LOBE. Protruding flange of fixigena
bounded distally by facial suture and included
within arc of proximal edge of visual surface of
eye.

palpebral region (of fixed cheek). See palpebral area
of fixigena.

palpebral region (of fixigena). See palpebral area of
fixigena.

palpebral rim. Raised or thickened portion of palpe
bral lobe bordering facial suture.

palpebra-ocular ridge. Raised strip connecting proxi
mal side of eye with axial furrow, as in Proto
pliomel'Ops; the ridge contracts near glabella and
expands adjacent to eye, appearing as a combi
nation of palpebral lobe and eye ridge.

pander organ. See panderian opening and panderian
protuberance.

panderian opening. Small rounded or elliptical hole
in posterior fixigenal and thoracic pleural doub
lure close to panderian protuberance; in some
cases developed as a notch on inner margin of
doublure [syn., panderian organ (partim)].

panderian organ. See panderian opening and pan
derian protuberance.

panderian protuberance. Small rounded, elliptical,
or elongate protuberance in posterior fixigenal
and thoracic pleural doublu re; in some cases de
veloped as raised anterior edge of a notch on
inner margin of doublure [syn., panderian organ
(partim)] .

parafrontal band. Narrow raised band encircling
anterior border of frontal lobe of glabella form
ing continuation of eye ridges, as in Termierella.

paraglabellar area. Arcuate tract on fixigena ad
joining base of glabella on either side, com
monly defined by independent convexity and
faint bounding furrows, as in Homalonotidae.
See ala.
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paraprotaspis (pI., paraprotaspides). Late protaspid
stage, not precisely defined.

paria. See librigena.
parial spine. See librigenal spine.
patella. Fourth joint of a telopodite.
perfixigenal spine. Spine carried by fixigena in front

of librigena (syn., procranidial spine, pergenal
spine in Olenellidae).

pergenal spine. Su perfixigenal spine.

periglabellar area. III-defined portion of cephalon
encircling glabella.

PERROSTRAL SUTURE. Ventral-intramarginal
cephalic suture crossing genal angle below spine,
as in Olenellidae (syn., ventromarginal suture).

pit. Depression, hollow, or excava tion developed on
any part of exoskeleton.

plate. Skeletal part of cephalon separated by su
tures from other plates.

PLEURA (pI., PLEURAE). Lateral portion of
thoracic segment or pygidium (syn., epimera,
pleuron).

pleural band. Anterior and posterior strips resulting
from transverse division of a thoracic or pygidial
pleura by pleural furrow.

PLEURAL FIELD (OF PYGIDIUM). Lateral por
tion of pygidium bounded adaxially by axial
furrow and abaxially by border furrow (syn.,
pleural platform, pygopleura, lateral lobe of
pygidium).

PLEURAL FURROW. Groove along surface of
thoracic or pygidial pleura.

pleural lobe. Su pleural region.
pleural platform. Su pleural field.

PLEURAL PYGIDIAL SPINE. Projection of lateral
border and doublure of pygidium corresponding
to outward extension of a pleura.

PLEURAL REGION (OF THORAX). Longitudinal
lateral portion of thorax (syn., pleural lobe, side
lobe, pleurothorax).

pleural rib. See rib.

PLEURAL SPINE. Pointed extension of distal end
of a pleura.

pleuron (pI., pleura). See pleura.
pleurothorax. See pleural region (of thorax).

podite. Each joint of a biramous appendage.
pore. See fossula.

postaxial field. Area on pygidium between posterior
end of axis and posterior margin.

postaxial furrow. Longitudinal groove bounding
postaxial ridge of pygidium.

postaxial keel. See postaxial ridge.

postaxial ridge. Raised median portion of pygidium
behind axis (syn., postaxial keel).

posterior area (of fixed cheek). See posterior area
(of fixigena).

POSTERIOR AREA (OF FIXIGENA). Postocular
portion of fixigena (syn., posterolateral limb,
posterior limb, postocular area or region of fixed

cheek, posterior region of fixigena, posterior re
gion of fixed cheek, posterior area of fixed cheek).

posterior band of occipital ring. Narrow (sag. and
exsag.) band, widest in mid-line, situated below
and behind main part of occipital ring.

POSTERIOR BORDER (OF CEPHALON). Portion
of cephalic border between genal angle and occi
pital ring.

POSTERIOR BORDER FURROW (OF CEPHA
LON). Portion of border furrow bounding pos
terior border.

posterior branch (of facial suture). See posterior
section (of facial suture).

posterior flange. Narrow border extending along
posterior edge of adaxial part of a pleura, as in
Ceraurinella.

posterior genal ridge. See postocular ridge.
posterior limb. See posterior area (of fixigena).

posterior lobe (of glabella). Main glabellar lobe of
Agnostida.

posterior lobe (of hypostoma). Portion of middle
body of hypostoma behind middle furrow.

POSTERIOR MARGIN (OF CEPHALON). Edge
of cephalon between genal angles.

posterior pleural band. Strip of thoracic or pygidial
pleura bounded anteriorly by pleural furrow.

posterior pleural spine. Pointed extension of distal
end of a posterior pleural band.

posterior region (of fixed cheek). See posterior area
(of fixigena).

posterior region (0/ fixigena). See posterior area (of
fixigena) .

POSTERIOR SECTION (OF FACIAL SUTURE).
Portion of facial suture lying behind eye [syn.,
posterior branch (of facial suture), postocular
branch (of facial suture)].

POSTERIOR SPINE. Posterior extension of border
and doublure of pygidium (syn., median border
spine, caudal spine).

posterior wing (of hypostoma). Extension of pos
terolateral doublure of hypostoma.

posterolateral limb. See posterior area (of fixigena).

posterolateral spine (of pygidium). Spine (paired)
at posterolateral border of pygidium, as in
Agnostida and Dikelocephalidae.

post-eyeline. Su postocular ridge.

postocular area (of fixed cheek). See posterior area
(of fixigena).

postocular branch (of facial suture). See posterior
section (of facial suture).

postocular region (of fixed chuk). Su posterior
area (of fixigena).

postocular ridge. Raised line running obliquely out
ward and backward from back end of eye toward
but not necessarily touching posterior margin of
cephalon, as in Olenellidae (syn., post-eyeline).

postoral plate. See metastoma.
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precoxa. Extra basal joint inserted between coxa
of a biramous appendage and body wall (syn.,
subcoxa, sympodite, protopodite).

pre-epipodite. Outer and upper branch of a paired
biramous appendage, attached to posterior face of
precoxa (syn., exopodite).

prefemur. Second segment of a telopodite.
preglabellar area. See frontal area.

PREGLABELLAR FIELD. Portion of eranidium ly-
ing between front of glabella and anterior border
furrow; distinct from frontal area.

PREGLABELLAR FURROW. Portion of axial fur
row outlining front of glabella. See longitudinal
preglabellar furrow.

preglabellar keel. See preglabellar ridge.

preglabellar pit. Pit in longitudinal furrow in pre
glabellar field, as in Dimeropygidae.

preglabellar ridge. Longitudinal median ridge cross
ing preglabellar field (syn., preglabellar keel).

PREOCCIPITAL GLABELLAR FURROW. Furrow
separating preoccipital glabellar lobe from main
part of glabella (syn., basal furrow).

PREOCCIPITAL GLABELLAR LOBE. Lateral por
tion of glabellar region directly in fron t of occi
pital ring when differentiated (syn., basal lobe
of glabella, cervical lobe). See median preocci
pitallobe.

preoccipital glabellar spine. Pointed projection from
preoccipital part of glabella, as in Orometopus.

preocular branch (of facial suture). See anterior sec
tion (of facial suture).

preocular ridge. Raised line curving ou tward and
backward from anterior end of eye running to
ward but not necessarily touching posterior mar
gin of cephalon, as in Fallotaspis.

pretarsus. Terminal joint of a tc1opodite.

procranidial spine. See perfixigenal spine.

PROFIXIGENAL SPINE. Spine projecting from
border and doublure of fixigena in front of genal
angle, as in Sphaerocoryphe granulatus.

PROLIBRIGENAL SPINE. Spine projecting from
border and doublure of librigena in fron t of genal
angle, as in Pa"acalmonia pessula.

prolongation. Extension of fringe beyond posterior
margin of genal regions, as in Harpidae and
Harpididae (syn., horn).

PROPARIAN SUTURE. Facial suture with posterior
sections cutting lateral margin of cephalon in
front of genal angles which are carried by fixi
genae.

PROTASPID PERIOD. Period of development dur
ing which there is no transverse joint in the exo
skeleton.

PROTASPIS (pl., PROTASPIDES). Smallest known
exoskeletons, subhemispherical to spherical in
form; may exhibit a size-series, but lacking a
transyerse joint.

prothorax. Anterior portion of thorax with normal
pleurae, observed in certain Olenellidae.

protopodite. See pr.ecoxa.

PROTOPYGIDIUM. Postcephalic portion of a pro
taspis.

proximal. End of a part or organ which is nearest
to point of origin or mesial line of body.

pseudantennary pit. See fossula.
pseudopalpebral furrow. Furrow running obliquely

across eye ridge, as in some Resserops.
pseudoproparian suture. See cedariiform suture.
ptychopariiform suture. Opisthoparian suture in

which anterior section is directed outward and
frontward to margin and then marginally (or
along doublure) to center, as in Ptychoparia.

pustule. Small pimple-like elevation or spot resem·
bling a blister developed on any part of exo
skeleton.

pygaxis. See axis (of pygidium).

pygidial region. Area of trilobite body formed by
fusion of several posterior somites.

PYGIDIUM (pl., PYGIDIA). Posterior part of dor
sal exoskeleton separated from thorax by an
articulation (syn., tail, tail shield, caudal shield).

pygopleura. See pleural field (of pygidium).

rachis (pl., rachises). See axis.

REGION. Each portion of dorsal exoskeleton re
sulting from its longitudinal trilobation.

rhachis (pl., r/zac/zises). See axis.

RIB. Portion of pygidial pleural region bounded by
2 successive pleural furrows (syn., pleural rib).

rib fU'7ow. See interpleural furrow.

ring. See axial ring.

RING FURROW. Groove bounding successive axial
rings of pygidium.

ring process. Projection extending inward from
posterolateral corner of axial ring, fitting into
socket in next posterior ring, as in Ceraurinella.

ring socket. Hollow formed by extremities of articu
lating furrow and articulating half-ring for reo
ception of ring process of next anterior ring, as
in Ceraurinella.

rostral flange. Hindmost part of rostral plate when
it is strongly curved in anterior or dorsal direc
tion so as to form a fold, as in lllaenus.

ROSTRAL PLATE. Median cephalic ventral plate
of variable size and relations, may be bounded
anteriorly and laterally by the perrostral suture
(Olenellidae) or bounded anteriorly by the rostral
suture and laterally by the paired connective
sutures, and in the Homalonotidae it is partly
dorsal (syn., epistoma, epistomal plate, epistome,
rostrum).

ROSTRAL SUTURE. Anterior portion of facial su
ture forming line of junction between anterior
margin of rostral plate and cranidium.

rostrum. See rostral plate.
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sagittal. Term used to describe a measurement in
median line (abbrev., sag.).

sagittal line. Medial line of body (syn., axial line).
schizochroal eye. Eye with visual surface consisting

of a number of biconvex lenses, rounded or
polygonal in outline, each lens covered by in
dividual cornea and separated from others by
sclerotic walls (syn., aggregate eye).

sclerite. Hard part of exoskeleton belonging to each
body segment.

scrobiculate. Having numerous small, shallow de
pressions or hollows; pitted.

SEGMENT. Each of the metameric transverse ele
ments forming body; also used as a general term
for successive units of an appendage (syn., meta
mere, somite).

shield. Sec carapace.
shoulder. Anterolateral part of lateral border of

hypostoma, generally the widest and most in
flated part, projecting ventrally.

side lobe. See pleural region.
somite. See segment.
spatulate. Any part shaped like a spatula; spoon-

shaped.

SPINE. Pointed projection from exoskeleton.
sternite. Hard ventral covering of body segment.
subcephalic furrow. See vincular furrow.
subcoxa. See precoxa.
subcranial furrow. See vincular furrow.
subocular area. Small smooth area of librigena ad

joining posterior portion of eye, as in Phillipsia
hildae.

subocular groove. Smooth bandlike depression of
librigena surrounding visual surface of eye, as in
Griffithides indicus.

sutural ridge. Narrow ridge upon (or beside) which
either section of facial suture may run on ex
terior surface of dorsal exoskeleton (syn., false
eye ridge).

SUTURE. Line of union, or seam, in immovable
articulation, consisting of very narrow uncalcified
band perceivable on external side of cephalon
or between cephalic sternites.

sympodite. See precoxa.
tail. See pygidium.
tail shield. See pygidium.
tarsus. Sixth joint of a telopodite.
tegument. See integument.
telopodite. Free postcoxal inner branch (walking

leg) of a biramous appendage, attached to ventro
lateral portion of precoxa (syn., endopodite).

telson. Terminal or anal segment (sometimes in-
correctly used for first opisthothoracic macrospine
of Olenellidae).

tergite. Hard dorsal covering of each body segment.

TERMINAL AXIAL PIECE (OR RING). Last seg
ment of axis of pygidium.

terminal axial segment. See terminal axial piece.

TERMINAL AXIAL SPINE. Projection of median
dorsal surface of terminal portion of axis of
pygidium.

terrace lines. Fine raised lines on doublure (and in
some trilobites also on border) running subparal
lel to margins or arranged in Bertillon pattern.

test. See dorsal exoskeleton.
thoracic region. Area of trilobite body formed by

the ensemble of metameric somites interposed be
tween cephalic and pygidial regions.

THORACIC SEGMENT. Transverse division of
thorax consisting of 2 pleurae and axial ring.

tibia. Fifth joint of a telopodite.
transglabellar furrow. Continuous furrow across

glabella resulting from meeting of adaxial ends
of a pair of lateral glabellar furrows.

TRANSITORY PYGIDIUM. Fused segments of the
posterior region during the meraspid period.

transverse. Term used to describe a measurement at
right angles to median line (abbrev., tr.).

traversing pad. Distinctly thickened posterior pleu
ral band, as in Asteropyginae.

tricomposite glabellar lobe. Lateral glabellar lobe
representing fused anterior, median and posterior
lateral glabellar lobes, separated from fronto
medial lobe of glabella by the longitudinal fur
row, as in some Lichidae.

trochanter. Basal joint of a telopodite (syn., basi
podite).

tropidia. Crest on fixigena or librigena or both,
running parallel to cephalic margin, as in some
Proetidae.

tubercle. Small knoblike prominence on any part of
exoskeleton (syn., node).

upper lamella. Upper or dorsal plate of fringe, as
in Harpidae, Harpididae, and Trinucleidae.

upper rim (external or internal). Smooth, raised
portion of upper lamella of fringe, as in Harpidae,
Harpididae, and Trinucleidae.

uropod. See antenniform cercus.
ventromarginal suture. See perrostral suture.
vincular furrow. Ventral groove along anterior (as

in Phacopinae) or posterolateral (as in Phacopi
dellinae) cephalic doublure for reception of pos
terior margin of pygidium or thoracic pleurae ex
tremity at enrollment (syn., subcephalic furrow,
subcranial furrow).

visual surface of eye. External surface of eye show
ing outline of lenses (syn., eye lappet).

wing process (of hypostoma). Rounded boss or
thornlike structure which may be developed on
inner surface of anterior wing of hypostoma.
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INTRODUCTION
For more than 100 years trilobite exo

skeletons have been known, preserved as
molds in shales, siltstones, and fine sand
stones, and exhibiting a gradational size
series. In these fine-grained sediments some
of the exoskeletons, though flattened, are
partly, or not at all, disarticulated. The
smallest members of series that have been
found are about 1 mm. in length or less,
subcircular in outline, convex, and without
articulation. The name protaspis (pl., pro
taspides) was coined for these minute shields
by BEECHER (3).

Somewhat larger exoskeletons exhibit an
articulation between the part that is to be
come the cephalon, and that which is to
become thorax and pygidium. In successive
ly larger exoskeletons thoracic segments ap
pear until the total number (characteristic of
the particular species) is reached. RAW (16)
proposed the terms meraspid period for the
series beginning with subdivision of the
protaspis, and holaspid period for the de
velopment that takes place after completion
of the thorax. He also suggested a division
of the meraspid period into "degrees" char-

acterized and distinguished by the number
of thoracic segments present. These terms
are adopted here, and discussed below in
the appropriate sections. The holaspid pe
riod may be attained at a length (sag.) of
less than I cm. and this is followed by great
increase in size during the period.

Growth stages of trilobites have also been
found in calcareous rocks (15), particularly
calcilutites, and in some of these rocks the
exoskeletons are not flattened or distorted,
though commonly they are disarticulated.
Extraction of silicified specimens from such
rocks, first by BEECHER (2), has given much
new information in recent years (19, 20,
21, 33, 37).

PROTASPID PERIOD
GENERAL CHARACTERS

The trilobite protaspis represents the
earliest stage at which, presumably, the exo
skeleton is mineralized and therefore may
be preserved. A range in length (sag,) from
about 0.25 to 1 mm. is known, rarely larger.
Outline in 'dorsal aspect is usually subcir
cular, convexity moderate to strong, and a
subspherical form may be attained. The axis
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these stages. STf/lRMER (24) defined the
anaprotaspid stage as that in which the axis
includes only 5 segments, and the meta
protaspid as including "secondary somites"
forming the protopygidium. This interpre
tive definition is not satisfactory, and in
practice STf/lRMER (24) and Ross (19) have
recognized the metaprotaspid stage as be
ginning when the pleural region becomes
divided by the posterior cephalic border and
the protopygidium consequently is distinctly
defined. This practice cannot be followed
exactly in Menoparia (Fig. 86), for example.
Accordingly, while early and late protaspides
can be distinguished, no one morphological
character can be used in all trilobites to sub
divide the period (25, p. 350). BEECHER'S
term paraprotaspid stage has not been gen
erally adopted. Substages of the metaprotas
pid stage based on number of axial segments
in the protopygidium (19, p. 584) have been
proposed.

In the smallest protaspides of trilobites
having compound eye lobes in the holaspid
period, the eye lobe is recognizable by the
relatively small, raised, palpebral lobe, con
nected by an eye ridge to the frontal axial
lobe (Fig. 88A-E, 90). In protaspides like
those of Welleraspis (Fig. 90) or Sao (Fig.
88A-E) the frontal axial lobe widens for
ward and is extended along the anterolateral
margin of the shield by a sutural ridge. In
protaspides such as belong to Pseudocybele
(Fig. 89), Acanthoparypha (Figs. 9IA),
or Flexicalymene (Fig. 92) the palpe
brallobe is connected to the anterior cephalic
border by a sutural ridge, and in Pseudo
cybele the eye ridge appears later in ontog
eny. In protaspides of Paradoxides (Fig.
93A,B) the eye lobe is exceptionally long
and in those of Menoparia (Figs. 86A,B) the
palpebral lobe is not raised. Probably in all
protaspides there is a narrow doublure and
a relatively large hypostoma (Fig. 88E,
92B). Wherever preservation is good
enough (usually in late protaspid stages),
it has been shown that facial sutures are
present, as well as rostral, hypostomal, and
probably connective sutures (Figs. 86C-E,
92, 94B,C, 95). Characteristically spines arise
from the borders of protaspides: fixigenal,
librigenal, and additional spines from the
lateral and anterolateral cephalic borders;
hypostomal from posterolateral borders of

c

E

G

B

D
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is at least partially defined in the smallest
protaspides (Fig. 86B) and may be com
pletely outlined by furrows. From a length
of 0.4 mm. upwards it is in most specimens
divided into rings, the anterior being longer
(sag.) than those following it. The 5th (4th
in Shumardia, Fig. 87A) ring is the occi
pital, and behind this is the short axial por
tion of the protopygidium (e.g., Sao, Fig.
88A). The pleural regions of the smallest
known protaspides (Figs. 87A, 89A; Ross,
20, PI. 32, figs. 2, 3) are either incompletely
divided or not at all. At a length of 05 to
0.6 mm. the transverse ridge (posterior bor
der of cephalon) and furrow have either ap
peared or been completed, thus dividing the
protaspis into larger cephalic portion and
smaller protopygidium (Figs. 88B, 89B,
90A, 9IA). An exception is Menoparia (Fig.
86C-E), but the position of the occipital ring
and presence of the doublure define the
protopygidium.

BEECHER (3) suggested that the protas
pid period might be divided into successive
stages called anaprotaspid, metaprotaspid,
and paraprotaspid but did not characterize

FIC. 86. Ontogenetic stages of Menoparia genalunata
Ross, L.Ord., Utah; A,B, small protaspis, antero
ventral and dorsal views; C-E, larger protaspis,
dorsal, ventral, and lateral views; F, meraspid
cephalon; G, late meraspid cranidium; all X20

(19).
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the hypostoma, and pygidial from the proto
pygidial borders. The external surface may
be pitted, tuberculate, granulate, or spinose.

TYPES OF PROTASPIDES
Generalities just stated seem to apply to

at least the later protaspid stages of all trilo
bites except agnostids and olenellids. The
smallest known specimens of the latter group
are about 1 mm. in length (STf/lRMER, 24,
figs. 4, 5a-e) , and silicified material de
scribed by PALMER (12) includes sped-

A
~:"' ..' , . - ~.

1; . :

B

i).. '.~ ..., .

c
D

F

G

E

H

FIG. 87. Ontogenetic stages of Shumardia pusilla (SARS), L.Ord.(Tremadoc.), Eng.; A, protaspis, X40; E,
meraspis, "degree" 0, X40; CoG, meraspis, "degrees" 1-5, X30; H, holaspis, X30; /, larger holaspis with

additional segment in pygidium, X20 (25").
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FIG. 88. Ontogenetic stages of Sao hirsuta BARRANDE, M.Cam., Bohemia; A, protaspis with librigena (a,
anterior pit; e, eye ridge; s, suture), X30; B,C, protaspis lacking librigenae, dorsal and anterolateral views,
X30; D, protaspis, X30; E, protaspis with left librigena and hypostoma shown by dashed outline, X30;
F, "degree" 0 with left librigena, dashed line showing inner edge of doublure, X30; G, "degree" I,

X30; H, "degree" 6, XIS; I, "degree" 12 cephalon, X7; T, holaspid exoskeleton, X2 (4In).

mens (cephala of early meraspid "degrees")
of this size and considerably smaller. STS'iR
MER (24, p. 61) considered that the original
of his figures 4 and 5e was probably an early
meraspid cephalon. My reinvestigation of
FORD's (6) original material of Ellipto
cephala asaphoides shows no trace of the
"rudimentary thorax and pygidium" (6,
p. 268, PI. 4, fig. 2; d. 46, fig. 3), the smal
lest specimens being meraspid cephala. This
evidence combines to cast grave doubts on
the view that any of the early olenellid stages
so far described include the protopygidium

within the unjointed shield, allowing them
to be regarded as protaspides.

It seems possible that the exoskeleton of
the protaspis is either so tiny that it has not
yet been found, or was not mineralized and
hence not preserved. Figure 96, emended
from WALCOTT'S drawings (28), shows
present knowledge of early "degrees" in the
ontogeny of Paedeumias yorkense. In ,the
smallest specimen (Fig. 96A) tiny spmes
are present on the anterolateral cephalic bor
der; long metagenal ("intergenal") spines,
and 5 axial rings are preserved in the thorax.

© 2009 University of Kansas Paleontological Institute



A

B

Ontogeny

a
B

c

0131

FIG. 89. Protaspides of Pseudocybele nasuta Ross,
L.Ord.(U.Canad.), W.USA(Utah); A·C, growth

series, X30 (19).

The original of Figure 96B has short genal
spines present outside the metagenal, and
one can see 9 thoracic segments, including
the 3rd with its long pleural spine. In the
largest specimen (Fig. 96C) the anterior
cephalic spines are lost, and while 12 thor
acic segments can be counted, the pygidium
is not preserved. The earliest known devel
opmental "degrees" of this and possibly other
olenellids, then, seem to be meraspides, and
their peculiar features include the long eye
lobes, lack of facial sutures (but rostral plate,
relatively large hypostoma, and rostral su
ture present in stages corresponding to
those shown in Figure 96), broad (tr,)
genal region outside of the eye lobes, and
long frontal area. The short genal and long
metagenal spines have been observed fre
quently, but PALMER'S investigations are the
first to reveal the stage (Fig. 96B) in which
anterior border spines also are present.

In meraspides of Paedeumias yorkense
there is seemingly no trace of preocular
ridges, and the postocular ridges (connect
ing the posterior end of the eye lobes to the
base of the metagenal spine) are only faintly
developed. In Elliptocephala asaphoides the
postocular ridge is prominently displayed in
the smallest stages known, and retained in
the holaspis. It has been claimed by HUPE
(8) and earlier authors that the postocular
ridges follow the course of the fused, pos
terior section of the facial sutures. Recently
H UPE (8) has also claimed that the pre-

FIG. 90. Ontogenetic stages of Welleraspis swartzi
(TASCH), U.Cam.(Dresbach.), E.USA(Pennsyl·
vania); A,B, protaspis lacking librigenae, dorsal,
lateral, X60; C, meraspid cranidium, X60 (39").

ocular ridges, which in some genera run to
points on the posterior border just inside the
base of the genal spines, follow the course
of the fused anterior section. Known olenel
lid ontogenies offer no support for these
views, nor for the suggestion of STj1IRMER
(24, p. 138) that the postocular ridges fol
low intersegmental boundaries. STUBBLE
FIELD (26, p. 421) considered that the post
ocular ridges may be vestiges of a larval
structure, and such they seem to be in E.
asaphoides, but their significance is not
known.

Knowledge of the ontogeny of Para
doxides pinus? begins with late protaspid
stages (Fig. 93A,B). Smaller specimens have
been described (30, p. 46, PI. 4, figs. 1,2; 24,
p. 73, text-fig. 7a), but I think it likely that
the lateral and posterior portions of these
strongly convex shields are concealed in
matrix and that there are spine-bearing libri
genae, fixigenal spines, and perhaps pleural
spines on margins of a tiny protopygidium.
In other words, I consider that they are es
sentially like Figure 93A,B, but smaller and
with fewer segments in the protopygidium,
and not "anaprotaspides" as STj1IRMER
claimed. Early meraspid "degrees" of
paradoxidids show considerable similarity to
corresponding olenellid "degrees," particu
larly in the length of the eye lobes and pres
ence of fixigenal and metagenal spines, re
spectively. Especially distinctive of para
doxidids are the dorsal facial sutures.
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FIG. 91. Ontogenetic stages of Acanthoparypha per/orata WHITTINGTON & EVIT1', M.Ord., E.USA(Virginia);
A, protaspis, X30; B-E, series of cranidia showing development, X20, X20, X 10, X 12; F, transitory

pygidium, XI0; G, incomplete exoskeleton, X5 (A-F, 41n; G, 37").

Figure 88 shows ontogeny of Sao, based
on previous work (1,22) and my own stud
ies (36). The earliest stage (Fig. 88A)
shows a length (sag.) of 0.6 mm., with the
cephalic axis divided into 5 rings decreasing
in length posteriorly, and the protopygidial
axis short and low. Pleural regions are faint
ly divided at the posterior margin of the
cephalon. Eye lobes are close to the margin
of cephalon, eye ridges curve in to the axial
furrow just behind anterior pits, and a su
tural ridge is adjacent to the extremity of
the frontal glabellar lobe. Librigenae are
narrow, posteriorly extended into short libri
genal spines and defined by sutures running
a short distance inside anterior and lateral
cephalic margins. The dorsal part of the

librigenae is steeply inclined, so that in Fig
ure 88A only the posterolateral portion is
visible. The protaspis increases to a lengt~
(sag.) of about 1 mm. (Figs. 88B-E) aJ:.ld IS

strongly convex. The posterior cephalic b~r
der becomes distinct, the number of aXIal
rings in the protopygidium increases to 4,
and faint interpleural grooves appear. The
relatively large, spinose hypostoma is known
in specimens having a length (sag.) of 0.85
to I mm. At a length (sag.) of 1 mm., and
slightly larger (Fig. 88F) the transverse
joint between the cephalon and transitory
pygidium becomes clear.

Protaspides of Olenus (24; 36, p. 467-468)
range in size from a length of (sag.) 0.33
to 052 mm. They are like those of Sao ex-
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FIG. 92. Protaspis of Flexicalymene senaria (CON
RAD), M.Ord., E.USA(Virginia); A,B, dorsal and
ventral views, left librigena, rostral plate, and hypo-

stoma present, X30 (41n).

cept that fixigenal spines occur. These fixi
genal spines are reduced and lost in early
meraspid "degrees," as they are in Lepto
plastoides (Fig. 97).

The protaspis of Welleraspis (Fig. 90),
0.40 mm. in length (sag.), is of a similar
type, subhemispherical in form, and lacking
librigenae. The latter must be narrow (tr.) ,
the dorsal portion lying in the vertical plane.
How readily they would be concealed in
such specimens when flattened in shale is
evident.

Protaspides of post-Cambrian trilobites
exhibit a variety of types. That of Menoparia
(Fig. 86A-E, lacking librigenae and hypo
stoma) is unusual in its subspherical form.
In the smaller figured example only the an
terior portion of the axis is outlined by fur
rows, but the suture is present, as well as
anterolateral, mediolateral, and posterior
pairs of spines. The larger specimen has the
axis completely outlined, and the occipital

BA

c

A

E

FIG. 93. Ontogenetic stages of ?Paradoxidcs pinus HOLM, M.Cam., Swed.; A,B, protaspides (A, reconstr.),
X20; C-E, rneraspid "degree" 1, X20; "degree" 4, X 10, "degree" 15, XS.4 (30).
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FIG. 94. Phacopid protaspis, L.Dev., E.USA(N.Y.); A-C, dorsal, anterolateral, ventral views (C with im
mature ostracode carapace adhering to specimen), X30 (41n; 34").

ring and 2 protopygidial rings are defined
(Fig. 86D). The posterior pair of spines is
on the posterior border of the protopygi
dium. Librigenae, bearing a librigenal spine,
are known in early meraspid cephala (Fig.
86F).

The protaspis of the bathyurid Licno
cephala (Fig. 98), recently described by
Ross (21), is approximately 0.8 mm. in
length (sag.), and lacks librigenae. The
axial region is divided into occipital ring,
glabella with 3 rings of similar length and
a longer anterior ring that narrows forward.
There is a broad (sag.) preglabellar area,
showing a striking difference from such
Cambrian protaspides as those of Sao (Fig.
88A-E) and Welleraspis (Fig. 90).

The only known lichid protaspis (35; Fig.
95, length, sag., 0.94 mm.) represents a late
stage in the protaspid period. The 4 paired
spines and median occipital spine suggest
the typical 5 rings of the well-defined, paral
lel-sided glabella and occipital ring. The
prominent eye lobes are well inside the bor
ders of the genal regions, and facial sutures
are present. There is a prominent librigenal
spine and 4 pairs of spines on the protopygi
dium.

The protaspis of Shumardia (Fig. 87A)
is extremely small (length, sag., 0.24 mm.;
length at "degree" 0, 0.31 mm.), strongly
convex, and unusual in that the glabella is
divided into only 4 segments.

Protaspides of post-Cambrian proparian
trilobites show considerable resemblance to
each other (Figs. 89, 91A, 92, 94, 99A).
Their length (sag.) ranges from about 0.25
to 0.95 mm., only those of Rossaspis (20)
and Pseudocybele (Figs. 89A) including ex-

amples less than 0.5 mm. long. These latter
tiny shields are subcircular in outline,
strongly convex, with the axis in larger
specimens divided into 5 rings (of which
the anterior is longest). The eye lobes are
close to the anterolateral margins, dorsal
sutures are present, and their form and the
presence of shallow anterior pits suggests
that librigenae, rostral plate, and hypostoma
may have been present. There are 3 pairs
of border spines, the posterior pair being
fixigenals. The tiny region between these
latter, which includes the tip of the axis, is
the protopygidium, which may bear a pair
of border spines (Rossaspis).

The larger protaspides of these and other
genera have the pleural regions subdivided
so that cephalon and protopygidium are dis
tinct. The well-defined glabella and occipital
ring comprise 5 segments, the anterior
markedly longer and wider, the occipital
shorter (sag.) and, in some genera, nar
rower (tr.), than the remainder. The pos
terior cephalic border runs out into the base
of the fixigenal spine, and there may be
spines of similar size on the lateral and
anterolateral borders (Fig. 91A).

The protaspides of Flexicalymene (Fig.
92) and phacopids (Figs. 94, 99A) have a
row of small spines around the anterior and
lateral cephalic margins. The eye lobes are
situated on the anterolateral part of the
genal regions, close to the border, and ~e
sutures are fully developed. A few tmy
facets are probably present on the visual
surface of the eyes. If present, the eye ridges
run into the most anterior part of the gl~b.
ella. The hypostoma in Flexicalymene (FIg.
92B) is relatively ~ge and$pinose. The
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small, down-bent protopygidium has a clear
ly defined axis and border bearing pairs of
spines. Doublures of the cephalon and proto
pygidium are narrow and curled under pos
teriorly. Paired spines on the axis and sym
metrically arranged spines on the genal re
gions commonly occur, and there may also
be granulation or pitting of the external
surface.

A B

MERASPID PERIOD
This period of trilobite larval develop

ment begins at "degree" 0 with appearance
of the first transverse joint in the exoskele
ton, separating the cephalon from what is
now termed the transitory pygidium. As
thoracic segments become fully formed in
the anterior part of the transitory pygidium
new joints appear between them. Successive
"degrees" of the meraspid period are num
bered to correspond with the number of
segments released to form the thorax. For
each species there is a constant number of
these segments, and after this is reached no
more are freed from the pygidium. The final
"degree" of the meraspid period is here con
sidered to be that in which there is one less
than the complete number of freely articu
lating thoracic segments.

For the study of the meraspid period a
series of complete specimens is necessary,
such material being found in some shales,
siltstones and fine-grained sandstones (1,
16, 25, 30). These fossils are disadvan
tageous for study in being compressed and
some of them otherwise distorted, but they
may show a progressively increased number
of segments up to the holaspid number. The
much-better-preserved silicified exoskeletons
obtained by etching some limestones with
acid almost invariably consist of dissociated
parts, and consequently "degrees" of the
meraspid period for all parts of the exo
skeleton cannot be ascertained.

MANNER AND AMOUNT OF
GROWTH

During the meraspid period the length
(sag.) of the trilobite is augmented to
some 6 to 12 times that of the largest protas
pis. This increase is achieved by a series of
larval molts (instars), but how many is a
matter of debate. In Leptoplastoides (Fig.
97; 16, Table I; 31) and Onnia (Fig. 100;
32, Table I) the average size increases at

FIG. 95. Lichid protaspis, L.Dev., E.USA(N.Y.);
A,B, dorsal, ventral, X20 (35").

each "degree," and more rapidly in Onnia
than in Leptoplastoides. Size of individuals
belonging in anyone "degree" varies, sug
gesting that more than a single molt may oc
cur within each "degree." In Leptoplastoides
no example of "degree" 8 has been found,
and "degrees" 7 and 9 are almost the same
in length. This similarity in length of suc
cessive "degrees" may signify that more
than one segment was added to the thorax
during certain molts. In this connection, the
"degree" 0 exoskeleton of Ceraurinella typa
(Fig. 101) is instructive, for the transitory
pygidium is found to have its maximum
length (ca. 2 mm.) and to contain in a single
unit the 11 segments destined to form the
thorax, these lying in front of the part that
is to become the true pygidium. The other
transitory pygidia observed (37) have only
4, 3, and 1 segments, respectively, in front of
the true pygidium and are 1.05 to 0.77 mm.
in length. It seems possible that in this
species perhaps 7 segments were released
simultaneously into the thorax. These ob
servations indicate that the count of free
thoracic segments may not necessarily cor
respond with growth as measured by in
crease of length.

TRANSITORY PYGIDIUM

As pointed out by various authors, the
transitory pygidium comprises a relatively
longer part of the early meraspid exoskele
ton than the pygidium in the holaspid exo
skeleton. Examples of these proportions,
contrasting early meraspides with late holas
pides, are: Leptoplastoides, 33 per cent to 7
per cent (16); Shumardia, 44 per cent to 23
per cent (25, p. 268); Onnia, 48 per cent to
23 per cent (32); Ceraurinella, 63 per cent
to 14 per cent (37). In Dalmanitina (1,
PI. 26) there is scarcely any change, the pro-
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FIG. 96. Meraspid "degrees" of Paedeumias yorkense RESSER & HOWELL, L.Cam., E.USA(Pennsylvania); A,
specimen with incomplete thorax showing 5 segments, X20; B, specimen with 9 thoracic segments;
pygidium not preserved, X 10; C, specimen with 12 thoracic segments, pygidium lacking, X6.6 (WALCOTT,

ref. 28, pI. 32, fig. 2, 5,6, emended in accordance with advice of A. R. PALMER).

portion being about 22 per cent at "degree" 0
and in a large holaspis. As might be antici
pated, the length (sag.) of the transitory
pygidium usually increases in successive
"degrees" (e.g., in Leptoplastoides, 16,
and Ceraurus, 5). An exception is the tran
sitory pygidium of Ceraurinella, which de
creases in size (37).

Evidence of segmentation in the transitory
pygidium may be found in the form of axial
rings, median or paired spines on the axis,
pleural furrows, pleural bands and spines
on these band~, pleural spines at} the mar
gins, or interpleural grooves. Indications of
new segments may appear first in the axial
region or in the pleural region, or simul
taneously in both regions (5, p. 44). The
work of BARRANDE on Sao (1) and STUBBLE

FIELD on Shumardia (25) shows that seg
ments may be added to the transitory pygi
dium during individual "degrees." These
observations may be taken as indicating
growth, and the occurrence of more than
one molt within each "degree." The an
terior segments of the transitory pygidium
are the most fully formed, that is, are most
like the thoracic segments. This is true of
both dorsal and ventral surfaces of the exo
skeleton. The ventral surface of Ceraurus

(Fig. 102), for example, shows the articu
lating half-ring, and doublure of the axial
ring in front of it, growing as a single fold,
and both this fold and the apodemes are
progressively more complete anteriorly.
The suture that develops to release new
segments into the thorax divides the fold
into its component parts and distally follows
the interpleural grooves.

In the transitory pygidium axial and
pleural spines show an increase in size from
the most posterior to the anterior segments,
and this size gradation is continued in the
thorax. Exceptionally long median axial or
pleural spines appear abruptly in a posterior
position and after moving forward are re
leased into the thorax (Fig. 87; also Dimer?
pyge and Mesotaphraspis, 37; Menoparza,
21). The change in position of these spines
during growth, as well as the developm~~t

of articulating structures, pleural subdlVl'
sions, and spines, are all consistent with the
view that new somites are added by growth
to the anterior border of the hindmost se
mite (25), and do not suggest that post·
cephalic segments were formed at the an
terior margin of the "pygidium" and prop
agated anteriorly and posteriorly, as some
have believed. In most species the large

( See fadng page)

FIG. 97. Ontogenetic stages of Lepzoplasroides salteri (CALLAWAY), L.Ord.(Tremadoc.), Eng.; A-D, meras
pid "degrees" 1,5,7,10, X20; B,F, holaspid cephalon, last thoracic segment, and pygidium, XI.3 (40·).
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FIG. 98. Ontogentic stages of Licnocephala cavi
gladius (HINTZE), L.Ord., W.USA(Utah); A, pro
taspis lacking Iibrigenae, X30 (21); B-F, series of
cranidia, X20, XI4, XI4, X7, X7 (21); G,

holaspid cephalon and pygidium, X2 (38).

BA

FIG. 99. Ontogenetic stages of Dalmanitina socialis
(BARRANDE), M.Ord.-U.Ord., Bohemia; A, pro
taspis with librigenae (reconstr.), dashed lines show
ing inner margin of doublure, outline of hypostoma,
and posterior sections of sutures crossing doublure,
X30 (34"); B, meraspid "degree" 5, XI5 (4In).

rate 4 times that of any of the lobes behind
it. On the other hand, in late meraspid "de
grees" of such genera as Sao (Fig. 88),
Leptoplastoides (Fig. 97), Welleraspis (15),
Acanthoparypha (Fig. 91), and Flexicaly
mene (33), the widest and most convex part
of the glabella has become the posterior
part.

Licnocephala (Fig. 98) illustrates the de
velopment of a different type of glabella
which is not expanded anteriorly at any
time, and remains low and poorly defined
(21 ).

Along with changes in outline and con
vexity of the glabella, the glabellar furrows
change. In most protaspides the glabella is
divided into 5 rings (4 in Shumardia, Fig.
87A, none in Menoparia, Fig. 86A,B) and
there is a median longitudinal furrow in
Paradoxides (Fig. 93A,B). This median fur
row, and the median part of the anterior 3
(i.e., not the occipital) ring furrows, usually
disappear in the early meraspid "degrees,"
while the lateral parts of the ring furrows
deepen. This deepening may be accom
panied by the development of lateral glabel
lar lobes. Development of these lobes is
shown by Sao (Fig. 88) and is striking, for
example, in odontopleurids (Fig. 103). In
remopleuridids lateral glabellar furrows are
not developed until the meraspid "degrees,"
whereas in Isotelus (33) and Licnocephala
(Fig. 98) lateral furrows present in early
meraspid "degrees" and ring furrows of the
metaprotaspis, respectively, are later lost.
Of the 4 ring furrows of the protaspid

E

~
~

GF

pleural spines that appear during the meras
pid period are retained in the holaspis, but
in Paradoxides pinus? (Fig. 93C-E) that on
the 1st thoracic segment is reduced early in
the meraspid period and that on the 2nd is
also reduced by the end of this period (30,
PI. 5, fig. 10).

CEPHALON
During the meraspid period changes take

place in the cephalon, both in the form and
relative proportions of individual parts. The
changes may be summarized as follows.

The glabella in many genera is widest and
most convex anteriorly at "degree" O. In
Onnia (Fig. 100), Dalmanitina (Fig. 99),
and, to a less extent, Paradoxides (Fig. 93),
the initial anterior expansion is progressively
augmented; TEMPLE (27) has shown that
the frontal lobe in Dalmanitina grows at a

D
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glabella, the posterior (occipital) is most
persistent (though even the occipital furrow
is lost in Licnocephala), and those adjacent
to it develop into the deepest lateral fur
rows. Paradoxides (Fig. 93) is exceptional
in retaining 2 complete ring furrows in
front of the occipital in the holaspis. The
deep lateral parts of these occipital and lat
eral glabellar furrows form ventral projec
tions, the apodemes, to which it is believed
the appendages are linked by muscles. In
trilobites in which lateral glabellar furrows
are lost, paired muscle scars, seemingly in
the position of these furrows, are developed,
e.g., in asaphids.

Genal regions and the frontal area also
show some increase in convexity during the
meraspid period, associated with an increase
in convexity of the cephalon as a whole. The
genal region, and particularly the inner,
posterior portion, may show particularly
marked inflation (Fig. 103). The frontal
area, at first short (sag., exsag.) and steeply
sloping, may become relatively longer, the
glabella becoming relatively shorter, and the
anterior border defined. This change is well
shown by Sao (Fig. 88), Leptoplastoides
(Fig. 97), Paradoxides (Fig. 93), and Wel
leraspis (15). In other trilobites the frontal
area shows little change in relative size, for
example, Shumardia (Fig. 87), Acantho
parypha (Fig. 91), Dalmanitina (Fig. 99;
34). In trinucleids (Fig. 100) rapid increase
in width of the fringe occurs in early meras
pid "degrees."

EYE LOBES AND FACIAL SUTURES

In trilobites with compound eyes in the
holaspid period the eye lobes are present on
the dorsal surface of the protaspis near the
anterolateral margin. During the meraspid
period the lobes move inward and back
ward, number of facets on the eye surfaces
increases, and the palpebral furrows and
rims develop. The eye ridges, which run
from eye lobe to axial furrow opposite the
anterior glabellar lobe, pivot with movement
of the eye lobes and may be reduced in
prominence or lost.

During the meraspid period changes that
take place in the course of the dorsal sections
of the facial sutures are associated in part
with change in position of the eye lobes.
In Leptoplastoides (Fig. 97), Sao (Fig. 88),
and Welleraspis (Fig. 90; 15), these changes

FIG. 100. Meraspid "degrees" of Onnia ornata
(STERNBERG), M.Ord.-U.Ord., Bohemia; A-C, "de_

grees" 0 (X22), 1 (XlO), 2 (XI2.5) (41n).

do not affect the points where posterior sec
tions of the sutures cross the cephalic mar
gin and doublure. In Acanthoparypha (Fig.
91), Sphaerexochus (37), and Rossaspis
(20), these points migrate backward
considerably. Claim has been made that
during the meraspid period of Peltura scara
baeoides (14) and other olenids (24, p. 88)
the posterior sections of the dorsal sutures
at first cut the lateral cephalic margins and
later the posterior margins, so that the trilo
bite changes from proparian to opisthopar
ian during ontogeny. STj2IRMER (24, p. 88)
has pointed out, however, that the develop
ment of facial sutures in the olenids he
studied was not clear. In Sao and Weller
aspis, the protaspides and meraspides are
opisthoparian, the posterior segments of the
sutures in the protaspis running back close
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FIG. 101. Meraspid stage of Ceraurinella typa
B.N. COOPER, M.Ord., E.USA(Virginia); "degree"

0, X20 (37).

to the lateral margins before curving in
ward across the base of the librigenal spines.
In this position, on the almost vertically
sloping flank of the genae, the sutures read
ily may be concealed. Possibly they have the
same course in late protaspides and early
meraspides of olenids, but only a. reinvesti
gation wi~l confirm or de~y t~iS sugges
tion. In View of the theorettcal importance
that has been attributed to the supposed
change from a proparian to opisth~paria?

condition in olenids (8,26), such an lllvestt
gation would be of great interest.

HYPOSTOMA
The development of the hypostoma is not

known in relation to "degrees" of the mer
aspid period (37). Small cheirurid hypo
stomata have a prominent, crescentic, pos
terior lobe of the middle body. As growth
proceeds, the posterior lobe decreases in size
at expense of the anterior. Also, the shoul
der becomes more prominent and relatively
more anterior in position. To judge by
known examples of the protaspid hypostoma
(Figs. 88E, 92B) a reduction in relative size
may be inferred to occur during the mer
aspid period.

GENAL AND OTHER LATERAL
CEPHALIC SPINES

Characteristic of known protaspides are
the stout spines at or near the genal angle,
and spines of almost the same size may be
present on the lateral and anterolateral
cephalic borders. In Flexicalymene (Fig. 92)
and phacopid protaspides (Fig. 94), many
additional smaller spines are observed on
the cephalic border. During the meraspid

period the spine at or near the genal angles
(genal spines) is retained and may be en
larged. It may be librigenal (Sao, Fig. 88;
Leptoplastoides, Fig. 97; lichid, Fig. 95) or
fixigenal (Acanthoparypha, Figs. 91, 106;
Dalmanitina, Fig. 99). In genera such as
Flexicalymene (33) and Sphaerexochus
(37), the stout fixigenal spines are reduced
during the meraspid period. The same is
true of Leptoplastoides (Fig. 97) and Para
doxides (Fig. 93), in which reduction is
rapid. In Paradoxides, as in some other gen
era, the librigenal spines are retained, in
creasing in size. In early meraspid "degrees"
of olenellids (Fig. 96), a pair of stout meta
genal ("intergenal") spines occurs and in
some genera small spines are seen also on
the anterior cephalic borders. At slightly
larger size, before the anterior spines are lost,
small spines (genal) begin to grow at the
genal angles, just outside the metagenal
spines. In considerably later "degrees" the
metagenals are rapidly reduced, while t~e

genals increase in size to become the ~am

cephalic spines. This increase of ~enal spmes
and diminution of metagenal spilles are not
unlike the increase of librigenals and re
duction of fixigenals in Paradoxides, up
toplastoides, and other genera. Because of
lack of facial sutures in olenellids, however,
it cannot be shown that these differently
designated spines are homologous.

OCCIPITAL SPINES
A median occipital tubercle.is .comm?nly

present in protaspides and thiS is retailled

FIG. 102. Transitory pygidium of, c~r~ur~s whi~
tingtoni EVITT, M.Ord., E.USA(Vlfglma), v(en:
view, showing apodemes and fold that WI en
divided) forms articulating half-ring and daub ure

of axial ring, X30 (4In).
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FIG. 103. Cranidia of Diacantlzaspis cooperi WHITTINGTON, M.Ord., E.USA(Virginia); A-E, series showing
growth stages, A,B, X50, C-E, X25 (33").

through the meraspid period and into the
holaspid. The tubercle may be relatively re
duced in size or lengthen rapidly into a
median occipital spine, e.g., in Welleraspis
(15) and Holia (37). Similarly, paired occi
pital tubercles or short spines may increase
in size and length into the holaspid period,
e.g., in Diacanthaspis (Fig. 103).

EXTERNAL SURFACE
Short spines, tubercles, granules, and pits

occur on the external surface of protaspides,
including the hypostomal borders. A paired
arrangement is common, especially on the
axis. The spines and tubercles generally are
reduced in relative size as the meraspid pe
riod progresses, and may disappear alto
gether. Among holaspides provided with
spines, tubercles, or granules on the outer
surface, growth during the meraspid period
is characterized by an increase in number
of these elements and loss or masking of
their paired arrangement.

AGNOSTID TRILOBITES
The ontogeny of agnostid trilobites com

monly is neglected in discussions of trilobite

larval development, and this is true despite
early observations by BARRANDE (1; Figs.
104, 105). The smallest known agnostid
specimens seem to be meraspides represent
ing "degree" 0; their length (sag.) ranges
from 1 mm. to a little more than 2 mm.
Ring furrows and interpleural grooves ap
pear in the transitory pygidium, and 2 seg
ments are released successively into the
thorax. The tendency seems to be for fur
rows on the cephalon and glabella to deepen
as size increases. STUBBLEFIELD (25, p. 366)
refers to a similar suite of specimens of Early
Ordovician (Tremadocian) age, and points
out that "unless the process for the develop
ment of new segments in the Agnostidae is
entirely different from that of all other
Arthropoda," orientation of the agnostid
pygidium must be as depicted by BARRANDE
and others, and not as advocated by WAH
LENBERG, DALMAN, and RAYMOND.

HOLASPID PERIOD
The view of RAW (16, p. 226) that cessa

tion in the addition of segments to the
thorax forms a convenient break in the de-
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FIG. 10S. Ontogenetic stages of Pleuroctenillm
granlllatrml (BARRANDE), Cam., Bohemia; A'C,
meraspid "degrees" 0 (X6), 0 (XS), 1 (X4); D,
holaspis, X 4; E,F, holaspis, dorsal, lateral, X6

(all 1*).

pleural regions; examples are Dionide
which has 20 or more segments in the pygi~
dium, Carboniferous proetids (29), and
encrinurids. That such additions do not al
ways take place, however, is demonstrated
by Ceraurinella (Fig. 101) and Ceraurus
(5). In species of both of these genera the
complement of segments of the holaspid
pygidium is present in the transitory pygi
dium and no later additions occur.

Addition of segments to the pygidium
must be the result of continued activity of
the zone of growth after the thorax is com
plete. Evidently one could select eithe~ com
pletion of the thorax or cessation of budding
of new segments as important points in de
velopment. Seemingly, in Ceraurus and
Ceraurinella new segments cease to appear
before the thorax is complete, whereas in
many other trilobites the reverse is true.
Future studies may call for recognition of
ontogenetic stages that subdivide develop
ment at both points, but here prevailing
practice is followed in making a subdivision
only at completion of the thorax.

Records of minimum length (sag.) of
holaspides include those of Shumardia pusii
la, 1.8 mm. (25); Leptoplastoides saiteri,
5.73 mm. (16); Sao hirsuta, 7.0 mm. (1);
and Paradoxides, 13.5 mm. (30). Common
ly, holaspides attain a length of several em.
but records (18) of much greater length are
found, for example, holaspides of [sotelus

F

B

Dc

A

velopment of trilobites is accepted here, and,
accordingly, the holaspid period is regarded
as beginning when the last-formed segment
(making a full complement for the species)
is added to the thorax. When this period
begins, the term "pygidium" is applied to
the posterior shield of fused segments. The
holaspid period extends to death of the in
dividual.

No evidence is found to support RAw's
suggestion (16, p. 226) that segments are
added to the thorax of some trilobites
throughout life; on the contrary, each spe
cies has its characteristic complement of
thoracic segments. Most holaspides have
fewer than 20 thoracic segments, but some
have 25, the Devonian Harpes has 29, and
one Upper Cambrian species of Menomonia
is reported to have 42.

STUBBLEFIELD (25) has suggested that in
view of the literal meaning of "holaspis"
(c?mplete shield), this term should be ap
plred only to trilobite individuals in which
complete postcephalic segmentation has been
attained. Since in Shumardia (Fig. 87H,l)
a 5th segment is added to the pygidium af
ter the complete number of thoracic seg
ments has been developed, STUBBLEFIELD
called only the original of Figure 87/ an
holaspis, and not that of Figure 87H. Simi
lar addition of segments to the pygidium
has long been known to take place in Dal
manitina (1, PI. 26). Probably it occurs also
in other genera having many segments in
the pygidium or with a larger number of
axial rings than indicated segments in the

FIG. 104. Ontogenetic stages of Phalacroma biblllla
tllm (BARRANDE), Cam., Bohemia; A-C, meraspid
"degrees" 0 (X4), 0 (X3), 1 (X4); D, holaspis,

X3; E,F, holaspis, dorsal, lateral, X6 (all 1*).
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FIG. 106. Cranidium of Acanthoparypha chiropyga
WHITTINGTON & EVITT, M.Ord., E.USA(Virginia);
specimen showing librigenae and rostral plate,

X65 (37*).

gigas showing a range from 8 to 440 mm.,
and holaspides of species of Paradoxides at
taining a length (sag.) of 300 to 400 mm.
While at least a 5-fold increase in length may
occur during this period, increase may be 30
or 40-fold. Augmentation of length during
complete ontogeny of a trilobite is of the
order of at least 50-fold (e.g., Sao, 0.6 mm.
to about 30 mm.) and it may reach 400
fold (e.g., Isote/us, Paradoxides). Uralichas
ribeiroi, from Lower Ordovician rocks of
Portugal, is stated (18) to be the largest
known trilobite, 70 cm. in length; no com
plete specimen is known, about a fifth of the
reported length being that of the posterior
pygidial spine.

Comparison of holaspides of different
length (sag.) shows that changes occur dur
ing this period of growth. These include
outline, relative proportions, convexity of
parts of the exoskeleton, depth of furrows,
and the nature of various other features.
Adequate suites of complete exoskeletons
are not many, so that it is rarely possible to
go beyond generalities. One example is RAY

MOND'S (17) study of Isotelus gigas. The
smallest known holaspis is 9.4 mm. in length
(36). As size increases, both cephalon and

pygidium becoming longer than the cepha
lon, the axial lobe widens, librigenal spines,
after being reduced, disappear, and the genal
angles become rounded. In what is probably
the late meraspid period of Isotelus the
glabella is convex, with lateral furrows and
lobes and a median tubercle, and the transi
tory pygidium has a well-defined axis show
ing many axial rings, pleural furrows, and
interpleural grooves (33, PI. 75, figs. 27-29,
34-36). In small holaspides these convexities
and furrows are smoothed out.

In the Devonian Dipleura COOPER (4)
has described how holaspides ranging in
length from 8 to 40 mm. undergo a series
of changes that include loss of 3 pairs of lat
eral glabellar furrows (at 11 to 14 mm.
length), gradual loss of ring and pleural
furrows, smoothing of the pygidial axis,
and widening of the thoracic axis. Some of
these changes are like those observed in the
ontogeny of Isotelus, a genus belonging to
a very different family, although the changes
occur at different stages in development.

In Acanthoparypha (Figs. 91, 106), Holia
(37), and Flexicalymene (33), deep lateral
glabellar furrows, occipital furrows, and
axial ring furrows are retained in the holas
pid period. Convexity of the axial regions
may increase with size, and genal or occi
pital spines become longer and stouter.
If the external surface is spinose or tubercu
late, the symmetrical paired arrangement of
larger spines or tubercles seen in the meras
pid period is less conspicuous. While these
changes in convexity, outline, and size of
particular parts do occur, measurements
made on Cambrian trilobites (7, 11, 23)
suggest a general rectilinear relationship be
tween dimensions at different sizes.
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A wholly satisfactory, natural classifica
tion of trilobites is beyond possibility at the
present moment. The truth of this assertion
becomes immediately apparent by simply
calling attention to the fact that among gen
era recognized in this volume 121 are re
garded as "incertae sedis," without familial
allocation. It is true that some of these
genera are imperfectly known, but many
are as well known as most trilobites that
can be readily classified into families. The
fault is not with the fossils but with our
understanding of the truly relevant and
diagnostic characters to be used for estab
lishment of familial and suprafamilial taxa.

Difficulties in the way of a natural

classification are (1) entire lack of informa
tion concerning the internal anatomy of
trilobites, particularly that referring to the
nervous system, (2) inadequate knowledge
of larval development, complete ontogenies
being known only for a few species, (3) in
sufficiency of data on the nature of ventral
appendages, (4) unsatisfactory knowledge
of the ventral cephalic sutures in many gen
era, (5) inadequate understanding of the
original cephalic segmentation, (6) homeo
morphy of some trilobites, especially the
so-called "smooth" forms, and (7) likely
possibility that some trilobite lineages may
have developed a mineralized carapace late
in their phylogenetic evolution.
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DEVELOPMENT OF
CLASSIFICATION

EARLY WORK

As the number of described genera of
trilobites steadily increased during the
course of the last century, several paleon
tologists attempted at various times to clas
sify them into families and taxa of supra
familial rank. Most of these classifications
laid undue stress on morphological char
acters that now are regarded as having less
than secondary value. Some, however, con
tained the germs of ideas that when fully
developed by different paleontologists dur
ing the present century led to proposal of
more satisfactory groupings.

The first classification of trilobites, by
BRONGNIART (1822), amounted only to divi
sion into 5 genera of species that previously
had been referred to Entomolithus para
doxus. In 1827, DALMAN arranged the trilo
bites in 2 groups, according to whether they
possessed eyes or lacked them. QUENSTEDT
(1837) based his classification on structure
of the eyes and number of thoracic segments.
EMMRICH (1839) made use of ocular char
acters for his first classification, taking ac
count also of shape of the pleurae. MILNE
EDWARDS (1840) regarded the enrollment
ability of trilobites as of primary importance.
GOLDFUSS (1843), entertaining ideas similar
to those of DALMAN, divided the trilobites
into 3 groups based on the presence or ab
sence of eyes, and on their structure.
BURMEISTER (1843) accepted MILNE ED
WARDS' ideas and stressed the importance
of size of the pygidium and characters of
the pleurae. EMMRICH'S second classification
(1845) took into account thoracic features,
structure of the eyes and facial sutures.
HAWLE & CORDA (1847) divided trilobites
into 2 groups, one characterized by an en
tire pygidium and the other by a lobate or
serrated pygidium. M'CoY (1849) regarded
the presence or absence of articulating facets
on the pleurae as a character of prime im
portance. BARRANDE (1852) based his classi
fication on the structure of the pleurae.

SALTER ( 1864) used a combination of
different features, particularly number of
the thoracic segments, size of the pygidium,
presence and course of the facial sutures, and
ocular characters. On these features, he

divided the trilobites into 4 groups termed
Agnostini, Ampycini, Asaphini, and Pha
copini. The first 2 groups included genera
with reduced number of thoracic segments
and pygidium proportionally enlarged. The
Agnostini lacked eyes and facial sutures,
whereas the Ampycini had "eyes often ab
sent" and "facial suture obscure, or submar
ginal, or none." The last 2 groups included
genera with a "considerable number" of
thoracic segments and reduced pygidium.
The Asaphini had smooth eyes usually mod
erately developed and facial sutures "ending
on the posterior margin," whereas the Pha
copini had well-developed eyes (usually
faceted) and facial sutures "ending on the
external (=lateral) margin." SALTER'S
scheme was a great improvement over all
previous attempts to classify the trilobites
and, in truth, it contains the germs of both
BEECHER'S and GURICH'S later classifications.
CHAPMAN'S (1889) and HAECKEL'S (1896)
groupings were certainly very inferior to
SALTER'S and are now forgotten. CHAPMAN
recognized 4 primary groups of trilobites
based on quite arbitrary morphological
features, whereas HAECKEL proposed 2 ord
ers (Protrilobita or Archiaspides, and Eutri
lobita or Pygidata) based on the absence or
presence of "true pygidium" and on char
acters of the thoracic segments.

BEECHER'S CLASSIFICAnON

Near the close of the last century, C. E.
BEECHER (1897) attempted to establish a
"natural" classification of trilobites based on
biological considerations. As his ideas have
deeply influenced the thoughts of later
paleontologists, it seems desirable to give a
summary of his classification and of the
underlying principles. BEECHER'S concep
'tion, in its turn deeply influenced by
HAECKEL'S famous "law of morphogenesis"
or "recapitulation theory," which asserts that
the ontogenetic development of the individ
ual recapitulates the phylogenetic develop
ment of the species, was based on the as
sumption that the trilobite protaspis was a
phylembryo in JACKSON'S (1890) sense. The
protaspides, therefore, shared certain fea
tures regarded as characterizing the whole
class. Using the recapitulation theory as a
guiding principle, BEECHER analyzed the
ontogenetic development of trilobites out of
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the so-called phylembryonic stage, and be
lieved that he could unravel the natural se
quence of evolutionary events. He regarded
the eye-bearing librigenae as the most sig
nificant feature of trilobites and assumed
that in the earliest larval stages of all but the
highest trilobites they were ventral in posi
tion. During ontogeny the librigenae mi
grated from the ventral to the dorsal side of
the cephalon together with the marginal su
ture, which thus gave origin to the facial
sutures. This was accompanied by migra
tion of the eyes from the ventral side, "first
forward to the margin and then backward
over the cephalon to their adult position."
He concluded, therefore, that eyeless adult
trilobites with ventral librigenae were prim
itive, whereas those possessing eyes and
facial sutures were progressive, higher
forms. To circumvent the difficulty raised
by the presence of dorsal eyes in Trinucleus
and Harpes, BEECHER assumed that these
structures were "fixigenal ocelli," not
homologous with the "librigenal eyes" of
other trilobites.

These considerations led BEECHER to clas
sify trilobites in 3 orders, which he named
Hypoparia (Gr., hypo, below; paria, cheek
piece),Opisthoparia (opisthe, behind), and
Proparia (pro, in front of). The Hypoparia
were characterized as having ventral libri
genae, and ventral, marginal, or submar
ginal sutures, and lacking compound eyes.
The Opisthoparia were defined to include
trilobites with librigenae extending on to
the dorsal side, bounded by facial sutures
that cut the posterior margins of the cepha
Ion so as to leave the genal angles with the
librigenae. Librigenal holochroal eyes are
well developed in all but the most primitive
genera. Lastly, the Proparia were interpreted
to comprise trilobites with librigenae ex
tending on to the dorsal side but bounded
by facial futures that cut the lateral margins
of the cephalon, so as to leave the genal
angles with the fixigenae. Librigenal eyes are
scarcely developed or absent in the most
primitive genera, but well developed and
schizochroal in progressive genera.

At the time when Beecher's paper was
published, only 14 trilobite families were
recognized; they were distributed among
the 3 orders of his classification as follows.

Summary of Trilobite Classification by
Beecher (1897)

Order HYPOPARIA-Agnostidae, Harpedidae [=Har
pidae], Trinucleidae

Order OPISTHOPARIA - Conocoryphidae, Olenidae
(Paradoxinae, Oryctocephalinae, Oleninae, Dikelo
cephalinae), Asaphidae [incl. Illaenidae (sic)),
Proetidae, Bronteidae [=ThysanopeltidaeJ, Lich
adidae [=Lichidae], Acidaspidae [-Odonto
pleuridaeJ

Order PROPARIA-Encrinuridae, Calymenidae, Cheir
uridae, Phacopidae

BEECHER'S classification, adopted readily
and unqualifiedly by his former student, P.
E. RAYMOND, gained widespread recogni
tion through the latter's contribution
(1913) to the ZITTEL-EASTMAN Textbook of
Palaeontology. By the time of this publica
tion, the number of recognized families had
increased to 28, but RAYMOND'S distribution
of them among the Hypoparia, Opistho
paria, and Proparia was essentially the same
as BEECHER'S, particularly as regards the
strange and unnatural grouping of agnos
tids, harpids, and trinucleids in the same
order. Such grouping from the outset called
forth objections to BEECHER'S classification,
opposing particularly his order Hypoparia.

The first to voice disagreement was POM
PECK] (1898). Subsequently, BEECHER'S
classification has been severely criticized by
GURICH (1907), LAKE (1907, in LAKE,
1906-46), JAEKEL (1909), WOODS (1909),
POMPECK] (1912), SWINNERTON (1915,
1919), POULSEN (1927, 1934), RICHTER
(1933), STUBBLEFIELD (1936), ST¢RMER
(1942, 1944), HENNINGSMOEN (1951), and
HUPE (1953). So many arguments have
been accumulated against the classification
that it is now completely untenable, even
under the modified forms proposed by SWIN
NERTON (1915), RICHTER (1933), and ST¢R
MER (1942). Most of the objections are based
on discoveries made subsequent to the date
of BEECHER'S publication. Some of these
may be summarized as follows. (1) It is now
known that the agnostids have no cephalic
sutures and therefore no reason exists for
interpretation of the cephalic doublure as
"ventral librigenae." (2) No trilobites are
known, either in adult or larval stages, bear
ing ventral eyes on the librigenae. (3) The
eodiscid genera Pagetia and Opsidiscus sug
gest that the agnostids are derived from eye-
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bearing ancestors; Pagetia, described by
WALCOTT in 1916, has well-developed eyes
and proparian sutures; Opsidiscus, described
by WESTERGARD in 1950 (=Aulacodiscus
WESTERGARD, 1936), has ocular tubercles
and eye ridges but no facial sutures. (4) The
lateral eyes of the harpids now are regarded,
following RICHTER'S investigations, as sim
plified or "degenerate" eyes derived from
normal schizochroal eyes formed by nu
merous lenses; far from being "fixigenal
ocelli," they are homologous with the "libri
genal eyes" of other trilobites. (5) Proparian
genera are now known in the midst of
otherwise opisthoparian families, and con
versely, opisthoparian genera are known in
proparian families; these include the pro
parian Saltaspis and Nericiaspis, among the
opisthoparian Olenidae, and the opistho
parian Placoparia and Bouleia, among the
proparian Pliomeridae and Phacopidae, re
spectively.

BEECHER'S classification, for all its defects,
had the virtue of simplicity. Actually, it was
a modification of SALTER'S (1864) scheme,
and the terms Opisthoparia and Proparia
paid homage to SALTER'S perspicacity in dis
tinguishing the 2 types of facial sutures
characterizing his Asaphini and Phacopini.

Though BEECHER'S order Hypoparia has
been rejected by most paleontologists, his
orders Opisthoparia and Proparia have been
accepted in many subsequent classifications,
though more or less modified in content.
This is readily understandable, because dis
tinctions based on characters of the facial
sutures provided a very objective and easy
means of dividing trilobites into at least
2 main groups. Even at present, when the
orders Opisthoparia and Proparia are dis
carded, the words are widely used (in ad
jectival form) to denote different conditions
of the facial sutures.

GORICH'S CLASSIFICATION

BEECHER'S classification was never well re
ceived by European paleontologists, particu
larly those of the German school. In 1907,
GURICH proposed a very different arrange
ment of trilobites, which, though accepting
some of BEECHER'S ideas in a modified form,
was based mainly on the number of thoracic
segments and relative size of the pygidium.
GURICH'S classification, therefore, combined
the ideas of QUENSTEDT, EMMRICH, BUR-

MEISTER, SALTER, and BEECHER. His sub
divisions were as follows.

Summary of Trilobite Classification by
Gurich (1907)

Order OLIGOMERIA (Trilobites with few thoracic
segments)

Suborder ISOPYGIA (Pygidium about equal in size
to cephalon) - Agnostidae, Microdiscidae
[=Eodiscidae]

Suborder HETEROPYGIA (Pygidium distinctly smal
ler than cephalon)-Trinucleidae [=Trinu
cleinae], Ampycinae [=Raphiophoridae], Dio
nideae [ =Dionidinae], Aeglininae [-Cyclo
pyginae]

Order PLIOMERIA (Trilobites with many thoracic
segments)

Suborder MICROPYGIA (Pygidium minute, thoracic
segments numerous)-Qlenellidae, Remopleuri
deae [ =Remopleuridinae] , EIlipsocephalidae,
(Triarthreae [=Triarthrinae]), Paradoxididae
(Paradoxideae [=Paradoxidinae]), Harpedidae
[ =Harpidae] , Olenidae, Cyphaspidae
[=Otarionidae] , Arethusinidae [=Aulaco
pleuridae]

Suborder MACROPYGIA (Pygidium longer than half
of cephalic length, thoracic segments fewer
than half number of pygidial axial rings)

Group OPISTHOPARIA (Facial sutures crossing pos
terior edge of cephalon)-Proetidae, Dicello
cephalidae [ =Dikelocephalidae] , Lichidae,
Acidaspidae [=Odontopleuridae], Brontei
dae [=Thysanopeltidae], Asaphidae (Asa
phinae, Nileinae, lllaeninae)

Group GONATOPARIA (Facial sutures intersecting
genal angles)-Homalonotidae, Calymenidae

Group PROPARIA (Facial sutures intersecting edges
of cephalon in front of genal angles)-
Phacopidae, Cheiruridae, Encrinuridae

As pointed out by SWINNERTON (1915),
the main weakness of GURICH'S system lies
in its ignoring of the fact that progressive
caudalization of thoracic segments is a ten
dency found in different, quite independent
trilobite lineages, the micropygous, isopyg
ous, and macropygous conditions being
"evolutionary stages" in various trilobite
stocks. Less open to criticism is GURICH:S
subdivision based on number of thoraCIC
segments, but as JAEKEL (1909) remark~d,
the natural dividing line lies between tnlo
bites having 2 or 3 segments and those hav
ing more than 5. JAEKEL (1909) propo~d
the order Miomera for the first group (m
cluding agnostids and eodiscids) ana the
order Polymera for the second (including
all other trilobites). JAEKEL'S divisions have
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been adopted by such modern authors as
WHITEHOUSE (1936) and HUPE (1953).

SWINNERTON'S CLASSIFICAnON

SWINNERTON (1915), like most paleon
tologists who have dealt with classification
of the trilobites, disagreed with BEECHER
mainly on the order Hypoparia. He re
garded the agnostid trilobites as "secondarily
suturdess," agreeing with JAEKEL (1909)
that they "are forms in which the eyes have
degenerated and the free cheeks have fused
with the fixed cheeks." Accordingly, he
placed the agnostids in the order Proparia.
On the other hand, he regarded the Olend
lidae as being "primarily sutureless," and
as exhibiting "the trilobite organization just
when these [suture] lines are coming into
being." The Olenellidae, however, he placed
in the order Opisthoparia. For the genera
Marrella and Nathorstia, he proposed the
order Protoparia designed for "the recep
tion of Trilobites and Trilobite-like organ
isms in which the absence of facial sutures is
primary." Marrella, however, is not a trilo
bite, whereas Nathorstia is now regarded as
a "butter-crab" of Olenoides serratus. Ac
cordingly these 2 genera should be removed
from Protoparia, which thus fails as an ordi
nal unit.

SWINNERTON'S classification had the merit
of not only doing away with the Hypoparia
(as GURICH had done) but of attempting for
the first time to subdivide the Opisthoparia.
The guiding principles were: (1) appear
ance of the facial sutures out of the proto
parian stock at various times; (2) progres
sive caudalization of thoracic segments ac
cording to GURICH'S ideas, but recognizing
that this tendency appeared in different trilo
bite stocks; and (3) increasing importance
of the pleurae. His classification is as follows.

Summary of Trilobite Classification by
Swinnerton (1915)

Order PROTOPARIA-Marrellidae [ =non-Trilobita],
Nathorstia [=O!enoides]

Order OPISTHOPARIA
Suborder MESONAcIDA-Mesonaeidae [=Olenelli

dae] , Remopleuridae [=Remopleurididae] ,
Paradoxidae [=Paradoxididae], Zacanthoidae
[=Zacanthoididae]

Suborder CoNOCORYPHIDA
Section OLENINA--Qlenidae, Proetidae, Orycto

cephalidae
Section CONOCORYPHINA-Conocoryphidae

Section PTYCHOPARINA - Ptychoparidae [=Pty
chopariidae], Solenopleuridae, Dicellocephal
idae [ =Dikelocephalidae] , Bathyuridae,
Asaphidae, IIIaenidae

Section CALYMENINA-Calymenidae, Homalono
tidae

Suborder TRINUCLEIDA-Trinucleidae, Harpedidae
[ =Harpidae] , Raphiophoridae, Aeglinidae
[=Cyclopygidae], ?Ellipsocephalidae, ?Shu
mardiidae

Suborder ODONTOPLEURIDA - Odontopleuridae,
Liehadidae [-Lichidae], Bronteidae [=Thy
sanopeltidae]

Order PRoPARIA-Encrinuridae, Cheiruridae, Pha
copidae, Burlingidae [=Burlingiidae], ?Agnosti
dae

POULSEN'S CLASSIFICATION

Based on facial sutures, C. POULSEN'S
(1927) classification was somewhat different
from those of BEECHER and SWINNERTON.
He regarded the Olenellidae as having func
tional marginal (perrostral) and facial su
tures "in statu nascendi." He also regarded
the marginal suture of BEECHER'S Hypoparia
(trinucleids, harpids) as homologous with
the perrostral suture of the Olenellidae and
believed that the Conocoryphidae also have
similar marginal sutures. He concluded that
"all trilobites with real facial sutures are
descendants from the OleneUidae."

POULSEN'S conception was based on (1)
objection to BEECHER'S classification "because
in several cases he has used sutures which
are not homologous with the facial suture";
(2) belief that the Olenellidae "undoubtedly
represent the most primitive type," since
they have a marginal (perrostral) suture and
incipient facial sutures with well-developed
posterior sections but "not yet developed"
anterior sections; (3) belief that the mar
ginal suture of BEECHER'S Hypoparia, as well
as the marginal suture of the Conocoryphi
dae, is homologous with the perrostral su
ture of the OleneUidae; (4) belief that the
hypoparian type of trilobite was "probably
formed before the frontal branches (anterior
sections) of the facial sutures came into be
ing in the Opisthoparia"; and (5) belief
that all trilobites with "real facial sutures"
have descended from the Olenellidae.

POULSEN, therefore, raised SWINNERTON'S
suborder Mesonacida to the rank of order,
and proposed 2 new orders for the re
mainder of the trilobites: Integricephalida,
for those without facial sutures, and Suturi-
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cephalida, for those with facial sutures. The
Integricephalida (equivalent to BEECHER'S
Hypoparia with addition of the Conocory
phidae), were divided into the suborders
Opisthoparia and Proparia. In 1932, POUL
SEN replaced the etymologically hybrid term
Suturicephalida with Epiparia, and, in 1934,
he revived the name Hypoparia for Inte
gricephalida. POULSEN'S classification was as
follows.

Summary of Trilobite Classification by
Poulsen (1927-1934)

Order HYPOPARIA (=Integricephalida, 1927)
Conocoryphidae, Eodiscidae, Agnostidae, Trinu
c1eidae, Harpidae, ?Shumardidae [=Shumardii.
daeJ

Order MESoNAclDA-olenellidae

Order EPIPARIA (=Suturicephalida, 1927)

Suborder OPlsTHoPARIA-Redlichidae [=Redlichii
daeJ, Zacanthoidae [=ZacanthoididaeJ, Pty
choparidae [=PtychopariidaeJ, Paradoxidae
[=ParadoxididaeJ, Corynexochidae, Orycto
cephalidae, IIlaenidae, Bronteidae [=Thysano
peltidaeJ, Symphysuridae [ NileidaeJ, Di
kelocephalidae, Asaphidae, Bathyuridae, Proe
tidae, RemopJeuridae [ =RemopleurididaeJ,
Raphiophoridae, Aeglinidae [=Cyc1opygidaeJ,
Ellipsocephalidae, Anomocaridae, Solenopleuri
dae, Olenidae, Cyphaspidae [=OtarionidaeJ,
Calymenidae, Homalonotidae, Odontopleuridae,
Lichadidae [-Lichidae J

Suborder PROPARIA-Burlingidae [=BurlingiidaeJ,
Norwoodiidae, Cheiruridae, Encrinuridae, Pha
copidae, ?Menomoniidae

RUDOLF RICHTER'S
CLASSIFICATION

RUDOLF RICHTER (1933) accepted BEECH
ER'S orders Opisthoparia and Proparia but,
like most authors, rejected the Hypoparia.
He considered that the marginal sutures of
the Harpidae are not facial sutures but a
"new development" consequent on the loss
of facial sutures and development of the
cephalic fringe. The orders Opisthoparia
and Proparia were divided into suborders
and superfamilies that generally follow the
arrangement of SWINNERTON. In essentials,
therefore, RICHTER'S classification amounts
to a grouping of families in superfamilies ac
cording to their presumed affinities and as
signment of these superfamilies to sub
orders. His classification is as follows.

Summary of Trilobite Classification by
Rudolf Richter (1933)

Order OPISTHOPARIA
Suborder REDLICHIINA

Superfamily REDLICHIIDEA-Paradoxididae, Me
sonacidae [=OlenellidaeJ, Redliehiidae

Superfamily ZACANTHOIDIDEA-Lichidae, Odonta
pleuridae, Remopleurididae, Zacanthoididae
Ceratopygidae, Oryctocephalidae '

Superfamily BATHYURISCIDEA - Corynexochidae,
Bathyuriscidae, Scutellidae [=Thysanopelti
dae], Illaenidae

Superfamily DIKELOCEPHALIDEA-Dikelocephali
dae, Asaphidae, Symphysuridae [=NileidaeJ,
Cyc10pygidae

Suborder PTYCHOPARIINA

Superfamily ELLIPSOCEPHALIDEA-olenidae,Otar
ionidae, Proetidae, Ellipsocephalidae

Superfamily CRYPTOLITHIDEA - Raphiophoridae,
Cryptolithidae [=Trinuc1eidaeJ, Shumardiidae

Superfamily PTYCHOPARIIDEA - Conocoryphidae,
Harpidae, Ptychopariidae, Solenopleuridae

Superfamily CALYMENIDEA-Menomoniidae, Caly
menidae, Homalonotidae

Order PROPARIA
Superfamily EODIScIDEA-Agnostidae, Eodiscidae
Superfamily NORWOODIDEA-Norwoodiidae
Superfamily BURLINGIIDEA-Burlingiidae
Superfamily PHACOPIDEA-Phacopidae, Cheiruri-

dae, Encrinuridae

ST~RMER'SCLASSIFICATION

LEIF STJ!:\RMER'S (1942) classification,
"based chiefly on the ontogenetic develop
ment" of trilobites, is actually a modification
of BEECHER'S scheme with addition of some
of SWINNERTON'S ideas. STJ!:\RMER is the only
modern paleontologist who recognizes
BEECHER'S order Hypoparia. He places the
Olenellidae, however, in what he considers
to be SWINNERTON'S Protoparia but he uses
this term invalidly since SWINNERTON'S orig
inal definition of the group did not include
the Olenellidae. His classification is as fol
lows.

Summary of Trilobite Classification by
Stprmer (1942)

Order PROTOPARIA (Primitive trilobites with ventro
marginal or marginal cephalic suture; lateral
eyes well developed; preantennal segment weIl
developed on dorsal side of protaspis; intergenal
[metagenal J spines present in anaprotaspid, meta
protaspid, meraspid, and partly in holaspid pe
riods)-olenellidae
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Order HYPOPARIA (Trilobites with marginal, supra
marginal or ?ventromarginal sutures; lateral eyes
absent or little developed; protaspis broad with
preantennal segment probably well developed on
dorsal side; metagenal spines absent in meraspid
and later periods)-Cryptolithidae [=Trinu
cleidae], Harpidae, ?Raphiophoridae, ?Agnosti
dae, ?Shumardidae [=Shumardiidae]

Order OPISTHOPARIA (Trilobites with facial sutures
crossing margin behind genal angles, at corners,
of which genal spines may occur; protaspis with
preantennal segment slightly or not at all de
veloped on dorsal side; metagenal spines present
in the metaprotaspid and meraspid periods)
All remaining trilobite families exclusive of Pro
paria.

Order PROPARIA (Trilobites with facial sutures cross
ing margin in front of genal angles, at corner of
which intergenal [metagenal] spines may occur;
protaspis wtih preantennal segment not devel
oped on dorsal side; metagenal spines present in
metaprotaspid and later periods)-Eodiscidae
Norwoodidae [=Norwoodiidae], Burlingiidae,
Phacopidae

CLASSIFICATrONS OF
HENNINGSMOEN AND HUPE

The most modern classifications, by
GUNNAR HENNINGSMOEN (1951) and PIERRE
HUPE (1953, 1953-55), are alike in doing
away finally with all traces of BEECHER'S
scheme. Both agree with KOBAYASHI (1935),
STUBBLEFIELD (1936), and RASETTI (1948)
that no classification of trilobites can be
based on a single feature and both pay spe
cial attention to STUBBLEFIELD'S prediction
that "it will probably be found that the
safest criteria of affinity are collective char
acters developed in the axial region of the
shield" and especially of the cephalon. HEN
NINGSMOEN in particular has stressed the
importance of development of the glabella
and its furrows, especially the "form, direc
tion, and relative position of the glabellar
furrows," accepting STf/lRMER'S (1942) views
that the glabellar furrows appear to be
boundaries between primary cephalic so
mites.

HENNINGSMOEN's classification is actually
an attempt to group trilobite families into
superfamilies without further grouping into
orders or suborders. HUPE's classification, on
the other hand, recognizes JAEKEL'S orders
Miomera and Polymera, these being sub
divided into various superfamilies. With
this exception, and with some differences of
opinion as to grouping of families into

superfamilies, the 2 classifications are basic
ally similar.

Summary of Trilobite Classification by
Hupe (1953-1955)

Order MIOMERA (Diminutive trilobites with sub
equal cephalon and pygidium and with 2 or 3
thoracic segments)

Superfamily EODISCOIDAE - Hebediscidae, Wey
mouthiidae, Pagetiidae, Eodiscidae (Eodiscinae,
Calodiscinae, Spinodiscinae, Brevidiscinae),
Dawsoniidae, Aulacodiscidae

Superfamily AGNOSTOIDAE-Platagnostidae, Lejopy
gidae, Phalacromidae, Leiagnostidae, Sphaerag
nostidae, Condylopygidae, Diplagnostidae, Ag
nostidae, Hastagnostidae, Micragnostidae, Spinag
nostidae, Clavagnostidae, Geragnostidae, Cyclag
nostidae, Trinodidae

Order POLYMERA (Trilobites having more than 3
thoracic segments, minimum 5)

Superfamily OLENELLoIDAE--0lenellidae (Fallotas
pidinae, Nevadiinae, Olenellinae, Elliptocephali
nae, Wanneriinae, Neltneriinae, Holmiinae, Ole
nelloidinae), Daguinaspidae [=Daguinaspidi
dae], Lancastriidae

Superfamily REDLICHIOIDAE [=Paradoxidoidae]
Redlichiidae (Redlichiinae, Pararedlichiinae),
Neoredlichiidae, ?Yinitidae, Latiredlichiidae,
Saukiandidae, Dolerolenidae, Abadiellidae, Bathy
notidae, Metadoxididae, Protolenidae (Protoleni
nae, Termierellinae, Bigotininae, Myopsoleninae,
Strenuellinae), Antatlasiidae, Ellipsocephalidae
(Ellipsocephalinae, Aldoniinae), Palaeolenidae
(Palaeoleninae, Kingaspidinae, Hartshilliinae),
Paradoxididae (Paradoxidinae, Centropleurinae,
Xystridurinae), Hicksiidae

Superfamily CORYNEXOCHOIDAE - ?Proerbiidae,
?Edelsteinaspidae [=Edelsteinaspididae], Dines
idae, Zacanthoididae, Albertellidae, DoJicho
metopidae (Bathyuriscinae [=Dolichometo
pinae], Mexicaspinae [=Mexicaspidinae], Orrii
nae, GJossopJeurinae, Hanburiinae, Vanuxemel
linae), Corynexochidae (Corynexochinae, Acon
theinae), Ogygopsidae, Protypidae, Dorypygidae
(Dorypyginae, Holteriinae), Oryctocephalidae
(Oryctocephalinae, Oryctocarinae, Tonkinellidae
[ =Tonkinellinae] )

Superfamily AGRAuLoIDAE-Agraulidae, Micrag
raulidae, Pelthopeltidae

Superfamily PARASOLENOPLEUROIDAE [ = Yokuseni
oidae] --Yokuseniidae, Yunnanocephalidae,
Parasolenopleuridae, Anomocarellidae

Superfamily PTYCHOPARIOIDAE [=Conocoryphoi
dae]--Alokistocaridae (Alokistocarinae, Ame
cecephalinae), Nepeidae, ?Antagmidae, Elrathi
nidae (Elrathininae, Plagiurinae, Solenopleurel
linae), Ptychopariidae (Ptychopariinae, Howe!
laspinae [=Howellaspidinae], Elrathiellinae,
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Clappaspinae [ =Clappaspidinae) , Iraniinae),
Saoidae, Conocoryphidae (Conocoryphinae,
Bailiellinae, Ctenocephalinae, Holocephalinae,
Meneviellinae), Atopsidae

Superfamily SOLENOPLEUROIDAE - Solenopariidae,
Solenopleuridae (Solenopleurinae, Menocephali
nae, Heterocaryoninae), Acrocephalitidae, Lon
chocephalidae, Talbotinidae, Burnetiidae [=Do
kimocephalidae], Glyptometopidae, Hystricuri
dae, Toernquistiidae, Dimeropygidae, Bathyuri
dae (Bathyurinae, Bathyurellinae), Otarionidae
(Otarioninae, Cyphaspididinae), Punctulariidae,
Raymondinidae, Isocolidae

Superfamily UTiOIDAE [=Shumardioidae]-
?Emmrichellidae, Utiadae [=Utiidae], Liostra
cinidae, Paracedariidae, Cedariidae, Norwoodii
dae (Norwoodiinae, Levisaspidae [=Levisaspi
dinae]), Shumardiidae, Myindidae, Toxotididae

Superfamily ASAPHISCOIDAE [=Ceratopygoidae]
--Asaphiscidae (Asaphiscinae, Lecanopleuri
nae), Blountiidae, Crepicephalidae (Crepicephali
nae, Kopturinae), Tsinaniidae, Marjumiidae,
Housiidae, Ceratopygidae (Ceratopyginae, Man
suyellinae, Hysteroleninae)

Superfamily OLENolDAE-Damesellidae (Dameselli
nae, Dorypyge1linae, Drepanurinae), Missisquo
iidae, Elviniidae (Elviniinae, Maladiinae
[ =Maladaiinae] ), Richardsonellidae, Sarkiaidae
[=Sarkiidae], Olenidae (Oleninae, Papyriaspi
nae [=Papyriaspidinae], Leptoplastinae, Tri
arthrinae, Jujuyaspinae [=Jujuyaspidinae], Aula
copleurinae), Lloydiidae, Eurekiidae, IlIaenuri
dae, Leiostegiidae (Leiostegiinae, Mansuyinae
[=Mansuyiinae], Eochuanginae [=Eochuangii
nae]) Genevievellidae, Menomoniidae, Remo
pleurididae

Superfamily DIKELOCEPHALoIDAE-Anomocaridae,
Changshaniidae, Dike10cephalidae (Dikelocepha
linae, Osceolinae), Hungaidae [=Hungaiidae]
(Hungainae [=Hungaiinae], Dike1okephalini
nae, Tingocephalinae)

Superfamily PTYCHASPIDOIDAE [=Conokephalinoi
dae]-Conokephalinidae, Saukiidae (Saukii
nae, Prosaukiinae), ?Shirakiellidae, Euptychas
pidae [=Euptychaspididae], Ptychaspidae
[ =Ptychaspididae]

Superfamily BURLINGIOIDAE-Burlingiidae

Superfamily PRoEToIDAE-Holotrache1idae, Proe-
tidae, (Proetinae, Proetidellinae, Priono-
pe1tinae, ?Permoproetinae), Tropidocoryphi-
dae (Tropidocoryphinae, Astycoryphinae, Dene
markiinae), Cyrtosymbolidae (Cyrtosymbolinae,
Eodrevermanniinae, Pteropariinae), Dechenelli
dae, Phillipsiidae (Phillipsiinae, Griffithidinae,
Ditomopyginae, Anisopyginae), Brachymetopidae

Superfamily ASAPHOIDAE-Nileidae (Nileinae, Para
barrandiinae), Asaphidae (Asaphinae, Taihung
shaninae [=Taihungshaniinae ] , Ogygiocarinae
[ =Ogygiocaridinae] , Macropyginae), Cyclo
pygidae

Superfamily SCUTELLOIDAE [=Illaenoidae]-Sty
ginidae, Theamataspidae [=Theamataspididae],
PhillipsinelIidae, ScutelIidae [=Thysanopelti
dae], IlIaenidae (Illaeninae, Bumastinae)

Superfamily LICHADOIDAE-Lichadidae [=Lichi
dae) (Lichadinae [=Lichinae] Homolichadi
nae, Tetralichadinae, Echinolichadinae), Tro
churidae (Trochurinae, Dicranopeltinae, Platy
lichadinae, Euarginae)

Superfamily ODONTOPLEUROIDAE-Odontopleuridae
(Odontopleurinae, Acantholominae [=Leonas
pidinae]), Selenopeltidae, Ceratocephalidae
(Ceratocephalinae, Dicranurinae, Miraspinae
[=Miraspidinae] )

Superfamily TELEPHOIDAE-Komaspidae [=Ko
maspididae] , ElIipsocephaloidae [=Ellipso
cephaloididae] Te1ephidae [=Te1ephinidae),
Glaphuridae

Superfamily CALYMENOIDAE - Pharostomidae
[=Pharostomatidae], Calymenidae (Calymeni
nae, Colpocoryphinae, Reedocalymeninae), Ho
malonotidae (Homalonotinae, Eohomalonotinae,
Trimerinae)

Superfamily PHACOPOIDAE-Dalmanitidae (Dalman
tinae, Ze1iszkellinae, Pterygometopinae, Astero
pyginae, Neosynphoriinae), Phacopidae (Phaco
pinae, Bouleinae [=Bouleiinae], Phacopidelli
nae, Acastinae, Calmoniinae)

Superfamily CHEIRUROIDAE - Pliomeridae (Plio
merinae, Protopliomeropsinae, Placopariinae,
Pliomerillinae), Cheiruridae (Cheirurinae, Cyr
tometopinae, ?Crotalurinae, Sphaerexochinae,
Deiphoninae, Areiinae, Staurocephalinae, Helio
merinae), Enerinuridae (Encrinurinae, Cybeli
nae)

Superfamily HARPOIDAE-?Hypotheticidae, Lagano
pe1tidae, Harpididae, Harpidae, Entomaspidae
[ =Entomaspididae]

Superfamily TRINucLEoIDAE-Ithyophoridae, Trig
ryposidae [=Trigrypidae], Orometopidae,
Raphiophoridae (Raphiophorinae, Ampyxini
nae), Se1enecemidae, Endymioniidae, Dionididae,
Trinucleidae (Trinucleinae, Tretaspinae [=Tret
aspidinae], Cryptolithinae, Novaspinae [=No
vaspidinae]

SUTURES AS CRITERIA FOR
DEFINITION OF MAJOR
TRILOBITE DIVISIONS

Since the early times of EMMRICH and
SALTER, cephalic sutures have been, grante~
a very prominent position in trilobite classi
fication, and since publication of BEECHER'S
(1897) classical paper, it has ~een alm?st
mandatory to take them into serlOUS c~nsid
eration. It seems, therefore, worth while to
discuss at some length the significance ~f
cephalic sutures as bearing on taxonomiC
problems.
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ORIGIN OF SUTURES

Most modern authors agree that cephalic
sutures first developed in trilobites as an
answer to the need of facilitating ecdysis.
This applies particularly to the facial su
tures, which played an important role dur
ing molting of the delicate ocular integu
ment. But authors do not agree regarding
the relationship of the sutures to the original
cephalic segmentation. Do the purely exo
skeletal sutures coincide with lines of fusion
between cephalic somites, or do they cut
across the original cephalic segmentation?
Much depends on the answer to these ques
tions. If sutures are purely mechanical de
vices of secondary origin, cutting across the
original cephalic segmentation, as RAW
(1953) believes, their taxonomic value is
greatly impaired. If, on the other hand, they
follow lines of fusion between somites, be
ing, so to speak, a surface expression of deep
seated original segmentation, their taxo
nomic value is less open to challenge.

Theoretically, at least, it seems logical to
accept the premise that lines of weakness
represented by the exoskeletal sutures had
better chances to develop along lines of
fusion between somites than across them. If
we but knew the number, position, and
boundaries of the fused cephalic segments,
it would be easy to settle the issue one way
or another. As it is, the problem cannot be
solved objectively. The fused cephalic seg
ments have undergone such radical changes
that it is impossible to ascertain, beyond dis
pute, their true number, distribution, and
boundaries. This uncertainty is clearly re
flected in the 10 different opinions on the
subject expressed by 12 different paleon
tologists: M'CoY (1849), BEECHER (1897),
JAEKEL (1901,1909), RAYMOND (1920),
HOLMGREN (1916), WALCOTT (1918), WAR
BURG (1925), HENRIKSEN (1926), RICHTER
(1933), ST9!RMER (1942), RAW (1953), and
HUPE (1953). The crucial, most difficult,
and most debatable point is the interpreta
tion of anterior parts of the cephalon and
the preoral ventral plates (hypostoma, ros
tral plate) in terms of original cephalic seg
mentation. Of all hypotheses proffered, I
favor that of HUPE (1953). According to
him, the rostral plate, hypostoma, and libri
genae are different parts of a single cephalic
(ocular) segment. The rostral plate pre-

sumably represents the mesotergite, the
hypostoma (or at least its median body) the
mesosternite, and the librigenae (probably
together with the hypostomal borders and
wings) pleural extensions of the segment. If
this hypothesis is accepted, the hypostomal
and connective sutures are intrasegmental,
but corresponding to tergosternal (hyposto
mal suture) and tergopleural (connective
sutures) boundaries. The rostral suture, on
the other hand, is part of BARRANDE'S
"grande suture," and together with the facial
sutures it bounds the ocular segment ad
axially. The grande suture (rostral plus
facial sutures) is thus truly intersegmentary,
separating the ocular segment from the
mesotergites and pleural extension of the
fused postocular somites.

PRIMARY SUTURE PATTERN

With this hypothesis in mind we may
now take up the problem of the primary
sutural pattern of trilobites. Again, opinions
differ greatly in this regard. Published dis
cussions have centered mainly on the origin
and interrelations of marginal, opisthopar
ian, and proparian sutures. BEECHER (1897),
for instance, regarded the marginal suture
of harpids and trinucleids as primary. SWIN
NERTON (1915) believed that the perrostral
("marginal") suture of the olenellids, as
well as the opisthoparian and proparian su
tures, arose independently at different times
from sutureless ancestors. POULSEN (1927),
and apparently also KIAER (1917) and WAR
BURG (1925), believed the perrostral suture
of olenellids to be primary. RAW (1925) and
RICHTER (1933), on the other hand, were
inclined to regard the proparian sutures as
the most primitive but STUBBLEFIELD (1936)
and HUPE (1953), on the contrary, regard
all proparian trilobites as "permanently
neotenous opisthoparians."

If we adhere to the hypothesis mentioned
above regarding relationship of sutures to
original cephalic segmentation, it seems in
evitable to conclude that the primary su
tural pattern of trilobites was of ptychopariid
type, characterized by functional facial,
rostral, connective, and hypostomal sutures.
Moreover, this is the only type of suture
pattern that persisted uninterruptedly
throughout the entire life span of the class,
from earliest Cambrian times (redlichiids)
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to the late Permian (phillipsiids). All other
sutural patterns were of transient appear
ance, and I believe that all of them were de
rived, at various times and in different ways,
from the primary ptychopariid type.

OPISTHOPARIAN AND PROPARIAN
SUTURES

Since BEECHER'S time, facial sutures have
been classed as opithoparian and proparian,
without reference to whether they belong to
a ptychopariid type of sutural pattern or
some other. The distinction between these 2
types of facial sutures is based on relative
position of the rear extremity of the pos
terior section of the sutures with regard to
the genal angle of the cephalon. If the pos
terior section cuts the posterior cephalic
margin "behind" (actually adaxially from)
the genal angle, the suture is classed as
opisthoparian. If it cuts the lateral margin
"in front" of the genal angle, the suture is
termed proparian. It should be evident that
this purely morphological distinction is
based on the conscious or unwitting assump
tion that the genal angle is a sort of "topo
graphic fixed point" which can be recog
nized easily in all trilobites. By definition,
the genal angle is the posterolateral extrem
ity or "corner" of the cephalon, which is
usually marked off bv a more or less clear
angulation of the margin. Genal angles,
however, are far from being "topographic
fixed points." In the first place, no genal
angles can be recognized objectively in many
species belonging to such genera as Tele
p~ina, Holotrachelus, Acerocare, Boeckas
pIS, Peltocare, and Peltura-to mention a
few. In these forms, the genal "angles" are
perfectly rounded, and there is no way to as
certain the location of the "fixed points"
along the cephalic margin. We assume that
in these species the genal angles must lie
somewhere in front of the rear extremities
of the facial sutures, simply because we as
~ume th~t the facial sutures are opisthopar
Ian. ThiS, however, involves a "petitio
principii," because we are now defining the
genal angle in terms of the facial sutures.

In the second place, it is evident that in
many trilobite families the genal angles
show a marked tendency to "migrate" for
ward. This is manifest in such families as
the Olenellidae, Zacanthoididae, Remopleu
rididae, and Olenidae, to mention a few. If

the ~enal. a~gles are. pr~duced into spines,
and If wlthm a family mtermediate forms
exist between those with "normal" and "ad
vanced" genal angles, we can recognize that
the advanced spines (which may spring
from the anterolateral corners of the cepha.
Ion) are homologous with those borne by the
"normal" genal angles of other species. This
is the case in Bristolia bristolensis and Lau
donia bispinata among the Olenellidae and
in several species of Ctenopyge among the
Olenidae. It is evident that in these forms
the "genal angles" have shifted forward un:
til they come to occupy an anterolateral posi.
tion. However, in many of these forms, the
posterolateral "corners" of the cephalon are
sharply marked off by angulations of the
margin. In L. bispinata the posterolateral
angle even bears a stout spine. What has
happened to our "fixed point"? Where now
is the "true" genal angle? Our "fixed point"
has changed position; whereas by definition
the "true" genal angle is the posterolateral
corner of the cephalon, by homology it is the
anterolateral corner.

Consider now the case of such species as
Ctenopyge flagellifera and C. spectabilis. If
these forms lacked anterolateral ("advanced
genal") spines, nobody would hesitate to
classify the posterolateral angles as "true"
genal spines. Moreover, since in both these
species the rear extremities of the posterior
sections of the facial sutures cut the lateral
margins immediately in front of these
angles, both species would be properly re
garded as proparian. Indeed, these species,
described respectively by ANGELIN in 1854
and BRl1lGGER in 1882, as well as several
others belonging to the genus Ctenopyge,
are actually proparian. If they have rarely
been recognized as such, it has been due
simply to the mesmeric effect of the "ad
vanced genal spines." If these species were
to be regarded as opisthoparian on the
grounds that the posterolateral corners of
the cephalon are not homologous with the
"true" (advanced) genal angles, then Saltas
pis and Nericiaspis should also be regarded
as opisthoparian, and, for that matter, all
classical proparian phacopid and cheirurid
genera as well. Probably nobody will deny
that the genal angles of Phacops and Cheiru
rus are not homologous with the "true"
(advanced) genal angles of Ctenopyge
spectabilis.
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What, then, is the distinction between
opisthoparian and proparian sutures? Ac
cepting the conclusion that posterior sections
of the sutures invariably bound the rear
(adaxial) part of the ocular segment, the
suture is opisthoparian if the posterolateral
corners of the cephalon belong to this seg
ment. On the other hand, if the postero
lateral angles belong to one of the rear post
ocular segments, the suture is proparian.
The olenellid trilobites differ from others
in that the posterolateral angles of the
cephalon belong to one of the anterior post
ocular segments ("frontal region" of HUPE),
both sections of the facial sutures cutting
the posterior cephalic margin. This suture
is metaparian. It should be apparent that,
in all 3 types, the relation between the pos
terior sections of the facial sutures and the
ocular segment is the same, and that in all 3
the posterior sections of the sutures are
homologous, even though they have differ
ent "topographic" positions. On the other
hand, the relation between posterolateral
cephalic angles and cephalic segmentation is
different in the 3 cases, the "angles" being
heterologous even if they have the same
topographic position. Obviously, then, the
distinction between opisthoparian and pro
parian sutures is one of degree, and accord
ingly it is not apparent why we grant it fun
damental importance and stand in its awe.
Whether the rear extremities of the sutures
will cut the posterior or the lateral cephalic
margins is an incidental feature depend
ing on the differential growth of the fused
cephalic segments during ontogeny. It is
seemingly clear that reduction of the ocular
segment leading to a proparian condition is
a persistent feature characterizing whole
trilobite lineages, but it is also evident that
such a tendency appeared independently in
many trilobite stocks characterized by opis
thoparian sutures. Several olenids are now
known to be proparian. These include not
only the genera Saltaspis and Nericiaspis,
but also several species of Ctenopyge, and
possibly also of Peltura. Illaenurus quadra
tus, among the Illaenuridae, is another ex
ample of a proparian form in the midst of
an otherwise opisthoparian family. Con
versely, opisthoparian genera are known in
the midst of otherwise proparian families.
These include Bouleia among the Phacopi
dae, and Placoparia among the Pliomeridae.

The genus Pliomera itself is not proparian,
but gonatoparian.

In my opinion, the proparian condition is
a progressive "evolutionary novelty" which
appeared independently in several unrelated
trilobite lineages after early Cambrian times.
POULSEN'S (1923) observations on the onto
geny of Peltura scarabaeoides, however, of
ten have been quoted as proof to the con
trary. P. scarabaeoides, a reputedly opistho
parian olenid, would pass, according to
POULSEN, through a meraspid stage showing
proparian conditions. If we take POULSEN'S
observations at their face value, this probably
means that P. scarabaeoides (in the holaspid
stage) is simply another proparian olenid.
It should be recalled that this is one of the
olenid species having smoothly rounded
genal "angles"-so much so, in fact, that the
genal angles simply cannot be recognized
as such. The opisthoparian condition of P.
scarabaeoides results from comparisons with
closely related species, such as P. paradoxa,
which bear small librigenal spines close to
and in front of the posterior extremities of
the facial sutures. From what is known
about "migration" of genal angles, this is
certainly not a sure way to locate the critical
"fixed point" when no spine or angulation
of the margin is present. The fact that at
least 2 pelturid genera (Saltaspis, Nericias
pis) are decidedly proparian would make a
similar condition in the adult P. scarabae
oides not at all strange. It should be recalled,
moreover, that the alleged proparian condi
tion in the ontogeny of P. scarabaeoides is
of comparatively late (meraspid) appear
ance, a fact that seems accordant with the
view that the proparian condition is derived
from a primary opisthoparian suture. The
early larval (protaspid) sutural condition of
P. scarabaeoides is unknown, but POULSEN
(1927) tried to show that it was also pro
parian by making comparison with condi
tions in the protaspides of Sao hirsuta,
originally regarded as opisthoparian by BAR
RANDE (1852) but reinterpreted as proparian
by POULSEN.

STRAND'S (1927) description and illustra
tions of 2 protaspides of Olenus gibbosus,
showing what he regarded as proparian su
tures, seemed to lend support to POULSEN'S
contention. In 1942, STj1iRMER redescribed
and illustrated STRAND'S specimens, together
with 3 other protaspides of O. gibbosus, and
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(though stating that "the development of
the facial suture is not clear") he was prone
to believe in a probable proparian condi
tion. The force of these arguments in favor
of an early protaspid proparian suture has
been recently weakened by WHITTINGTON'S
re-examination of the ontogeny of Sao hir
suta, in which he has claimed the presence
of opisthoparian sutures from early larval
stages, and discrediting the proparian-su
tured small forms figured by RUZICKA.

In other Upper Cambrian trilobites, such
as Welleraspis, both the protaspides and
meraspides also have opisthoparian sutures.
This renders likely a similar condition for
the protaspides of Olenus gibbosus. Actually,
no facial sutures can be observed in the
protaspides illustrated by ST!bRMER, and it is
conceivable that the sutures are concealed
by the nearly vertical margins of the minute
cephala. It seems, therefore, that no grounds
exist for thinking that the early larval (pro
taspid) stage of Peltura searabaeoides was
characterized by a proparian suture. If we
should accept the conclusion that in this
species both the protaspid and the holaspid
stages show opisthoparian sutures, we would
be forced to admit that during ontogeny of
this trilobite an early (protaspid) opistho
parian condition was succeeded by a pro
parian (meraspid) stage, lastly to be sub
stituted by a permanent (holaspid) opistho
parian suture. The likelihood of such an
ontogeny is more than doubtful. On the
other hand, if an early opisthoparian condi
tion were to be succeeded by a proparian
condition during the meraspid stage, we
would have discovered the first actual proof
of the evolutionary origin of the proparian
type of suture out of the opisthoparian.
However, no matter how tempting this line
of thought may be, the problem is plagued
with so many uncertainties that it seems
best to end this discussion with a "non se
quitur." It may well be that P. searabaeoides
is an opisthoparian species after all, and
that the proparian condition of the meraspid
stage is nothing more than an appearance
due to chances of preservation of the tiny
specimens.

MARGINAL SUTURES
The name "marginal sutures" has been

used to designate the sutures running di
rectly along the margin, or close to the

margin on either the dorsal or ventral sides
of the cephalon of a number of trilobites.
In the minds of many paleontologists, these
sutures are structures independent of the
dorsal facial sutures, and some authors be
lieve that they were the first to appear in
trilobites. Sutures classed as marginal, how
ever, include such different structures as the
perrostral sutures of olenellids, rostral su
tures of some ptychopariids, dorsal intra
marginal sutures of raphiophorids, dorsal
submarginal sutures of some phacopids
(Duetina), dorsal submarginal sutures of
conocoryphids, submarginal sutures of trio
nucleids and dionidids, and wholly mar
ginal sutures of harpids. It should be imme
diately apparent that the only thing held in
common by most of these sutures is the
name. Their origin is as different as that of
the different trilobite groups just mentioned.
None of these "marginal" sutures is pri
mary. Their secondary derivation from pri
mary facial sutures is evident in some forms
and very plausible in others.

The so-called "marginal" sutures of the
raphiophorids actually are dorsal opistho
parian sutures, which in some genera tend
to be intramarginal in position. In all, the
posterior extremities of the sutures are de
cidedly dorsal, cutting across the base of the
genal spine, which is borne by the librigenae.
It is evident that the dorsal intramarginal
sutures of these blind trilobites are derived
from normal opisthoparian sutures that have
migrated outward (abaxially), probably ac
companying migration, reduction, and final
disappearance of the eyes. The same type
of dorsal intramarginal sutures characterIzes
the blind Alsataspididae. In these we can be
practically certain that the sutures were de
rived from normal opisthoparian structures.
This is more than suggested by the close
affinities between the eye-bearing Hapalo
pleuridae with normal opisthoparian sutures
and the eyeless, sutureless Alsataspididae.
Even more evident is the origin of the dor
sal intramarginal proparian sutures of Due
tina. RICHTER'S detailed studies of Upper
Devonian phacopids of central EuroI?e have
shown conclusively that the submargmal su
tures of the eyeless D. duetifrons are "end
products" in an evolutionary suite. cha!"ac
terized by progressive outward mIgratIOn,
reduction, and final disappearance of the
eyes. Here, however, the sutures are pro-
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parian, and as in most phacopids, they are
ankylosed and nonfunctional.

The marginal sutures of blind conocory
phids also clearly are derived from normal
opisthoparian facial sutures. The close simi
larities between such genera as Ptychoparia
and Conocoryphe seem to dispel all possible
doubts in this regard, making it evident that
the conocoryphids are derived from the
main ptychopariid stock characterized by
well-developed eyes and normal opisthopar
ian sutures. Two types of "marginal" su
tures, however, seem to be present among
the Conocoryphidae. In such genera as
Conocoryphe, Bailiaspis, and Bailiella, char
acterized by lack of eyes, ocular protuber
ances, or eye ridges, the sutures are marginal
anteriorly, submarginal laterally, and dorsal
intramarginally across the base of the genal
spines, which are borne by the librigenae. In
such genera as Couloumania, Dasometopus,
and Elyx, which retain either ocular pro
tuberances or eye ridges, the sutures seem
to be wholly marginal. The "marginal" su
tures of the first group seem to have orig
inated by outward migration of normal
opisthoparian sutures, accompanying out
ward migration, reduction, and disappear
ance of the eyes, much as in the Raphio
phoridae and Alsataspididae. The wholly
marginal sutures of the second group, how
ever, seem to have originated in a manner
similar to that of the marginal sutures of
harpidids. This seems strongly suggested not
only by the vestigial eyes of Couloumania,
but especially by the notable homeomorphy
between such genera as Dasometopus and
Loganopeltis. If this is actually true, the
Conocoryphyidae are to be regarded as a
polyphyletic family, the members of which
were derived along different lines from the
main ptychopariid stock.

The marginal sutures of harpidids, though
truly marginal almost all around the cepha
lon, become dorsal across the base of the
genal spines (when present). These are
borne by the librigenae, which are almost
exclusively ventral and coincide with the
cephalic doublure. RASETTI'S studies on
Loganopeltoides and Loganopeltis have
proved beyond dispute that the marginal
sutures originated, in this case, by forward
migration of the posterior sections of nor
mal facial sutures and backward migration
on the anterior sections, until the 2 sections

met, became fused, ankylosed, and finally
were obliterated. The anterior parts of the
marginal sutures therefore, are derived from
the anterior sections of the ancestral facial
sutures, while the posterior parts arose from
the posterior sections. It should be noted, in
cidentally, that such forms as Loganopelt
oides zenkeri are apparently opisthoparians,
since the genal angles belong to the ocular
segment. In these forms, the posterior sec
tions of the facial sutures have migrated for
ward, their adaxial extremities pivoting on
the eyes, but the genal angles seem to have
remained in their original location at the
posterolateral corners of the cephalon.

The submarginal sutures of trinucleids
and dionidids and the wholly marginal su
tures of harpids seem to have developed in
a somewhat different way. The sutures of
trinucleids and dionidids are actually dor
sal-submarginal in position, though they run
very close to the cephalic margin. Their rear
extremities, however, are decidedly dorsal,
cutting across the genal spines borne by the
ventral librigenae or "lower lamellae." The
sutures of harpids, on the other hand, are
exactly marginal, running all along the mar
gins of the cephalon, including its prolonga
tions. Consider first Entomaspis and its re
lation with the harpids. In this genus the 2
sections of the facial sutures run outward
backward from the eyes to the vicinity of
the genal angles. The posterior sections cut
the posterior margin just a little adaxially
from the base of the genal spines, whereas
the anterior sections swing outward-forward
and reach the lateral margins just in front
of the genal spines. The entire marginal su
ture is, therefore, formed by the anterior
section of the facial sutures. This condition
resembles that of the metaparian sutures of
olenellids, but in Entomaspis the postero
lateral (genal) spines belong to the ocular
segments, the condition being, therefore,
opisthoparian. If the 2 sections of the facial
sutures were to fuse, become ankylosed, and
finally disappear (as in the Loganopeltoides
Loganopeltis suite), the harpid condition
would be achieved. It seems, therefore, that
in harpids, the marginal suture running
along the cephalic rim and the outer rim of
the prolongations is derived from the an
terior sections of opisthoparian sutures of
entomaspidiform type, while the marginal
sliture running along the inner rim of the
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prolongations is derived from the posterior
sections of such sutures.

Attention next may be directed to the eye
bearing, suture-bearing Orometopus in re
lation to the trinucleids and dionidids. As
LAKE suggested in 1909, the similarities be
tween Orometopus and some Trinucleidae
are so close that little doubt can remain that
the latter were derived from the former.
The relationship is strictly comparable to
that between the Hapalopleuridae and the
Alsataspididae. Orometopus has opistho
parian sutures of almost cedariiform type.
Backward migration of the anterior sections
by pivoting their adaxial extremities on the
eyes, would bring a condition quite similar
to that of Entomaspis. Fusion, ankylosis,
and disappearance of the sutures will con
duce to the trinucleid condition. Here, how
ever, the submarginal suture becomes de
cidedly dorsal across the base of the genal
spines, which are borne by the librigenae
(lower lamellae). The double metagenal
ridges observed in some species of Dionide
(as D. formosa), springing from the axial
furrows and running outward-backward to
ward the genal angles, actually suggest
ankylosed facial sutures of entomaspidiform
type. If this is truly so, the submarginal su
ture of trinucleids and dionidids is derived
from the anterior sections of entomaspidi
form sutures.

From what has been said, it should be
clear that "marginal" sutures are hetero
logous and secondarily derived from meta
parian, opisthoparian, or proparian sutures.

SECONDARILY DERIVED SUTURAL
PATTERNS

From the above discussion it seems
evident that if proparian, metaparian, and
"marginal" sutures are secondary in origin,
the opisthoparian sutures must be primary.
"When you have discarded the impossible,
whatever remains, no matter how improb
able, must be the truth." As already men
tioned, I believe that the primary sutural
pattern of trilobites was of ptychopariid type
with opisthoparian conditions, meaning
that this was the first type to appear in adult
trilobites. Clearly, however, trilobites de
scend from some sutureless, wormlike, meta
meric ancestor, and if the "law of morpho
genesis" has any significance, we may accept
the view that this ancestor had eyes located

in anterolateral position. This ancestor, how.
ever, was not a trilobite. As the eyes began
to migrate "backward-inward" on the dorsal
side, and as facial sutures appeared, the
earliest true trilobites came into being. They
were probably late Precambrian creatures
provided with a soft, nonmineralized, chitin
ous dorsal exoskeleton. The integument of
the cephalic region must have been tran.
sected by a set of sutures of ptychopariid
type, though it seems logical to admit that,
in these primitive forms, the facial sutures
ran on the dorsal side close to the lateral
margins.

Trilobites characterized by an opistho
parian ptychopariid sutural pattern are
plentiful among the earliest known Cam
brian forms. These are the redlichiids, which
seem to be the nearest known approach to
the theoretical primitive Precambrian trilo
bites and descendants of the primitive stock
along the main evolutionary line of the
class. Since early Cambrian to late Permian
times, trilobites characterized by a ptycho
pariid sutural pattern were always in ex
istence and from this main stock, numerous
lateral branches sprang at various times.

TRILOBITE TYPES DEFINED BY
SUTURE PATTERNS

Evolution of the ptychopariid type was
along different lines. Some of the evolu
tionary trends reappeared independently in
several offshoots at different times, the end
products showing a considerable degree of
homeomorphy due to convergent or parallel
evolution. The main progressive changes
distinguished in ptychopariid trilobites in
clude types indicated as follows.

Corynexochid type, characterized by anky
losis of the hypostomal suture leading to its
final disappearance, represented by some
Redlichiidae, some Paradoxididae, Giganto
pygidae, Corynexochidae, Dolichometopi
dae, Dorypygidae, Zacanthoididae,. and
seemingly also by Hemirhodon (Dohch~
metopidae) and H ysterolenus (Ceratopygl
dae).

Oryctocephalid type, characterized .by
ankylosis of the hypostomal and connect1v~

sutures, represented by the Oryctocephah
dae.

Asaphid type, characterized by reduction
of the rostral plate until the connective su
tures fused into a single median suture, re-
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presented by the Asaphidae, some species of
T heodenisia (Catillicephalidae), Stenopilus
(Plethopeltidae), some species of Leio
coryphe (Plethopeltidae), Dikelocephalus
(Dikelocephalidae), H ousia (Housiidae)
and possibly also Proceratopyge (Ceratopygi
dae).

Nileid type, characterized by complete
disappearance of connective or median su
tures, represented by the Nileidae, Raphio
phoridae, most Conocoryphidae, some spe
cies of Dikelocephalus (Dikelocephalidae),
Levisella (Loganellidae), Hungaia (Hun
gaiidae), Lauzonella (Loganellidae), Logan
ellus (Loganellidae), some species of Deio
coryphe (Plethopeltidae), and Rasettia (Le
canopygidae) .

Olenid type, characterized by complete
disappearance of connective and hypostomal
sutures, the hypostoma being separated from
the anterior cephalic doublure and supported
by the ventral membrane, represented by the
Olenidae.

Dimeropygid type, characterized by dis
appearance of the hypostomal suture, the
hypostoma becoming "free" and supported
by the ventral membrane, with other fea
tures as in the primitive ptychopariid type,
represented by the Dimeropygidae and ap
parently also by some Ptychopariidae, in
cluding various species of the genus Ptycho
paria itself.

Bathynotid type, characterized by com
plete fusion of the hypostomal suture and
reduction of the rostral suture to a point
from which the connective sutures diverge
backward, represented by the Bathynotidae.

Calymenid type, characterized by appear
ance of a gonatoparian and lastly of a pro
parian condition, owing to reduction of the
posterior part of the ocular segment, repre
sented by the Calymenidae, Pagetiidae,
Cheiruridae, most Pliomeridae and Encrinu
ridae, and probably also Menomoniidae,
Burlingiidae, and Norwoodiidae.

Homalonotid type, characterized by the
forementioned evolutionary trends com
bined with others consisting of backward
migration of the rostral suture to a dorsal
position and backward convergence of the
connective sutures, represented by the
Homalonotidae.

Phacopid type, characterized by fusion
and disappearance of the connective sutures,
backward migration of the rostral suture to

a dorsal intramarginal posmon, and anky
losis of the facial sutures, represented by
the Dalmanitidae and most Phacopidae.

Proparian olenid type, characterized by
development of proparian sutures in olenid
stocks, represented by Saltaspis, Nericiaspis,
some species of Ctenopyge, and probably
also species of Peltura and ?Peltocare.

Raphiophorid type, characterized by ap
pearance of submarginal sutures by outward
"migration of the facial sutures in a nileid or
phacopid type, represented by some Cono
coryphidae, Raphiophoridae, and some Pha
copidae like Ductina.

Trinucleid type, characterized by devel
opment of submarginal sutures by ankylosis
and fusion of entomaspidiform sutures, re
presented by the Trinucleidae.

Harpid type, characterized by appearance
of marginal sutures in the same manner as
that just specified, represented by the Harpi
dae.

Harpidid type, characterized by appear
ance of submarginal sutures by forward mi
gration of posterior sections of normal opis
thoparian sutures and fusion with anterior
sections, represented by Harpididae such as
Loganopeltoides and Loganopeltis.

AGNOSTID TRILOBITES
No mention has been made, so far, of the

agnostids. These sutureless, eyeless trilobites,
regarded as primitive by BEECHER (1887)
and his school, are considered by STUBBLE
FIELD (1936) and HupE. (1953) as prob
ably "partly neotenic" forms. This partial
neoteny could apply to the thoracic features,
but certainly not to the cephalic characters.
We now know that blindness is a secondary
character developed in various trilobites, an
"evolutionary novelty" that can hardly be
accepted as a neotenic feature. Moreover,
Pagetia and Opsidiscus indicate that in all
likelihood the agnostids are descendants
from eye-bearing trilobites. Pagetia shows
that the sutureless agnostids probably de
scended from trilobites characterized by a
ptychopariid sutural pattern with proparian
conditions.

The total loss of eyes and sutures in the
agnostids, far from indicating partial neo
teny, seems to indicate that they are a pro
gressive, specialized offshoot from stock
characterized by a ptychopariid sutural pat
tern. Pagetia bootes has a well-developed
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hypostoma which, according to OPIK
(1952), probably was attached to a wide
rostral plate. Though RASETTI (1952) sug
gested that Pagetia has no rostral suture,
there is nothing to substantiate this opinion.
If Pagetia lacked this suture, it would be
the only trilobite in which the 2 symmetrical
facial sutures do not unite anteriorly but
continue directly (and separately) to the
inner margin of the doublure. Probably
Pagetia has rostral and connective sutures,
the sutural pattern being, therefore, of pty
chopariid type (with proparian condition).
The reduction of the ocular segment in a
Pagetia-like trilobite would lead to gradual
approach of the 2 sections of the facial su
tures toward each other, then to their fusion,
and finally to their disappearance in a man
ner illustrated by evolution of the sutures
in the Loganopeltoides-Loganopeltis stock
of the Harpididae. P. bootes is similar in this
respect to Loganopeltoides zenkeri, while
Opsidiscus practically duplicates the sutural
conditions of Loganopeltis. This, of course,
does not mean that P. bootes and Opsidiscus
belong to the same evolutionary suite. They
simply symbolize stages in the possible evo
lution of the agnostids. The marginal suture
developed from the anterior and posterior
sections of the facial sutures would finally
disappear by ankylosis "in situ."

The foregoing discussion indicates that
cephalic sutures cannot be used by them
selves as criteria for major subdivisions in
trilobite classification. They are useful in
tracing lineages and establishing familial
relationships, but their "evolutionary plas
ticity" and the obvious polygenetic origin of
some recognized types, render them useless
above superfamilial rank, or even above the
familial category.

TRILOBITE CLASSIFICATION
ADOPTED IN TREATISE

It is now abundantly clear that no single
feature can be used to classify trilobites.
Agreement is expressed with both STUBBLE
FIELD and HENNINGSMOEN that in the pres
ent state of our knowledge the sum of the
cephalic axial characters is the best guide
for the establishment of major divisions.
However, trilobites were "plastic" and "dy_
namic" in an evolutionary sense, and the
end products of any given lineage may show
marked deviations from the primitive or

fundamental cephalic axial characters of the
stock. This makes it exceedingly difficult to
define taxa of more than superfamilial rank
without giving extremely detailed descrip
tions. Moreover, exoskeletal homeomorphy
resulting from parallel or convergent evo
lution is common among trilobites.

The classification adopted in this volume
is based mainly on (1) cephalic axial char
acters, (2) pattern of sutures, and (3) cau
dalization of postcephalic segments. It may
be stated that a majority of the contributors
to this volume are in more or less close
agreement with the arrangement but some
hold very different opinions. Like all other
trilobite classifications, it is provisional, for
we must admit frankly that 60 years after
BEECHER'S announcement of what he be
lieved to be a "natural" classification, we
are still far from the goal.

In the tabular outline of classification that
follows, the numbers of recognized genera
and subgenera in each family-group and
higher-rank taxa are recorded; where only
a single number is given, this refers to
genera, but if 2 numbers are given, the first
indicates genera and the second, subgenera
(for example, "4; 6" signifies 4 genera and
6 subgenera). The outline affords a useful
means of explicit statement of the author
ship of systematic descriptions in following
pages of this volume; the authors are indi
cated by code letters as here listed.

Authorship of Systematic Descriptions

HARRINGTON, H. J HA

HENNINGSMOEN, GUNNAR HE
HOWELL, B. F HO

JAANUSSON, VALDAR JA

LaCHMAN-BALK, CHRISTINA LB

MOORE, R. C __ MO

POULSEN, CHRISTIAN __ PO
RASETTI, FRANCO RA

RICHTER, RUDOLF, & RICHTER, EMMA ..RR
SCHMIDT, HERTA __ SC
SDZUY, KLAUS ..__ SD

STRUVE, WOLFGANG __ ST

TRIPP, RONALD __ TR
WELLER, J. M WE
WHITTINGTON, H. B. WH

OUTLINE OF CLASSIFICATION
Trilobita (class) (l, 40 I; 128). L.Cam.-M.Perm.

(MO)

AgnosIida (order) (79). L.Cam.-U.Ord. (MO)

Agnostina (suborder) (66). L.Cam.-U.Ord.
(MO)
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Agnostidae (6). M.Cam.-L.Ord. (HO)
Clavagnostidae (I). M.Cam.-U.Cam. (HO)
Condylopygidae (3). L.Cam.-M.Cam. (HO)
Cyclopagnostidae (I). M.Cam. (HO)
Diplagnostidae (4). M.Cam. (HO)
Geragnostidae (6). L.Ord.-U.Ord. (HO)
Hastagnostidae (10). M.Cam.-U.Cam. (HO)
Micragnostidae (5). U.Cam.-L.Ord. (HO)
Phalacromidae (8). M.Cam.-L.Ord. (HO)
Pseudagnostidae (4). U.Cam.-L.Ord. (HO)
Sphaeragnostidae (1). Ord. (HO)
Spinagnostidae (17). L.Cam.-U.Cam. (HO)

Eodiscina (suborder) (13). L.Cam.-M.Cam.
(MO)

Eodiscidae (6). L.Cam.-M.Cam. (HO)
Pagetiidae (7). L.Cam.-M.Cam. (HO)

Redlichiida (order) (107; 22). L.Cam.-M.Cam.
(MO)

OleneIlina (suborder) (22; 3). L.Cam. (MO)
Olenellidae (20). L.Cam. (PO)

Olenellinae (7). L.Cam. (PO)
Callaviinae (3). L.Cam. (PO)
Elliptocephalinae (1). L.Cam. (PO)
Fallotaspidinae (1). L.Cam. (PO)
Holmiinae (3). L.Cam. (PO)
Neltneriinae (1). L.Cam. (PO)
Nevadiinae (2). L.Cam. (PO)
Olenelloidinae (1). L.Cam. (PO)
Wanneriinae (1). L.Cam. (PO)

Daguinaspididae (2; 3). L.Cam. (PO)
Redlichiina (suborder) (83; 19). L.Cam.-M.Cam.

(MO)
Redlichiacea (superfamily) (25; 2). L.Cam.-M.

Cam. (MO)
Redlichiidae (10). L.Cam. (PO)

Redlichiinae (5). L.Cam. (PO)
Pararedlichiinae (5). L.Cam. (PO)

Neoredlichiidae (4; 2). L.Cam. (HA)
Saukiandidae (2). L.Cam. (HA)
Gigantopygidae (1). L.Cam. (HA)
Despujolsiidae (1). L.Cam. (HA)
Yinitidae (1). M.Cam. (HA)
Abadiellidae (3). L.Cam.-M.Cam. (HA)
Dolerolenidae (1). Up.L.Cam. (HA)
Family Uncertain (2). L.Cam. (HA)

EIlipsocephalacea (superfamily) (42; 17). L.
Cam.-M.Cam. (HE)

Ellipsocephalidae (18; 9). L.Cam.-M.Cam.
(HE)

Ellipsocephalinae (8). L.Cam.-M.Cam. (HE)
StrenueIlinae (4; 7). L.Cam.-M.Cam. (HE)
Kingaspidinae (2; 2). L.Cam. (HE)
Palaeoleninae (3). L.Cam. (HE)
Antatlasiinae (1). L.Cam. (HE)

Protolenidae (21; 8). L.Cam. (HE)
TermiereIlinae (6; 3). L.Cam. (HE)
Myopsoleninae (3). L.Cam. (HE)
Protoleninae (8; 5). L.Cam. (HE)
Bigotininae (1). L.Cam. (HE)
?Aldonaiinae (1). L.Cam. (HE)
Subfamily Uncertain (2). L.Cam. (HE)

?Yunnanocephalidae (I). L.Cam. (HE)
Family Uncertain (2). L.eam. (HE)

Paradoxidacea (superfamily) (16). Up.L.Cam.
M.Cam. (MO)

Paradoxididae (15). Up.L.Cam.-M.Cam. (PO)
Paradoxidinae (5). M.Cam. (PO)
Centropleurinae (3). M.Cam. (PO)
Metadoxidinae (3). Up.L.Cam. (PO)
Xystridurinae (2). Up.L.Cam.-M.Cam. (PO)
Subfamily Uncertain (2). M.Cam. (MO)

Hicksiidae (1). L.Cam. (HA)
Bathynotina (suborder) (2). Up.L.Cam.-Low.M.

Cam. (LB)
Bathynotidae (2). Up.L.Cam.-Low.M.Cam.

(LB)
Corynexochida (order) (73; 4). L.Cam.-U.Cam.

(MO)
Dorypygidae (20). L.Cam.-U.Cam. (PO)
Ogygopsidae (I). M.Cam. (RA)
Oryctocephalidae (7). L.Cam.-M.Cam. (RA)
Dolichometopidae (29; 4). L.Cam.-U.Cam.

(PO)
Corynexochidae (4). M.Cam. (PO)

Corynexochinae (3). M.Cam. (PO)
Acontheinae (I). M.Cam. (PO)

Zacanthoididae (8). L.Cam.-M.Cam. (RA)
Dinesidae (4). Up.L.Cam.-Low.M.Cam. (LB)

Ptychopariida (order) (798; 61). L.Cam.-M.Pel·m.
(HE)

Ptychopariina (suborder) (474; II). L.Cam.-U.
Ord. (HE)

Ptychopariacea (superfamily) (63). L.Cam.-L.
Ord. (MO)

Ptychopariidae (32). L.Cam.-L.Ord. (MO)
Ptychopariinae (10). M.Cam.-U.Cam. (HO)
Periomme1inae (1). L.Cam. (RA)
Eulominae (2). L.Ord. (RA)
Nassoviinae (4). M.Cam. (HO)
Antagminae (13). L.Cam.-Low.M.Cam. (RA)
Conokephalininae (3). M.Cam.-U.Cam. (LB)

Alokistocaridae (30). L.Cam.-U.Cam. (HO)
Conocoryphacea (superfamily) (23). L.Cam.-U.

Ord. (MO)
Conocoryphidae (16). L.Cam.-L.Ord. (PO)
?Shumardiidae (7). ?M.Cam., U.Cam.-U.Ord.

(PO)
Emmrichellacea (superfamily) (15). M.Cam.-L.

Ord. (MO)
EmmricheIlidae (13). M.Cam.-L.Ord. (MO)
Emmrichellinae (9). M.Cam.-L.Ord. (HO,

MO)
Changshaniinae (4). M.Cam. (HO-MO)

Liostracinidae (2). M.Cam.-U.Cam. (HO)
Crepicephalacea (superfamily) (7). M.Cam.-U.

Cam. (LB)
Crepicephalidae (5). M.Cam.-U.Cam. (LB)
Tricrepicephalidae (2). U.Cam. (LB)

Nepeacea (superfamily) (I). M.Cam. (LB)
Nepeidae (I). M.Cam. (LB)

Dike10cephalacea (superfamily) (34). L.Cam.
U.Cam. (LB)
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Idahoiidae (7). V.Cam. (LB)
Dikelocephalidae (5). V.Cam. (LB)
Pterocephalidae (16). V.Cam. (LB)
Housiidae (1). V.Cam. (LB)
Andrarinidae (5). L.Cam.-M.Cam. (HO)

Olenacea (superfamily) (45; 5). M.Cam.-V.Ord.
(HE)

Olenidae (37; 5). V.Cam.-V.Ord. (PO)
Oleninae (6). V.Cam.-L.Ord. (PO)
Leptoplastinae (6; 3). V.Cam.-L.Ord. (PO)
Pelturinae (16). V.Cam.-L.Ord. (PO)
Triarthrinae (9; 2). V.Cam.-V.Ord. (PO)

Papyriaspididae (6). M.Cam.-V.Cam. (PO)
Hypermecaspididae (2). L.Ord.-M.Ord. (HA)

1I1aenuracea (superfamily) (13). V.Cam. (LB)
IIlaenuridae (2). V.Cam. (LB)
Shirakiellidae (1). V.Cam. (LB)
Parabolinoididae (10). V.Cam. (LB)

Solenopleuracea (superfamily) (73). M.Cam.-L.
Ord. (HE)

Solenopleuridae (33). M.Cam.-L.Ord. (PO)
Solenopleurinae (13). M.Cam.-V.Cam. (PO)
Acrocephalitinae (7). M.Cam.-V.Cam. (PO)
Saoinae (4). M.Cam. (PO)
Hystricurinae (9). V.Cam.-L.Ord. (PO)

Agraulidae (2). M.Cam. (HE)
Lonchocephalidae (11). V.Cam. (RA)
Dokimocephalidae (10). V.Cam. (LB)
Avoninidae (3). Vp.M.Cam.-V.Cam. (LB)
Catillicephalidae (8). V.Cam. (RA)
Kingstoniidae (6). M.Cam.-V.Cam. (LB)

Anomocaracea (superfamily) (26;2). M.Cam.
V.Cam. (HO)

Anomocaridae (26; 2). M.Cam.-V.Cam. (HO)
Asaphiscacea (superfamily) (19; 2). M.Cam.-V.

Cam. (HO)
Asaphiscidae (19; 2). M.Cam.-V.Cam. (HO).

Asaphiscinae (16). M.Cam.-V.Cam. (HO)
Blountiinae (3; 2). V.Cam. (HO)

Burlingiacea (mperfamily) (2). M.Cam.-V.Cam.
(PO)

Burlingiidae (2). M.Cam.-V.Cam. (PO)
Komaspidacea (superfamily) (16). M.Cam.-V.

Ord. (LB)
Komaspididae (8). VpM.Cam.-L.Ord. (LB)
Elviniidae (5). V.Cam. (LB)
Telephinidae (1). M.Ord.-V.Ord. (WH)
Glaphuridae (2). M.Ord. (WH)

Raymondinacea (superfamily) (11). V.Cam.
(LB)

Raymondinidae (11). V.Cam. (LB)
Raymondininae (5). V.Cam. (LB)
Cedariinae (2). V.Cam. (LB)
L1anoaspidinae (4). V.Cam. (LB)

Norwoodiacea (superfamily) (15). M.Cam.-L.
Ord. (LB)

Norwoodiidae (5). V.Cam.-L.Ord. (LB)
Menomoniidae (6). M.Cam.-V.Cam. (LB)
Bolaspididae (4). M.Cam. (HO)

Marjumiacea (superfamily) (35). M.Cam.-L.
Ord. (LB)

Marjumiidae (20). M.Cam.-V.Cam. (LB)
Coosellidae (4). V.Cam. (LB)
Pagodiidae (10). M.Cam.-L.Ord. (LB)
Cheilocephalidae (1). V.Cam. (LB)

Leiostegiacea (superfamily) (16; 2). M.Cam.-L.
Ord. (LB)

Leiostegiidae (16; 2). M.Cam.-L.Ord. (LB)
Leiostegiinae (12; 2). V.Cam.-L.Ord. (LB)
Eochuangiinae (2). M.Cam.-V.Cam. (LB)
Iranaspidinae (2). V.Cam.-L.Ord. (LB)

Damesellacea (superfamily) (10). M.Cam.-U.
Cam. (LB)

Damesellidae (6). M.Cam. V.Cam. (LB)
Damesellinae (4). M.Cam. (LB)
Drepanurinae (2). M.Cam.-V.Cam. (LB)

Kaolishaniidae (4). V.Cam. (LB)
Ptychaspidacea (superfamily) (24). V.Cam.

(LB)
Ptychaspididae (13). V.Cam. (LB)
Saukiidae (6). V.Cam. (LB)
Eurekiidae (5). Vp.V.Cam. (LB)

Remopleuridacea (superfamily) (25). U.Cam.
V.Ord. (WH)

Remopleurididae (21). V.Cam.-V.Ord. (WH)
Remopleuridinae (6). L.Ord.-V.Ord. (WH)
Richardsonellinae (12). V.Cam. - M.Ord.

(WH)
Subfamily Uncertain (3). V.Cam. (WH)

Loganellidae (3). V.Cam. (RA)
Hungaiidae (1). V.Cam. (LB)

Superfamily Uncertain (1). V.Cam. (HE)
Diceratocephalidae (1). V.Cam. (HE)

Asaphina (suborder) (112; 20). Vp.M.Cam.-U.
Ord. (JA)

Asaphacea (superfamily) (94; 20). V.Cam.-U.
Ord. (JA)

Asaphidae (68; 16). V.Cam.-V.Ord. (JA)
Asaphinae (11; 7). L.Ord.-V.Ord. (fA)
lsotelinae (27; 7). L.Ord.-V.Ord. (JA)
Niobinae (7). V.Cam.-L.Ord. (JA)
Ogygiocaridinae (5). L.Ord.-M.Ord. (JA)
Promegalaspidinae (2). V.Cam.-L.Ord. (JA)
Symphysurininae (5; 2). L.Ord. (JA)
Thysanopyginae (3). L.Ord. (JA)
Subfamily Uncertain (3). V.Cam.-M.Ord.

(JA)
Unrecognizable asaphid genera (5). Ord.

(JA)
Taihungshaniidae (4). L.Ord. (JA)
Tsinaniidae (2). V.Cam. (LB)
Nileidae (11; 4). L.Ord.-V.Ord. (PO)
Dikelokephalinidae (9). L.Ord. (LB)

Cyclopygacea (superfamily) (7). Ord. (RR)
Cyclopygidae (7). Ord. (RR)

Ceratopygacea (superfamily) (11). M.Cam.-L.
Ord. (PO)

Ceratopygidae (11). M.Cam.-L.Ord. (PO)
IIlaenina (suborder) (144; 33). Ord.oM.Perm.

(JA)
IIlaenacea (superfamily) (25; 10). Ord.-Sil.
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(JA)
Styginidae (4). L.Ord,-U.Ord. (WH)
Thysanope1tidae (4; 6). M.Ord.-Low.U.Dev.

(RR)
IlIaenidae (17; 14). L.Ord.-Sil. (JA)

Illaeninae (7). L.Ord.-Sil. (JA)
Bumastinae (5; 4). M.Ord.-Sil. (JA)
Ectillaeninae (3). L.Ord.-U.Ord. (JA)
?Theamataspidinae (1). M.Ord.-U.Ord. (JA)
Subfamily Uncertain (1). Ord. (JA)

Bathyuracea (superfamily) (22). U.Cam.-M.
Ord. (WH)

Bathyuridae (17). L.Ord.-M.Ord. (WH)
Lecanopygidae (5). U.Cam.-L.Ord. (LB)

Holotrache1acea (superfamily) (1). U.Ord.
(JA)

Hoiotrachelidae (1). U.Ord. (JA)
Proetacea (superfamily) (96; 23). L.Ord.-M.

Perm. (RR-ST)
Proetidae (41; 19). M.Ord. - L.Carb.(Miss.)

(RR-ST)
Proetinae (4; 2). M.Ord.-M.Dev. (RR-ST)
Cornuproetinae (6; 3). Ord.-U.Dev. (RR-ST)
Dechenellinae (3; 4). Up.L.Dev.-U.Dev. (RR-

ST)
Cyrtosymbolinae (13,10). L.Dev.-L.Carb.

(RR-ST)
Proetidellinae (9). M.Ord.-M.Dev. (RR-ST)
Tropidocoryphinae (6). Sil.-Low.U.Dev. (RR

ST)
Phillipsiidae (24). L.Carb.(Miss.) - M.Perm.

(WE)
Otarionidae (4). M.Ord.-U.Carb. (RR-SC)

Otarioninae (3). M.Ord.-U.Carb. (RR-SC)
Cyphaspidinae (1). L.Dev.-M.Dev. (RR-SC)

Aulacopleuridae (2; 2). M.Ord.-M.Dev. (RR-
SC)

Brachymetopidae (5; 2). L.Dev.-U.Carb. (SC)
Phillipsinellidae (1). U.Ord. (WH)
Celmidae (1). L.Ord. (JA)
Plethope1tidae (7). U.Cam.-L.Ord. (LB)
Dimeropygidae (5). L.Ord.-U.Ord. (WH)
Family Uncertain (6). Sil.-Miss. (RR-ST-WE)

Harpina (suborder) (18). U.Cam.-U.Dev. (WH)
Harpidae (12). L.Ord.-U.Dev. (WH)
Harpididae (4). U.Cam.-L.Ord. (WH)
Entomaspididae (2). U.Cam.-L.Ord. (RA)

Trinucleina (suborder) (50). L.Ord.-M.Sil. (WH)
Trinucleidae (27). L.Ord.-U.Ord. (WH)

Trinucleinae (2). L.Ord.-M.Ord. (WH)
Tretaspidinae (3). M.Ord.-U.Ord. (WH)
Cryptolithinae (21). L.Ord.-U.Ord. (WH)
Novaspidinae (1). U.Ord. (WH)

Orometopidae (1). L.Ord. (WH)
Dionididae (4). M.Ord.-U.Ord. (WH)
Raphiophoridae (9). L.Ord.-M.Sil. (WH)
Endymioniidae (2). L.Ord.-M.Ord. (WH)
Alsataspididae (2). L.Ord. (WH)
Hapalopleuridae (4). L.Ord. (HA)
Ityophoridae (1). U.Ord. (WH)

Phacopida (order) (173; 37). L.Ord.-U.Dev. (HE)

Cheirurina (suborder) (73; 9). L.Ord.-M.Dev.
(HE)

Cheiruridae (32; 7). L.Ord.(Tremadoc.)-M.
Dev. (HE)

Cheirurinae (11; 2). L.Ord.-M.Dev. (HE)
Cyrtometopinae (7; 5). L.Ord.-Sil. (HE)
Acanthoparyphinae (4). L.Ord.-U.Ord. (HE)
Sphaerexochinae (2). M.Ord.-Sil., ?Dev.

(HE)
Deiphoninae (4). M.Ord.-Sil. (HE)
Areiinae (1). M.Ord.-U.Ord. (HE)
?Heliomerinae (2). M.Ord.-U.Ord. (HE)
Subfamily Uncertain (1). Sil.-L.Dev. (HE)

Pliomeridae (25). L.Ord.-U.Ord. (HA)
Pliomerinae (5). L.Ord.-U.Ord. (HA)
Pilekiinae (8). L.Ord. (HA)
Protopliomeropinae (9). L.Ord. (HA)
Pliomerellinae (1). M.Ord.-U.Ord. (HA)
Placopariinae (1). M.Ord. (HA)
Diaphanometopinae (1). L.Ord. (JA)

Encrinuridae (14; 2). L.Ord.-Sil. (HE)
Encrinurinae (4; 2). M.Ord.-Sil. (HE)
Cybelinae (5). L.Ord.-U.Ord. (HE)
Dindymeninae (3). M.Ord.-U.Ord. (HE)
Staurocephalinae (2). M.Ord.-Sil. (HE)

Family Uncertain (2). L.Ord.-M.Ord. (HE)
Calymenina (suborder) (27; 8). LowL.Ord.-M.

Dev. (SD)
Calymenidae (15; 2). L.Ord.(Arenig.)-M.Dev.

(WH)
Calymeninae (14; 2). L.Ord.-M.Dev. (WH)
Pharostomatinae (1). M.Ord.-U.Ord. (WH)

Homalonotidae (12; 6). L.Ord.-M.Dev. (SD)
Bavarillinae (1). L.Ord. (SD)
Eohomalonotinae (2; 2). L.Ord.-U.Ord. (SD)
Colpocoryphinae (3). L.Ord.-M.Ord.(Uan-

deil.) (SD)
Homalonotinae (5; 4). M.Sil.-M.Dev. (SD)

Phacopina (suborder) (73; 20). L.Ord.-Up.U.
Dev. (RR-ST)

Pbacopacea (superfamily) (18). Sil.-U.Dev.
(RR-ST)

Phacopidae (18). Sil.-U.Dell. (RR-ST)
Phacopinae (10). Sil.-U.Dev. (RR-ST)
Bouleiinae (1). Dev. (ST)
Phacopidellinae (6). Sil.-U.Dev. (ST)
Subfamily Uncertain (1). Silo (ST)

Dalmanitacea (superfamily) (55; 20). L.Ord.
U.Dev. (RR-ST)

Dalmanitidae (31; 9). Low.M.Ord. - U.Dev.
(RR-ST)

Dalmanitinae (13). Sil.-M.Dev. (RR-ST)
Zeliszkellinae (4; 4). Low.M.Ord. - U.Ord.,

?M.Sil. (ST)
Acastavinae (3). U.Sil.-L.Dev. (ST)
Asteropyginae (11; 5). L.Dev.-U.Dev. (ST)

Calmoniidae (15; 2). Ord.-M.Dev. (ST)
Calmoniinae (11). Ord.-M.Dev. (ST)
Acastinae (4; 2). Ord.-L.Dev. (ST)

Pterygometopidae (5; 6). M.Ord.-U.Ord. (ST)
(Continued on page 0167)
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E
TAXA

Com. Ord. Sil. Dev. M. P. P.... « - 'j); <; MIII « « w L M U L U LMU LMU LU LMU U::l vi Z«
AGNOSTIDA
AGNOSTINA

~ EODISCINA

~ REDLICH IIDA
OLENELLINA -II- REDLICH IINA

BATHYNOTINA -'"CORYNEXOCHIDA
PTYCHOPARIIDA
PTYCHOPARII NA

ASAPHINA
IILLAENINA

HARPINA
TRINUCLEINA

PHACOPIDA
CHEIRURINA

CALYMENINA
PHACOPINA

LICHIDA
ODONTOPLEUR IDA

Agnostidoe
Clavagnostidae
Condylopygidae

~ Cyclopagnostidae ~
Diplagnostidae ~

II- Geragnostidae
Hostagnostidae... Micrognostidae
Pholacromidae

Pseudognostidae
Sphoerognostidoe

I
Spinagnostidae

I Eodiscidoe
II- Pagetiidae

Olenellidae ....- Daguinaspididae ..
~ Redlichiidoe ~

Neoredlichiidoe ~- - Saukiondidae ~- Gigantopygidoe ~- Despujolsiidoe ~
~ Yinitidae ..-

Abodiellidae- Dolerolenidae •
III Ellipsocepholidae

Protolenidae ~
~ Yunnanocephalidae ~

FIG. 107a. Stratigraphic and geographic distribution of trilobite orders, suborders, and families-Part 1
(MOORE, n). [Range of Geragnostidae revised; see p. 0161.]
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e E ... 0
~

E Com. Ord. Sil. Dev. M. P. P... <: - 'iii ..; TAXA
III <: <: w L M U L M U LMU LMU LU LMU:J vi Z
~ Porodoxididoe •-... Hicksiidoe •

Bothynotidoe .~

Dorypygidoe.. Ogygopsidoe ..
OryctocephoIidoe
Dol ichometopidoe.. Corynexochidoe .... Zoconthoididoe... ... Dinesidoe ••

Ptychopo ri idoe.. Alokistocoridoe
Conocoryphidoe.. Shumordiidoe ..... ... .. Emmrichellidoe

~ .. Liostrocinidoe.. ... .. Crepicepholidoe... .. Tricrepicepholidoe ..... Nepeidoe ~.. Idohoiidoe ...
Dikelocepholidoe ..... ~ ... Pterocephol idoe ..

I .. Housiidoe ..
Androrinidoe

Olenidoe.. .. "I Popyriospididoe.. I- Hypermecospididoe.. Illoenuridoe .... Shirokiellidoe .... Porobolinoididoe ..
~ Solenopleuridoe

Agroulidoe ..
I- Lonchocephol idoe l-

I- I- Dokimocepholidoe ~.. I- Avoninidoe •l-
I- Cotillicepholidoe l-

I- ... Kingstoniidoe
Anomocoridoe
Asophiscidoe
Burlingiidoe

Komospididoe... ... ... Elviniidoe -.. Telephinidoe- Glophuridoe -- Roymondinidoe -- Norwoodiidoe- Menomoniidoe

FIG. 107b. Stratigraphic and geographic distribution of trilobite orders, suborders, and families-Part 2
(MOORE, n). [Range of Emmrichellidae revised, see p. 0161.]
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"2 E ..: 0 :i ~ TAXA
Com. Ord. Sil. Dev. M. P. P.« - 'iii.... « « w

i L M U L M U LMU LMU L U LMUen vij

« ~ Bolospididoe ~

I- Morjumiidoe
I- Coosellidoe -- I- Pogodiidoe
~ Cheilocepholidoe -- ... Leiostegi idoe

Domesellidoe --- Koolishoniidoe -~ - - Ptychospididoe -- - Soukiidoe -- Eurekiidoe -Remopleurididoe- Logonellidoe -... - Hungoiidoe -I- Dicerotocepholidoe -Asophidoe
Toihungshoniidoe -I- Tsinoniidoe -- Nileidoe

I- Dikelokepholinidoe -Cyclopygidoe
Cerotopygidoe

Styginidoe
Thysonopeltidoe

Illoenidae
Bathyuridae

I- - Leconopygidae
Holotrochelidae -Proetidae

Phillipsiidae
Otorionidae

I- Aulocopleuridae
I- Brochymetopidae

I- Phillipsinellidae -~ Celmidae -- - ~ Plethopeltidae
Dimeropygidae

Harpidae
I- Harpididae

I- Entomaspididae
Trinucleidae

I- - Orometopidoe I-
Dionididoe

I- Rophiophoridae
Endymioniidae

~ Alsatospididae -l- I- Hopolopleuridae -~ I tyophoridae I-

FIG. l07c. Stratigraphic and geographic distribution of trilobite orders, suborders, and families-Part 3
(MOORE, n).
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e E ..: 0
:i E

TAXA
Com. Ord. Sil. Dev. M. P. P..... « :< '0; ....:; M LMLIII « w L M U L U LMU LMU L U

:::l ~ Z« Cheiruridoe
Pliomeridoe
Encrinuridoe
Calymenidae

Homalonotidae
Phacopidae

Pterygometopidae
~ ~ Monorokidae

Dalmanitidae
Calmoniidae

Lichidae- Lichakephalidae -Odontopleuridoe.. Eoacidaspididae --
~ Missisquoiidae -••• Isocolidae III-... Myindidae -I- Granulariidae •

~ Sarkiidae -
FIG. 107d. Stratigraphic and geographic distribution of trilobite orders, suborders, and families-Part 4

(MOORE, n). [Range of Phacopidae and Dalmanitidae revised; see p. 0163.J

(Continued from page 0163)

Pterygometopinae (4; 6). M.Ord.-U.Ord. (ST)
Chasmopinae (1). Ord. (ST)

Monorakidae (4; 3). M.Ord.-U.Ord. (ST)
Lichida (order) (25). L.Ord.-U.Dev. (MO)

Lichidae (24). L.Ord.-U.Dev. (TR)
Lichinae (10). L.Ord.-M.Dev. (TR)
Homolichinae (3). L.Ord.-M.Sil. (TR)
Tetralichinae (2). M.Ord.-U.Ord. (TR)
Ceratarginae (9). M.Ord.-U.Dev. (TR)

Lichakephalidae (1). L.Ord. (TR)
Odontopleurida (order) (25; 4). Up.M.Cam.U.Dev.

(WH)
Odontopleuridae (22; 4). L.Ord.-U.Dev. (WH)

Odontopleurinae (7; 2). M.Ord.-U.Dev.
(WH)

Miraspidinae (9; 2). M.Ord.-M.Dev. (WH)
Selenopeltinae (1). M.Ord.-U.Ord. (WH)
Apianurinae (2). M.Ord.-V.Ord. (WH)

Subfamily Uncertain (3). L.Sil.-M.Dev. (WH)
Eoacidaspididae (3). Vp.M.Cam.-V.Cam. (JA)

Order Uncertain (8).
Missisquoiidae (1). L.Ord. (LB)
Isocolidae (4). ?L.Ord., M.Ord.-V.Ord. (WH)
Myindidae (1). L.Ord. (WH)
Granulariidae (1). Vp.L.Cam. (HE)
Sarkiidae (1). M.Ord. (HE)

Order and Family Uncertain (121)
Lower Cambrian genera (14). L.Cam.
Middle Cambrian genera (26). M.Cam.
Upper Cambrian genera (41). V.Cam.
Ordovician genera (38). Ord.-V.Ord.
Devonian genera (2). Dev.

Unrecognizable genera (60)
Nomina nuda (3)

Supposed Trilobita here rejected from class (2)
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Com. Ord. 1Sil. Dev. M. P. P. Com. Ord. Sil. Dev. M. P. P.

-

--

----------

-----------------------

---

Menomoniidoe
Morjumiidoe

___I-. Agnostidae

Phalacromidae
Solenopleuridoe
Pogodiidoe
Leiostegiidae

Domesellidoe
Avoninidae
Eoacidaspididoe

__.... Ceratopygidae
Komaspididae

n ... Shumardiidoe

Tricrepicephalidoe
Idahoi idae I
Dikelocepholidae
Pterocephol idoe
Housiidoe
IIlaenuridoe
Shirokiellidoe
Porobolinoididoe
Lonchocephol idoe
Dokimocepholidoe
Cotillicepholidoel

Elviniidoe I'
Roymondinidoe
Coasellidoe
Cheilocepholidoe
Koolishoniidoe
Ptychospididoe
Soukiidoe
Eurekiidoe
Logonellidoe
Hungoiidoe
Dicerotocepholidoe
Tsinoniidoe I

_ ...._ Micrognostidoe
Pseudognostidoe
Norwoodiidoe
Leconopygidoe
Plethopel tidoe

_ ..... Horpididoe I
Entomospididoe

_ ... .. Olenidoe

Remopleurididoe
Asophidoe I I

Olenellidoe
Doguinospididoe
Redlichiidoe
Neoredl ichi idae
Soukiondidoe
Gigontopygidoe
Despujolsiidoe
Protolenidoe
Yunnonocephol idoe
Dolerolenidoe
Hicksiidoe
Condylopygidoe
Eodiscidoe
Pogetiidoe
Abodiellidoe
Ell ipsocephoIidoe
Oryctocepholidoe
Zoconthoididoe
Androrinidoe
Spinognostidoe
Dorypygidoe
Dolichometopidoe
Alokistocoridoe I1----..- Ptychoporiidoe

Conocoryphidoe
Bothynotidae
Dinesidae
Parodoxididae
Cyclopagnostidae
Diplognostidoe
Yinitidae
Ogygopsidoe
Corynexochidae
Nepeidae
Agraulidae
Bolospididae
Clovagnostidoe

• __~ Hastognostidae
Emmrichell idoe
Liostracinidae
Crepicephalidae
Papyriospididoe
Kingstoniidae
Anomocoridae
Asaphiscidae
Burlingiidoe

FIG. l07e. Stratigraphic and geographic distribution of trilobite orders, suborders, and families-Part 5. In
this diagram only families present in Cambrian rocks are shown, stratigraphically arranged; of the group,
which comprises two thirds of all currently recognized trilobite families, only 4 families persist through

the Ordovician and none are post-Ordovician (MOORE, n). [Range of Emmrichellidae revised; see
p. 0161.]
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Cam. Ord. Sil. IDev·IM. P. P. Cam. Ord. Sil. Dev. M. P. P.

I- Lichakephalidae Hamalonotidae... Taihungshaniidae I Cheiruridae

II- Dikelokephalinidae Calymenidae !- Celmidae I I II Harpidae
~ Orometopidae Phacopidae

II- Alsataspididae I Lichidae

~ Hapalopleuridae Odontopleuridae

~ Missisquoiidae I
I

Glaphuridae -~ Myindidae I Sarkiidae -Geragnostidae Telephinidae
Hypermecaspididae Dionididae
Bathyuridae I Pterygametopidoe
Endymioniidae II Manorakidae
Sphaeragnostidae Thysanopel tidae
Nileidae I II Calmoniidae
Cyclopygidae Aulacopleuridae
Styginidae I Otarionidae
Dimeropygidae Proetidae
Trinucleidae Holotrachelidae _
Pliomeridae Phillipsinellidae _

•• Isocolidae I Ityophoridae _
Raphiopharidae Dalmanitidae

I Illaenidae IBrachymetopidae
IE' 'd I Phillip~iidaenCrl,nuri ae

FIG. 107f. Stratigraphic and geographic distribution of trilobite orders, suborders, and families-Part 6.
This diagram shows post-Cambrian families stratigraphically arranged, all except 3 families occurring in

Ordovician rocks and two thirds of these being confined to the Ordovician (MOORE, n). [Ranges of
Geragnostidae, Phacopidae, and Dalmanitidae revised; see p. 0161, 0163.]
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As explained in the introduction to this
volume, the authorship of sections con
cerned with the Trilobita is divided in a
manner that makes explicit indication of
parts contributed by different individuals
difficult. This pertains especially to the sys
tematic descriptions. By use of index letters
associated with the names of taxa given in
the tabular outline of divisions of the Tri
lobita (p. 0160), the authors of diagnoses
and discussions relating to each taxon are
specified. It is needed to add the statement
that just before submittal of the assembled
typescript to the press, the Editor has in
serted approximately 75 genera introduced
in recent Russian publications on Trilobita,
distributing these among families according
to judgment of the respective Russian au
thors; the Treatise authors concerned with
these families could not be asked to study the
new genera unless a prospective considerable
delay in publication was thought to be war
ranted. Such delay is considered undesir
able, and therefore, the inclusion of various
nominal genera in different families is by
action of MOORE or HENNINGSMOEN (indi
cated by Mo or HE).

Class TRILOBITA Walch, 1771
[as Trilobitae WALCH, 1771] [Type-Dalmanites BARRANDE,

)852, designated by HARRINGTON, HENNINGSMO£.N, and
MOORE, herdn]

Marine arthropods characterized by a gen
erally subelliptical, arched or flat dorsal
exoskeleton of mineralized chitinous com
position, divided longitudinally into 3 dis
tinct parts (lobes) and with a distinct, rela
tively large head shield (cephalon), which
articulates axially with the thorax composed
of articulated transverse segments, the hind
most almost invariably articulating with a
tail shield (pygidium) formed by fusion of
segments like those of the thorax. Margins
of exoskeleton may bend inward ventrally
to form a doublure. Length of average adults
commonly 2 to 10 em. but extreme range
extending from approximately 2 mm. to a
known maximum of 70 em. Cephalon
typically marked by a somewhat raised axial
portion (glabella) that is bounded by a nar
row furrow and surficially indented by trans
verse depressions (glabellar furrows); com
pound eyes present in most forms, located
along lines (facial sutures) of ecdysial
cleavage that divide the cephalon into a

central portion (cranidium, comprising
glabella and fixigenae) and lateral portions
(librigenae), which tend to become disso
ciated. Cephalic doublure may include sep
arate median plates such as hypostoma and
also a rostral plate that exceptionally may
encroach upon dorsal side. Thoracic seg
ments 2 to 40 or more, each commonly with
strongly defined axial portion and some
what flattened and grooved lateral portions
(pleurae). Pygidium highly variable in
shape and size. Lateral and dorsal hollow
spines may be present on cephalon, thorax,
or pygidium. Ventral appendages (rarely
preserved) include an anterior pair of uni
ramous antennae followed by a series of
pairs of similarly constructed biramous limbs
decreasing in size toward posterior end and
distributed with one pair to each segment;
in one genus (Olenoides) the posterior
segment possesses a pair of antenniform
cerci. Trilobite remains usually are found
dissociated into their component skeletal
elements. L.Cam.-M.Perm.

Order AGNOSTIDA Kobayashi,
1935

[==subordtT Isopygia GURICH, 1907; order Miomera JAEKEL,

19091 [Type-Agnos/us BRONGNIART, 1822]

Diminutive trilobites with subequal
cephalon and pygidium and possessing only
2 or 3 thoracic segments. L.Cam.-U.Ord.

Suborder AGNOSTINA Salter, 1864
[nom. C'orrect. HARRJNGTON & LEANZA, 1957 (pro Agnostini
SALTER, 1864») [=superfamily Eodiscidea RICHTEll, 1933
(partim); suborder Agnostida WHITEHOUSE, 1939; superfam
ily Agnostidea WESTERGARD, 1946; order Agnostida RASETTl,
1948; superfamily AgnoSlacea HENNINGSMOEN, 1951 (par/im);
superfamily Agnostoidae HUPE, 1953] [Type-Agnos/as

BRONGNIART, 1822J

Cephalon without eyes or facial sutures;
hypostoma unknown. Thorax with 2 seg
ments. Pygidium with 3 or fewer rings
on axis, border evenly rounded or bearing
a pair of spines. L.Cam.-U.Ord.

Family AGNOSTIDAE M'Coy, 1849
[=Battoides HAWLE & CORDA, 1847]

Longitudinal furrow in front of glabella,
which has 2 main lobes; axis of pygidiurn
with 2 main lobes rounded at rear end. M.
Cam.-L.Ord.
Agnostus BRONGNIART, 1822 [*Entomostraeites.

pisi/ormis WAHLENBERG, 1821 J [=Battus DAL

MAN, 1827). Axis of pygidium with 3 lobes, pos
terior one only a little expanded at rear and not
approaching border of shield; surface of genae
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Agnostida-Agnostina 0173

FIG. lOS. Agnostidae (p. 0173).

smooth or corrugated. V.Cam., Eu.-China.--FIG.
109,1. *A. pisiformis (WAHL.), Agnostus pisifor
mis Z., Swed.; la,b, ceph., pyg., X4.7 (331*).

Acmarhachis RESSER, 1935 (*A. /ypicalis]. Longi
tudinal furrow in front of glabella poorly de
veloped; rear lobe of pygidial axis expanded but
bluntly pointed at posterior extremity, which
reaches the border. V.Cam.--FIG. 10S,I. *A.
/ypicalis, Nolichucky F., Ala.; la, ceph., XS.5;
lb, pyg., X14.5 (457*).

Aspidagnostus WHITEHOUSE, 1936 (*A. parma/Us].
Glabella with longitudinal furrow in front of
single lobe that is half as long as cephalon; axis
of pygidium expanded at rear, reaching back to
border, and bearing 2 faint transverse furrows.

V.Cam., Queens!.--FIG. 10S,2. *A. parma/us,
Elrathiella Z.; 2a,b, ceph., pyg., X6 (339*).

Fallagnostus HOWELL, 1935 (*F. blayaci]. Cepha
Ion like that of Agnos/lIs; axis of pygidium dis
tinctly lobed, with parallel sides, not reaching rear
border. M.Cam., Fr.--FIG. 109,2. *F. blayaci,
Paradoxides beds; 2a, ceph., XS; 2b, pyg., XS.S5
(410*).

Homagnostus HOWELL, 1935 (.Agnos/us pisi
formis obesllS BELT, 1867] (=Proagnos/us BUTTs,
1926; Oncagnos/lls WHITEHOUSE, 1936]. Longi
tudinal furrow in front of glabella poorly devel
oped; axis of pygidium expanded and evenly
rounded at rear, reaching almost to posterior end
of shield; surface of shields smooth or corrugated.
V.Cam., Eu.-Newf.-Que.-Vt.-Tex.-B.C.-Sib.-China
Queens!.--FIG. 109,3. ·H. obems (BELT),
Olenus Z., Kiu-lung F., Rhodonaspis Stage,
Queens!.; X10.3 (331·).

Neoagnostus KOBAYASHI, 1955 (.N. aspidoides].
Glabella narrow, with longitudinal furrow in
front of anterior main lobe, which is divided into
3 subglobular parts of equal size; axis of pygidium
rather small, trilobed, not reaching backward to
border. L.Ord., B.C.-Arg.--FIG. 110,1. ·N.
aspidoides, McKay F., B.C.; la,b, ceph., X 11;
pyg., X 10.5 (lOS·).

Family CLAVAGNOSTIDAE Howell,
1937

Glabella with single main lobe, longi
tudinal furrow in front of it present or ab
sent; axis of pygidium long and narrow,
with pointed rear end dividing shield into
2 side lobes; dorsal exoskeleton smooth.

2a

2b

la

la

lb

Agnostus

2a

Fallagnostus Homagnostus

FIG. 109. Agnostidae (p. 0172-0173).
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2 Mallagnostus

---_...-..~

Condylopyge

Condylopyge HAWLE & CORDA, 1847 ("Baltlls rex
BARRANDE, 1846] [=Paragl10SIl/S JAEKEL, 1909].
Front lobe Ol glabella semicircular in outline; Sur
lace smooth. M.Cam., Boh.-Swed.-Wales-Eng._
Newf.--FIG. 112,1 . • c. rex (BARRANDE), Jince
F., Boh.; X4.8 0·).

Mallagnostus HOWELL, 1935 [" Agnoslus desidera
/IIS WALCOTT, 1890]. Axis of pygidium rather
short, not expanded at rear; surface smooth. L.
Cam., N.Y.--FIG. 112,2. ·M. desidera/lls (WAL
corr), Schodack F., N.Y.; pyg., X6.7 (309').

Pleuroctenium HAWLE & CORDA, 1847 (·Baltus
granl/ia/lls llARRANDE, 1846; SD VOGDES, 1925]
[=Didiagnos/lls JAEKEL, 1909 (obj.)]. Front lobe
of glabella curved ovoid; surface granulose. M.
Cam., Boh.-Fr.-Scand.-Eng.-Wales-Newf. -- FIG.
112,3. "P. granuia/llm (BARRANDE), jince F., Boh.;
X4.5 (3·).

Family CYCLOPAGNOSTIDAE Howell,
1937

No frontal lobe on glabella, remaining
lobe being evenly rounded in front; axis of
pygidium short and ovally rounded at rear,
with its transverse furrows faint or obsolete;

lb

ld
1c Clavagnostus

1a

FIG. 11 O. Agnostidae (p. 0173).

lb
Neoagnostus

[nom. transl. HOWELL, 1935 (ex Condylopygenae RAYMOND,

1913)] [=Mallagnostidae HOWELL. 1935J

Anterior lobe of glabella wider than main
lobe; rear part of pygidial axis usually some
what expanded and evenly rounded at pos
terior extremity. L.Cam.-M.Cam.

M.Cam.-U.Cam.
Clavagnostus HOWELL, 1937 [.AgnosllIS repandl/s

WESTERGARD, 1930] [=TomorilOcIJis RESSER,
1938]. M.Cam .-U.Cam., Swed.-Sib.-Vt.-Ala.-
FIG. 111 ,1. ·C. repandlls (WESTERGARD), Para
doxides forchhammeri Z., Swed.; Ia,b, ceph.,
X12; Ic,d, pyg., X12 (334·).

Family CONDYLOPYGIDAE Raymond,
1913

FIG. Ill. Clavagnostidae (p. 0174). FIG. 112. Condylopygidae (p. 0174).
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10

Ib
Cyclopognostus

FIG. 113. Cyc1opagnostidae (p. 0175).

border moderate in width on both shields;
dorsal exoskeleton smooth. M.Cam.

Cyc1opagnostus HOWELL, 1937 [*C. hesperius]. M.
Cam., Vt.--FIG. 113,1. *C. hesperil/s, St. Albans
F., Vt.; la, ceph., X 13.5; 1b, pyg., X9.6 (72*).

Family DIPLAGNOSTIDAE
Whitehouse, 1936

Glabella with 2 main lobes, anterior ones
medially indented by longitudinal furrow;
pygidial axis with 3 lobes and an elongate
tubercle on its anterior portion; surface of
cephalon smooth or corrugated, that of
pygidium smooth. M.Cam.

Diplagnostus JAEKEL, 1909 [*Agnoslus planicauda
TULLBERG, 1880 (non ANGELlN, 1851)]
[=Enelagnoslus WHITEHOUSE, 1936]. Axis of
pygidium subtriangular in outline, reaching al
most to border; genae smooth or rugose. M.Cam.,
Eu.-Newf.-Arg.-Sib.-Queensl.--FIG. 114,1. *D.
planical/da (TULLBERG), Andrarum F., Swed.; la,
ceph., X 9.25; 1b, pyg., X 8.85 (334*).

Linguagnostus KOBAYASHI, 1939 [*Agnostus kierttlfi
BRpGGER, 1878]. Axis of pygidium short and
bluntly pointed at rear. M.Cam., Eu.-Sib.-Newf.
Arg.--FIG. 114,2. *L. kjel'llifi (BRpGGER), And
rarum F., Swed.; 2a,b, ceph., pyg., X4.5 (334*).

Oidalagnostus WESTERGARD, 1946 [*0. trispinifer].
Rear half of pygidial axis swollen and reaching
back to border, which bears 3 spines. M.Cam.,
Swed.--FIG. 114,3. *0. trispinifer, Lejopyge
laevigata Z., Swed.; 3a, ceph., X 4.4; 3b, pyg.,
X6.85 (334*).

Tomagnostus HOWELL, 1935 [*Agnostus fissus
LUNDGREN in LINNARSSON, 1879]. Rear half of
pygidial axis narrower and shorter than in Diplag
nos/us and not reaching so near to border; genae
of cephalon rugose. M.Cam., Eu.-Newf.-N.B.-
FIG. 114,4. *T. fisms (LUNDGREN), Ctenocephalus
exsulans Z.-Tomagnostus fissus Z., Swed.; X 7.7
(334*).

1a

lb
Diplagnostus

2a

2b
Linguagnostus

3a

3b

Oidalagnostus
Tomagnostus

FIG. 114. Diplagnostidae (p. 0175).
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Family GERAGNOSTIDAE Howell,
1935

r:=Arthrorhachinac RAYMOND, 1913; Trinodidae HOWELL,

1935J

Glabella having essentially only a single
long main lobe that is evenly rounded in
front, well-developed transverse furrow
lacking; pygidial axis short in most genera
but divided into 3 lobes. L.Ord.-U.Ord.

Geragnostus HOWELL, 1935 ["Agnostl/s sideTlbladlzi
L,NNARSSON, 1869]. Glabella showing only faint
trace of transverse furrow; pygidial axis parallel
sided. slightly more than half as long as whole
shield; surface of both shields smooth. L.Ord.,
Eu. - USA (Tex.)-Can. (B.C.)-Arg.-Colom.-China.
--FIG. 115,3. "G. sidellblad/,i (LINNARSSON),
Tremadoc., Wales; xlI.5 (114 0 ).

Corrugatagnostus KOBAYASHI, 1939 [0Agnosll/S per
I'lIgall/s BARRANDE, 1872]. Glabella wide at rear;

2a

..
3

Geragnostus

1
Corrugatagnostus

Geragnostella

5b

6b

Trinodus

5a

(

4

Girvanagnostus Homagnostoides

FIG. 115. Geragnostidae (p. 0176-0178).
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pygidial axis only half as long as pygidium; genal
regions and pygidial pleural regions corrugated.
L.Ord.-M.Ord., Eu.- ?Korea.--FIG. l1S,1. *C.
perrugatus (BARRANDE), L.Ord., Boh.; X4.6 (4*).

Geragnostella KOBAYASHI, 1939 [*Agllostlls ttlllbergi
NOVAK, 1883]. Glabella ovate in outline, with no
trace of transverse furrow; pygidial axis trilobed
but rear end not defined by axial furrow; surface
smooth. L.Ord., Boh.-Swed.--FIG. l1S,2. *G.
tullbergi (NovAK), Boh.; 2a,b, ceph., pyg., XS.4
(IS9*).

Girvanagnostus KOBAYASHI, 1939 [*Agnostus gir
vanensis REED, 1903]. Glabella 0.7 of length of

cephalon, with faint curved transverse furrow;
pygidial axis half as long as pygidium, subtri
angular, roundly truncated at rear, trilobed; dor
sal exoskeleton smooth. M.Ord., SCOt.--FIG.
1IS,4. *G. gin'allensis (REED), Balclatchie F.;
X4.8 (217*).

Homagnostoides KOBAYASHI, 1939 [*Agnostus fer
ra/sensis MUNIER-CHALMAS & BERGERON, 1889].
Glabella very large, subquadrate, lacking trans
verse furrows; pygidial axis very large, much ex
panded at rear but not reaching posterior border;
surface smooth. L.Ord., Fr.--FIG. l1S,5. *H.
ferra/sensis (MUNIER-CHALMAS & BERGERON), L.
Tremadoc.; 5a,b, ceph., pyg., X7.2 (377*).

Doryagnostus

2b

7a

Lotagnostus

3b

Glyptagnostus

6

Lejopyge

Goniagnostus

5
Hastagnostus

I
Culipagnostus

4b
4c

FIG. 116. Hastagnostidae (p. 0178-0179).
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Trinodus M'Coy, 1846 [·T. agllostijormis] [=Arth
ror/lachis HAWLE & CORDA, 18~7; MetagllostllS
JAEKEL, 1909]. Glabella 0.5 to 0.7 of length of
cephalon, without transverse furrow; pygiuial axis
ovoid, trilobed, only half as long as pygidium;
dorsal exoskeleton smooth. Ord., Eu.- ewf.-Que.
Va.-Tenn.-B.C.-Arg.-China-Burma.--FIG. 115,6.
·T. agllostiformis, Drummuck Group, Scat.; 6a,b,
ceph., pyg., X 4.9 (217·).

Family HASTAGNOSTIDAE Howell,
1937

Longitudinal furrow in front of glabella,
which has 2 main lobes, front one triangular
or subtriangular in outline; pygidial axis
with 3 lobes, rear one reaching or not reach
ing to border, which is of moderate width or
narrow; axial furrows mostly obsolete in
Lejopyge. M.Cam.-U.Cam.

Hastagnostus HOWELL, 1937 [·H. allgllStlls]. Front
of anterior glabellar lobe rounded; pygidial axis
narrow, bluntly rounded at rear, not reaching
backward to border, with longitudinal furrow
behind axis of pygidium dividing pleural fields at
rear; surface of both shields smooth. M.Cam.,
USA.--FIG. 116,5. ·H. allgustus, St. Albans F.,
Vt.; X6 (72·).

Cu1ipagnostus RUSCONI, 1952 [·C. chipiql/ellSis].
Front lobe of glabella very long, reaching border
of shield; pygidium as in HastagnostllS but longer,
reaching border; surface of both shields smooth.
M.Cam., Arg.--FIG. 116,1. ·C. clJipiquensis,
Villavicencio F., Arg.; ceph., X 16.5 (259·).

Doryagnostus KOBAYASHI, 1939 [·Agnostus incerttls
BR!1lGGER, 1878] [=Ceratagllostus WHITEHOUSE
1939]. Front lobe of glabella bluntly subtriangular:
pygidial axis sharply pointed at rear, bearing small
tubercle on its middle lobe, not reaching border;
pleural fields uiviued at rear by longitudinal fur
row; surface of both shields smooth. M.Cam., Eu.
Newf.-Queens!'--FIG. 116,2. • D. jncerlus (BR!1lC
GER), Ptychagnostus punctuosus Z., Swed.; 2a,
ceph., X4.75; 2b, pyg., x5.3 (334·).

G1yptagnostus WHITEHOUSE, 1936 [·G. toreuma].
Genae and pleural fields covered with reticulate
pattern of furrows. V.Cam., Eu.-Ala.-Queensl.-
FIG. 116,3. ·G. torcuma, Glyptagnostus Stage,
Queens!.; 3a, ceph., X4; 3b, pyg., X4.8 (339·).

Goniagnostus HOWELL, 1935 [.Agnostus nathorSlj
BR!1lGGER, 1878] [=Huarpagnostus RUSCONI,
1950]. Front lobe of glabella triangular, genae
crossed by radiating furrows; pygidial axis taper
ing to roundeu rear end, not reaching border;
surface of pleural fields granular. M.Cam., Eu.
N.B.-Queens!.--FIG. 116,4. ·G. llOthorstj (BR!1lC'
GER), Goniagnostus nathorsti Z., Swed.; 4a, ceph.,
X 6.5; 4b,c, pyg., X 6.5 (334·).

Lejopyge HAWLE & CORDA, 1847 [.Bat/us laevigatus
DALMAN, 1828] [=MjagllOstus JAEKEL, 1909
(obj.)]. Axial furrows of both shields obsolete ex
cept near base of glabella and at upper end of
pygidial axis; genae smooth or rugose; surface of
pygidium smooth. M.Cam.-V.Cam.--Swed.-Nor
way.--FIG. 116,6. ·Lejopyge laevigata (DAL
MAN), Lejopyge laevigata Z., Swed.; X7.7 (334').

Lotagnostus WHITEHOUSE, 1936 [.Agnostus tri
sectus SALTER, 1864]. Genae and pleural fields of

la Ib 2a 2b 3a

3b

T riplagnostus

2d2c

T ri lobagnostus

Id1c

Ptychagnos tus

FIG. 117. Hastagnostidae (p. 0179).
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pygidium with radiating furrows, rear lobe of pygi
dial axis divided longitudinally into 3 lobes. V.
Cam., Eu.-N. Scot.-Que.-Vt.-Arg.-China. -- FtG.
116,7. *L. triseetus (SALTER), Peltura minor Z.,
Swed.; 7a,b, ceph., pyg., X6 (331*).

Ptychagnostus JAEKEL, 1909 [*Agnostus pllnetuo
sus ANGELIN, 1851; SD VOGDES, 1925] [=Cano
tagnostus RUSCONI, 1951]. Front lobe of glabella
subtriangular; pygidial axis sub triangular , not
reaching posterior border, middle lobe of axis bear
ing a large tubercle that may extend backward over
front part of rear lobe; surface of genae and pleural
fields granular, genae crossed by radiating fur
rows. M.Cam., Eu.-Newf.-N.B.-Arg.--FIG. 117,1.
*P. pllnetuosus (ANGELIN) Ptychagnostus punctuo
sus Z., Swed.; 1a,b, ceph., X5.4; 1e,d, pyg., X5.4
(334*).

Trilobagnostus HARRINGTON, 1938 [*Agnostus in
nocens CLARK, 1924]. Main lobe of glabella with
transverse furrow across middle; pygidial axis
short, with elongate tubercle that extends across
first 2 lobes; surface of both shields smooth. V.
Cam., Que.--FIG. 117,2. T. innoeens (CLARK);
2a,b, ceph., X7.1; 2e,d, pyg., X8 (385*).

Triplagnostus HOWELL, 1935 [*AgnostttS gibbus
LINNARSSON, 1869] [=Solenagnostus WHITEHOUSE,
1936]. Front lobe of glabella subtriangular; pygi
dial axis wide, with bluntly triangular rear lobe
not reaching backward to border but with longi
tudinal furrow behind it that does extend to bor
der; dorsal exoskeleton smooth. M.Cam., Eu.
Newf.-N.B.-Sib.-Queensl.--FIG. 117,3. *T. gib
bus (LINNARSSON), Triplagnostus gibbus Z., Swed.;
3a, ceph., X5.l; 3b, pyg., X4.75 (334*).

Family MICRAGNOSTIDAE Howell,
1935

Glabella with 2 main lobes, anterior one
evenly rounded at front; pygidial axis short,
more or less segmented; surface of both
shields smooth. V.Carn.-L.Ord.
Micragnostus HOWELL, 1935 [*Agnostus ealvus

LAKE, 1906]. Glabella with 2 well-defined main
lobes, pygidial axis distinctly trilobed but rather
short and not expanded toward rear, not reaching
border. V.Cam.-L.Ord., Eu.-Can.-Vt.--FIG. 118,
3. *M. ealvus (LAKE), Tremadoc., Wales; XIO
(114*).

Anglagnostus HOWELL, 1935 [* Agnosttts dux CAL
LAWAY, 1877]. Glabella rather short; pygidial axis
very short, with only 2 segments. V.Cam.-L.Ord.,
Eng.-Fr.-Vt.-Arg.--FIG. 118,1. *A. dux (CALLA
WAY), Tremadoc., Eng.; X8 (114*).

Hyperagnostus KOBAYASHI, 1955 [*H. binodosus].
Glabella with double triangular lobe between 2
main lobes; pygidial axis trilobed, bluntly rounded
at rear, not reaching backward to border. L.Ord.,
B.C.--FIG. 118,2. *H. binodoSlts, McKay F.; 2a.
ceph., X7; 2b, pyg., X7 (108*).

?Rudagnostus LERMONTOVA, 1951 [*Agnostus prin
ceps var. rudis SALTER, 1864 (=Agnostus rudis
SALTER, 1864, LAKE, 1907)]. V.Cam., Kazakstan,
Eu.

?Eurudagnostus LERMONTOVA, 1951 [*E. grandis].
Cephalon with prominent rim and well-developed
posterolateral short spines, glabella with fairly
distinct rounded lobe in front; pygidium with

3

......

p::'
/1 ··,f

(

':1 '''1-.,
I .
,
i

,

2a

2b

Anglagnostus Hyperagnostus Micragnostus

FIG. 118. Micragnostidae (p. 0179).
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Phalacroma

Grandagnostus

.: ,.
I ;,..

5

2b

4a

7b

4b
Litagnostus

2a

Grandagnostus

7c

Phoidagnostus

6
Phalagnostus

7a

1
Gallagnostus

FIG. 119. Phalacromidae (p. 0181).
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broad, well-defined axis that bears strong tubercle,
margin with pair of slender, long, slightly in
curved spines. V.Cam., Kazakstan.--FIG. 128,1.
·E. grandis; 1a,b, ceph., pyg., X6 (423) (M).

Family PHALACROMIDAE Hawle &
Corda, 1847

[110m. correCl. HOWELL, 1935 (pro Phalacromiclcs HAWLE &.
CORDA, 1847) ) [==Leiagnostid:tc JAEKEL, 1909; Pbtagnostidac

HOWELL, 1935J

Cephalon smooth, with little or no trace
of axial furrow; pygidium smooth, dorsal
furrow lacking or barely visible; surface
smooth. M.Cam.-L.Ord.
Phalacroma HAWLE & CORDA, 1847 ['BallllS biblllla

IllS BARRANDE, 1846; SO RAYMOND, 1913]
[=PlalagnosllIs HOWELL, 1935 (obj.)]. Cephalon
smooth, with only faint traces of rear ends of
dorsal furrow, border narrow; pygidium smooth,
with faintly impressed axial furrow, axis only
slightly expanded at rear, reaching backward to
narrow border. M.Cam., Boh.-Eng.-Newf.--FIG.
119,5. • P. bibt/llalt/m (BARRANDE), Paradoxides
beds, Boh.; X 11.5 (3').

Gallagnostus HOWELL, 1935 [·G. ge1l1intls]. Cepha
Ion smooth, without trace of axial furrow but wiih
border of moderate width; pygidium lacking axial
furrow but with border of moderate width. M.
Cam.-L.Ord., Fr.-Arg.--FIG. 119,1. ·G. gemin liS,

Paradoxides beds, Fr.; X7.7 (71').
Gallagnostoides KOBAYASHI, 1939 ['Aeglina boia

HICKS, 1875]. Like GaliagnosllIs, but with a nar
rower thoracic axis. L.Ord., Wales.

Grandagnostus HOWELL, 1935 [·G. vermontensis].
Cephalon smoOlh, with only faint trace of rear
ends of axial furrow, and little or no indication of
border; pygidium smooth, lacking axial furrow
but with wide border; doublure present on both
shields. M.Cam., Vt.-Eu.-Sib.--FIG. 119,2. ·G.
1'f!rI110nlensis, Centropleura vermontensis Z., Vt.;
2a, ceph., X4.5; 2b, pyg., X3.4 (71').

Leiagnostus JAEKEL, 1909 [.L. erraliClls]. Cephalon
smooth, lacking axial furrow but with moderately
wide border. L.Ord., Eu.--FIG. 119,3. 'L.
erraliClls, Echinosphaerites Z. (glacial erratic), N.
Ger.; X4.8 (83').

Litagnostus RASETTl, 1944 [.L. levisensis]. Cepha
Ion smooth, lacking axial furrow but with narrow
border; pygidium smooth, without trace of axial
furrow, border moderately wide. V.Cam., Que.
Vt.-Wis.--FIG. 119,4. 'L. let'ise'lSis, Que.; 4a,b,
ceph., pyg., X 10 (188').

Phalagnostus HOWELL, 1955 [.Balltls ntldlls BEY
RICH. 1845]. Cephalon smooth, lacking axial fur
row and border or with very narrow border and
no basal lobes; pygidium smooth, without axial
furrow but with side border. M.Cam., Eu.-Newf.
Queensl.--FIG. 119,6. ·P. ntldt/s (BEYRICH),
Paradoxides beds, Boh.; X7.6 (3').

Phoidagnostus WHITEHOUSE, 1936 [.P. limballls].
Cephalon smooth, lacking axial furrow but with
narrow border and basal lobes; pygidium smooth,
without axial furrow but with wide border. M.
Cam., Eu.-Sib.-Queensl.--FIG. 119,7. P. bilt/
berclIlalllS (ANGELIN), Solenop1eura brachymetopa
Z., Swed.; 7a, ceph., X8; 7b,c, pyg., X8.3 (334').

la 2a 3a

Ib

Cyclagnostus
2b

Pseudagnostus

FIG. 120. Pseudagnostidae (p. 0182-0183).

3b

Rhaptagnostus
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FIG. 121. -MachairagnostllS tmetlls HARRINGTON &
LEANZA (Pseudagnostidae), L.Ord., Arg., X 18.5

(59-,1957).

Family PSEUDAGNOSTIDAE
Whitehouse, 1936

Longitudinal furrow in front of subtri
angular anterior lobe of glabella, which is
separated from rear main lobe by poorly
developed transverse furrow; pygidial axis
trilobed, with rear lobe greatly expanded,
reaching border and reducing size of pleural
fields; surface of cephalon smooth or rugose,
that of pygidium smooth. U.Cam.-L.Ord.
Pseudagnostus JAEKEL, 1909 [-AgnostllS cyclopyge

TULLBERG, 1880] [=Plethagnostlls CLARK, 1924;
Ellplethagllos!lls LERMONTOVA, 1940]. Front lobe
of glabella sub triangular in outline; surface of
cephalon smooth or rugose; pygidial axis with
front portion well defined by axial furrow but
with greatly expanded rear lobe more or less in
distinctly outlined; surface of pygidium smooth.
V.Cam., Swed.-Wales-Sib.-China-Korea-Queens!.
Que.-Vt.-Wis.-Nev.-Tex.-Alaska-Arg.--FIG. 120,
2. -P. cyclopyge (TULLBERG), Francon., Swed.;
2a,b, ceph., pyg., X6.4 (334-).

Cyclagnostus LERMONTOVA, 1940 [-C. elegans].
Glabella with 2 main lobes, anterior one evenly
rounded at front; pygidial axis distinctly trilobed
and clearly defined throughout by axial furrow.
V.Cam., Sib.-Que.-Vt.--FIG. 120,1. -C. elegans,
Sib.; la, ceph., XII; lb, pyg., XII.7 (I17-).

FIG. 122. -Spliaeragllos/lIS similis (BARRANDE)
(Sphaeragnostidae), Ord., Eu., X15.5 (4*,1872).

Machairagnostus HARRINGTON & LEANZA, 1957 [-M.
tme/lIs]. Glabella faintly trisegmented, blunt at
front end; genae rugose; anterior half of pygidial
axis trisegmented, rear half very much expanded,
with narrow central elevated portion set off by 2
parallel-sided longitudinal furrows that reach
backward to border; surface smooth. L.Ord., Arg.

FIG. 123. -Spinagnostlls franklinensis HOWELL
(Spinagnostidae), M.Cam., Vt., XI3 (71,1935).
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--FIG. 121. *M. tmettts, Tremadoc., Arg., X 18.5
(59*).

Rhaptagnostus WHITEHOUSE, 1936 [*AgnosttlS ey
clopygeformis SUN, 1924] [=Pselldorlzaptagl1osttts
LERMONTOVA, 1940]. Glabella faintly trisegmented,
anterior main lobe rounded at front; pygidial axis
trisegmented, with first 2 segments very short, 3rd
greatly expanded, faintly outlined by axial furrow
and marked along its medial axis by elongate
elliptical ring of pits; surface smooth. V.Cam.
L.Ord., China-Sib.-Arg.--FIG. 120,3. *R. eyclo
pygeformis (SUN), China; 3a, ceph., X5.5; 3b,
pyg., X6.3 (478*).

Family SPHAERAGNOSTIDAE
Kobayashi, 1939

Cephalon smooth, without trace of axial
furrow or border; pygidium smooth, with
subcircular axis that is only a little more
than half of shield length, border narrow.
Ord.

Sphaeragnostus HOWELL & RESSER in COOPER &

KINDLE, 1936 [*AgnosttlS similaris BARRANDE,
1872]. Characters of family. Ord., Eu.-Que.-
FIG. 122. *5. similaris (BARRANDE), Boh.; X 15.5
( 4*).

7a

4
CiceragnostusBaltagnostus

3

Eoagnostus6

2a

Sb

Sd

2b
Archaeagnostus

Cota lagnos tus

lb
Acadagnostus

Sc

Sa

FIG. 124. Spinagnostidae (p. 0184).
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Family SPINAGNOSTIDAE Howell, 1935
[Incl. Quadragnostinae HOWELL, 1935j Hypagnostinae IVSHIN.

1953] [=Pcronopsidae WESTERGARD. 1946; Rudagnostidae
LERMONTOVA. 1951 I

Glabella with 2 main lobes, anterior one
rounded in front or with this lobe partly or
entirely obsolete, longitudinal furrow in
front of glabella lacking or barely visible;
pygidial axis varying from long narrow and
pointed at rear (where it mayor may not
reach border) to long wide and more or less
bluntly pointed (in some expanded and
rounded at rear where it may reach border)
or rather short and evenly rounded at rear,
not approaching border. L.Cam.-U.Cam.
Spinagnostus HOWELL, 1935 [*5. franklinensis].

Glabella lacking frontal lobe, small spines at pos
terolateral corners of cephalon; pygidium with
wide flange bearing moderately large, backward
directed spines, axis bluntly rounded at rear, with
submedian, inconspicuous tubercle; surface smooth.
M.Cam., NE.USA--FIG. 123,1. *5. frallklinen
sis, Up.M.Cam., Centropleura vermontensis Z., St.
Albans Sh., NW.Vt.; 1a,b, ceph., pyg., XI3 (71).

Acadagnostus KOBAYASHI, 1939 [*Agnosttls acadiCllS
DAWSON, 1868]. Front lobe of glabella small but
present; pygidial axis long, not segmented, sub
triangular in outline, separating pleural fields at
rear; surface smooth. M.Cam., Eu.-Newf.-N.B.
Mont.--FIG. 124,1. *A. acadiclls (DAWSON),
Fossil Brook F., N.B.; 1a,b, ceph., pyg., X7
(429*).

Archaeagnostus KOBAYASHI, 1939 [*A. primigelleus].
Glabella with 2 main lobes; pygidial axis sub
triangular in outline, not segmented, not reaching
border; surface smooth. L.Cam., N.Y.--FIG.
124,2. *A. primigeneus, Schodack F.; 2a,b, ceph.,
pyg., Xl0 (309*).

Armagnostus HOWELL, 1937 [*A. megalaxis].
Glabella with 2 main lobes; pygidial axis wide,
somewhat expanded toward rear, with very poorly
developed transverse furrows, posterior end evenly
rounded, touching border; surface smooth. M.Cam.,
Vt.--FIG. 125,1. *A. megalaxis, St. Albans F.;
la, ceph., XlI.5; 1b, pyg., X12.3 (72*).

Baltagnostus LOCHMAN in LOCHMAN & DUNCAN,
1944 [*Proagllostus? centerellsis RESSER, 1938].
Glabella with 2 main lobes; pygidial axis with
slightly expanded rear lobe, bearing little or no
trace of transverse furrows, reaching border; sur
face smooth. M.Cam.-U.Cam., Ala. - Tenn. - Tex.
Mont.--FIG. 124,3. *B. celltere"sis (RESSER),
Conasauga F., Ala.; X14.25 (235*).

Ciceragnostus KOBAYASHI, 1937 [*AgllostllS barlowi
BELT, 1868]. Glabella obsolete except for rear end;
pygidial axis faint except at anterior end; shields
thus like those of CotalagllostllS except for loss of
most of axial furrow. M.Cam., Eu.-Sib.--FIG.

10

Ib
Armognostus

FIG. 125. *Armagllostlls megalaxis HOWELL (Spin
agnostidae), M.Cam., Vt.; ceph., X 11.5; pyg.,

X 12.3 (72*,1937).

124,4. *C. barlowi (BELT), Menevian, Wales; X8
(114*).

Cotalagnostus WHITEHOUSE, 1936 [*Agnostlls lens
GRONWALL, 1902]. Glabella with only rear main
lobe present and that only partly outlined; pygi
dial axis subtriangular in outline, with transverse
furrows nearly or quite obsolete, not reaching
border at rear; surface smooth. M.Cam., Eu.-New£.
Sib.-China-Queensl. -- FIG. 124,5. *C. lens
(GRONWALL), Ptychagnostus punctuosus Z., Swed.;
5a,b, ceph., X8.3; 5c,d, pyg., X8.85 (334*).

Eoagnostus RESSER & HOWELL, 1938 [*E. roddyi].
Only rear main lobe of glabella outlined but that
one defined by axial furrow and straight trans
verse furrow; pygidial axis rounded triangular in
outline, evenly rounded at rear, not reaching back
ward to border; surface smooth. L.Cam., Pa.-
FIG. 124,6. *E. I'oddyi, Kinzers F.; XI7 (241*).

Euagnostus WHITEHOUSE, 1936 [*E. opimus]. An
terior lobe of glabella subtriangular in outline,
with faint longitudinal furrow in front of it;
pygidiaJ axis large, subtriangular in outline, ex
tending almost, but not quite, back to border, with
little or no trace of transverse furrows; surface
smooth. M.Cam., Queens!.--FIG. 124,7. *E.
opimlls, Anomocare Stage, Queens!.; 7a,b, ceph.,
pyg., X4.6 (339*).

Hypagnostus JAEKEL, 1909 [*AglloslIIs parvifrons
LINNARSSON, 1869]. Single main lobe in glabella
bluntly rounded in front; pygidial axis long, sub
triangular, transverse furrows faint or absent, axis
reaching border and separating pleural fields at
the rear; surface smooth. M.Cam., Eu.- ew£.-N.B.
Sib.-Arg.-China-Queensl.--FIG. 126,1. *H. par
I,ifrolls (LINNARSSON), Hypagnostus parvifrons Z.,
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Swed.; la,b, ceph., with thoracic segments, pyg.,
X8.2 (334·).

Kormagnostus RESSER, 1938 [·K. simplex]. No
front lobe on glabella, rear main lobe truncated
anteriorly by straight transverse furrow; pygidial
axis large, slightly expanded backward, dividing
narrow pleural fields widely at rear; surface
~mooth. V.Cam., Tenn.-Que.-Mont.--FIG. 126,2.
·K. simplex, Nolichucky F., Tenn.; 2a,b, ceph.,
pyg., X7.6 (235·).

Oedorhachis RESSER, 1938 [·0. typicalis]. Front
main lobe of glabella subquadrate in outline; rear
lobe of pygidial axis subcircular in outline, much
wider than anterior part of axis ; surface smooth.
V.Cam., Ala.--FIG. 126,4. ·0. typicalis, Noli
chucky F.; X8.5 (235·).

Pentagnostus LERMONTOVA, 1940 [·P. anabal'ensis].
Anterior lobe of glabella evenly rounded in front,
with slight trace of longitudinal furrow in front
of it; pygidial axis trilobed, with rear lobe sub-

2a
3a

3b

Pentagnostus2b

Kormagnostus
lb

Hypagnostus

la

4
Oedorhachis Peronopsis

6a

6b
Quadragnostus

FIG. 126. Spinagnostidae (p. 0184-0186).
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FIG. 128. *Eurudagnostlls grandis LERMONTOVA
(?Micragnostidae), U.Cam., Kazakhstan; ceph.,

pyg., X6 (423, 1951) (p.0179).

Peronopsis HAWLE & CORDA, 1847 [*Rattus integer
BEYRICH, 1845] [=DiplorrlJina HAWLE & CORDA,
1847; MesosplzenisclIS HAWLE & CORDA, 1847;
Mesagllostlls JAEKEL, 1909 (obj.); PseudoperOIlOp
sis HARRINGTON, 1938]. Front lobe of glabella sub
quadrate; pygidial axis widely subtriangular in
outline, with little or no trace of transverse fur
rows, reaching backward to border or not; sur
face smooth. M.Cam., Eu.-Sib.-Manch.-N.B.-Monr.
--FIG. 126,5. *P. integra (BEYRICH), Paradoxides
beds, Boh., X 12 (3*).

Quadragnostus HOWELL, 1935 [*Q. solllS]. Cepha
Ion like that of Peronopsis; pygidial axis narrowly
triangular in outline, reaching back almost or
quite to border; surface smooth. M.Cam., Vr.
Swed.-Denm.--FIG. 126,6. *Q. salus, St. Albans
F., Vr.; 6a, ceph., X6.4; 6b, pyg., X5.3 (71*).

Sulcatagnostus KOBAYASHI, 1937 [*Agnosltts seeuri
ger LAKE, 1906]. Cephalon like that of Peronopsis
but with furrows radiating across genae; rear lobe
of pygidial axis broadaxe-shaped, greatly expanded
at rear, where it reaches border, pleural fields nar
row and widely separated by axis. V.Cam., Eng.
--FIG. 127,1. *5. seCt/riger (LAKE); X6 (114*).

X6 (114*).
Tomagnostella KOBAYASHI, 1939 [*AgnomlS ex

smlptlls ANGELlN, 1851]. Front main lobe of
glabella obsolete, rear main lobe truncated in
front; genae crossed by radiating furrows; pygi
dium not definitely known. M.Cam., Swed.-Denm.
--FIG. 127,2. *T. exsculpta (ANGELlN), Andra
rum F., Swed.; 2a,b, ceph., X5.5; 2c,d, pyg.,
x7.5 (334*).

2d

2b

Tomagnostella
2c

2a

Sulcatagnostus

FIG. 127. Spinagnostidae (p. 0186).

triangular in outline and not reaching backward
to border; surface smooth. M.Cam., Sib.--FIG.
126,3. *P. anabarensis; 3a, ceph., X8.2; 3b, pyg.,
X7.6 (117*).
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Suborder EODISCINA Kobayashi,
1939

[nom. correct. MOORE, herein (pro Eodiscini KOBAYASHI,
1939)] [=superfamily Eodiseidea RICHTER, 1932 (partim);
Dawsoniidea KOBAYASHI, 1943; order Dawsonida LERMONTOVA,
1951; superfamily Agnostacea HENNING'MOEN, 1951 (partim);
superfamily Eodiscoidae HUPE, 1953J [Typc--Eodiscus HARTT

in WALCOTT, 1884]

Small isopygous trilobites with 2 or 3
thoracic segments. Glabella usually well de
fined, subcylindrical or tapered; occipital
ring rounded or spinose. Genae elevated lat
erally, depressed in front of glabella. Ceph
alic border may have tubercles or radial
markings. Facial sutures either of proparian
type, with small, lateral librigenae (Pagetii
dae) or entirely lacking (Eodiscidae); eyes
usually absent in latter case. Hypostoma
present (Pagetia). Pygidial axis with nor·

mal segmentation, of 4 to 12 rings, usually
long and prominent; pleural regions fur
rowed or not, with distinct, narrow border;
margin smooth, rarely denticulate. Axial or
terminal spine present in some genera.
Cephalic and pygidial doublures invariably
narrow. Animal possessing faculty of en
rollment. L.Cam.-M.Cam. (46, 117,339).

Family EODISCIDAE Raymond, 1913
[Incl. Calodiscinae, Spinodiscinae, Brevidiscinae KOBAYASHI,

1943] [=Dawsoniidae RESSER, 1937; Weymouthiidae KOBAY

ASHI, 19431

Both eyes and facial sutures usually lack
ing; exceptionally (Opsidiscus) vestigial eyes
may be retained but sutures are fused.
Thorax with 2 or 3 segments. L.Cam.-M.
Cam. (46, 117).

lb

~
~~..

. .

. ~.~ ..•..: \.'

2c
10 2b

Colodiscus

Eodiscus

30

Calodiscus

3b

40

Dowsonio

FIG. 129. Eodiscidae (p, 0188).
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Serrodiscus

We¥mouthio
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FIG. 130. Eodiscidae (p. 0188).

L.Cam., Eu.-N.Am.--FIG. 130,1. S. speciosus
(FORD), N.Y.; la-c, exoskel., ceph., pyg., X4.5
(448n).

Weymouthia RAYMOND, 1913 ["Agnostus? nobilis
FORD, 1872]. Cephalon and pygidium subequal,
with all furrows except border one obsolete, at
least on outer surface. Thorax with 3 segments.
Size small. L.Cam., Eu.-N.Am.--FIG. 130,3.
"W. nobilis (FORD), N.Y.; 3a,b, ho[otype, thorax
lacking, X9 (46).

Family PAGETIIDAE Kobayashi, 1935
[nom. correct. WESTERGARD, 1946 (pro Pagetidae KOBAYASHI,

1935)] [Incl. De1gadoiinae KOBAYASHI, 1943]

Eyes and facial sutures well developed;
course of sutures proparian, librigenae small.

Eodiscus HARTT in WALCOTT, 1884 ["E. pulchellus
(=Mierodiscus scanicus LINNARSSON, 1883)]
[=Mierodiscus SALTER, 1864 (non EMMONS,
1855); Spinodiscus, Deltadiscus KOBAYASHI, 1943].
Glabella shorr, extended into strong spine; pre
glabellar depression in shape of longitudinal fur
row; cephalic border narrow, finely crenulated or
smooth. Thorax with 3 segments. Pygidium with
long axis divided into numerous rings; pleural
fields usually unfurrowed. Surface punctate
or tuberculate. M.Cam., E.N.Am.-NW.Eu.(Acad.
Bait. prov.)--FIG. 129,1. E. punctatus (SALTER),
Newf.; la,b, whole exoskel., ceph., X7.5
(448n).

Calodiscus HOWELL, 1935 [pro Goniodiscus RAy
MOND, 1913 (non MULLER & TROSCHEL, 1842)]
["Agnostus lobatus HALL, 1847] [=Bretlidiscus
KOBAYASHI, 1943]. Cephalon semicircular; glabella
parallel-sided to tapering, in some species with
shallow transglabdlar furrows; occipital furrow
impressed, occipital ring rounded or with short
spine; border of medium width, smooth or tuber
culate. Pygidial axis prominent, segments few;
pleural fields furrowed or smooth; margin entire
or faintly serrate. Size small. L.Cam., Eu.-N.Am.
--FIG. 129,2. "C. lobatus (HALL), N.Y.; 2a,
ceph., X12; 2b,c, pyg., X12 (448n).--FIG.
129,3. C. meeki (FORD), N.Y.; 3ap, ceph., X7.5
(448n).

Dawsonia HARTT in DAWSON, 1868 ["Mierodiscus
dawsoni HARTT in DAWSON, 1868] [=Aculeodis
cus SNA]DR, 1951; ?Metadiscus KOBAYASHI, 1943].
Glabella tapered; occipital ring extended into long
spine; genae elevated, preglabellar depression deep;
border wide, elevated, with coarse crenulations.
Thorax with 2 segments. Pygidium with long,
furrowed axis; pleural fields furrowed. Surface
granulose. Size small. M.Cam., E.N.Am.-NW.Eu.
(Acad.-Balt. prov.)--FIG. 129,4. "D. dawsoni
(HARTT), N.B.; 4a-c, whole exoskel., ceph., pyg.,
x7.5 (448n).

Opsidiscus WESTERGARD, 1950 [pro Aulacodiscus
WESTERGARD, 1946 (non DOUVILLE, 1921)]
["Aulacodiscus bilobatus WESTERGARD, 1946] .
Glabella divided by anterior transglabellar fur
row; occipital furrow and spine developed; eyes
marked as tubercles, but facial sutures fused.
Pygidium with furrowed axis, smooth pleural
fields. Size small. M.Cam., Eu.--FlG. 130,2. "0.
bilobatus (WESTERGARD), Swed.; 5a,b, ceph., pyg.,
X12 (334).

Serrodiscus RICHTER & RICHTER, 1941 ["S. serratus]
[=Paradiscus KOBAYASHI, 1943]. Cephalon semi
elliptical; glabella tapered; occipital ring simple;
border narrow, tuberculate; preglabellar depres
sion shallow. Thorax with 3 segments. Pygidial
axis long, with numerous rings; pleural fields un
furrowed; border narrow, with small marginal
spines. Size large (I5 to 40 mm.) for eodiscids.
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Thorax with 2 or 3 segments. L.Cam.-M.
Cam. (46, 117,339).
Pagetia WALCOTT, 1916 [*P. bootes] [=Eopagetia,

Mesopagetia KOBAYASHI, 1943; ?Pagetina LERMON

TOVA, 1940 (non BARNARD, 1931)]. Glabella well
defined, tapered; occipital ring extended into long

spine; fixigenae elevated posteriorly, preglabellar
depression well marked; border rather narrow, with
radial markings; palpebral lobes short and nar
row, eye ridges distinct in some species; librigenae
lateral, small; facial sutures directed transversely to
margin both in front and behind eyes. Thorax
with 2 segments. Pygidium with long, well-seg-

30

3b

50

Neocobboldio

2b

Hebediscus
2c

20

Pogetio

Pogetides Pogetiellus Pogetides

FIG. 131. Pagetiidae (p. 0189-0190).
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mented axis extended into spine; pleural regions
furrowed or not, with narrow border; margin
smooth. L.Cam.-M.Cam., N.Am.-Asia-Austral.-
FIG. 131,1. "'P. bootes, M.Cam., B.C.; whole exo
skel., X7.5 (448n).

De1gadella WALCOTT, 1912 ['"Lingulepis lusitanica
DELGADO, 1904 (=Mierodiscus souzai, M. wood
wardi DELGADO, 1904)] [=Delgadoia VOGDES,
1917; Delgadodiscus KOBAYASHI, 1935; Alemtejoia
KOBAYASHI, 1943]. Cephalon with undefined glab
ella, distinct border furrow, and narrow, smooth
border; librigenae as in Pagetia. Thorax with 3
segments. Pygidium subtriangular, trilobed; bor~

der distinct, in some species extended into ter~

minal spine (292). L.Cam., Eu.(Port.).

Hebediscus WHITEHOUSE, 1936 [*Ptychoparia? attle
borensis SHALER & FOERSTE, 1888]. Glabella
straight-sided, tapered, unfurrowed; occipital ring
simple; border furrow shallow, border Hat;
palpebral lobes relatively long, palpebral furrows
indistinct; librigenae larger than in other genera
of family, sutures doubtfully proparian. Thorax
with 3 segments. Pygidium of typical eodiscid
shape; axial furrows shallow; pleural fields smooth;
margin rounded. L.Cam., Eu.-N.Am.(Acad.-Balt.
prov.).--FIG. 131,2. *H. attleborensis (SHALER
& FOERSTE), Newf.; 2a,b, cran., X6; 2c, pyg.,
X6 (448n).

Neocobboldia RASETTI, 1952 [pro Cobboldia LER
MONTOVA, 1940 (non BRAUER, 1887; nee LEIPER,
1910)] ["'Cobboldia dentata LERMONTOVA, 1940].
GlabeI1a prominent, sides subparallel; occipital ring
rounded; cephalic border rather narrow; palpebral
lobes and furrows well developed. Thorax with
3 segments. Pygidial axis elevated, with few rings;
pleural fields furrowed; margin denticulate. L.
Cam., Sib.--FIG. 131,3. 'liN. dentata (LERMON
TOVA), Lena Valley; 3a,b, cran., pyg., X 12 (117).

Pagetides RASETTI, 1945 ['lip. elegans]. Similar to
Pagetia but palpebral lobes and furrows more dis
tinct; cephalic "border expanded mesially, border
and axial furrows meeting in preglabellar de
pression. Thorax with 3 segments. Pygidium with
long, multisegmented axis lacking terminal spine;
pleural fields usually smooth. L.Cam., N.Am.
(Appal.)--FIG. 131,4. 'lip. elegans, Que.; 4a,b,
cran., X7.5; 4e, pyg., X7.5 (448n).--FIG.
131,5. P. rupestris RASETTI, Que.; 5a,b, cran.,
X7.5; 5c, pyg., x7.5 (448n).

Pagetiellus LERMONTOVA, 1940 [*Mierodiscus lenai
cus TOLL, 1899]. Cephalon highly convex; axial
furrows almost obsolete, glabellar and occipital
furrows lacking; border furrow and narrow
border distinct; palpebral lobes poorly defined.
Thorax with 3 segments, markedly trilobed. Pygi
dium strongly convex, with long, poorly defined
axis; border furrow and narrow border present.
L.Cam., Sib.--FIG. 131,6. 'lip. lenaicus (TOLL),
Lena Valley; specimen lacking only librigenae,
X7.5 (117).

b

FIG. 132. *Olenel!us thompsoni (HALL), L.Cam.,
Vt.; a, dorsal exoskel., XO.6; b, posterior extremity,

X 1.7 (312).

?Triangulaspis LERMONTOVA, 1940 ["'Ptychoparia
meglitzkii TOLL, 1899]. Glabella prominent, taper
ing, extended posteriorly into large spine; fixigenae
wide, rising toward eyes; anterior border furrow
straight, transverse, merging with axial furrows
on mid-line; border wide (sag.), swollen, sub
triangular. [May be an eodiscid or multisegmented
trilobite related to Strenuaeva.] L.eam., Sib.

Order REDLICHIIDA Richter, 1933
[nom. correct. MOORE, herein (pro Redlichiina. RICHTER,
1933J [=suborder Micropygia GURICH, 1907 (parum); sub
order Mesonacida SWINNE'RTON, 1915 (partim),' order MeSOD#
acid.. POULSEN, 1927; suborder Redlichiina RICHTER, 1933

(partim)l IType.,-Redlichia CosSMANN. 1902J

Trilobites with relatively large semicircu
lar cephalon, commonly with well-developed
genal spines, numerous thoracic seg!fi~nts,

and diminutive or rudimentary pygldJUffi;
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facial sutures of opisthoparian type or
ankylosed, glabella typically well segmented,
eyes tending to be elongate crescentic. L.
Cam.-M.Cam.

Suborder OLENELLINA Resser,
1938

[nom. corr(c!. MOORE, herein (pro order Olenellida RESSER.

1938)] [=suborder Mesonacida SWINNERTON, 1915; order
Mesonacida POULSEN, 1927; superfamily Olenellidea RICHTER,
1941; order Protoparia ST~RMER, 1942 (non SWINNERTON,
1915); superfamily OlendIacea HENNINGSMOEN, 1951; super
family Olenelloidae Hupf, 1953] [Type-Olendltt! HALL,

1881 J

Exoskeleton elongate, nearly flat or with
low convexity. Cephalon relatively large,
subsemicircular, commonly with well
marked border and prominent genal spines;
glabella elongate, generally with distinct
furrows; eyes typically large, crescentic;
facial sutures ankylosed. Rostral plate sickle
shaped, reaching to genal angles. Thorax

composed of numerous segments that bear
strong furrows and commonly terminate in
spines. Pygidium diminutive to rudimen
nary. L.Cam.

Family OLENELLIDAE Vogdes, 1893
r=emend. Mesonacidiae WALCOTT, 1891] [Mesonacidae WAL

COTT. 1910] [nom. consav. proposed MOORE, 1958, ICZN
pend.]

Exoskeleton subovate to elongate, almost
flat to moderately convex, micropygous.
Cephalon subsemicircular to semielliptical,
devoid of dorsal sutures, with well-defined
border, 3 to 5 pairs of lateral glabellar
furrows, eyes mostly large, genal spines
usually present. Thorax generally composed
of numerous segments with well-defined
pleural furrows and well-developed pleural
spines or acutely terminating, falcate distal
portions. Pygidium of a single segment or
with a couple of segments indicated. Outer

1
Fremontella

2
Judomia

,,, ,
\'
",\

, ,
""r,

r,
rr

11

Fremontia
Fallotaspis

FIG. 133. Olenellidae (Olenellinae, Callaviinae, Fallotaspidinae) (p. 0192-0194).
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surface usually covered with granules or
delicate network of raised lines or both.
L.Carn.

Subfamily OLENELLINAE Vogdes, 1893
lnom. transl. HUPE, 1953 (ex 01endlidae VOCDES, 1893) 1

Exoskeleton subovate or (rarely) elongate.
Glabella usually subcylindrical, with 3 pairs
of lateral furrows, 2nd pair separated from
axial furrows by confluent lateral glabellar
lobes (in mature specimens); metagenal
spines may be present in adult specimens.
Hypostoma with multidentate or (rarely)
entire posterior margin. Thorax of 14 pro
thoracic segments with well-developed
pleurae terminating in long, obliquely back
ward- to strictly backward-directed pleural
spines, followed by a variable number (to 30
or more) of poorly developed opisthothor
acic segments with more or less rudimentary
pleura; 3rd prothoracic segment strongly
macropleural; 1st opisthothoracic segment
with long axial spine. Pygidium a minute,
undivided plate. Outer surface irregularly
line or finely reticulate or smooth. L.Carn.

01enellus BILLINGS, 1861 [pro Barrandia HALL,
1860 (non M'Coy, 1849)] [*Olenus thompsoni
HALL, 1859; SD WALCOTT, 1896] [=Mesonacis
WALCOTT, 1885]. Glabella long, with rounded
frontal lobe, usually reaching anterior border fur
row; palpebral lobes mostly long, terminating, op
posite occipital furrow or farther back. Hypo
stoma without stalk (241, 282, 312). L.Cam., N.
Am.-GreenI.-Scot.--FIG. 132. *0. thompsoni
(HALL), Vt.; a, dorsal exoskeI., XO.7; b, pos
terior part of same, X 1.7 (312).

Bristolia HARRINGTON, 1956 [*Mesonacis bristoten
sis RESSER, 1928]. Differs from Olenellus in hav
ing hourglass-shaped glabella with pyriform
frontal lobe, much shorter, slightly anterior palpe
bral lobes, narrowly obtuse to acute metagenal
angles, well-advanced genal spines, and anteriorly
narrowing cephalic border (56). L.Cam., N.Am.
--FIG. 133,3. *B. bristolensis (RESSER), Calif.;
ceph., Xl (231).

Fremontella HARRINGTON, 1956 [*Wanneria halli
WALCOTT, 1910]. Differs from Bristolia in hav
ing parallel-sided glabella with evenly rounded
frontal lobe slightly encroaching on anterior bor
der, slightly posterior palpebral lobes, and almost
flat, much wider anterior border (56). L.Cam., N.
Am.--FIG. 133,1. *F. halli (WALCOTT), Ala.;
ceph., Xl (56).

Fremontia RAW, 1939 [*Olenellus fremonti WAL
COTT, 1910]. Differs from Olenellus in having
much shorter palpebral lobes, broadly obtuse meta
genal angles, and somewhat advanced genal spines

FIG. 134. *Laudonia bispinata HARRINGTON (Olene!
linae), L.Cam., W.Can.(B.C.); ceph., X3 (56).

(56). L.Cam., N.Am.--FIG. 133,4. *F. frernontt
(WALCOTT), Calif.; ceph., X 1.5 (231).

Laudonia HARRINGTON, 1956 [*L. bispinata]. Dif
fers from Fremontella in having conspicuous meta
genal spines in direct continuation of lateral bor
der, simulating true genal spines (56). L.earn.,
N.Am.--FIG. 134. *L. bispinata, B.C.; ceph.,
X 4.5 (56).

Paedeumias WALCOTT, 1910 [*P. transitans]. Dif
fers from Olenellus in having median ridge ex
tending from frontal glabellar lobe to anterior
border, and stalk connecting hypostoma with
rostral plate (312, 241). L.Cam., N.Am.-GreenI.
Scot.-Sib.--FIG. 135,5. *P. transitans, Vt.; dor
sal exoskeI., X 1.8.--FIG. 138,2. P. yorkense RES
SER & HOWELL, Pa.; median part of rostral plate
with hypostoma, X2 (312).

Peachella WALCOTT, 1910 [·Olenellus iddingsi
WALCOTT, 1884]. Differs from Olenellus in hav
ing tumid, bluntly terminating genal spines (312).
L.eam., N.Am.--FIG. 135,6. *P. iddingsi (WAL
COTT), Nev.; 6a, cephalon, X2; 6b, genal angle
and genal spine, X3 (312).

Subfamily CALLAVllNAE Poulsen, nov.

Exoskeleton subovate. Glabella subcylin
drical to slightly clavate, with 3 to 5 pairs of
glabellar furrows; occipital spine usually
present; anterior and lateral cephalic border
wide, slightly convex; palpebral lobes long,
evenly curved. Posterior margin of hypo
stoma entire. Thorax (as far as known) con
sisting of 16 or 17 prothoracic and 1 or 2
slightly reduced opisthothoracic segments;
a median axial spine usually present on each
axial ring; pleurae straight to gently curved,
sword-shaped, passing gradually into strong,
falcate extremities; 3rd thoracic segment
normal; articulation apparatus consisting of
a row of articular cones and sockets in axial
furrows. Pygidium a minute, appare~t1y
undivided plate. Outer surface finely retIcu
late. L.Carn.
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Callavia MATTHEW, 1897 [*Olenellus (Mesonacis)
broggeri WALCOTT, 1890; SD WALCOTT, 1910)
[=Cobboldus RAW, 1936). Glabella usually sub
cylindrical, fairly narrow, with 4 or 5 pairs of
lateral furrows and frontal lobe tapering to a
more or less narrowly rounded front; strong occi
pital spine usually present; posterior cephalic bor
der generally with well-developed metagenal
spines situated very close to genal angles. Hypo
stoma connected with rostral plate by median part
of its anterior margin (204, 312). L.Carn., E.N.
Am.-Eng.-?Sp.-N.Afr.--FIG. 136. *C. broeggeri
(WALCOTT), Newf.; a, restored dorsal exoskel.,

XO.5; b, median part of rostral plate wtih hypo
stoma, X I.3 (312).

Judomia LERMONTOVA, 1951 [*J. dzetlanotlskii).
Differs from Callatlia and Kjerulfia in having pal
pebral genal region occupied by obliquely back
ward-directed extensions of anterior and next
following lateral glabellar lobe (1l8). L.Carn., Sib.
--FIG. 133,2. *J. dzetlanotlskii; fragmentary
ceph., X I (1l8*).

Kjerulfia KlAR, 1917 [*K. lata) . Differs from
Callatlia in having frontal glabellar lobe expanded
laterally beyond lateral glabellae lobes, 3 pairs of
lateral glabellar furrows only, minute occipital

Paedeumias

Olenelloides

Peachella

Holmio

2b

Nevadia

Elliptocephala

FIG. 135. Olenellidae (Olenellinae, Elliptocephalinae, Holmiinae, Nevadiinae, Olenelloidinae)
(p.0192-0195).
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FIG. 136. ·Cal/auia broeggeri (WALCOTT) (Olenelli
dae, Callaviinae), L.Cam., Newf.; a, dorsal exo
skel., XO.4; b, hypostoma and part of rostral plate,

Xl.8 (312).

spine, posterior cephalic border without metagenal
spines, rnetagenal angles situated remote from
genal angles and total anterior margin of much
wider hypostoma connected with rostral plate
(90). L.Cam., Norway-?Swed.-?Eng.--FIG. 137,
1. "'K. lata, Norway; la, restored dorsal exoskel.,
X0.57; 1b, ventral side of ceph., showing rostral
plate and hypostoma, X0.57 (90).

Subfamily ELLIPTOCEPHALINAE Hupe, 1953

Exoskeleton subovate. Glabella very wide,
somewhat clavate, with broadly rounded
front and 4 pairs of lateral furrows; pre
glabellar field short in mature specimens;
palpebral lobes long, semicircular, surround
ing relatively large intra-ocular genal re
gions; cephalic border fairly narrow, mod-

eratdy convex. Hypostoma not known with
certainty. Thorax of 13 prothoracic segments
with fairly wide axis, median axial nodes
and straight to gently curved pleurae passing
gradually into strong, falcate extremities,
and 5 considerably reduced opisthothoracic
segments, typically with long, backward
directed axial spines. Pygidium minute,
transverse, with only a trace of an anterior
segment. Outer surface finely granulate and
reticulate. Character of ventral parts un
known. L.Cam.
Elliptocephala EMMONS, 1884 ["'E. asaphoides]

[=Ebenezeria MARCOU, 1888 (obj.); Georgiellus
MOBERG, 1899 (obj.)] (303). L.Cam., E.N.Am.
--FIG. 135,1. "'E. asaphoides, N.Y.; dorsal
exoskel., X0.45 (312).

Subfamily FALLOTASPIDINAE Hupe, 1953

Exoskeleton elongate. Cephalon much
wider than thorax, with subconical glabella
commonly separated from anterior border
by short preglabellar field, 5 pairs of lateral
furrows (anterior 2 pairs indistinctly de
fined in some), trilobate occipital ring, wide
anterior and lateral border furrow, mod
erately wide, slightly convex anterior and
lateral border, long, prominent, slightly
curved palpebral lobes terminating opposite
to occipital furrow or farther back, and very
long genal spines. Hypostoma unknown.
Thorax of 17 prothoracic and some opistho
thoracic segments, with trilobate axial rings
and broad, very short pleural furrows; pro
thoracic pleurae straight to slightly curved,
with spined to obliquely truncated, pointed
extremities; 3rd segment strongly macro
pleural; opisthothoracic pleurae strongly
curved. Pygidium minute, of 1 or ?2 seg
ments with very narrow pleural fields.
Outer surface (as far as known) granulate.
L.Carn.
Fallotaspis HUPE, 1953 [pro Fallotia HUPE, 1953

(non DOUVILLE, 1902)] ["'F. typical (77). L.
Cam., N.Afr.-?Eng.--FIG. 133,5. "'F. typica,
Morocco; restored dorsal exoskel., XI (77).

Subfamily HOLMIINAE Hupe, 1953

Exoskeleton subovate to elongate. Cepha
Ion considerably wider than anterior part of
thorax. Glabella subcylindrical to more or
less clavate, with 3 pairs of lateral fur
rows. Metagenal angles situated fairly close
to occipital ring. Thorax (as far as known)
of 16 to 17 normally developed segments
with wide axis and relatively narrow pleu-
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2

Kjerulfia

FIG. 137. Olendlidae (Callaviinae, Neltneriinae) (p. 0193-0196).

Neltneria

0195

ral regions. Pygidium minute, with 1 to ?3
segments. L.earn.
Holmia MATTHEW, 1890 [·Paradoxides kierulfi

LINNARSSON, 1871] [=Esmeraldina RESSER &

HOWELL, 1938]. Cephalon considerably wider than
thorax; glabella clavate, broadly rounded in front,
with laterally expanded frontal lobe; small occi
pital spine present; palpebral lobes strongly and
evenly curved; posterior cephalic border with well
developed metagenal spines in type species.
Thorax of 16 segments with axial spines especially
well developed near pygidium, and pleurae ter
minating in obliquely backward-directed spines,
posterior ones being approximately falcate and al
most enveloping pygidium. Pygidium with 2 axial
rings in addition to rounded terminal portion, ex
tremely narrow pleural fields gently curved lat
eral margins, and almost rectilinear posterior mar
gin. Outer surface finely reticulate (90), L.Cam.,

Eu.-N,Am.--FIG. 135,2. "'H. kierulfi (LIN
NARSSON), Norway; 2a, restored dorsal exoskel.,
XO.7; 2b, ventral view of ceph., showing rostral
plate and hypostoma, XO.7 (90).

Bondonella HUPE, 1953 ["'E. typica]. DitIers from
Holmia in having cephalon of about same width
as middle portion of thorax, subcylindrical glabella,
longer, moderately curved palpebral lobes, an
teriorly contracted thorax of 17 segments without
axial spines, and pygidium with 1 or 2 axial seg
ments and probably dentate posterior margin. Sur
face markings unknown (77). L.Cam" N,Afr.-
FIG. 138,3. ·E. typica, Morocco; restored dorsal
exoskel., Xl (77).

?Schmidtiellus MOBERG in MOBERG & SEGERBERG,
1906 [pro Schmidtia MARCOU, 1890 (non VOL
BORTH, 1869)] ["'Olenellus mickwitzi SCHMIDT,
1888]. DitIers from Holmia in much-reduced
frontal glabellar lobe, unevenly curved palpe
bral lobes with long, almost straight proximal
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Paedeumias

Ib
Schmidtiellus

FIG. 138. Olenellidae (OleneIlinae, Holmiinae) (p. 0192-0195).

3
Bondonello

portion and short, more or less abruptly curved
distal portion, thorax (number of segments un
known) with long axial spine on 6th segment from
pygidium, which has narrower axis and wider
pleural fields, and outer exoskeletal surface with
finely granulate areas in addition to fine reticula
tion (270). L.Carn., Balt.-?Swed.--FIG. 138,1.
"S. rnickwitzi (SCHMIDT), Est.; la, fragmentary
glabella with palpebral lobe, X2; Ib, posterior
part of dorsal exoskel., XI (270).

Subfamily NELTNERIINAE Hupe, 1953

Exoskeleton ovate. Glabella inverted
ovate, encroaching on anterior cephalic bor
der, with 3 pairs of oblique lateral fur
rows separated from axial furrows by con
fluent lateral glabellar lobes; occipital ring
trilobate, narrower than glabella and 1st
thoracic axial ring; anterior and lateral
cephalic border very wide, slightly convex;
palpebral lobes long, slightly curved, delim
iting extremely narrow intra-ocular genal
portion, their distal ends touching posterior
lateral glabellar lobe; genal spines short,
stout, rapidly tapering. Hypostoma un
known. Thorax of 11 prothoracic segments
with trilobate axial rings, very short pleural
furrows, and strong falcate extremities; 11th
segment macropleural, followed by 5 or 6
opisthothoracic segments with more strong
ly curved, bluntly terminating pleurae. Pygi
dium minute, number of segments un
known, with evenly curved posterolateral
margin. Surface markings unknown. L.
Cam.

Neltneria HUPE, 1953 ["Wanneria jaqueti NELTNER
& POCTEY, 1950] (77). L.Carn., N.Afr.--FIG.
137,2. "N. jaqueti (NELTNER & POCTEY), Morocco;
restored dorsal exoskel., XO.7 (77).

Subfamily NEVADIINAE Hupe, 1953

Exoskeleton subovate. Cephalon very
wide, with narrow, conical glabella, 3 trans
glabellar furrows, short to long, moderately
to strongly curved palpebral lobes, very wide
extra-ocular genal regions, and short, rapidly
tapering genal spines. Hypostoma unknown.
Thorax (as far as known) of 17 to 28 seg
ments with gradually tapering axis, pro
thoracic ones having short-furrowed pleurae
with long, acutely terminating, falcate dis
tal portion; 3rd segment normal. Pygidium
a minute, undivided plate. Outer surface
minutely granulate and irregularly reticu
late. L.Carn.
Nevadia WALCOTT, 1910 ["N. weeksi]. Cephalon

about 3 times as wide as long, with well-developed
preglabellar field and narrow border. Thorax (as
far as known) of 17 prothoracic segments, fol
lowed by 11 post-thoracic ones with rudimentary
spinel ike pleurae (312, 204). L.earn., W.N.Am.
?Eng.--FIG. 135,3. "N. weeksi, Nev.; dorsal
exoskel. without pygidium and posterior part of
opisthothorax, XO.45 (312).

Nevadella RAW, 1936 ["Callavia eucharis WALCOTT,
1913; SD WHITEHOUSE, 1939]. Differs from
Nevadia in having longer cephalon with longer
glabella, short preglabellar field or lacking it,
border wide. Thorax of 17 to 23 segments; char-
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acter of posterior part of thorax incompletely
known (204). L.Carn., N.Am.

Subfamily OLENELLOIDINAE HupC, 1953

Minute (?neotenic) forms. Exoskeleton
narrow, elongate. Cephalon more or less
distinctly hexagonal, with well-developed
pergenal, genal, and metagenal spines, sub
tapering glabella extended to narrow an
terior border, 3 pairs of lateral furrows
(generally transglabellar), genae narrower
than glabella, palpebral lobes very short.
Hypostoma unknown. Thorax of 8 seg
ments with axis about twice as wide as
pleural regions, and macropleural develop
ment of 3rd and 6th segments. Pygidium
unknown. Outer surface finely reticulate. L.
Cam.
Olenelloides PEACH, 1894 ["0. armatus] (114,312,

164). L.Carn., Scot.--FIG. 135,4. "0. arrnatus;
ceph. and thorax, X 3 (164).

Subfamily WANNERIINAE Hupe, 1953

Exoskeleton subovate. Cephalon inconsid
erably wider than anterior part of thorax,
with fairly wide anterior and lateral border.
Glabella clavate, with strongly expanded
frontal lobe and 3 pairs of lateral glabellar
furrows. Metagenal angles remote from
occipital ring. Thorax (as far as known) of
15 prothoracic and a few opisthothoracic
segments; 3rd thoracic segment normal, and
15th furnished with long, very strong axial
spine; pleural regions fairly wide. Outer
surface finely granulate and more or less
coarsely reticulate. L.Cam.
Wanneria WALCOTT, 1910 ["Olenellus (Holrnia)

walcottanus WANNER, 1901]. Cephalon of adult
specimens without metagenal spines. Prothoracic
segments with axial nodes or spines, broad pleural
furrows, and long, acutely terminating, falcate ex
tremities; 16th and 17th (opisthothoracic) seg
ments without axial spines and with somewhat re
duced pleurae. Pygidium bilobate, apparently con
sisting of an axial ring and a pair of backwardly
directed, incompletely fused pleurae (173, 241,
312). L.earn., N.Am.-Greenl.-?Eng.-Silesia.-
FIG. 139. "W. walcottana (WANNER), Pa.; a, dor
sal exoskel., XO.7; b, pygidium and posterior part
of thorax, showing base of strong axial spine on
15th segment, X2; c, posterolateral portion of
hypostoma, showing reticulate surface and mar
ginal spines, X6 (312).

Family DAGUINASPIDIDAE Hupe, 1953
[nom. correct. POULSE~, herein (ex Daguinaspidae HUPE,

1953) 1

Exoskeleton elongate, moderately con
vex, micropygous. Cephalon heart-shaped to
subelliptical, devoid of dorsal sutures; taper-

c

a

FIG. 139. "Wanneria walcottana (WANNER) (Olen
ellidae, Wanneriinae), L.Cam., E.USA(Pa.); a, dor
sal exoskel., XO.7; b, pyg. and part of thorax, X2;

c, posterolateral part of hypostoma, X6 (312).
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Superfamily REDLICHIACEA
Poulsen, 1927

[nom. correct-. HENNINGSMOEN, 1951 (pro superfamily Red·
Ikhiidea RICHTER, 1933, nom. transl., ex Redlichidae POULSEN,

1927) ]

Characters of the suborder, but distin
guished by lack of expanded anterior part
of glabella and very elongate, crescentiform
nature of eyes; preglabellar field very nar
row or lacking. L.Carn.-M.Cam.

Suborder REDLICHIINA
Harrington, nov.

[=superfamily Redlichiidea RICHTER., 1933; Redlichiacea
HENNINGSMOEN, 1951; Redlichioidae HOPE, 1953] [Type

Redlichia COSSMAN"', 1902]

Dorsal exoskeleton elongate, subelleptical
in outline. Cephalon semicircular to semi
elliptical, mostly with prominent genal
spines; glabella with subparallel sides, nar
rowing forward, or expanding forward, gen
erally well segmented; facial sutures opis
thoparian; eyes mostly large, tending to be
crescentic. Thorax with numerous segments.
Pygidium small. L.Carn.-M.Carn.

FIG. 140. Daguinaspididae (p. 0198).

Choubertello
2

Daguinaspis HUPE & ABADIE, 1950 ["D. ambroggii].
Cephalon heart-shaped, more or less acuminate in
fr~nt, .almost as long as ~ide (in most subgenera),
wIth IDtrapalpebr~1 .por~on of g.enae considerably
narrower than occIpItal nng. Pygldium subcircular
with single axial ring and rounded axial termina:
tion (77). L.Cam., N.Afr.

D. (Daguinaspis). Length of cephalon generally
exceeding 0.75 of width. Intrapalpebral genal re
gion wider than posterior extra-ocular part of
cephalon (77). L.Cam., Morocco.--FlG. 140,1.
"D. (D.) ambroggii; restored dorsal exoskeleton
xl.S (445). '

D. (Eodaguinaspis) HUPE, 1953 ["D. (E.)
abadiei]. Length of cephalon about 0.75 of width.
Intrapalpebral genal region practically equal in
width to posterior extra-ocular part of cephalon
(77). L.Cam., Morocco.

D. (Epidaguinaspis) HUPE, 1953 ["D. (E.) an
gusta]. Cephalon almost as long as wide. Width
of intrapalpebral genal region practically equal
to that of posterior extra-ocular part of cephalon
(77). L.Cam., Morocco.

Da.guinospis Choubertella HUPE, 1953 ["C. spinosa]. Differs
from Daguinaspis in having much wider, trans
versely subelliptical cephalan with broadly rounded
anterior margin and wider intrapalpebral genal re
gion (77). L.Cam., N.Afr.--FIG. 140,2. "C.
spinosa, Morocco; restored ceph., X3 (77).

ing anteriorly truncated glabella with 3 to
5 pairs of lateral furrows; preglabellar
field well developed; with very long, more
or less distinctly trifid palpebral lobes;
genal angles rounded, spineless; lat
eral portion of extra-ocular gena narrow,
with broad border furrow and narrow bor
der; hypostoma unknown. Thorax of 17
(?16) segments in the type genus, with
gradually tapering axis and short, furrowed,
acutely terminating pleurae. Pygidium very
small. L.Carn.
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Neoredlichia

Pareops

Archaeops

Mesodemo

7

I,

"I'
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Paroredlichio

Redlichops
8

Redlichio

FIG. 141. Redlichiidae (Redlichiinae, Pararedlichiinae), Neoredlichiidae (p. 0200,0201).

Family REDLICHIIDAE Poulsen, 1927
[nom. correct. RICHTER, 1933 (pro Redlichidae POULSEN,

1927») [=Latiredlichiidae HUPE, 1953 (parlim)1

Dorsal exoskeleton opisthoparian, ovate,
very gently convex, micropygous. Cephalon
semielliptical; glabella long, tapering for
ward, rounded in front, with 3 pairs of
evenly spaced lateral glabellar furrows, an
terior pair (3p) faint, short, slightly oblique
forward-backward, remainder oblique back
ward-inward, subparallel to occipital fur
row; preglabellar field narrow; anterior bor
der wider, raised; eye lobes arcuate, long,
arising from frontal glabellar lobe, extend-

ing to level of occipital furrow or farther
back; facial sutures kainelliform, anterior
sections very divergent (90° to 45°); pos
terior area of fixigenae narrow (exsag.) ,
librigenae wide, with advanced genal spines.
Thorax of 11 to 17 segments; pleurae end
ing in spines, fulcrum distal. Pygidium
small, 1 or 2 segments. Surface of exoskele
ton smooth or very finely granulose. L.Cam.

Subfamily REDLICHIINAE Poulsen, 1927
[nom. transl. HARRINGTON, herein (ex Redlichiidae POULSEN,

1927) )

Proximal extremities of anterior sections
of facial sutures close to axial furrow, meet-
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FIG. 142. 'ORedlichaspis finalis (WALCOTT) KOBAYASHI (Redlichiidae, Redlichiinae), L.Carn., China, X2
(405).

ing eye lobe at level of mid-length of frontal
glabellar lobe; posterior extremity of eye
lobe close to axial furrow. L.Cam.
Redlichia COSSMANN, 1902 [pro Hoeferia REDLICH,

1899 (non BITTNER, 1895)] [*Hoeferia noetlingi
REDLICH, 1899]. Anterior lateral glabellar furrows
almost normal to axis, remainder oblique, pre
occipital and occipital furrows transglabellar in
internal molds; anterior border furrow pits may
be present in large individuals, anterior border
striated; eye lobes reaching level of occipital ring.
Thorax with 11 to 17 segments, 11 th bearing long
axial spine; mesial spine also may be developed
on 4th or 5th ring. Pygidium small, 1 or 2 seg
ments. Rostral plate long; hypostoma fused to
rostral plate, with globose anterior body and 2
pairs of short posterolateral spines. L.Carn., Korea
China-W. Pak.-Iran-AustraI.-?Sib. --FIG. 141,2.
'OR. noetlingi (REDLICH) COSSMANN, W.Pak.; ceph.,
restored (paratype librigenae attached to holotype
cran.); X1.35 (418).--FIG. 141,3. R. chinensis
WALCOTT, China; restored, X1.8 (488).

Latiredlichia HUPE, 1953 ['OL. saitoi (=Redlichia
cf. walcotti SAITO, 1934; non MANSUY, 1912)].
Differs from Redlichia in having shorter, wider,
and finely granulose glabella. Thorax and pygidium
unknown. L.Carn., China.--FIG. 141,1. 'OL.
saitoi; ceph., restored (paratype librigenae attached
to holotype cran.); X 1 (465).

Redlichaspis KOBAYASHI, 1935 ['ORedlichia? finalis
WALCOTT, 1913]. Like Redlichia but differs in
nature of glabellar furrows, course of facial suture,
and prominent occipital spine. L.Carn., China.-
FIG. 142. 'OR. finalis (WALCOTT); ceph., X2
(405).

?Bulaiaspis REPINA, 1956 ['OB. tlologdini). L.Carn.,
E.Sib. [Published as attributed to LERMONTOVA "in

coli." but L. N. REPINA indicated as actual author;
rderred by author to Redlichiidae (ReM).)

Saukiandiops HUPE, 1953 ['ORedlichia walcotti
MANSUY, 1912). Differs from Pseudosaukianda in
having chevron-shaped preoccipital furrow, straight
occipital furrow, occipital ring wider at middle,
no occipital node, transversely elongated anterior
pits, anterior branches of facial suture diverging
at 45 0 and longer eye lobes reaching level of
occipital furrow. Thorax and pygidium unknown.
L.Carn., China.--FIG. 145,3. 'IS. walcotti (MAN
SUY), cran., X2.5 (411).

Subfamily PARAREDLICHIINAE Hupe, 1953

Proximal ends of anterior sections of
facial sutures distant from axial furrows,
meeting eye lobes at level of 1st lateral
glabellar lobes (3P); posterior extremities of
eye lobes distant from axial furrows. L.Cam.
Pararedlichia HUPE, 1953 [*P. pulchella). Glabella

rounded-subtruncate in front, occipital furrow
transglabellar; eye lobes widening posteriorly,
reaching level of occipital furrow. Thorax and
pygidium unknown. L.Carn., China-Morocco.-
FIG. 141,6. *P. pulchella, Morocco; cran. (holo
type), X3 (411).

Archaeops HUPE, 1953 ["A. lui (=Redlichia wal·
cotti Lu, 1941; non MANSUY, 1912»). Differs from
Pararedlichia in having shorter frontal glabella!
lobe. L.Carn., China.--FIG. 141,5. *A. lUI;
cran. (holotype), X2 (426).

Mesodema WHITEHOUSE, 1939 [*M. l1enulosa).
Differs from Pararedlichia in having narrower
glabella, ill-defined axial furrow at level of 1st
(3p) and preoccipital glabellar lobes, narrower an
terior border, mesially subpointed occipital ring,
more divergent anterior sections of facial suture,
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Richterops

Resserops

FIG. 143. Neoredlichiidae (p. 0202).

more arcuate and longer eye lobes extending al
most to level of posterior edge of occipital ring,
and swol1en areas of fixigenae directly behind eye
lobes. L.eam., NE.Austral.--FIG. 141,9. *M.
tJenulosa; cran. (holotype), X 1.35 (493).

Pareops HUPE, 1953 [*P. transitans]. Differs from
Pararedlichia in having more arcuate eye lobes,
disconnected occipital furrow and straight occipital
ring. L.Cam., Morocco.--FIG. 141,7. *P. tran
sitans; cran. (holotype), Xl (411).

Redlichops RICHTER & RICHTER, 1941 [*Redlichia

(Redlichops) blanckenhorni]. Differs from Para
redlichia in having anterior lateral glabellar fur
rows (3p) directed obliquely forward, disconnected
occipital furrow, small occipital node, shorter
anterior sections of facial suture, longer and
more arcuate eye lobes, widening anteriorly and
extending back to level of mid-length of occipital
ring, much wider fixigenae, and finely granulose
surface. L.Cam., Jordan.--FIG. 141,8. "R.
blanckenhorni; cran. (holotype), X2.35 (461).

Family NEOREDLICHIIDAE Hupe, 1953

Dorsal exoskeleton opisthoparian, ovate,
slightly convex, isopygous. Cephalon semi
elliptical; glabella conical, with 3 pairs of
evenly spaced lateral glabellar furrows, an
terior pair (3p) slightly oblique forward or
backward, remainder oblique backward;
preglabellar field narrow or absent; anterior
border wide, flat; anterior pits generally
present, transversely elongated; anterior sec
tions of facial suture moderately divergent
(less than 45°) to border furrow, slightly
curved outward across border; eye lobes
long, decurrent along frontal glabellar lobe,
strongly arcuate posteriorly, reaching level
of occipital furrow or farther back, posterior
extremities distant from axial furrows,
pseudopalpebral furrows usually present;
proximal portion of posterior area of fixi
genae swollen in front of posterior border
furrow; librigenae wide, with advanced
genal spine. Thorax of 12 to 14 segments;
pleural regions narrower than axis; pleurae
ending in spines, 9th or 11th macrospinose,
fulcrum proximal. Pygidium parabolical;
axis large, conical, with 5 to 10 rings; pleu
ral regions with 5 to 8 pleurae; border
smooth, not delimited by border furrow.
L.earn.
Neoredlichia SAITO, 1936 ["Redlichia nakamurai

SAITO, 1934] . Frontal glabellar lobe short, an
terior lateral glabel1ar furrows (3P) normal to
axis, remainder well marked, transglabellar,
slightly bent backward; occipital furrow subparal
lel to preoccipital; occipital ring of uniform width;
preglabellar field absent; pseudopalpebral furrow
present; eye lobes reaching level of mid-length of
occipital ring; genal spine stout, slightly advanced.
Thorax and pygidium unknown. L.Cam., China
Morocco.--FIG. 141,4. "N. nakamurai (SAITO),
China; 4a, cran. (holotype), X6; 4b, librigena
(paratype), X2.65 (465).

Clariondia HUPE, 1953 ["C. chazani]. Differs from
Neoredlichia in having longer and narrower
glabella, lateral glabellar and occipital furrows
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Longionda

2
Saukianda

FIG. 144. Saukiandidae (p. 0202, 0203).

very oblique backward, discontinuous at middle,
posterior edge of occipital ring semicircular, mod
erately wide preglabellar field and shorter eye
lobes reaching level of occipital furrow. Thorax
unknown. Assigned pygidium with 5 axial rings,
short terminal axial piece and 5 pleurae. L.Cam.,
Morocco.--FIG. 146,1. "C. chazani; la, cran.
(holotype), X2; 1b, assigned pyg.; X3 (411).

Resserops RICHTER & RICHTER, 1940 ["R. resseria
nus] [(=Perrector RICHTER & RICHTER, 1940)
( R. (Rawops) HupJi, 1953)]. Differs from Neo
redlichia in having discontinuous lateral glabellar
and occipital furrows and well-advanced genal
spines. L.Cam., Sp.-Morocco.
R. (Resserops). Lateral glabellar and occipital fur·
rows slightly oblique backward, eye lobe reach
ing level of mid-length of occipital ring. Thorax
of ?12 segments, ?9th macrospinose, pleurae
slightly narrower than axis. Pygidium with 6

or 7 rings, large terminal axial piece and 6 to 8
pleurae. L.Cam., Sp.-Morocco.--FIG. 143,2. "R.
(R.) resserianus, Sp.; exoskel. (reconstr.), X3
(461).

R. (Richterops) HupJi, 1953 [*R. (R.) fal/oti]
[=Marsaisia HupJi, 1953]. Glabella narrower,
frontal glabellar lobe longer, lateral glabellar and
occipital furrows very oblique backward, eye lobe
shorter, reaching level of occipital furrow; thorax
of 14 segments, 11 th macrospinose, pleurae much
narrower than axis; pygidium with 7 axial rings,
short terminal axial piece and 4 pleurae. L.earn.,
Morocco.--FIG. 143,1. "R. (R.) falloti; holo
type exoskel. (reconstr.), Xl (411).

?Eops RICHTER & RICHTER, 1940 ["E. eo]. Differs
from Saukianda in having shorter glabella,
longer frontal glabellar lobe, chevron-shaped pre
occipital furrow, straight occipital furrow and
ring, no occipital node, wider preglabellar field,
anterior sections of facial suture diverging at
45 0

, longer eye lobes reaching level of mid
length of occipital ring. L.Cam., Sp.--FIG.
145,4. "E. eo; cran. (holotype), X2 (461).

Family SAUKIANDIDAE Hupe, 1953
Dorsal exoskeleton opisthoparian, ovate,

gently convex, micropygous. Cephalon semi
elliptical; glabella long, cylindrical or con·
stricted posteriorly, with 3 pairs of lateral
glabellar furrows, 1st (3p) commonly obso
lete, when present short, oblique backward,
2nd (2p) similar to 1st, preoccipital furrow
transglabellar, deep, oblique backward ab
axially and normal to axis at middle; occi
pital furrow deep; preglabellar field very
narrow or absent; anterior border wide;
facial sutures kainelliform, anterior sections
moderately divergent to border furrow,
gently curved outward across border; eye
lobes arcuate, long, reaching level of occi
pital furrow; fixigenae swollen posteriorly;
1ibrigenae wide, genal spines present.
Thorax of 15 segments; axis narrower than
pleural regions; pleurae ending in spines,
fulcrum proximal. Pygidium small, semi
elliptical, paucisegmented; axis short, taper
ing backward; pleural regions subtriangular,
small; border very wide, flat. Surface of
dorsal exoskeleton finely granulose. L.Cam.
Saukianda RICHTER & RICHTER, 1940 ["S. andalu-
siae] [=Pseudosaukianda HupJi, 1953]. Glabella
dikelocephaliform, cylindrical, subtruncate in front,
anterior lateral glabellar furrows (3p) obsolete,
middle furrows (2p) very short, occipital furrow
slightly curved backwards; occipital ring of uni
form width with short mesial spine; preglabellar
field very narrow; genal spines advanced. Thoracic
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FIG. 145. Redlichiidae, Neoredlichiidae, Saukiandidae, Gigantopygidae, Despujolsiidae, Yinitidae, Abadielli
dae (p. 0200-0205).

segments 15. Pygidium unknown. L.eam., Sp.-
FIG. 144,2. ·S. andalusiae; ceph., restored (based
on holotype cran. and paratype librigenae), Xl
(461).--FIG. 145,9. S. lata (HUPE) (type species
of Pseudosaukianda), Morocco; holotype, X 1.65
(411).

Longianda HuPE, 1953 [.L. termieri]. Differs from
Saukianda in having longer and narrower glabella
constricted at level of preoccipital furrows, rounded

in front, 3 pairs of lateral glabellar furrows,
occipital furrow bent forward at middle, no
occipital spine, no preglabellar field, anterior pits
and normal genal spines. Thorax of 15 segments;
backward curvature of pleural spines progressively
increasing posteriorly. Pygidium with 3 axial rings,
short terminal axial piece and 4 ?ribs. L.eam.,
Morocco.--FIG. 144,1. •L. termieri; restored
dorsal exoskeI. (based on holotype and paratype
specimens), X1.2 (411).

© 2009 University of Kansas Paleontological Institute



0204 Trilobitomorplza-Trilobita

Gigontopyg\.ls

FIG. 146. Neoredlichiidae, Gigantopygidae
(p. 0201, 0204).

Family DESPUJOLSIIDAE Harrington,
nov.

Dorsal exoskeleton opisthoparian, ovate,
very gently convex, micropygous. Cranidium
long; glabella long, constricted at middle,
with 3 pairs of faint, short, lateral glabellar
furrows separated from axial furrows; occi
pital furrow faint, short; occipital ring wide
(sag.),' preglabellar field as wide as anterior
border; eye lobes arcuate, expanded in front,
tapering backward, extending from antero
lateral corners of glabella to level of occipital
furrow; anterior sections of facial sutures
moderately divergent. Thorax narrow, long,
with 14 segments; pleurae narrower than
axis, spinose, lIth segment macrospinose,
fulcrum distal. Pygidium small; axis nar
row, unsegmented; pleural regions smooth,
wide; 4 pairs of tiny marginal spines. L.
Cam.
Despujolsia NELTNER & POeTEY, 1949 ["D. rochi].
Glabella contracted at level of 2nd (2p) lateral
lobe; pseudopalpebral furrow present; posterior
area of fixigenae triangular; first 6 pleurae en~1Dg

in short subequal spines, spines increasing rapHIly
in size between 7th and 11 th pleurae, last 3
pleurae with short spines. L.Carn., Morocco.-
FIG. 145,7. "D. I'ochi; incompl. exoskel. (holo
type), XJ.75 (411).

an~erior glabell~r lobes, strongly arcuate pos
tenorly, extendmg to level of occipital fur
row; pseudopalpebral furrow present; anter
ior sections of facial sutures moderately di
vergent to border furrow, subparallel across
border; librigenae wide, genal angle pro
duced into broad spine. Thorax of 14 (or
?15) segments, wide; pleural region twice
as wide as axis; pleurae ending in spines,
fulcrum distal. Pygidium long, narrow; axis
short with 3 rings; border very wide, flat,
produced into 2 pairs of marginal spines
directed backward. L.Carn.

Gigantopygus HUPE, 1953 ["G. papillatus]. An
terior (4p) lateral glabellar furrows faint; pos
terior (2p) and preoccipital almost transglabellar;
occipital furrow disconnected at the middle; eye
lobes decurrent along frontal and anterior glabel
lar lobes, then semicircular to level of occipital
furrow; fixigenae wide, posterior area narrow
(exsag.) and long (tr.). L.Carn., Morocco.-
FIG. 145,2. "G. papillatus; cran. (holotype), XU
(411).--FIG. 146,2. G. bondoni HUPE; exoskel.
(reconstr.), X 0.7 (411).

lb

Cloriondio

10

Family GIGANTOPYGIDAE Harrington,
nov.

Dorsal exoskeleton opisthoparian, ovate,
gently convex, isopygous. Cephalon semi
elliptical; glabella conical, subtruncated in
front, with 4 pairs of lateral glabellar fur
rows; occipital ring straight; preglabellar
field absent; anterior border wide, flat; an
terior pits present, transversely elongated;
eye lobes long, decurrent along frontal and
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Family YINITIDAE Hupe, 1953
Opisthoparian. Glabella long, conical,

with .3 pairs of evenly spaced lateral glabel
lar furrows, anterior (3p) almost obsolete,
middle (2p) furrows short, faint, oblique
backward, preoccipital furrow transglabel
lar; occipital ring of uniform width; pre
glabellar field absent; anterior border nar
row, raised; facial sutures kainelliform, an
terior sections divergent (45 0

), palpebral
lobe arcuate, long, touching axial furrows at
level of anterior lateral glabellar lobe and
extending back to level of mid-length of pre
occipital lobe. Thorax unknown. Pygidium
paucisegmented, axis tapering backward,
pleural regions narrow, one pair of long lat
eral spines. M.Carn.
Yinites Lu, 1946 ["Y. typicalis]. Glabella rounded

in front, preoccipital and occipital furrows gently
curved backward; small mesial occipital node;
proximal end of anterior sections of facial suture
near axial furrows; posterior area of fixigenae tri
angular. Pygidium with 4 axial rings, large ter
minal axial piece, 4 pleurae and pair of long
backwardly directed lateral spines. M.Cam., China.
--FIG. 145,1. "Y. typicalis; la, cran. (holotype),
X2.7; 1b, pyg. (paratype), X2.S (426).

Family ABADIELLIDAE Hupe, 1953

Opisthoparian. Glabella conical to sub
ovate, with 3 pairs of evenly spaced, faint
lateral glabellar furrows oblique backward,
anterior (3p) and middle (2p) furrows may
be obsolete; occipital furrow slightly curved
backward; occipital ring produced into stout
mesial spine; preglabellar field wide; an
terior border raised; anterior sections of
facial sutures moderately divergent (less
than 45°), proximal extremities distant from
axial furrows; eye lobes arcuate, extending
from anterolateral corners of glabella to
level of anterior 3rd of preoccipital lobe.
Thorax and pygidium unknown. L.Carn.
M.Carn.
Abadiella HUPE, 1953 ["A. botlrgini]. Glabella

conical, rounded in front, with 3 pairs of lateral
furrows; preglabellar field wi th low mesial ridge,
anterior border as wide as preglabellar field, an
terior sections of facial suture moderately di
vergent, posterior extremity of eye lobes distant
from axial furrows. L.Cam., Morocco.--FIG.
145,5. "A. bOtlrgini; cran. (holotype), X 1.75
(411).

Redlichina LERMONTOVA, 1940 ["R. tlologdini].
Differs from Abadiella in having subovate glabella,
rounded-subpointed in front, obsolete anterior

FIG. 147. Dolet'olenus zoppii (MENEGHINI) LEANZA
(Dolerolenidae), M.Cam., Sardinia, X3 (380,488).

(3p) and middle (2p) lateral glabellar furrows,
wider preglabellar field with mesial depression,
narrower anterior border with faint knobs, more
divergent anterior sections of facial suture and
posterior extremity of eye lobes nearer to axial
furrows. M.Cam., Sib.--FIG. 145,8. *R. tlolog
dini; cran., restored (holotype), Xl (423).

Wutingaspis KOBAYASHI, 1944 ["W. tingi]. Differs
from Abadiella in having wider preglabellar field
with shallow mesial depression, anterior sections
of facial sutures slightly more diverging forward,
occipital furrow disconnected at middle, and short
mesial occipital spine. L.Cam., China.--FIG.
145,6. *W. ting;; cranidium (holotype), X2.45
(419) .

Family DOLEROLENIDAE Kobayashi,
1951

[nom. subs!. KOBAYASHI, 1951 (pro Olenorsidae KOBAYASHI,
1935, inv~lid name based on junior homonym)]

Dorsal exoskeleton opisthoparian, ovate,
gently convex, micropygous. Cephalon semi
elliptical to semicircular. Glabella long, ta
pering forward, with 3 pairs of very faint,
evenly spaced, lateral glabellar furrows nor
mal to axis; occipital furrow straight; pre
glabellar field wide; anterior border wide,
flat; facial sutures ptychopariiform, anterior
sections moderately divergent (less than
45°) to border furrow, curved outwards
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FIG. 148. Ellipsocephalidae (Strenuellinae, Kingaspidinae, Palaeoleninae) (p. 0207-0209).

across border; palpebral lobe arcuate, long,
subposterior; eye ridge wide, faint; fixigenae
wide, posterior areas large, triangular; libri
genae wide, genal angles produced into stout
spines. Thorax with 14 to 15 segments; axis

narrower than pleural regions; pleurae end
ing in spines progressively curved back·
ward, fulcrum proximal. Pygidium small,
axis short with 1 or 2 rings, posterior border
wide, flat. Up.L.Cam.
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Dolerolenus LEANZA, 1949 [pro Olenopsis BORNE
MANN, 1891 (non AMEGHINO, 1889») ("Olenus
zoppii MENEGHINI, 1882; SD WALCOTT, 1912).
Glabella rounded in front, posterior extremities of
anterior sections of facial suture distant from
axial furrows, palpebral lobe extending between
level of mid-length of anterior (3p) lateral
glabellar lobe and mid-length of preoccipital lobe.
Up.L.Carn., Italy(Sardinia).--FIG. 147. "D.
zoppii (MENEGHINI) LEANZA; restored dorsal exo
skel., X3 (488, pygidium from 380).

Family UNCERTAIN
Bathyuriscellus LERMONTOVA, 1951 ["B. robustus].
Up.L.Carn., E.8iberia.

Micmaccopsis LERMONTOVA, 1940 ("M. redlich
oides]. L.Carn., Sib.

Superfamily ELLIPSOCEPHALA-
CEA Matthew, 1887

[nom. tranJ/. HENNINGSMOEN) herein (ex Ellipsocephalidae
MATTHEW, 1887] [=ElIipsocephalidea RICHTER, 1933 (par
tim); Ellipsocephaloidae HUPi, 1953; order Prololenida

LERMONTOVA, 1951)

Like Redlichiacea, from which this super
family probably developed, but generally
with longer eye ridges, and with greater
variety of forms. Many features used in dis
tinguishing genera are easily affected by
deformations subsequent to entombment
(88). L.Cam.-M.Cam.

Family ELLIPSOCEPHALIDAE
Matthew, 1887

Cephalic axis tapering forward or with
subparallel or slightly concave sides; glabella
with as many as 5 pairs of lateral furrows;
preglabellar field present or not; thin eye
ridges present except in very smooth forms,
palpebral lobes not distinctly separated from
eye ridges; librigenae with or without genal
spine. Thoracic segments generally 12 to 14.
Pygidium small. L.Cam.-M.Cam.

Subfamily ELLIPSOCEPHALINAE Matthew, 1887
[nom. Iransl. KOBAYASHI, 1935 <ex Ellipsocephalidae MAT-

THEW. 1887) J

With distinct preglabellar field or with
more or less inflated frontal area; glabella
with as many as 3 pairs of lateral furrows.
L.Cam.-M.Cam.

Ellipsocephalus ZENKER, 1833 ("E. arnbiguus
(=Trilobites hoffi SCHLOTHEIM, 1823) [-Elleip
socephalus ZENKER, 1833 (emend. to Ellipsocepha
Ius, ICZN pend.»). Cephalic axis widening slight
ly at anterior corners; librigenae with long rudi
mentary genal spine or none. Thoracic segments
12. Pygidium small but relatively wide. L.Carn.
M.Carn., Eu.-Morocco-N.B.-?Austral.--FIG. 150,

3. "E. hoffi (SCHLOTHEIM), Eu.; exoskel. X2
(406n).

Alanisia HUPE, 1953 ("Carnaraspis guillerrnoi
RICHTER & RICHTER, 1940). With well-developed
preglabellar field, occipital spine, and long palpe
bral lobes reaching posterior border furrow. L.
Cam., Sp.--FIG. 149,2. "A. guilerrrnoi (RICHTER
& RICHTER); cran., X3.3 (461).

?Angusteva HUPE, 1953 ["Ptychoparia? annio COB
BOLD, 1910). Like Strenuaeva but with shorter
palpebral lobes. L.Carn., Eng.-Sp.-Morocco.--FIG.
149,1. "A. annio (COBBOLD), Eng.; cran., X6.8
(387).

Ellipsostrenua KAUTSKY, 1945 ["Su'enuella (Ellipso
strenlta) gripi). Like Ellipsocephalus but cephalic
axis not expanded at anterior corners. L.Carn., Eu.
--FIG. 150,7. "E. gripi: exoskel., X2 (88).

Hindermeyeria HUPE, 1953 ["Strenuella (Strenu
aeva) insecta RICHTER & RICHTER, 1940). Like
Alanisia but preglabellar field inflated. L.Carn.,
Sp.--FIG. 149,8. "H. insecta; exoskeI., X5
(461) .

Inoyellaspis IVSHIN, 1953 ["I. expectans). Resembles
Strenuaeva. M.Carn., Kazakstan.

Strenuaeva RICHTER & RICHTER, 1940 ("Arionellus
primaevus BRl/lGGER, 1879]. Like Strenuella but
with inflated frontal area. L.Carn., Eu.--FIG.
149,3. *S. prirnaelfa (BRl/lGGER); cran., X2.2
(417) .

?Protagraulos MATTHEW, 1895 ("P. priscus). Like
Strenuaeva but with narrower (tr.) frontal area
and facial sutures slightly converging in front of
eyes; palpebral lobes long and thin. L.Carn., N.B.
--FIG. 149,7. "P. priscus; cran., X2.5 (429).

Subfamily STRENUELLINAE Hupe, 1953

With short (sag.) preglabellar field or
none, glabella with as many as 3 pairs of
lateral furrows. L.Cam.-M.Cam.
Strenuella MATTHEW, 1887 ["Agraltlos strentllis

BILLINGS, 1874; SD KIAER, 1916]. Cephalic axis
tapering slightly forward or almost parallel-sided;
palpebral lobes long, reaching posterior border;
genal spines present. L.Carn., NE.)l.Am.-Eu.
Morocco.
S. (Strenuella). With occipital spine. L.Carn., NE.

N.Am.-Eu.-Morocco.--FIG. 148,7. "S. (S.)
strenlta (BILLINGS), N.Am.; incompl. ceph.,
X2 (77, 471).

S. (Comluella) HUPE, 1953 ["Anornocare platy
cephalltrn COBBOLD, 1910). Without occipital
spine. L.Carn., NE.N.Am.-Eu.-Morocco.--FIG.
148,10. "S. (C.) platycephala (COBBOLD), Eu.;
incompl. ceph., X3 (387).

?Luaspis HUPE, 1953 ["Pseltdoptyclzoparia "eedi
Lu, 1941]. Like Micrnacca (Myopsornicmacca) but
apparently with even shorter palpebral lobes.
L.Cam., Yunnan.--FIG. 148,3. "L. reedi (Lu);
cran., X 2 (426).
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FIG. 149. Ellipsocephalidae (Antatlasiinac, El1ipsocephalinae), Protolenidae (Protoleninae) (p. 0207-0212).

Micmacca MATTHEW, 1895 ["M. matthevi; SD M,L
LER, 1897). Cephalic axis generally wider than
in Strenuella. L.Cam., N.B.-Eu.-Morocco-Asia.
M. (Micmacca). Cephalic axis with slightly con
cave or subparallel sides; librigenae without
genal spine. L.Cam., N.B.-Eu.-Morocco-Asia.-
FIG. 148,13. "M. (M.) matthevi, N.B.; cran.,
X 1.5 (77,429).

M. (Acanthomicmacca) HUPE, 1953 ["M. wal
eotti MATTHEW, 1899). Cephalic axis relatively
slender, sides subparallel, with occipital and genal
spines. L.Cam., N.B.-?Morocco.--FIc. 148,5.
"M. (A.) waleotli; 5a,b, ceph., pyg., X I (77,
429).

M. (Myopsomicmacca) HUPE, 1953 ["M. pro
tolenoides COBBOLD, 1910). With short palpebral
lobes. L.Cam., Eng.-N.B.-Asia.--FIG. 148,6.
"M. (M.) protolenoides, Eng.; cran., X2.7 (77).

M. (Mohicana) COBBOLD, 1910 ["Micmacca? plana
MATTHEW, 1895; SD VOCDES, 1925) [=Conomic
maeea HUPE, 1953 (obj.»). Cephalic axis taper
ing forward or with subparallel sides. L.Cam .•
N.B.-Eu.--FIG. 148,9. "'M. (M.) plana (MATT
HEW), N.B.; cran., X 1.4 (77).

M. (Paramicmacca) LERMONTOVA, 1951 ["P. siber
ica]. Cephalic axis with subparallel sides, large
frontal area; close to Strenuella. L.Cam., Sib.-
FIG. 148,8. "M. (P') siberiea (LERMONTOVA);
cran., Xl.5 (423).

?Pruvostinoides HUPE, 1953 ["'P. angustilineatus].
Like Strenuella but with shorter and more strong
ly tapering cephalic axis. L.Carn.-M.Cam., Moroc
co.--FIG. 148,4. "P. angustilineatus; cran.,
X 1.5 (77).

Subfamily KINGASPIDINAE Hupe, 1953

Like Strenuellinae but cephalic axis with
slightly concave sides and as many as 5 pairs
of lateral glabellar furrows. L.earn.
Kingaspis KOBAYASHI, 1935 ["Anomoeare carnpbelli

KING, 1923). Characters of subfamily. L.Carn.,
Morocco-M.East.
K. (Kingaspis). Without occipital spine. L.Cam.,

Morocco-M.East.--FIG. 148,12. "K. (K.) camp
belli (KI:-;C); incompl. ceph., X2.2 (77,461).

K. (Kingaspidoides) HUPE, 1953 ["K. (K.) arma
tus]. With occipital spine. L.Carn., Morocco.--
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FIG. 150. Ellipsocephalidae (Ellipsocephalinae), Protolenidae (Protoleninae, Aldonaiinae), Family uncertain
(p.0207-0212).

FIG. 148,2. "'K. (K.) arrnatus; cran., XI.4 (77).
Mesetaia HUPE, 1953 ["'Hartshillia rnarocana GIG

OUT, 1951]. Like Kingaspis but cephalic axial fur
row effaced. L.Carn., Morocco.

Subfamily PALAEOLENINAE Hupe, 1953

Cephalic axis expanding forward or with
subparallel sides, glabella bearing 3-4 pairs
of lateral lobes, posterior pair being con
nected across glabella in some genera; palpe
bral lobes small. L.Cam.
Palaeolenus MANSUY, 1912 ["'P. douvillei; SD

VOGDES, 1925]. Characters of subfamily. L.Carn.,
China.--FIG. 148,11. "'P. douvillei; incompI.
exoskel., X4 (428).

?Hoffetella HUPE, 1953 ["'Micmacca elongata Lu,
1941]. Like Palaeolenus but without preglabellar

field and with palpebral lobes closer to glabella.
L.earn., China.--FIG. 148,1. "'H. elongata (Lu),
cran., X2 (426).

?Manchurocephalus ENDO, 1944 ["'Palaeolenus de
prati MANSUY, 1912]. Low. U. Carn., S.Manch.

Subfamily ANTATLASIINAE Hupe, 1953
[nom. transl. HENNINGSMOEN, herein (t'x Antatlasiidae HUPE,

1953)1

Cephalic axis slightly tapering forward,
with 4 pairs of lateral glabellar furrows;
parafrontal band present; palpebral lobes
long, reaching posterior border furrow. L.
Cam.
Antatlasia HUPE, 1953 ["'A. hollardi]. Characters
of subfamily. L.Carn., Morocco.--FIG. 149,6. "'A.
hollardi; cran., X2.75 (77).
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FIG. 151. Protolenidae (Termierellinae, Myopsoleninae, Protoleninae, Bigotininae) (p. 0211, 0212).

Family PROTOLENIDAE Richter &
Richter, 1948

Cephalic axis tapering forward, or with
subparallel sides, or widening slightly for
ward, rather narrow and with up to 4 pairs
of lateral glabellar furrows. Preglabellar
field present or not. Palpebral lobes more or
less confluent with eye ridges. Librigenae
with genal spine. Up to 25 thoracic seg
ments. Pygidium very small. L.Carn.

Subfamily TERMIERELLINAE Hupe, 1953

With thick palpebra-ocular ridges, in part
commonly bisegmented longitudinally. L.
Cam.
Termierella HUPE, 1953 ["T. latifronsJ. Facial

sutures diverging markedly in front of eyes; pre
glabellar field present; with 3 pairs of lateral
glabellar furrows. L.eam., Morocco-Sp.
T. (Termierella). Palpebral lobes markedly broader

than eye ridges, which are longitudinally biseg-
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mented; with parafrontal band. L.Cam., Morocco.
--FIG. 151,6. "'T. (T.) latifrons; cran., Xl
(77).

T. (BrevitermierelIa) HUPE, 1953 ["'T. (B.) bretJi
frons]. Like T. (Terrnierella) but palpebro-ocu
lar ridges increasing evenly in width distally.
L.Cam., Morocco.--FIG. 151,7. "'T. (B.) brel'i
frons; cran., Xl (77).

T. (Ja1onelIa) HUPE, 1953 [·T. (J.) celtiberica
Hupf, 1953 (="'Lusatiops ribotanus RICHTER &

RICHTER, 1948)]. Like T. (Brel1itermierella) but
with narrower (tr.) fixigenae. L.Cam., Sp.-
FIG. 151,8. ·T. (J.) ribotana (RICHTER & RICH
TER); cran., Xl (252).

Bigotinops HUPE, 1953 ["B. dangeardi]. Like Tel'
rnierella but anterior sections of facial sutures
less divergent and lateral glabellar furrows faintly
connected across glabella. L.Cam., Morocco.-
FIG. 151,1. "'B. dangeardi; cran., X3.35 (77).

Ouijjania HUPE, 1953 [·0. meridionalis). Like
Termierella but anterior sections of facial sutures
less divergent and only 2 pairs of lateral glabellar
furrows, preoccipital pair bifurcating, both branches
faintly connected across glabella. L.Cam., Morocco.
--FIG. 151,2. ·0. meridionalis; cran., X1.5
(77).

Paratermierella HUPE, 1953 [·P. elegans]. Like
Termierella but without preglabellar field. L.Cam",
Morocco.--FIG. 151,4. ·P. elegans; cran., Xl.5
(77).

Pruvostina HUPE, 1953 [·P. nicklesi]. Like Ter
rnierella but anterior sections of facial sutures less
divergent; proximal part of palpebro-ocular ridge
longitudinally bisegmented. L.Cam., Morocco.-
FIG. 151,3. ·P. nicklesi; cran., X1.3 (77).

Pseudolenus HUPE, 1953 [·P. ourikaensis]. Like
T ermierella but anterior sections of facial sutures
less divergent, and palpebro-ocular ridge longi
tudinally bisegmented even in distal end. L.Cam.,
Morocco.--FIG. 151,5. ·P. ourikaensis; cran.,
X2 (77).

Subfamily MYOPSOLENINAE Hupe, 1953
[Emend. HENNINCSMOEN, herein]

With more or less distinct parafrontal
band. L.Carn.

Myopsolenus HUPE, 1953 [·M. magnus). Long
palpebral lobes reaching posterior border furrow,
parafrontal band distinct; with short auxiliary eye
ridge close to each eye ridge and close to glabella.
L.Cam., Morocco.--FIG. 151,11. "'M. magnus;
cran., XO.6 (77).

Collyrolenus HUPE, 1953 [·C. staminops). Frontal
lobe long and tapering markedly forward, rest
of cephalic axis with slightly convex sides; palpe
bral lobes short, not reaching posterior border
furrow; parafrontal band indistinct and discon
nected. L.Cam., Morocco.--FIG. 151,9. ·C.
staminops; cran., XO.6 (77).

Hamatolenus HUPE, 1953 [·H. continuus]. Short
palpebral lobes not reaching posterior border fur
row; parafrontal band well developed. L.Cam ..
Morocco.--FIG. 151,ZO. ·H. continuus; cran.,
XO.9 (77).

Subfamily PROTOLENINAE Richter & Richter,
1948

[nom. trans/. HUPE, 1953 (ex Procolenidae RICHTER & RICH
TER, 1948} [incl. Lermontoviinae SUVOROVA, 1956]

With thin palpebro-ocular ridges and no
parafrontal band. L.Carn.

Protolenus MATTHEW, 1892 [·P. elegans; SD
VOGDES, 1893] [=Bergeronia MATTHEW, 1895
(obj.); Matthewlenus HUPE, 1953 (·Protolenus
articephalus MATTHEW, 1895)]. Cephalic axis
tapering slightly forward, with 3 pairs of lateral
glabellar furrows; palpebral lobes long, reaching
posterior border furrow; anterior border narrow;
librigenae with stout genal spine. Thorax with
many segments and bearing pleural spines. Pygi
dium very small. L.earn., N.B.-Eu.-Morocco.
P. (Protolenus). Test smooth. L.Cam., N.B.-Eu.
Morocco.--FIG. 151,12. ·P. (P') elegans, N.B.;
incompl. ceph., Xl (77) .--FIG. 151,16. P.
pa/'adoxoides (MATTHEW), Eu.; incompl. ceph.,
XO.8 (77,387).

P. (Latoucheia) HUPE, 1953 [·P. latouchei COB
BOLD, 1910). Surface tuberculate. L.Cam., Eu.
Morocco.--FIG. 151,20. ·P. (L.) latouchei
(COBBOLD), Morocco; incompl. ceph., XO.9
(77,387).

Anabaraspis LERMONTOVA, 1951 [·A. splendens].
Palpebra-ocular ridges rather thick. Expanded
frontal area. Cephalic axis expanding forward,
widest at anterior corners. L.Cam., Sib.--FIG.
149,4. ·A. splendens; cran., X1.25 (423).

Bergeroniellus LERMONTOVA, 1940 [·B. asiaticusJ.
Like Pl'Otolenus, but generally with more diverg
ing facial sutures and wider anterior border;
thoracic segments 15 to 17. Close to Lusatiops.
L.Cam., Sib.
B. (BergeronielIus). Broad-based genal spine. L.

Cam., Sib.--FIG. 151,18. "'B. asiaticus; incompl.
exoskeI., X 1.5 (290).

B. (Bergeroniaspis) LERMONTOVA, 1951 ["'B. ku
torginorurn ]. Genal spine with narrow base.
L.Carn., Sib.--FIG. 149,5. • B. kutorginorurn;
incompI. ceph., X 1.3 (290).

B. (Olekmaspis) SUVOROVA, 1956 [·0. bobrotJi).
Like B. (Bergeroniaspis), but with more diverg
ing facial sutures. L.Cam., Sib.--FIG. 150,5.
·0. bobrotJi; incompl. ceph., X 1.5 (290).

Blayacina COBBOLD, 1931 [.B. rniqueli]. Glabella
wide, tapering markedly forward, with transglab
ellar preoccipital furrow. L.Cam., Fr.--FIG. 151,
14. ·B. miqueli; cran., Xl (387).

?Ferralsia COBBOLD, 1935 [·F. blayaci]. Like Pro
tolenus but with cephalic axis widening forward.
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Sinolenus

Lobrodorio

Yunnonocepholus

FIG. 152. Yunnanocephalidae, Ellipsocephalacea
(Family uncertain) (p. 0212).

L.Carn., Fr.--FIG. 151,19. *F. blayaci; 19a,b,
hypostoma, incompI. ceph., Xl (387).

Lermontovia SUVOROVA, 1956 [*L. dzet/anowskii].
Like Anabaraspis, but with thin palpebro-ocular
ridges, 20-25 thoracic segments. L.Carn., Sib.-
FIG. 150,6. "L. dzevanowskii; incompI. exoskeI.,
Xl (290).

Lusatiops RICHTER & RICHTER, 1941 ["Protolenus
lusatierls SCHWARZBACH, 1934] [=Coreolenus
HUPE, 1953 (*Protolenus coreanicus SAITO, 1933)].
Like Protolenus but anterior sections of facial
sutures more divergent. L.Carn., Eu.-Korea.-
FIG. 151,13. '"L. lusatims (SCHWARZBACH), Eu.;
cran., outline of ]ibrigena, XO.7 (461).

Thoralaspis HUPE, 1953 [*Olenopsis thorali COB
BOLD, 1935]. Like Protolenus, but apparently with
shorter palpebral lobes not reaching posterior bor
der furrow. L.Carn., Fr.--FIG. 151,15. "T.
thorali; incompl. ceph., Xl (387).

Subfamily BIGOTININAE Hupe, 1953

Proximal end of thin eye ridges longi
tudinally bisegmented. L.Carn.
Bigotina COBBOLD, 1935 [*B. bit/aUata]. Characters

of subfamily. L.Carn., Fr.--FIG. 151,17. *B.
bit/aUata; incompl. ceph., X2 (387).

?Subfamily ALDONAIINAE Hupe, 1953

Cephalic axis with slightly concave sides;
preglabellar field present, fixigenae marked
ly wider than cephalic axis. Surface tubercu
late. L.Carn.
Aldonaia LERMONTOVA, 1940 [*A. ornata]. Char

acters of subfamily. L.Carn., Sib.--FIG. 150,2.
*A. ornata; cran., X3.5 (423).

Subfamily UNCERTAIN

Hupeia KOBAYASHI, 1944 ['OR. pulchra]. Cephalic
axis with slightly concave sides; fixigenae about
as wide as cephalic axis, preglabellar field present,
palpebral lobes reaching posterior border furrow.
Surface smooth. L.Carn., China.--FIG. 150,4.
"R. pulchra; cran., X2.5 (419).

Rinconia HUPE, 1953 [*Protolenus schneideri RICH
TER & RICHTER, 1941]. Cephalic axis narrow, with
subparallel sides and bearing occipital spine, facial
sutures subparallel in front of eyes. L.Carn., Sp.
--FIG. 150,1. *R. schneideri; cran., X1.5 (461).

?Family YUNNANOCEPHALIDAE
Hupe,1953

Cephalic axis tapering markedly forward,
with 2 pairs of lateral glabellar furrows; pre
glabellar field distinct; palpebral lobes small,
not reaching posterior border furrow, con
fluent with eye ridges; librigenae without
genal spine. Thoracic segments 14. Pygi
dium minute. L.eam.
Yunnanocephalus KOBAYASHI, 1936 ["Ptychoparia

yunnanensis MANSUY, 1912] [==.Pseudoptychoparia
TING, 1940 (obj.)]. Characters of family. L.Carn.,
China.--FIG. 152,3. *Y. yunnanensis; exoskel.,
X 1.65 (411,428).

Family UNCERTAIN
Labradoria REssER, 1936 [*Conoeephalites rniser

BILLINGS, 1861]. Preglabellar field lacking; with
3 pairs of transglabellar furrows; palpebral lobes
reaching posterior border furrow. L.Carn., Labra
dor.--FIG. 152,2. *L. miser; cran., X2.25
(488).

Sinolenus KOBAYASHI, 1944 [*S. trapezoidalis]. Like
Labl'adoria but palpebral lobes short. L.Carn.,
China.--FIG. 152,1. 'OS. trapezoidalis; incompl.
ceph., X2.7 (419).

Superfamily PARADOXIDACEA
Hawle & Corda, 1847

[110m. trans!. POULSEN, herein (ex Paradoxides HAWLE &
CORDA, 1847)] [=order Paradoxida Lermontova, 1951

(partim)]

Dorsal exoskeleton elongate, elliptical to
pyriform in outline, medium to large in
size. Cephalon semicircular, with rather
prominent glabella that expands forwa.rd
and generally reaches anterior border; faCIal
sutures opisthoparian; eyes medium to lar~e;

librigenae with genal spines. Tho!ax Wlt~
numerous segments (13 to 22); aXIs promI
nent, tapering backward; pleurae nearly flat,
with well-defined furrows, terminating in
spines. Pygidium usually small. UpL.
Cam.-M.Cam.
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Family PARADOXIDIDAE Hawle &
Corda,1847

[nom. correct. RICHTER, 1932 (pro Paradoxides HAWLE &
CORDA, 1847, ICZN opinion 496) I

Dorsal exoskeleton opisthoparian, ovate
to elongate, usually large, micropygous to
heteropygous, almost flat. Cephalon semi
circular; glabella broadly clavate, with 2
to 4 pairs of lateral glabellar furrows;
cephalic border well developed; palpebral
lobes generally prominent, anterior sections
of facial suture commonly diverging from
eyes to front margin; eyes usually large to
medium in size; librigenae medium in
width, with genal spines. Thorax (as far as
known) with 13 to 22 segments, axis evenly
tapering, moderately convex, pleurae deep
ly furrowed, bearing spines. Pygidium with
few segments. Hypostoma relatively large,
subquadrate, with anterior corners some
what extended at each siae and in some
fused with rostral plate. UpL.Cam.-M.Cam.

Subfamily PARADOXIDINAE Hawle & Corda,
1847

[nom. Iransl. HOWELL, 1933, as Paradoxinae (ex Paradoxides
HAWLE & CORDA, 1847), nom correct. POULSEN, herein]

Micropygous. Glabella extended to an
terior border furrow; front end of palpe
bral lobes placed opposite or behind widest
portion of glabella and separated from it,
fixigenae narrow. Thorax with 16 to 21 seg
ments. Pygidium usually elongate, with very
narrow pleural fields and entire margin
or with 1 to 3 pairs of small spines on pos
terior margin. Hypostoma with a small
spine at posterior corners, and in some
fused with reduced rostral plate. M.Cam.
Paradoxides BRONGNIART, 1822 ["'Entomostracites

paradoxissimus WAHLENBERC, 1821; SD BARRANDE,
1852J [=Hydrocephalus BARRANDE, 1846; Pha
noptes,Phlysacium HAWLE&CoRDA, 1847; Plutonia
HICKS, 1869; Plutonides HICKS, 1895J (3, 144,
114, 1, 143, 146,322,71). M.Cam., Eu.-E.N.Am.
(AtI.prov.)-N.Afr.-N.Zem.-?NE.Austral. -- FIG.
153,2. "'P. paradoxissimus (WAHLENBERC), Swed.;
exoskel., XO.75 (1 ).--FIG. 153,1. P. minor
(BOECK), Boh.; rostral plate wiIh hypostoma, X3
(3).

Eccaparadoxides SNAJDR, 1957 [*Paradoxides pusil
Ius BARRANDE, 1846) (260). M.Cam., Bohemia.

Acadoparadoxides SNAJDR, 1957 ["'Paradoxides
sacheri BARRANDE, 1852J (260). M.Cam., Bo
hemia.

Luhops SNAJDR, 1957 ["'Paradoxides expectans BAR
RANDE, 1852) (260). M.Cam., Bohemia.

?Vinicella SNAJDR, 1957 [*Paradoxides desideratus
BARRANDE, 1846) (260). M.Cam., Bohemia.

FIG. 153. Paradoxides (Paradoxididae, Paradoxidi
nae), M.Cam.--I. P. minor (BOECK), Bohemia;
rostral plate with hypostoma, X3 (3).--2. "'P.
paradoxissimus (WAHLENBERG), Swed.; exoskel.,

XO.5 (I).

Subfamily CENTROPLEURINAE Angelin, 1854
[nom. transl. HOWELL, 1933 (t'".:t' Centropleuridae ANGELIN,

1854) J
Heteropygous. Anterior pair of lateral

glabellar furrows directed diagonally back
ward; anterior end of palpebral lobes in
front of widest part of glabella; an
terior sections of facial sutures at right
angles to glabella or running obliquely back
ward paralleling anterior part of palpebral
lobes and lateral portions of anterior border.
Thorax with 14 or more segments. Pygidium
wide, with well-developed pleural fields
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a

FIG. 154. Centroplettra loveni (ANGELIN) (Paradoxi
dae, Centropleurinae), M.Cam., Swed.; a,b, cran.,

associated pyg., Xl (337).

b

a

FIG. ISS. *Metadoxides torosus (MENEGHINI), M.
Cam., Sardinia; a,b, cran., part of thorax witlI pyg.,

XO.5 (14).

subparallel or slightly converging from eyes to
anterior border, posterior sections long, directed
obliquely backward. Pygidium elongated ovate,
apparently unsegmented (14). Up.L.Cam., Sardo
--FIG. 155. '"M. torosus (MENEGHINI); a,b,
cran., fragment of thorax with pyg., XO.7 (14).

Anadoxides MATTHEW, 1899 ['"Paradoxides arma
tus MENEGHlNI, 1881; SD VOCDES, 1925J. Differs
from Metadoxides in having wider, triangular
pygidium with distinctly segmented axis and
pleural fields (14). Up.L.Cam., Sardo

Catadoxides MATTHEW, 1899 [*Metadoxides mag
nificus MATTHEW, 1899]. Differs from Metadoxides
and Anadoxides in having wide cephalic border,
anteriorly expanded cranidium, short, backward
directed posterior sections of facial suture; and
fairly wide, subreniform pygidium with indistinctly
segmented axis and unfurrowed pleural fields.
Up.L.Carn., Newf.--FIG. 156,2. '"C. rnagnificus
(MATTHEW) ; ceph., X 0.3 (429).

Subfamily XYSTRIDURINAE Whitehouse, 1939

Heteropygous, with dorsal side of cepha
Ion similar to that of Paradoxidinae but
without transglabellar furrows; rostral plate
unreduced, crescentic, reaching to genal
angles. Thorax with 13 segments and pygi
dium quadrispinose, of the same type as
that of Centropleurinae. Up.L.Cam.-M.Cam.

Xystridura WHITEHOUSE, 1936 ['"OleneUus browni
ETHERIDGE, 1897J [=Milesia CHAPMAN, 1929
(non LATREILLE, 1804)] (340). M.Cam. Austral.

b

Subfamily METADOXIDINAE Whitehouse, 1939

Micropygous. Glabella strongly tapering
forward; anterior and palpebral areas of
fixigenae wide, with well-defined eye ridges
and relatively small palpebral lobes. Thor
acic segments up to 22, with broadly fur
rowed, more or less pointed pleura. Up.L.
Cam.·

Metadoxides BORNEMANN, 1891 ["Paradoxides toro
sus MENEGHINI, 1881; SD VOGDES, 1925]. Cephalic
border narrow, anterior sections of facial suture

and small spines on posterior margin. M.
Cam.

Centropleura ANGELIN, 1854 ['"Paradoxides [olleni
ANGELIN, 1851]. Palpebral lobes curving in an
uneven arc; anterior sections of facial suture
paralleling anterior border and anterior part of
palpebral lobes for a considerable length; meta·
fixigenal spines present in some. Pygidium with
out border. Hypostoma without spines (337, 70).
M.Cam., Eu.-E. N. Am.-Sib.-SE.Austral. -- FIG.
154. '"C. lOlleni (ANGELIN), Swed.; a,b, cran.,
associated pyg., Xl, XO.75 (337).

Anopolenus SALTER, 1864 ['"A. henrici]. Differs
from Centropleura in having evenly curved palpe
bral lobes and distinctly defined pygidial border
(337,70). M.Cam., Eu.-E.N.Am.(AtI.prov.)-E.Sib.

Clarella HOWELL, 1933 ['"Anopolenus venustus
BILLINGS, 1874]. Differs from Centropleura and
Anopolenus in having almost straight to slightly
sigmoidal palpebral lobes (70, 337). M.Carn., Eu.
Newf.
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FIG. 156. Paradoxididae (Metadoxidinae, Xystri
durinae) (p. 0214, 0215).

3

2

Xystridura

Catadoxides

Gigoutella

FIG. 157. "'Hicksia elvensis DELGADO (Hicksiidae),
L.Cam., Portugal; exoskel. (reconstr.), X2 (31,

405).

--FIG. 156,1. X. saintsmithi (CHAPMAN); X 1.5
(340).

?Gigoutella Hupf, 1953 ["'G. atlasensis]. Differs
from Xystridura in having preglabellar field and
less diverging anterior sections of facial suture
(77). Up.L.Cam., Morocco.--FIG. 156,3. "'G.
atlasens;s; cran., X2.25 (77).

Subfamily UNCERTAIN

Schagonaria POLETAEVA, 1956 [*S. tannuola]. M.
Cam. W.Sib. (RM).

Schistocephalus CHERNYSHEVA, 1956 [*S. mig
maticus]. M.Cam., C.Sib. [Although attributed
to LERMONTOVA ";n coli.," the description of the
new genus and its type species is recorded as pre
pared by N. E. CHERNYSHEVA.] (RM).

Family HICKSIIDAE Hupe, 1953
Opisthoparian, micropygous, with ovoid

outline. Cephalon semielliptical, strongly
convex; glabella pyriform, strongly convex,
smooth, reaching anterior border; fixigenae
convex, wide, subtriangular in outline, pal.
pebral lobes small, submedian, located far
from glabella, without eye ridges; facial
sutures slightly convergent forward from
eyes and divergent backward, cutting pos
terior margin close to genal angles; libri·
genae small, narrow, with short genal spines.
Thorax with 19 segments; axis much nar
rower than pleural regions, tapering back
ward; pleurae with wide oblique furrow,
distal fulcrum and spinose extremities.
Pygidium very small, semielliptical in out
line, with 2 or ?3 axial rings and faint indi-
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Bathynotus

Trilobitomorpha-Trilobita

Bothynotellus

FIG. 158. Bathynotidae (p. 0216, 0217).

cations of ?2 pleural furrows; border absent;
margin entire. L.Cam.
Hicksia DELGADO, 1904 ["H. elvensls; SD VOGDES,

1925 (=H. sphaerica, H. transtaganensis, H. wal
cotti, H. castroi, H. hughesi, H. barroisi, H. dewal
quei, H. minuta, all DELGADO, 1904). Characters of
family. [The 9 "species" described by DELGADO
from a single locality in Monte de Valbom, Alto
Alemtejo, Portugal, are based on differently dis
torted specimens belonging to a single species.]
L.Cam., Portugal.--FIG. 157. "H. elvensis, exo
skel. (reconstr.), X2, (405, based on 31).

Suborder BATHYNOTINA
Lochman-Balk, nov.
[Type-BalhynQlus HALL, 1860J

Exoskeleton opisthoparian, elliptical, mi
cropygous. Glabella large, strongly convex,
tapering to rounded front, with 2 to 3 pairs
of glabellar furrows, posterior pairs com
plete; facial suture marginal anteriorly, on
ventral side diverging from mid-point along
sides of hypostoma; preglabellar area very
small or lacking, all furrows well defined;
eyes large, 0.75 of length of glabella, eye
ridges wide; occipital spine or node present;
fixigenae downsloping, palpebral area a little
less than glabellar width, posterior area only

slightly wider; librigenae with very narrow
eye platform and long stout recurved genal
spine. Thorax of 13 segments; axis wide,
convex, may have axial spine or node;
pleurae narrow, furrowed, ending in rigid
spines, lIth segment macropleural, 12th
and 13th reduced. Pygidium semicircular or
subtriangular; axis wide, nearly full length,
up to 5 faint axial rings; pleural regions
very narrow, up to 4 faint pleurae, all fur
rows faint to obsolete. Outer surface granu
lose. UpL.Cam.-Low.M.Cam.

Family BATHYNOTIDAE Hupe, 1953
Characters of the suborder. Up.L.Cam.

Low.M.Cam.
Bathynotus HALL, 1860 ["Peltura (Olenus) holo

pyga HALL, 1859) [=Pagura EMMONS, 1860;
Bathyonotus BIGSBY, 1868]. Glabella broad, front
nearly straight. Thoracic axis with median node,
size of pleural spines increasing regularly from
4th to 11 th segment. Pygidium semicircular; axial
furrow shallow but complete, axial rings 1 or 2;
pleural furrows obsolete (307). Up.L.Cam.-LoUl.M.
Cam., E.N.Am.-Arct.Eurasia.--FIG. 158,/. "B.
holopyga (HALL), Up.L.Cam., Vt.; exoskel., XI
(307).

Bathynotellus LERMONTOVA, 1940 ["E. yermolaevi].
Glabella convex, with occipital spine. Thorax with
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pleural spines on 1st to 10th segments, all of
medium size, only 11 th segment macropleuraI.
Pygidium triangular, with 5 faint axial rings (in
cluding terminal) and 3 to 4 faint pleurae; bor
der furrow faint, narrow, border narrow (117).
Low.M.Cam., Arct. Eurasia.--FIG. 158,2. "'B.
yermolaevi, N.Zem.; exoskeI., XO.75 (117).

Order CORYNEXOCHIDA
Kobayashi, 1935

[nom. transl. MOORE, herein (ex Suborder Corynexochida
KOBAYASHI~ 1935)] [~Superfamilies Bathyuriscidea RICHTER,
1933 (part;m) + Zacanthoididca RICHT<R, 1933 (part;m);
Corynexochidea RICHTER & RICHTER, 1941; Balhyurisddea
RASETTI, 1948 (attributed to RICHTER, 1933); Zacanthoidacea
HENNINGSMOEN, 1951 (attributed to RICHTER, 1932); Cory·
nexochoidae Hup:£, 1953 (attributed to RICHTER &. RICHTER,

1941) 1 [Type-Coryneroehus ANGELIN, 1854]

Exoskeleton elongate subelliptical, mostly
macropygous. Cephalon semicircular, mostly
with well-developed genal spines; glabella
long, with subparallel sides but in some gen
era expanding anteriorly, reaching anterior
border, lateral furrows generally distinct;
eyes elongate and narrow, commonly asso
ciated with eye ridges; facial sutures opis
thoparian, with sections in front of eyes gen
erally subparallel. Rostral plate fused with
hypostoma or rudimentary. Thorax com
posed of 5 to 11 segments, pleurae with well
marked furrows, terminations spinose.
Pygidium medium in size to large, com
monly with marginal spines, but some
genera with smooth border. L.Cam.-U.Cam.

Family DORYPYGIDAE Kobayashi, 1935
[nom. transl. RASETTl, 1948 (eX' Dorypyginae KOBAYASHI,

1935)] [=Kooteniidae RESSER, 1939 (nom. correct. RASETTt,
1948, pro Kootenidae RESSER, 1939); Holteriinae Hu~f, 1953]

Dorsal exoskeleton opisthoparian, ovate,
almost isopygous to macropygous. Glabella
strongly convex, reaching anterior border or
(rarely) anterior margin, axial furrows deep
ening into a pair of pits near anterior cor
ners of glabella; fixigenae of moderate
width, palpebral lobes small to medium in
size. Thorax (as far as known) commonly
of 7 or 8 segments. Pygidium usually with
border, 3 to 12 axial rings, and marginal
spines. Hypostoma fused with rostral plate,
the latter forming strong "anterior wings"
and separating doublures of librigenae. L.
Cam.-V.Cam.

Dorypyge DAMES, 1883 ["'D. riehthofeni). Glabella
wide, more or less contracted at both ends; cephalic
border moderately convex, genal spines of mod
erate length. Pygidium with 3 to 7 axial rings,
strongly impressed pleural furrows, and 6 (rarely

5) pairs of well-developed marginal spines, 1 or 2
posterior pairs differing in size from the others;
outer surface generally coarsely granulate (238).
M.Cam. E.N.Am.-Br.I.-Denm.-Swed.-Arg.-Asia-N.
E.Austral.--FIG. 159,1. D. aenigma (LINNARS
SON), Swed.; la,b, cran., dors. and lat. views, X3;
Ie, librigena, X3; ld, associated hypostoma, X4;
Ie, incomplete thoracic seg., X2 (336).--FIG.
159,2. D. ehihliensis RESSER, China; pyg., X3
(478).

Basocephalus !VSHIN, 1953 ["'B. nominalis]. M.Cam.,
W.Sib.

Bonnaria LOCHMAN, 1956 ["'Bonnia salemensis REs
SER, 1936]. Differs from Bonnia and Bonniella
in shape of glabella, posterior half being narrow,
with nearly parallel sides, anterior half markedly
swollen, with strongly diverging sides (131).
L.Cam., N.Am.

Bonnia WALCOTT, 1916 ["Bathyurus parvulus BILL
INGS, 1861]. Small, strongly arched, with sub
cylindrical or clavate to ovate glabella, deeply
impressed anterior border furrow, prominent an
terior border. Thoracic segments 8. Pygidium al
most semicircular, with 4 or 5 axial rings; narrow,
well-impressed border furrow, narrow border, and
1 to 3 pairs of minute lateral marginal spines.
Surface smooth or granulate, with granules com
monly arranged in irregular concentric lines on
glabella (194, 317). L.Cam., N.Am.-Greenl.-E.
Asia,--FIG. 159,3. B. brennus (WALCOTT), Que.;
3a,b, cran., dors. and lat. views, X 4; 3e, pyg.,
X3 (194).

Bonniella RESSER, 1937 ["Olenoides (Dorypyge)
desiderata WALCOTT, 1890]. Differs from Bonnia
in having pygidium with flattened marginal ex
tension on each side behind 2nd segment, making
a median marginal indentation (234). L.Cam.,
E.N.Am.-?Sp.

Bonniopsis POULSEN, 1946 ["'B. nasuta). Differs
from Bonnia in having anteriorly tapering, bluntly
acuminate glabella and pygidium without border
(175). L.Cam., Ellesm.

Dorypygina LERMONTOVA, 1940 ["'D. delieatula].
Differs from Dorypyge in having pygidium with
strongly impressed interpleural grooves and no
definite pygidial border (117). M.Cam., USSR.

?Erbiopsis LERMONTOVA, 1940 [*E. grand;s). Differs
from Dorypyge in having strongly clavate glabella
extending to anterior margin, 2 pairs of strong!y
impressed lateral furrows; thorax of 11 or more
segments with narrower axis and wider pleura]
regions; and subtriangular, considerably convex
pygidium of about 10 segments apparently with
out border and marginal spines (117). M.Cam.,
Sib.--FIG. 160,2. "'E. grandis; incompl. exoskel.,
X3 (423).

Fordaspis LOCHMAN, 1956 ["'Solenopleura nana
FORD, 1878). Differs from Bonnia in having
glabella perfectly rounded at both ends, more for-
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FIG. 159. Dorypygidae (p. 0217·0219).

ward posltton of eyes, and greater number of
pygidial segments (131). L.Cam., N.Am.

Holteria WALCOTT, 1924 ["Ogygia? problematica
WALCOTT, 1884]. Differs from other Dorypygidae
in lack of anterior border and in having sub
trapezoidal pygidium with wider border and 2
pairs of well-developed pleural spines (321, 316).
V.Cam., N.Am.--FIG. 159,4. 'tH. problematica
(WALCOTT), Nev.; 4a,b, cran., pyg., Xl (488).

Kootenia WALCOTT, 1888 ['tBathyuriscus (Kootenia)
dawsoni] [?=Kooteniella LERMONTOVA, 1940].
Differs from Dorypyge in having narrower glabella,
deeply impressed anterior border furrow and
prominent anterior border; pygidium with better
defined border, 4 to 7 (generally 6) pairs of mar
ginal spines varying from mere scallops to long

heavy spines of subequal size in the same species;
and smooth or finely granulate surface of exo
skeleton (196). L.Cam.-V.Cam., N.Am.-S.Am.
Greenl.-N.Eu.-Asia-NE.Austral. -- FIG. 159,5.
K. burgessensis RESSER, M.Cam., B.C.; exoskel.,
XO.7 (488).

Notasaphus GREGORY, 1903 ["N. fergusoni]. M.
Cam., E.Austral.

?Paraolenoides IVSHIN, 1953 ["P. medoet/iJ. M.
Cam., W.Sib.

01enoides MEEK, 1877 ["Paradoxides? net/aden
sis MEEK, 1877J [=Neolenus MATTIlEW, 1899J.
Differs from Dorypyge in having parallel-sided to
slightly clavate glabella; pygidium with 5 to 11
axial rings, distinctly marked interpleural grooves
in addition to pleural furrows, and 4 to 8 pairs
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of marginal spines, generally of equal length; and
surface covered with smaller granules (196, 311).
M.Cam., ?U.Cam., N.Am.-S.Am.(Arg.)-Asia.-
FIG. 159,6. O. curticei WALCOTT, M.Cam., Ala.;
exoskel. (reconstr.), XO.7 (488).

?Strettonia COBBOLD, 1931 ["S. comleyensis]. L.
Cam., Eng.

?Tolanaspis IVSHIN, 1953 [*T. almaematris]. M.
Cam., W.Sib.

Prokootenia LERMONTOVA, 1940 [*P. rara]. Differs
from Kootenia in having much wider palpebral
area of fixigenae, longer palpebral lobes, and
pygidium with more strongly impressed pleural
furrows and indistinctly defined border (117).
L.Cam., USSR.

?Tabatopygellina SIVOV, 1955 [*T. babakoviensis].
Up.L.Cam., Sib. (MO)

?Kooteniellina SIVOV, 1955 [*K. tubaenia]. Low.
M.Cam., Sib. (MO)

?Babakovia SIVOV, 1955 ["B. dorypygaeformis]. Up.
L.Cam.-Low.M.Cam., Sib. (MO)

Family OGYGOPSIDAE Rasetti, 1951
[Generic names ending in ~opsis have the stem ending in
~ops (neo-Latin genitive, ·opsis) , according to Prof. GRINSTED,

ICZN Classical Adviser.-Ed.]

Dorsal exoskeleton large, isopygous.
Glabella approximately parallel-sided, reach
ing anterior border; eyes of medium size, at
level of glabellar mid-point; anterior facial
sutures moderately divergent; rostral plate
present, not fused with hypostoma. Thorax
with 8 segments. Pygidium rounded, with
many axial and pleural segments (197).
M.Cam.

Ogygopsis WALCOTT, 1889 ["Ogygia klotzi Ro
MINGER, 1887] [=Taxioura RESSER, 1939]. Gla
bella prominent, reaching anterior border, un
furrowed; occipital ring simple; palpebral areas
about 0.3 of glabellar width; eye ridges present;
palpebral lobes 0.25 of glabellar length; anterior
border furrow merging with axial furrows; bor
der present; anterior section of facial sutures di
rected slightly outward, curving inward across
border, posterior section defining subtriangular
posterior area; librigenae with moderately long
genal spines. Hypostoma subrectangular, com
monly attached to rostrum, suggesting incipient
fusion; indistinct maculae present. Thorax with 8
segments; pleural furrows parallel to edges of
pleurae, pleurae not extended into long spines.
Pygidium with long, multisegmented axis almost
reaching posterior border; pleural fields convex,
with numerous pairs of furrows and shallow or
indistinct interpleural grooves; border furrow and
border poor!y defined; margin usually entire.
M.Cam., N.Am.--FIG. 160,1. "0. klotzi (Ro
MINGER), B.C.; la, exoskel., XO.7; lb, rostral plate
and hypostoma, X3 (448n).

Ogygopsis

Erbiopsis

FIG. 160. Dorypygidae, Ogygopsidae
(p.0217-0219).

Family ORYCTOCEPHALIDAE
Beecher, 1897

[nom. transZ. RASETTI, herein (ex Oryctocephalinae BEECHER,
1897) ] [=Tonkinellidae REED, 1934; Lancastriidae KOBAYASHI.
1935 (nom. correct. HENNINGSMOEN~ 1951, pro Lancastridae

KOBAYASHI, 1935); Oryclocephalinae HOPE, 1953]

Dorsal exoskeleton with low convexity,
small or at most medium-sized. Glabella par
allel-sided or expanded forward, reaching
frontal border; glabellar and occipital fur
rows typically composed of pairs of pits not
reaching axial furrow but commonly con
nected across glabella; occipital ring short,
simple; fixigenae usually wide; palpebral
lobes usually of medium length and distant
from glabella; eye ridges developed; libri
genae generally narrow, bearing long genal
spines; hypostoma fused with rostrum
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FIG. 161. Oryctocephalus burgessensis RESSER, M.
Cam., W.Can.(B.C.); exoskel., X2 (448n).

(Oryctocephalus). Thorax with 5 to 18 seg
ments; pleurae typically extended into long
spines, more rarely truncated. Pygidium
small, and simple in earliest forms (Lancas
tria), increasing in size at expense of thorax
up to later, isopygous genera where pygi
dium comprises 6 to 7 segments; axis usually
short; pleural regions generally with dis
tinct, radially arranged pleural furrows and
grooves; border undefined, margin gen
erally extended into several pairs of spines,
in a few genera rounded (97, 109, 117, 197,
198, 236, 237, 259, 265, 340). L.Carn.-M.
Cam.

Oryctocephalus WALCOTT, 1886 ["0. primusJ.
Glabella parallel-sided or slightly expanded for
ward; glabellar furrows well impressed as pits;
palpebral lobes 0.3 of glabellar length, distant from
glabella, posterior to glabellar mid-point; posterior
areas of fixigenae not extending much beyond
palpebral lobes, genal spines long. Thorax with 7
segments; pleurae extended into spines. Pygidium
almost as large as cephalon; axis tapered, with 5
to 7 segments; pleural furrows and grooves im
pressed, not parallel to each other; 5 or 6 pairs
of marginal spines, 4th pair strongest in most
species. M.Cam., Eu.-Asia-N.Am.-S.Am.--FIG.
162,1. "0. primus, Nev.; la,b, cran., pyg., X2
(448n).--FIG. 161. O. burgessensis RESSER, W.
Can.(B.C.); exoskel., X2 (448n).--FIG. 162,2.

O. walcotti RESSER, W.USA(Idaho); hypostoma
and doublure of librigenae, X2 (448n). [Genera
considered synonymous with Oryctocephalus include
Oryctocephalina LERMONTOVA, 1940, and Vina
kainella RUSCONI, 1952.J

?Cheiruroides KOBAYASHI, 1935 ["Atops orientalis
REsSER & ENDO in KOBAYASHI, 1935 (=Arthrico
cephalus? primigenius SAITO, 1934)J. Glabella
broad, parallel-sided with 3 pairs of lateral fur
rows, of which 2 connect across glabella; occipital
ring short; fixigenae triangular; palpebral lobes
small, at level of glabellar mid-point. Thorax of
?14 segments; pleurae rounded. Pygidium small,
transverse, with rounded margin. L.Carn.,
Manch.-Korea (97).

Lancastria KOBAYASHI, 1935 ["'Olenopsis ro.ddyi
WALCOTT, 1912]. Cephalon as in Oryctocephalus.
Thorax long, with 18 segments; pleurae extended
into spines. Pygidium small, elongated, with 2
segments. L.Cam., N.Am.--FIG. 162,4. "L.
roddyi (WALCOTT), Pa.; complete, somewhat dis
torted holotype, X2 (448n).

Oryctocara WALCOTT, 1908 ["0. geikiei]. Very
small. Cranidium differs from Oryctocephalus in
narrower fixigenae, longer palpebral lobes, and
much wider ( tr.) posterior areas of fixigenae.
Thorax with 11 segments; pleurae bluntly ter
minated. Pygidium rounded, with short, segmented
axis and numerous pairs of pleural furrows and
grooves, no marginal furrow or border. M.Carn.,
N.Am.--FIG. 162,5. "0. geikiei, Idaho; speci
men lacking librigenae, X 5 (448n).

Oryctocephalites RESSER, 1939 ["0. typicalis].
Similar to Oryctocephalus but anterior outline of
cranidium less straight and glabella more definitely
expanded forward. Pygidium with obsolete inter
pleural grooves and 5 pairs of marginal spines.
M.Cam., N.Am.--FIG. 162,3. "0. typicalis,
Idaho; 3a,b, cran., pyg., X2 (448n).

Oryctocephalops LERMONTOVA, 1940 ["0. frischen
feldi]. Cephalon as in Oryctocephalus. Thorax
with 12 segments. Pygidium small; pleurae with 2
pairs of spines. M.Cam., Sib. (117).

Tonkine1la MANSUY, 1916 ["T. flabelliforrnis].
Cephalic proportions as in Oryctocephalus but
glabellar furrows less distinctly pit-shaped. Thorax
with 5 segments (T. stephensis); pleurae bluntly
terminated. Pygidium semicircular, as large as
cephalon; margin rounded; axis tapered, seg
mented; pleural regions convex, with equally
spaced, radially arranged furrows, lacking inter
pleural grooves; no marginal furrow or border.
M.Cam., E.Asia-N.Am.--FIG. 162,6. T. stephen
sis KOBAYASHI, B.C.; exoskel., X1.5 (448n).

Family DOLICHOMETOPIDAE
Walcott, 1916

[nom. transl. HUPE. 1953 (~X Dolichometopin.e V!AL~TT,
1916),] [=B.thyuriscid.e RICHTER, 1933; Ptarm.~a01~dae
RESSER, 1935 (nom. corr~ct. RASETTI, 19'18, pro Ptarm.g.01dae

RESSER, 1935); Orriinae, Glossopleurin.e HUPE. 1953]
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Oryctocepholites

Tonkinello

Dorsal exoskeleton opisthoparian, ovate
to elongate, heteropygous to macropygous.
Cephalon semicircular, with parallel-sided
to clavate glabella reaching anterior border
or margin; anterior areas narrow; palpebral
areas of fixigenae narrow to moderately
wide; palpebral lobes usually very long, close
to glabella, their front ends generally al
most touching it; genal angles very com
monly produced into spines. Thorax (as far
as known) with 6 to 12 segments. Pygidium
greatly varying in size, shape, and number
of segments. Hypostoma fused with rostral
plate, the latter forming strong "anterior
wings." L.Cam.-U.Cam.

Dolichometopus ANGELlN, 1854 [*D. svecicus].
Cephalon strongly arched transversely and longi
tudinally; glabella moderately convex, subcylindri
cal to slightly clavate, devoid of glabellar furrows
in full-grown specimens, defined by shallow axial
furrow, encroaching upon moderately wide, flat,
or slightly convex anterior border; occipital ring
widened medially, lenticular in outline; fixigenae
posteriorly of about same width as glabella; eye
ridges oblique; posterior areas of fixigenae with
rounded, strongly sloping extremities terminating
at genal angles; palpebral lobes half as long as
glabella; genal angles bluntly pointed or with
short, strong genal spines. Pygidium large, ap
proximately semicircular, moderately convex, in
distinctly segmented, with narrow, poorly defined
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axis extended into wide border; surface minutely
punctate or granulate (101, 317, 336). M.Cam.,
Eu.-E.N.Am.(Atl.prov.)-?Asia.--FIG. 163,1. -D.
svecicus, Swed.; la, cran., X2 (101); 1b, pyg.,
Xl (336).

Amphoton LORENZ, 1906 [-Dolichometopus deois
WALCOTT, 1905; SD KOBAYASHI, 1935]. Hetero
pygous. Glabella subcylindrical, extended to an
terior border, occipital ring well defined; palpebral
areas of fixigenae narrow, palpebral lobes slightly
curved, upturned cephalic border narrow. Thorax
with 7 segments bearing pointed pleurae. Pygidium
with well-defined border and smooth outer sur
face (101). M.Cam., E.Asia-E.AustraI.
A. (Amphoton). Glabella with slightly concave
sides, lacking lateral furrows; occipital ring very
short, without median spine; palpebral lobes fairly
long, situated opposite central portion of glabella;
genal angles rounded, without genal spine.
Pygidium almost semicircular, with 3 or 4 axial
rings; pleural fields distinctly segmented, bor
der wide, depressed; with shallow indentation
behind moderately tapering axis (101). M.Cam.,
E.Asia.--FIG. 163,5. -A. (A.) deois (WAL
COTT), ?Shantung; exoskel., X2 (101).

A. (Amphotonella) KOBAYASHI, 1942 [-Dolicho
metopus alceste WALCOTT, 1905]. Differs from A.
(Am photon) in having tapered glabella with
straight sides and 4 pairs of deeply impressed lat
eral furrows, longer occipital ring, genal angles
with shore, rapidly tapering genal spine, narrower
pygidium with narrow border, rapidly tapering
axis, median axial nodes, and posterior margin
without indentation (101). M.Cam., E.Asia-SE.
AustraI.--FIG. 163,2. -A. (A.) alceste (WAL
COTT), Shantung; 2a,b, ceph., pyg., Xl (101).

A. (Fuchouia) RESsER & ENDO in KOBAYASHI, 1935
[·Bathyuriscus manchllriensis WALCOTT, 1911 J.
Differs from A. (Amphoton) in having parallel
sided glabella with 3 pairs of lateral furrows.
occipital node or short spine, palpebral lobes of
medium length, long straight, slender genal
spines, and pygidium with rapidly tapering axis of
5 or 6 rings, extremely narrow border, and pos
terior margin without indentation (101). M.Cam.,
E.Asia.--FIG. 163,10. -A. (F.) manchuriensis
(WALCOTT), Manch.; lOa,b, ceph., pyg., X2
(101 ).

A. (Sunia) KOBAYASHI, 1942 [·A. (S.) typical.
Differs from A. (Amphoton) in having long,
stout occipital spine; long, stout, curved genal
spines; and narrower pygidium, with narrow
border and posterior margin without indenta
tion (101). M.Cam., E.Asia-NE.AustraI.--FIG.
163,4. -A. (S.) typica, Shantung; 4a-c, ceph.,
thoracic seg., pyg., Xl (101).

Anoria WALCOTT, 1924 [-Dolichometopus tontoen
sis WALCOTT, 1916J. Cranidium without anterior
border; glabella more or less clavate, smooth or
indistinctly furrowed; axial furrow effaced be-

tween anterior corners of glabella; posterior areas
of fixigenae rapidly tapering; palpebral lobes rela
tively short, slightly curved, situated opposite
glabellar center; anterior sections of facial suture
strongly converging toward frontal margin; libri
genae with wide lateral border; genal angles pro
duced into fairly strong, backward-directed genal
spines. Thorax with 7 segments, wide axis, and
pointed extremities, 5th segment commonly hav
ing long, backward-directed pleural spines. Pygi_
dium slightly smaller than cephalon, relatively
long, with evenly curved posterolateral margin,
moderately tapering axis of 4 or 5 or more
rings, indistinctly segmented pleural fields, and
well-defined, wide, concave border (l01, 316,321).
M.Cam., N.Am.--FIG. 163,7. -A. tontoensis
(WALCOTT), Ariz.; exoskeI. (reconstr.), XO.5
(488).

Asperocare V. POULSEN, 1958 [-A. argentinumJ.
M.Cam., S.Am.(Arg.).

Athabaskia RAYMOND, 1928 [-A. ostheimeriJ. Gla
bella extending to frontal margin, its anterior half
strongly expanding, with 3 or 4 pairs of lateral
furrows; palpebral lobes of medium size, close to
posterior part of glabella; posterior areas of fixi
genae slightly tapering, divided into subequal
pares by deep posterior border furrow; librigenae
with moderately convex border and stout, fiat,
rapidly tapering, backward-directed genal spines.
Thorax with 7 or 8 segments bearing pointed ex
tremities. Pygidium with fairly short, moderately
tapering axis of 6 or 7 axial rings, distinctly
marked pleural furrows becoming increasingly
deep and wide on wide, concave, indistinctly de
fined border, and in some faintly marked inter
pleural grooves. ?L.Cam., M.Cam., N.Am.-
FIG. 163,8. ·A. ostheimeri, Alba.; exoskel., XO.5
(l01).

Athabaskiella KOBAYASHI, 1942 [-Bathyuriseus
(Poliella) probus WALCOTT, 1916]. Differs from
Bathyuriscidella in having narrow anterior border
in front of glabella (101, 317). M.Cam., N.Am.
--FIG. 163,9. "'A. proba (WALCOTT), Utah; 9a,
cran., X4; 9b, pyg., X5 (317).

Bathyuriscidella RASETTI, 1948 [.8. socialisJ. Exo
skeleton tapering from large cephalon to small
pygidium. Glabella narrow, somewhat expanded
anteriorly, reaching front margin, with 1 to 3 pairs
of shallow anterior lateral furrows and a well
impressed oblique posterior pair; occipital ring
very long; anterolateral border fairly narrow, up
turned; eye ridges present; palpebral lobes rela
tively short, situated opposite or anterior to glabel
lar center; anterior sections of facial sutures straight
between eyes and anterior border, parallel to axial
furrows; posterior sections defining wide, tri
angular posterior areas of fixigenae; librigenae
wide, with short, stout, somewhat outward-di
rected genal spine. Thorax with 9 segments, hav
ing narrow convex axis and flat, broadly furrowed
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pleurae that terminate in sharp, obliquely back
ward-directed spines, those of 5th and 8th seg
ments longer than others (in type species). Pygi
dium with few segments, approximately semi
circular, with very prominent axis, postaxial ridge,

flat pleural regions, shallow pleural furrows and
interpleural grooves, and poorly defined border,
which may bear marginal spines (196). M.Cam.,
E.N.Am.--FIG. 163,6. *B. socia/is, Que.; 6a,b,
cran., librigena, X3; 6c, hypostoma, X4; 6d, 2nd-

Dol ichometopus

Amphoton

Amphotonella

Bathyuriscidella

4c

Anoria

Athabaskia
9b

Athabaskiel1a Fouchouia

FIG. 163. Dolichometopidae (p. 0222-0224).
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8th thoracic segments, X6; 6e, pyg., X3 (196).
Bathyuriscus MEEK, 1873 ["'Bathyurus? haydeni].
Differs from Bathyuriscidella in having narrow an
terior border in front of glabella; short occipital
ring; narrower fixigenae with more slowly taper
ing posterior areas; longer, more posteriorly placed
palpebral lobes; pointed pleurae or very short
pleural spines; and larger pygidium with about 7
axial rings, deeper pleural furrows and inter
pleural grooves, narrower, well-defined border,
and in some a pair of lateral spines (101, 197,
317). M.Cam., N.Am.-?Eng.--FIG. 163,3. B.
rotundatus (ROMINGER), W.Can.(B.C.); exoskeI.,
Xl (317).

Chilometopus RUSCONI, 1952 ["'C. asperoensis] .
Differs from Bathyuriscus in having narrower an
terior area of fixigenae, longer, more prominent
palpebral lobes, and smaller, very short (asso
ciated) pygidium of few segments with much
more prominent, indistinctly segmented axis (259).
M.Cam., Arg.

Chilonorria RUSCONI, 1952 ["'C. perlotii]. Differs
from Orria in having semicircular pygidium with
longer axis. Cephalon and thorax unknown (259).
M.Cam.-U.Cam., Arg.

Clavaspidella POULSEN, 1927 ["'C. sinupyga]. Dif
fers from Athabaskia in having much wider palpe
bral and narrower posterior areas of fixigenae;
relatively long, well-defined eye ridges; and pygi
dium with narrower axis, distinct border furrow,
and broad, shallow marginal indentation behind
axis (101, 172). M.Cam., NW.GreenI.-?Arg.-
FIG. 164,1. "'C. sinupyga; la,b, ceph., pyg., Xl
(101).

Corynexochides RASETTI, 1948 ["'C. gregarius]. Dif
fers from Bathyuriscidella in having longer palpe
bral lobes, narrower posterior area of fixigenae,
thorax of ?7 segments with bluntly terminating
pleurae, and only 1st pygidial segment well dif
ferentiated (196). M.Cam., E.N.Am.

Dolichometopsis POULSEN, 1927 ["'D. resseri] .
Glabella parallel-sided to slightly clavate, reaching
narrow, slightly convex anterior border, with 3
or 4 pairs of lateral furrows; occipital furrow
deeply impressed; palpebral lobes moderately
curved, about half as long as glabella, terminating
opposite occipital furrow and anteriorly almost
touching axial furrows, fixigenae here being al
most completely reduced; posterior areas of fixi
genae slightly wider than glabella; anterior sec
tions of facial sutures diverging between eyes and
anterior border; librigenae with almost flat lateral
border, well-marked border furrow, and long
flat slightly curved genal spine projecting from
more or less rounded genal angle. Associated pygi
dium small, transverse, with short axis, 4 or 5
axial rings; wide, shallow pleural furrows, inter
pleural grooves between raised pleural edges;
poorly defined border; and entire margin with
shallow indentation behind axis (101, 172). Up.

L.Cam., NW.GreenI.-?N.Am.--FIG. 164,3. •D.
resseri, NW.GreenI.; 3a,b, ceph., pyg., X2 (101,
slightly modified).

Glossopleura POULSEN, 1927 [·Dolichometopus boc
car WALCOTT, 1916J [?=Sonoraspis STOYANOW,
1952]. Differs from Anoria in its much longer
palpebral lobes and wider, slightly tapering pos
terior areas of fixigenae (101, 172, 317). M.Cam.,
N.Am.-NW.Greenl.-S.Am.(Arg.). -- FIG. 164,2.
"'G. boccar (WALCOTT), Mont.; exoskel. (re
constr.), Xl (317).

Hemirhodon RAYMOND, 1937 ["'H. schucherti].
Glabella moderately convex, expanding from
poorly defined occipital ring, reaching anterior
margin; lateral furrows indistinct or effaced;
anterior and palpebral areas of fixigenae very nar
row, and posterior areas moderately wide, with
rapidly tapering lateral extremities; palpebral lobes
extremely short, moderately curved. Thoracic axis
less than 0.3 of width of thorax; pleurae flat, with
shallow furrows, terminating in falcate points.
Pygidium about same in size as cephalon, almost
flat, with little relief, nearly semicircular, with
narrow, rapidly tapering axis of about 6 rings ex
tending to wide, slightly concave border which
may have a median marginal notch (101, 193,
213). U.M.Cam.-U.Cam., N.Am.--FIG. 164,9a.
"'H. schucherti, V.Cam., Vt.; cran. and thoracic
segs., X2 (213).--FIG. 164,9b, H. simplex
RASETTI, V.Cam., Que.; pyg., X3 (193).

Klotziella RAYMOND, 1928 ["'Bathyuriscus ornatus
WALCOTT, 1908J. Differs from Bathyuriscidella in
having narrow anterior border in front of glabella,
more rapidly tapering posterior areas of fixigenae,
extremely short palpebral lobes, narrower libri
genae without genal spine; thoracic segments (ex
cept 1st) with rounded extremities; and larger
pygidium with very narrow border (101, 197,
317). M.Cam., N.Am.

Mendospidella RUSCONI, 1952 ["'M. asperoensisJ.
Differs from Athabaskia in having shorter pygi
dium with more tapering axis and strongly marked
interpleural grooves (259). M.Cam., Arg.

Neochilonorria RUSCONI, 1953 ["'N. coronitlensis].
Differs from Chilonorria in having pygidial pleural
furrows and interpleural grooves defined by very
sharp ridges. Cephalon and thorax unknown
(260). U.Cam., Arg.

Orria WALCOTT, 1916 ["'0. elegansJ. Glabella nar
row, parallel-sided, reaching narrow anterior bor
der, with 4 pairs of indistinctly defined lateral
furrows; anterior and palpebral areas of fixigenae
very narrow, and posterior areas very wide, ex
tending obliquely backward to genal angles,
divided into subequal parts by wide and deep
posterior border furrow; palpebral lobes of me
dium size, slightly behind glabellar center; an
terior sections of facial suture parallel between
eyes and anterior border; Jibrigenae wide, with
irregular network of raised )ines, and short back-
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ward-directed genal spine. Thorax with 9 segments,
axis narrow, pleurae horizontal, broadly furrowed.
and obliquely truncated. Pygidium semielliptical,
longer than cephalon, with short axis of 8 or 9
rings, strongly marked pleural furrows and inter-

pleural grooves, and very narrow, raised border
(101, 317). M.Cam., N.Am.--FIG. 164,4. "'0.
elegans, Utah; exoskel., XO.5 (317).

Orriella RASETTI, 1948 ["'0. gaspensis]. Intermedi
ate between Bathyuriscus and Orria, differing from

Poliello

3b
Dolichometopsis

Glosspleuro

Ptormigonoides

7b
Prosymphysurus

70

Orrio

Clovospidello

Poliellino Hemirhodon Polypleurospis

FIG. 164. Dolichometopidae (p. 0224-0226).
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Bonnospis

Cam., Asia-N.Am.--FIG. 164,8. *P. lermon
tovae, Sib.; exoskel. (reconstr.), X2 (101).

Polypleuraspis POULSEN, 1927 [*P. solitaria]. Dif·
fers from Glossopleura in having more prominent
axis; narrower thorax with long, obliquely back·
ward-directed pleural spines; and much longer,
more convex pygidium with about 10 fairly well
marked segments and narrower border (197).
M.Cam., NW.Greenl.-N.Am.--FIG. 164,10. P.
insignis RASETTI, W.N.Am.; exoskel., X2.5 (197).

Prosymphysurus POULSEN, 1927 [*P. kochi]. Differs
from Glossopleura in having evenly arched crani
dium and almost evenly arched pygidium with
Oat, indistinctly defined axis, unfurrowed pleural
field, and narrower, slightly convex border (101,
172). M.Cam., NW.Greenl.--FIG. 164,7. "P.
kochi; 7a, cran., X2; 7b, pyg., Xl (172).

Ptarmigania RAYMOND, 1928 [*Bathyuriscus ros
sensis WALCOTT, 1917]. Differs from Dolichome
topsis in having appreciably wide fixigenae at
anterior end of palpebral lobes, well·defined eye
ridges, and pygidium with Oat marginal spines or
scallops and pleural furrows extending across wide
border almost to margin (101, 197). M.Cam., N.
Am.

Ptarmiganoides RASETTI, i951 ["P. bowensis]. Dif
fers from Dolichometopsis in having longer pygi
dial axis and margin of pygidium extended into
at least 4 pairs of strong, cylindrical spines (197).
M.Cam., N.Am.--FIG. 164,5. *P. bowensis,
W.Can.; pyg., X3 (197).

Wenkchemnia RASETTI, 1951 [*W. walcotti]. Dif
fers from Poliella in having shorter palpebral
lobes, rapidly tapering posterior areas of fixigenae,
and last thoracic segment less curved, not en
veloping pygidium (197). M.Cam., N.Am.

Family CORYNEXOCHIDAE Angelin,
1854

Dorsal exoskeleton small, opisthoparian,
subovate to subelliptical, moderately convex,
heteropygous to almost isopygous. Glabella
clavate, extended to anterior margin, lateral
furrows more or less effaced; fixigenae mod
erately wide, librigenae narrow; palpebral
lobes of small to medium size, placed oppo
site or a little posterior to glabellar center.
Thorax (as far as known) with 7 segments.
Pygidium, semicircular with 2 to 5 indis
tinctly defined axial rings, border slightly
convex and margin entire. Hypostoma fused
with rostral plate, the latter forming strong
"anterior wings." M.Cam.

Subfamily CORYNEXOCHINAE Angelin, 1854
[nom. transl. RAYMOND, 1928 (ex Coryncxochidae ANG£LIN.

1854)]

Corynexochidae with eyes and facial su
tures. M.Cam.

Acontheus

Corynexochus

the former in having much longer palpebral lobes,
no anterior border in front of glabella, presence
of occipital spine, and short pygidial axis; differ
ing from the latter in having deeper axial furrow,
more prominent glabella, wider anterior and nar
rower posterior areas of fixigenae, and fewer
pygidial segments (196). M.Cam., E.N.Am.

Parapoliella CHERNYSHEVA, 1956 [*Olenoides obrut
chevi LERMONTOVA, 1925]. Up.L.Cam., USSR.

Parkaspis RASETTI, 1951 [*P. endecamera]. Differs
from Bathyuriscus in having 10 or 11 thoracic seg
ments (B. has 9), smaller pygidium without
border and with fewer segments, indistinctly
marked interpleural grooves, and denticulated mar
gin (197). M.Cam., N.Am.

Poliella WALCOTT, 1916 [*Bathyuriscus (P.) an
teros] [=Bornemannia VOGDES, 1925]. Differs
from Bathyuriscus in having only one pair of dis
tinctly marked glabellar furrows, 7 to 11 thoracic
segments, shorter pygidium with 2 or 3 axial
rings, faintly marked or effaced interpleural
grooves, indistinct border, with denticulate mar
gin or median marginal notch in some (101,317).
L.Cam.-M.Cam., N.Am.--FIG. 164,6. *P. an
teros, M.Cam., Idaho; exoskel., X2 (317).

Poliellaspis LERMONTOVA, 1940 [*Poliellina sayanica
POLETAYEVA, 1936]. M.Cam., Asia.

Poliellina POLETAEVA, 1936 [*P. lermontovae].
Differs from Poliella in having up to 4 pairs of
distinct lateral glabellar furrows, relatively
short, strongly curved palpebral lobes, thorax of
10 to 12 segments with axial nodes and better
developed pleural spines, and pygidium with axial
nodes and distinctly defined border (101, 117). M.

FIG. 165. Corynexochidae (p. 0227).
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Corynexochus ANGELIN, 1854 ['"C. spinulosus]
[=Karlia WALCOTT, 1889]. Exoskeleton elongate
oval. Glabella strongly expanding from base to
front; occipital ring long; anterior area of fixigenae
extremely narrow; eyes of medium size. Thoracic
pleurae deeply furrowed, pointed (233, 336). M.
Cam., Eu.-E.N.Am.(Atl.prov.)-N.E. AustraL-Asia.
--FIG. 165,1. '"C. spinulosus, Swed.; la,b, cran.,
dorsal, lateral, X4; Ie, pyg., X4 (336).

Bonnaspis RESSER, 1936 ['"Karlia stephenensis WAL
COTT, 1889]. Differs from Corynexochus in its
nearly even elliptical outline, short occipital ring,
wider anterior area of fixigenae, small eyes, blunt
ly terminating thoracic pleurae, and larger pygi
dium (233). M.Cam., N.Am.--FIG. 165,2. '"B.
stephenensis (WALCOTT), B.C.; exoskeL (reconstr.),
X2 (317).

Corynexochina LERMONTOVA, 1940 ['"C. weberi].
M.Cam., USSR.

Subfamily ACONTHEINAE Westergard, 1950

Small forms lacking eyes and facial su
tures; otherwise resembling Corynexochinae
but somewhat doubtfully classed in the same
family. M.Cam.

Acontheus ANGELIN, 1851 ['"A. acutangulus]
[=Aneucanthus ANGELIN, 1854 (obj.); Aneua
canthus BARRANDE, 1856 (obj.)] (337). M.Cam.,
Swed.-Br.I.--FIG. 165,3. '"A. acutangulus,
Swed.; 3a,b, ceph., pyg., X4 (337).

Family ZACANTHOIDIDAE
Swinnerton, 1915

{nom. correct. RICHTER, 1933 (pro Zacanthoidae SWINNERTON,

1915)] [=Albertdlidae, Mexie.spinae, Vanuxemellinae BUPE,
1953]

Exoskeleton slender, of low convexity.
Glabella long, parallel-sided or expanded for
ward, generally with 4 pairs of lateral fur
rows. Palpebral lobes long, semicircular,
close to glabella; frontal area usually reduced
to anterior border, rarely obsolete; posterior
areas slender, in some genera bearing meta
fixigenal spines; genal spines present. Hypo
stoma fused with rostral plate. Thorax of 4
to 9 segments; axial rings usually spinose;
pleurae generally bearing elongate, triangu
lar ridges at proximal end, extended into
long spines; macropleural segments may be
present. Pygidium smaller than cephalon;
axis of 4 to 8 segments; pleural fields with
marginal spines. Closely allied to and not
sharply separated from Corynexochidae. L.
Cam.-M.Cam. (236, 197, 130).
Zacanthoides WALCOTT, 1888 [pro Embolimus

ROMINGER, 1887 (non AGASSIZ, 1846; nec MAR
SHALL, 1868; nec WEISE, 1902)] ['"Z. romingeri
RESSER, 1942 (pro Embolimus spinosa ROMINGER,

FIG. 166. '"Zacanthoides romingeri WALCOTT (Za
canthoididae), M.Cam., W.Can. (B.C.); exoskeL,

XO.6 (448n).

1887, non Ogygia? spinosa WALCOTT, 1884); SD
RESSER, 1942]. Glabella parallel-sided; metafixi
genal spines present. Thorax of 9 segments; pleurae
obliquely furrowed; no macropleural segments.
Pygidium with elevated, abruptly terminated axis;
general outline subtriangular; pleural fields flat;
marginal furrow and border indistinct; pleurae
directed backward, extended into several pairs of
marginal spines. M.Cam., N.Am.--FIG. 166. '"Z.
romingeri, W.Can.(B.C.); exoskel., XO.6 (448n).

Albertella WALCOTT, 1908 ['"A. helena]. Glabella
parallel-sided; eyes of variable length; no meta
fixigenal spines. Thorax of 7 segments; third or
fourth segment macropleuraI. Pygidium with one
pair of marginal spines. M.Cam., N.Am.--FIG.
167,3a,b. A. limbata RASETTI, W.Can.(B.C.);
3a,b, cran., pyg., X3 (448n).--FIG. 167,3c. A.
bosworthi WALCOTT, W.Can.(B.C.); exoskeI., Xl
(448n) .--FIG. 167 ,3d. '"A. helena, Mont.; exo
skeI., XI (448n).

Fieldaspis RASETTI, 1951 ['"F. furcata]. Glabella ex
panded forward; eyes long; palpebral lobes close
to axial furrow at both ends; no metafixigenal
spines. Thorax of 9 segments, none macropleural;
pygidial margin extended into pair of spines or
rounded lobes. M.Cam., N.Am.--FIG. 168,la-e.
'"F. furcata, W.Can.(B.C.); la, cran., X1.5; lb,
librigena, X 1.5; I c,d, hypostoma, ventral, lateral,
X4; Ie, pyg., X1.5 (448n).--FIG. 168,lf,g. F.
superba RASETTI, W.Can.(B.C.); lf,g, cran., pyg.,
Xl (448n).

Mexicaspis LOCHMAN, 1948 ['"M. stenopyge]. Glab
ella expanded forward; axial furrow shallow; eyes
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short; no metafixigenal spines. Pygidium elon
gated, with 2 pairs of large, backward-directed
spines. M.Cam., N.Am.--FIG. 168,4. *M. slena
pyge, Mex.(Sonora); 4a, cran., X 1.4; 4b, pyg.,
X2 (130).

Prozacanthoides RESSER, 1937 [*Olenaides stissin
gensis DWIGHT, 1889]. Cephalon as in Zacan
thaides. pygidial pleurae not directed sharply back
ward. L.Cam., N.Am.--FIG. 168,2. P. virginicus
RESSER, Va.; 2a,b, cran., pyg., X2 (448n).

Stephenospis

I,

""\'
\'
~

"
""
"I)

Zoconthopsis

, ., ',;
""
""""":~
":

Albertello
3d

FIG. 167. Zacanthoididae (p. 0227·0230).
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Stephenaspis RASETTI, 1951 ["S. bispinosa]. Cepha
Ion as in Fieldaspis. Thorax of 9 segments, with
axial spines. Pygidium subrectangular, with median

notch and pair of marginal spines. M.Cam., N.Am.
--FIG. 167,1. "S. bispinosa, W.Can.(B.C.);
exoskel., XI (448n).

Fieldospis

Prozoconthoides

3

Vonuxemello

Fieldospis

Mexicospis

FIG. 168. Zacanthoididae (p. 0227-0230).
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FIG. 169. Dinesidae (p. 0230-0231).

area concave. L.Cam., N.Am.--FIG. 1672. Z.
virginica RESSER, Va.; cran., X2 (448n). '

Family DINESIDAE Lermontova, 1940
[=Tollaspidae KOBAYASHI, 1943; ProerbUdae HUfB 1953.
also Din~sidae HUPE, 1953, introduced as new famiiy, evi~
dendy without knowledge of LEIlMONTOVA'S prior publication]

Exoskeleton opisthoparian, elliptical, mi.
cropygous. Glabella hemicylindrical front
rounded, with 4 or fewer pairs of' lateral
furrows; eye ridges narrow but distinct
palpebral rim and furrow present, occipitai
spine present or absent; preglabellar field
crossed by pair of furrows running diagonal
ly outward from anterior corners of glabella
anterior border furrow narrow and curved'
anterior border narrow; eyes of medi~
size, position variable; fixigenae very con
vex, horizontal, palpebral areas, about 0.75
of glabellar width, posterior area triangular,
as long (tr.) or longer than occipital ring'
librigenae quadrangular, with rounded
genal angle or rather short genal spine.
Thorax with 11 to 13 segments; axis wide,
convex, with lateral nodes; pleurae about
same in width (tr.), flat, with short curved
spine at end and broad deep pleural furrow.
Pygidium very small, transverse; axis wide,
convex broadly rounded, 0.5 of length,
may have 1 axial ring and terminal; pleural
fields low, narrower, 1 or 2 pleurae may
show faintly, without border furrow, border
ill defined, narrow. Outer surface granular.
Up.L.Cam.-Low.M.Cam.
Dinesus ETHERIDGE, JR., 1896 ["D. ida]. Glabella

with single pair of posterior lateral furrows
curved back to occipital furrow to produce basal
lobes, with occipital node or small spine; pre
glabellar field very narrow; eyes of medium size,
opposite center of glabella; fixigenae with palpe
bral areas more than 0.5 of glabellar width, pos
terior areas same length (tr.) as occipital ring.
Thorax of 11 segments with short median axial
spines or nodes. Pygidium narrowly transverse;
axis semicircular, with poorly defined axial furrow;
all pleural furrows obsolete (97, 340). Low.M.
Cam., Austral.--FIG. 169,4. "D. ida, NW.
Queens\.; exoskel., X 1 (411).

Erbia LERMONTOVA, 1940 [·Cyphaspis sibirica
SCHMIDT, 1886] [=Paratollaspis KOBAYASHI, 1943
(obj.)]. Glabella convex to globose, with single
pair of deep posterior lateral furrows curved pos
teriorly, may touch occipital furrow to form basal
lobes, with stout broad-based occipital spine; pre
glabellar field of variable width, depressed; eyes
below medium size, near center of glabella; fixi
genae with palpebral areas 0.75 of glabellar width,

Praerbia

Dinesus

Tollaspis

Erbia

3

Vanuxemella WALCOTT, 1916 ["V. contracta]
[=Yistoia WALCOTT, 1925]. Glabella expanded
forward; axial and glabellar furrows shallow;
palpebral lobes short; genal spines small; anterior
border obsolete; librigenae narrow. Thorax of 4
or 5 segments; pleurae bluntly terminated. Pygi
dium trapezoidal; axis long, prominent; first 2 or
3 pleural segments less fused and extended into
lateral spines; a pair of posterior marginal spines;
size small. M.Cam., N.Am.--FIG. 168,3. Y.
nortia WALCOTT, W.Can.(B.C.); exoskel., X2
(448n).

Zacanthopsis RESSER, 1938 ["Olmaides let/is WAL
COTT, 1886]. Differs from Prozacanthoides in
shorter palpebral lobes, greater development of
fixigenae in front of eyes, and posterior areas not
extending much beyond palpebral lobes; frontal
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posterior areas longer (tr.) than occipital ring;
librigenae with short genal spine. Thorax with 11
to 13 segments. Pygidium narrow-transverse; axis
short and wide, with 1 or 2 poorly defined axial
rings; pleurae 1 or 2, poorly defined (117). Low.
M.Cam., Sib.--FIG. 169,1. *E. sibirica
(SCHMIDT), near Krasnoyarsk; cran., X2 (411).

Proerbia LERMONTOVA, 1940 [*P. priscal. Glabella
strongly convex, with 4 pairs of lateral fur
rows, anterior 2 pairs short, faint, diagonal for
ward, posterior 2 pairs strong, curved backward,
last pair may touch occipital furrow, with occi
pital spine; preglabellar field of medium width,
divided longitudinally by 2 additional furrows into
3 oval convex areas; eyes slightly above medium
size, located a little behind center of glabella;
fixigenae with palpebral areas slightly less than
glabellar width, posterior areas same length (tr.)
as occipital ring. Librigenae, thorax, and pygidium
unknown. Surface coarsely granular (117). Up.
L.Cam., Sib.--FIG. 169,2. *P. prisca, Lower
course of River Lena; cran., X3 (411).

Tollaspis KOBAYASHI, 1943 [*Anomocare pawlow
skii SCHMIDT, 1886]. Glabella strongly convex,
subparallel-sided, with 3 pairs of lateral fur
rows, anterior 2 pairs very faint and short, pos
terior pair deeper, curved back to occipital fur
row, occipital node present; preglabellar field of
medium width, anterior margin broadly pointed;
eyes of medium size, posterior to center of glabella;
fixigenae with palpebral areas about 0.7 of
glabellar width, posterior areas 0.7 of length (fr.)
of occipital ring; librigenae with rounded genal
angle. Thorax and pygidium unknown (102).
Low.M.Cam., Sib.--FIG. 169,3. *T. pawlowskii
(SCHMIDT), mouth of Little Batobiji on Wiliu
River; ceph., ?Xl (419).

Order PTYCHOPARIIDA
Swinnerton, 1915

[nom. correct. HENNINGSMOEN, herein (ex Ptychoparina
SWINNERTON. 1915] [=Opislhoparia BEECHER. 1897 (partiml+ Hypoparia BEECHER. 1897 (partiml; Conocoryphida SWIN·
NE'TON. 1915 + Trinucleida SWINNERTON. 19151 [Type-

Ptychoparia HAWLE & CORI)A. 18471

A large order of trilobites having more
than 3 thoracic segments. A few are pro
parian (some Ptychopariina) and some
modified forms have marginal or submar
ginal sutures (some Ptychopariina, most
Harpina and Trinudeina), but a large
majority are opisthoparian. The glabella is
primarily of simple, generalized type, taper
ing forward, and glabellar furrows, if pres
ent (many Ptychopariina) are commonly
simple, subparallel linear depressions. In
some modified forms, the glabella deviates
in shape (Illaenina, Harpina, Trinucleina,
most Asaphina, some Ptychopariina), and

the different pairs of lateral glabellar fur
rows, if present, are more or less dissimilar.
A preglabellar field commonly is present but
may be secondarily reduced. A rostral plate
and connective sutures are present or absent;
if a rostral plate is lacking (modified forms),
the librigenae are either separated by a
median suture or fused together (Asaphina,
Harpina, Trinucleina, some Ptychopariina).
The hypostoma is separated from the cepha
Ion by a hypostomal suture or uncalcified
membrane. Most early forms have a rela
tively large thorax and small pygidium (e.g.,
Alokistocare), whereas later forms especially
have fewer thoracic segments and a large
pygidium (e.g., Asaphus).

Early representatives of the Ptycho
pariida resemble Redlichiina, but many of
these latter have eye lobes that are longer
or less separated from the eye ridges, or
they are characterized by a glabella that ex
pands forward. The Corynexochida differ
from the Ptychopariida in having the hypo
stoma fused with the rostral plate; also,
many of the Corynexochida differ from
contemporaneous Cambrian Ptychopariida
in having more divergent lateral glabellar
furrows, and in having a glabella that ex
pands forward. The Lichida and Odonto
pleurida differ from the Ptychopariida,
among various features, in their peculiar
types of glabella and glabellar furrows.
Among the Phacopida, early forms, especial
ly of Calymenina, resemble the Ptycho
pariida, but most differ in the pattern of
the glabellar furrows and are predominantly
proparian or gonatoparian.

The Ptychopariida seem to be closely re
lated to the Redlichiina, and probably gave
rise to most or all post-Cambrian trilobite
groups (except, of course, post-Cambrian
agnostids). L.eam.-M.Perm.

Suborder PTYCHOPARIINA
Richter, 1933

(Includes OIe:nina SWINNERTON, 1915 (partim]; Conocory
ph ina SWINNERTON~ 1915; Ptychoparina SWINNERTON, 1915

(partiml] [Type-Ptyd,oparia HAWLE & CORDA, 1847]

Exoskeleton typically with the following
combination of characters; (1) simple, gen
eralized glabella tapering forward; (2) sim
ple, commonly subparallel lateral glabellar
furrows (if present); (3) opisthoparian fa
cial sutures; (4) preglabellar field; (5) rela
tively large thorax; and (6) small pygidium.
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Jn some more or less specialized, derived,
or advanced forms, one or more of these
characters may differ from the norm. For
example, shape of glabella is subrectangular
in some Saukiidae; one or more lateral
glabellar furrows are sigmoidal or bifurcate
in Hypermecaspididae and some Olenidae;
only longitudinal glabellar furrows are pres
ent in the Telephinidae; some Ptychopariina
have proparian sutures (Norwoodiidae, Bur
lingiidae, some olenids and others), and
some blind forms have marginal facial su-

tures or none at all (some Conocoryphidae);
the preglabellar field is missing within vari
ous groups; and several genera included
in the suborder have a relatively short
thorax and large pygidium (e.g., Dikelo
cephalidae, Anomocaridae, Asaphiscidae).

No members of the Ptychopariina are
known to have; (1) a glabella with concave
sides, narrowest toward the rear; (2) a
mesial glabellar node well in front of occi
pital furrow; or (3) a cephalic fringe (as
in harpids and trinucleids). L.Cam .-U.Ord.

2
Caborcella

Drabia

9a

9b

Ptychopa rella

6
Ptychoparia

Yuknessaspis

8b
Ptychoparoides

7

Yahoaspis

4

Braintreella

Lyriaspis

F,G. 170. Ptychopariitlae (Ptychop3riinae) (p. 0233, 0234).
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Superfamily PTYCHOPARIACEA
Matthew, 1887

[nom. transi. et correct. RASETTI, 1954 (ex Ptychoparidae
MATTHEW, 1887)] [=Ptychopariidea RICHITR, 1933 (paTtim);
P,ychoparioidae RASETTl, 1951 (paTlim); Ptychoparioid.e

HUPE, 1953 (attributed to RtCH1U, 1933) 1

Exoskeleton elongate oval, opisthoparian,
with relatively large thorax and small pygi
dium. Cephalon semicircular, with well-de
fined border, glabella tapering forward, gen
erally with 3 or 4 pairs of more or less dis
tinct lateral glabellar furrows, with rounded
or truncate front separated from border by
a short to relatively long (sag.), moderately
convex to flat (or rarely concave) preglabel
lar field; facial sutures converging or di
verging in front of eyes, eye ridges com
monly present; librigenae commonly with
genal spines of short to medium length.
Thorax composed of 12 to 17 segments; axis
moderately convex, sharply defined; pleurae
nearly flat, with distinct grooves. Pygidium
with few segments, lacking border. Surface
generally smooth. L.Cam.-L.Ord.

Family PTYCHOPARIIDAE Matthew,
1887

[nom. correct. RICHTER, 1933 (pro Ptychoparidae MATTHEW,
1887) ]

Dorsal exoskeleton elongate oval, opistho
parian, with relatively large thorax and
small pygidium. Cephalon semicircular,
with well-defined convex border; glabella
tapering forward, generally with 3 or 4
pairs of distinct lateral furrows, with
rounded or truncate front separated from
border by a short, moderately convex to
flat (or rarely concave) preglabellar field;
facial sutures diverging in front of eyes; eye
ridges commonly present; librigenae com
monly with genal spines of short to medium
length. Thorax composed of 12 to 17 seg
ments; axis moderately convex, sharply de
fined; pleurae nearly flat, with distinct
grooves. Pygidium with few segments, lack
ing border. Surface generally smooth. L.
Cam.-L.Ord.

Subfamily PTYCHOPARIINAE Matthew, 1887
[nom. corrut. WESTEItGARD, 1950 (ex Ptychoparinae MATTHEW,

1887) 1

Preglabellar area rather flat or somewhat
concave, medium in length and width;
glabella usually somewhat tapering, with or
without glabellar furrows. Pygidium small.
M.Cam.-U.Cam.

Ptychoparia HAWLE & CORDA, 1847 (*Conocephalus
striatlts EMMR1CH, 1839; SD WALCOTT, 1884].
Preglabellar area with radiating striae; 4 glabellar
furrows. Pygidium half as long and half as wide
as cranidium, with 5 segments. M.Cam., Boh.-
FIG. 170,6. *P. striata (EMMRICH), Jince F.;
exoskel., XO.6 (3*).

Braintreella WHEELER, 1942 (*Ptychoparia rogersi
WALCOTT, 1884]. Cranidium subquadrate, with
straight front margin and well-developed anterior
border; glabellar furrows faint; short occipital
spine. M.Cam., Mass.---FIG. 170,1. *B. rogersi
(WALCOTT), Braintree F.; cran., X2.7 (492·).

Caborcella LOCHMAN, 1948 (*C. arroiosensis].
Cranidium short, wider than long; glabella broad
ly tapering, with rounded front and 3 pairs of
furrows; anterior border furrow broad, with a low
median rise; border upturned; curved eye ridges
prominent; palpebral lobes small. M.Cam., Sonora.
---FIG. 170,2. *C. mToiosensis, Los Arrojos F.;
cran., X3 (128*).

Drabia WILSON, 1951 [*D. aeroccipita]. Cranidium
small; fixigenae wide; border narrow. V.Cam., Pa.
--FIG. 170,3. *D. aeroccipita, Ore Hill F.; cran.,
X6.5 (363*).

Lyriaspis WHITEHOUSE, 1939 (*L. sigillum]. Gla
bella bearing 2 pairs of short furrows; fixigenae
wide; palpebral lobes small; eye ridges narrow;
preglabellar area convex; anterior border narrow
and convex. Thorax with 13 or 14 segments.
Pygidium small, with prominent axis, 3 pleural
furrows, border narrow or lacking. M.Cam.,
Queensl.--FIG. 170,4. .L. sigillllm, Dinesus
Stage; exoskel., X2.5 (340*).

Ptychoparella POULSEN, 1927 (·P. brevicauda].
Cranidium like that of PtycllOparia but pygidium
very short, with well-developed border and very
short axis containing only 4 segments. M.Cam.,
Greenl.--FIG. 170,9. ·P. brevicauda, Cape Fred
erick VII F.; 9a, cran., X2; 9b, pyg., X3.5 (172*).

Ptychoparoides RUZICKA, 1939 (*P. nobilis]. Crani
dium like that of Ptychoparia but more elongaIe
and lacking striae on preglabellar area. M.Cam.,
Boh.--FIG. 170,8. *P. nobilis, Orthis Ss.; 8a,b,
cran., pyg., X 1.5 (264*).

Yohoaspis RASETTI, 1951 (*Y. pachycephala]. Gla
bella strongly convex, with indistinct furrows;
frontal area consisting of border only, border fur
row running into axial furrows in front of
glabella; palpebral lobes narrow, moderately long,
set off by palpebral furrows; eye ridges poorly de
veloped; fixigenae very convex. M.Cam., B.C.-
FIG. 170,7. ·Y. pachycephala, Cathedral F.; cran.,
XI (197*).

Yuknessaspis RASETTI, 1951 [*Y. paradoxa]. Gla
bella moderately convex, sharply truncate in front;
axial furrows very deep at sides; preglabellar area
as wide (sag.) as glabella, with narrow anterior
border and covered with longitudinal SIriae; palpe-
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a

FIG. 171. Ptychopariidae (Antagminae). 1, Syspa
cephalus gl'egarius RASETTI, M.Cam., W.Can.(B.C.);
exoskel., X5 (448n). 2. "S. charops (WALCOTT),

L.Cam., W.Can.(B.C.); cran., X6 (448n).

bral lobes short and narrow; eye ridges prominent.
Thorax with at least 14 segments. M.Cam., B.C.
--FIG. 170,5. "Y. paradoxa, Stephen F.; exo
skeI., Xl.5 (197").

?Agraulopsis RUZi<":KA, 1940 ["A. resseri]. Cepha
Ion moderately convex with weak anterior border
furrow; glabella elongate, tapering, truncate at
front; eyes small, submedian; anterior and pos
terior sections of facial sutures divergent. M.Cam.,
Boh.--FIG. 406,5. *A. resseri; cran., X2 (293)
(HE).

Subfamily PERIOMMELLINAE Rasetti, 1955

Ptychopariidae with very wide palpebral
area; margin of fixigenae downturned, plac
ing small palpebral lobes in subventral posi
tion; posterior area of fixigenae deeply fur
rowed, not extending laterally beyond palpe
bral lobes. L.Carn.

Periommella RESSER, 1938 ["P. yorkensis]. Glabella
tapered, truncate in front, faintly furrowed; pre
glabellar field may have median boss; border con
vex; eye ridges directed forward from glabella;
palpebral area twice as wide as glabella; border
furrow on posterior areas not reaching cranidial
margin; librigenae narrow, with genal spines. L.
Cam., N.Am.--FIG. 172. "P. YOl'kensis, Que.;
a,b, ceph., X6, X9 (448n).

Subfamily EULOMINAE Kobayashi, 1955

Late Ptychopariidae mainly characterized
by deep glabellar furrows merging with the
axial furrows, curving backward, posterior
pair almost isolating basal lobes; eyes large
to small; anterior border present; border fur
row in most species with series of pits.
Thorax of 13 segments, where known.
Pygidium small, transverse, of generalized
ptychopariid type. L.Ord.
Euloma ANGELIN, 1854 ["E. laeve ANGELIN; SD

VOGDEs,I925] [=Calymenopsis BERGERON, 1895].

FIG. 172. "Periommella yorkensis RESSER (Ptycho
pariidae, Periommellinae), L.Cam., Que.; a,b, ceph.,

X6 (448n).

Glabella about 0.7 of cranidial length, defined by
deep axial furrows, with at least 2 pairs of deep
lateral glabellar furrows; occipital furrow deep,
occipital ring simple; eye ridges broad, poorly de
fined; palpebral lobes large (in type species) to
medium (E. monile), semicircular; palpebral fur
rows deep; anterior sections of facial sutures slight
ly divergent; anterior border furrow with row of
pits; posterior area slender, extending laterally
well beyond palpebral lobes. Thorax of 13 seg
ments (E. monile). L.Ord., Eu.--FIG. 173,1.
"E. laeve, Swed.; la, cran., X2.5; 1b, pyg., X2.5
(299).

Pareuloma RASETTI, 1954 ["P. brachymetopa].
Glabella narrow, almost parallel-sided, only half
of cranidial length; axial furrows very deep lat
erally, shallow anteriorly; preglabellar field with
median boss; eyes small, opposite anterior end of
glabella; posterior areas of fixigenae large, broadly
triangular, deeply furrowed. L.Ord., N.Am.-
FIG. 173,2. "P. brachymetopa, Que.; cran., X5
(448n) .

Subfamily NASSOVIINAE Howell, 1937
[nom. corr~ct. HOWELL, herein (ex Nassovinae HOWELL,

1937)1

Glabella with faint furrows or none at all,
palpebral lobes small, frontal area rather
narrow, more or less convex, fixigenae nar
row or moderate in width. M.Carn.
Nassovia HOWELL, 1937 ["Liostracus globiceps

GRONWALL, 1902]. Preglabellar area rather large,
border almost lIat; eye ridges strongly developed.
M.Cam., Denm.--FIG. 174,3. "N. globiceps
(GRONWALL), Paradoxides davidis Z.; cran., X2
(402") .

Brunswickia HOWELL, 1937 [*Conocephalites robbi
HARTT in DAWSON, 1868]. Preglabellar area of
moderate size, border of cranidium low; fixigenae
of moderate width; eye ridges not strongly devel
oped; glabella subquadrate. M.Cam., E.Can.(N.B.).
--FIG. 174,1. "B. robbi (HARTT), Fossil Brook
F.; exoskeI., X 1.8 (429").
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Eulomo

Poreulomo

FIG. 173. Ptychopariidae (Eulominae) (p. 0234).

Champlainia HOWELL, 1937 ["C. reelimargo].
Glabella extending almost to convex border, front
of which is straight, eye ridges poorly developed.
M.Cam., Vt.--FIG. 174,4. "C. reclimargo, St.
Albans F.; cran., X6.7 (410").

Vermontella HOWELL, 1937 [·V. darae]. Cranidium
and glabella tapering forward; eye ridges poorly
developed, border slightly convex and tilted up
ward. M.Cam., Vt.--FIG. 174,2. ·V. darae, St.
Albans F.; 2a,b, cran., librigena, X3.8 (410").

Subfamily ANTAGMINAE Hupe, 1953
[nom. Iransl. RASHTI, 1955 (ex Antagmiu3c HUPE, 1953) J

Generalized ptychopariids, usually of
small size. Cephalon with all parts clearly
defined; glabella tapering forward, rounded
or truncate in from, with up to 4 pairs of
furrows; occipital ring usually with node,
never extended into spine; fixigenae from
half to fully as wide as glabella, eye ridges
distinct, palpebral lobes small or medium
sized, nearly opposite glabellar midpoint;
frontal area usually divided into pre
glabellar field and border; border furrow
with tendency to develop a median inbend;
posterior border furrow invariably deep.
Thorax of about 15 segments; pleurae
rounded distally. Pygidium small, trans
verse. Surface generally granulated. [In
cludes earliest members of the superfamily.
The genera intergrade and are difficult to
characterize.] L.Cam.-Low.M.Cam.

Antagmus RESSER, 1936 ("A. fypicalis (=Plycho
paria fellcer WALCOTT, 1887, non BILLINGS,

1861) ]. Glabella convex; palpebral areas convex.
on average horizontal, 0.5 to 0.7 times as wide as
glabella at mid-length; palpebral lobes 0.25 to 0.3
as long as glabella, slightly behind glabellar mid
length; anterior border furrow with median in
bend; anterior sections of facial sutures slightly
divergent; posterior areas of fixigenae relatively
slender, as wide (11'.) as occipital ring. L.Cam., N.
Am.--FIG. 175,1. A. gigas RASETTI, Que.; cran.,
X 1.5 (448n).

Austinvillia RESSER, 1938 ["A. virginica]. Differs
from All1agmlls in shallower glabellar and axial
furrows and almost obsolete, regularly curved
border furrow delimiting long (sag.), flat border
from short (sag.) preglabellar field. L.Cam., N.
Am.--FIG. 175,2. "A. l'irginica, Que.; eran.,
X2 (448n).

Bicella RASHTI, 1955 [.A IISfinvillia bicensis RES

sm, 1938]. Glabella truncate in front; axial fur
rows deep; eye ridges wide; palpebral lobes con
vex, prominent; palpebral areas less than half as
wide as glabella; anterior areas of fixigenae con
vex, divided by border furrow; border long
(sag.); anterior sections of facial sutures slightly
convergent; posterior areas of fixigenae with deep

20
Vermontello

Brunswickio

Nossovio

Chomploinio

FIG. 174. Ptychopariidae (Naswviinae) (p. 0234.
0235).
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boruer furrows not reaching craniuial margin.
L.Calll., N.Am.--FIG. 175,3. ·B. hicellsis (REs
SER), Que.; eran., X2.5 (448n).

Crassifimbra LOCJ-I'IAN, 1947 ['Ollc!IOcep!w/IIS tlJa/
cOtli REssER, 1937]. Glabella low, delimiteu
by shallow axial furrows; palpebral areas narrow;
eyes opposite glabellar mid-length; border furrow
with median inbend; posterior areas of fixigenae
narrower (Ir.) than occipital ring. L.Calll., N.Am.

--FIG. 175,4. 'c. tlJa/cotli (REssER), Nev.; eran.,
X8 (448n).

Eoptyehoparia RASETTI, 1955 [.E. lIorma!is]. Simi
lar to AlllagmllS, with anterior border furrow
regularly curved. L.Cam., N.Am.--FIG. 175,5.
·E. lIorllla!is, Que.; eran., X3 (448n).

Luxella RASHTI, 1955 ['PlycllOparia lllx WALCOTT,
1917J. Glabella low, almost merging with
preglabellar field, occupying about half of erani-

Antogmus Austinvillio Bicello

Crossifimbro Eoptychoporio Luxello

Onchocepholus

Poulsenio

Periommo

Prol iostrocus

Piozello

Sombrerello

FIG. 175. Ptychopariidae (Antagminae) (p. 0235-0237).
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Conokepholino
2b

.f

Lobocepho Iino

FIG. 176. Ptychopariidae (Conokephalininae) (p. 0238).

dial length; palpebral areas wide; palpebral lobes
relatively long; posterior areas of fixigenae short
(exsag.); anterior sections of facial sutures diver
gent. L.Cam., N.Am.--FIG. 175,6. 'L. lllx
(WALCOTT), W.Can.(B.C.); cran., X4 (448n).

Onchocepha1us RESSER, 1937 [. PIYc!lOparia thia
WALCOTT, 1917]. Glabella low; eyes oppo
site glabellar mid-length, anterior sections of facial
sutures parallel or slightly convergent; posterior
areas of fixigenae as wide (11'.) as occipital ring.
1ntergrades with Anlag1l111S, Crassifi1l1bra, Eopty
c!lOparia and ProlioslracllS. L. Cam.-Low.M.Cam.,
N.Am.--FIG. 175,7. O. slIlcalllS RASETTI, L.
Cam., Que.; cran., X4 (448n).

Periomma RESSER, 1937 [·P. Iypicalis]. Glabella
strongly tapered; axial furrows deep; anterior bor
der thick; preglabellar field commonly with me
dian boss; palpebral areas wide, upsloping; palpe
bral lobes prominent; border furrow not reaching
end of posterior areas of fixigenae. L.Cam., N.
Am.--FIG. 175,8. P. walcotti RESSER, Que.;
cran., X6 (44811).

Piaziella LOCHMAN, 1947 ['Ptychoparia pia WAL
COTT, 1917] Like Antagmlls, with which it inter
grades; glabella proportionately small, fixigenae
wider. L.Canl., N.Am.--FIG. 175,9. ·P. pia
(WALCOTT), W.Can.(B.C.); cran., X2 (448n).

Poulsenia RESSER, 1936 [.Solenoplellra grollwalli
POULSEN, 1927]. Glabella convex; axial furrows
deep; front border arched transversely; anterior sec
tions of facial sutures slightly convergent. L.Cam ..
Greenl.--FIG. 175,10. ·P. groel1l()alli (POULSEN).
NW.Greenl.; cran., X2.5 (172).

Proliostracus POULSEN, 1932 [.P. slrmlle/Ii/ormis].
Glabella truncate in front; preglabellar field with
faint median boss; palpebral lobes relatively long,

opposite glabellar mid-length; anterior sections of
facial sutures slightly convergent. L.Cam., Greenl.
--FIG. 175,11. ·P. slrenllelli/ormis, E.Greenl.;
cran., X6 (173).

Sombrerella LOCHMAN, 1948 ['5. 1I1exicana]. Glab
ella elevated posteriorly, low anteriorly, truncate in
front; anterior border furrow with median inbend;
palpebral lobes slightly in front of glabellar mid
length. L.Cam., N.Am.--FIG. 175,12. '5. mexi
calla, Sonora; 12a,b, cran., X5 (128).

Syspacephalus RESSER, 1936 [.Agrallios charops
WALCOTT, 1917]. Glabella low, sloping down
anteriorly; anterior border furrow more or less
obsolete liledially; palpebral lobes anterior to
glabellar mid-point; anterior facial sutures con
vergent; genal angle rounded. Thorax of 13 to 15
segments. L.Ca1l1.-Low.M.Cam., N.Am.--FIG.
171,1. S. gregarills RASETTI, M.Cam. (Mt. Whyte
F.), W.Can. (B.C.); exoskeleton slightly flattened,
X5 (4-l8n).--FIG. 171,2. '5. charops (WAL
con). L.Cam., W.Can.(B.C.); cran., X6 (448n).

Subfamily CONOKEPHALININAE Hupe, 1953
[110m. fran.c/. LaCHMAN-BAl.K hert'in (ex Conokephalinidae
HUPE, 1953) (not ~lttriblltable to \VALCOTT, 1913, on hasis of
"ConokephJlinae," as published by him ::IS :l group designa
tion without di:tgnosis or Jny indication of intelH to intro-

duce a family-grour name:)]

Exoskeleton opisthoparian, micropygous.
Glabella tapering forward, truncate-rounded
in front, with 2 or 3 pairs of well-defined,
arcuate lateral furrows; faint eye ridges
may be present; palpebral rims prominent,
palpebral furrows deep, arcuate; preglabellar
field of variable width, anterior border fur
row well defined; eyes large, behind level
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of center of glabella, fixigenae horizontal,
with arcuate palpebral areas, about 05 of
glabellar width, posterior areas narrow
(cxsag.); librigenae rectangular, with genal
spine of medium length. Thorax of 14 seg
ments; axis convex, about 05 of width (tr.)
of pleurae; pleural furrows distinct, on
front part of segments, ends rounded. Pygid
ium transverse; axis convex, tapering nearly
full length, with 2 or 3 axial rings; 3
pleurae, interpleural grooves and border
furrow very faint or obsolete, border nar
row. Surface granulose. M.Cam.-U.Cam.

Conokephalina BRlIlGGER, 1886 ["'Conocephalites
ornatus BRlIlGGER, 1878; SD BASSLER, 1915]. Gla
bella low, front rounded or straight, with 3 pairs
of lateral furrows; eyes behind glabdlar mid
length; fixigenae narrow anteriorly, posterior area
narrow (exsag.), 0.7 of length (tr.) of occipital
ring. Pygidium narrow transverse; axis convex,
equal to pleural field in width; imerpleural grooves
faint or obsolete, border furrow faim, posterior
margin nearly straight; some bearing up to 3 pairs
of very small spines. M.Cam.-V.Cam., W.Eu.-
FIG. 176,1. *C. ornatuS (BRlIlGGER), M.Cam., Nor
way; la,b, ceph., pyg., X 1.3 (382).

Lobocephalina RUZICKA, 1940 ["'Lobocephalus cari
natus RUZICKA, 1939] [=Rllzickaia PRIBYL, 1950
(pro Lobocephalus RUZICKA, 1940, non DIESING,
1838, nec KRAMER, 1898)]. Glabella moderately
convex, tapering forward, front rounded, with 2
or 3 pairs of lateral furrows; eyes almost oppo
site posterior 0.3 of glabella; fixigenae of medium
width anteriorly, posterior area narrow (exsag.) ,
equal in length (tr.) to occipital ring. Pygidium
transverse; axis convex, as wide as pleural field;
mterpleural grooves obsolete, border furrow very
faint or obsolete, posterior margin curved, without
spines. M.Cam., W.Eu.--FIG. 176,2a,b. "'L.
carinata (RUZICKA), Czech.; cran., X 1.3 (464).
--FIG. 176,2c. L. emmrichi (BARRANDE), Czech.;
exoskel., X 1.3 (370*).

Schoriella SIVOV, 1955 [*S. schorica]. V.Cam., W.
Sib. (276).

Family ALOKISTOCARIDAE Resser,
1939

Preglabellar area wide, glabella some
what tapering, facial sutures rather deeply
concave opposite glabella, eye ridges well
de~eloped, palpebral lobes small, genal
spmes of moderate length. Pygidium small.
L.Cam.-U.Cam.

Alokistocare LORENZ, 1906 [*Ptychoparia Stlbcoro
nattls HALL & WHITFIELD, 1877] (=Amecephalus
WALCOTT, 1924; Strotocephaltls REssER, 1935].

Border of cranidium wide and flat except for low
boss in front of glabella and shallow border fur
row; glabella defined by strong axial furrows
with 2 or 3 pairs of short lateral furrows; palpe~
br~1 lobes of. ~oderate size, eye ridges crossing
fixlgenae; occIpItal flng bearing small node; libri
genae spined. Thorax with 17 to 19 segments;
aXIs narrow; pleurae broad, with well-defined fur
rows. Pygidium small; axis prominent, with 3
rings; pleural regions bearing 1 to 3 furrows. M.
Cam., W.USA.--FIG. 177,1. *A. subcoronatum
(HALL & WHITFIELD), Ute F., Utah.; cran., X5
(488"').

Alokistocarella RESSER, 1938 (*A. typicalis]. Like
Alokistocare but with border concave and nar
rower. M.Cam., USA.--FIG. 178,/. A. brigham
ensis REssER, Utah; X 1.5 (457*).

Amecephalina POULSEN, 1927 [*A. mirabilis]. Like
Alokistocare but border concave, wider, and more
bowed forward, fixigenae narrower, and pygidium
larger. M.Cam., Greenl.--FIG. 177,2. *A. mira
bilis, Cape Wood F., NW.Greenl.; 2a,b, cran.,
pyg., X3 (l72"').

Annamitia MANSUY, 1916 ["'Ptychoparia (Annami
tia) spinijera]. Like Alokistocare, but with nar
rower border, larger palpebral lobes, and occipital
spine. M.Cam., SE.Asia.--FIG. 177,3. *A. spini·
jera (MANSUY), Indochina; exoskel., X1.75 (142*).

Arellanella LacHMAN, 1948 (*A. caborcana). Three
pairs of giabellar furrows, palpebral lobes small,
axis of pygidium wide. M.Cam., NW.Mex.--FIG.
177,5. *A. caborcana, Los Arrojos F., Sonora;
cran., X2.6 (128*).

Bythicheilus REssER, 1939 ["'B. typicum]. Preglabel
lar area short, with medial depression; 14 thoracic
segments; pygidium small. M.Cam., NW.USA.-
FIG. 177,4. "'B. typieum, Spence Sh., Idaho; exo
skel., X2.6 (457*).

Chanda WALCOTT, 1924 [*C. ebdome]. Frontal
area shorter and less bowed forward than in
Alokistocare, palpebral lobes smaller; frontal area
and pygidium wider than in Alokistocare. M.Cam.,
NW.USA.--FIG. 179,4. *C. ebdome, Spence Sh.,
Idaho; Xl (320).

Chelidonocephalus KING, 1937 (*C. alifrons]. An·
terior border of cephaloD convex, glabella trun
cate, with very faint furrows, palpebral lobes large.
M.Cam., or V.Cam., SW.Asia.--FIG. 179,3. *C.
alijrons, Iran; cran., X3 (418).

Dunderbergia WALCOTT, 1924 [*Crepicephalus
(Loganellus) nitidus HALL & WHITFIELD, 1877].
Resembles Alokistocare but frontal area and glabel.
la wider, fixigenae narrower; pygidium longer and
rounder than in Chanda. V.Cam., W.USA.-E.Sib.
--FIG. 179,2. *D. nitida (HALL & WHITFIELD),
Secret Canyon F., Nev.; 2a,b, Xl (320).

Ehmania REssER, 1935 [*E. weedi]. Like Ehmani
ella but with glabellar furrows shallower and sur
face smooth. M.Cam., NW.USA.--FIG. 177,6.
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"E. weedi, Meagher Ls., Wyo.; exoskel., X2.2
(488") .

Ehmaniella RESSER, 1937 ["CrepicepIJaIIlS? (Logan
ella) qlladrans HALL & WHITFIELD, 1877] [=Ano
malocephaltlS, Clappaspis DEISS, 1939]. Like

Ehmania but with wider cranidium, heavier eye
ridges, longitudinal striae on wider preglabellar
area, commonly wtih tubercles on cranidium, and
fewer segments in pygidium. M.Cam., W.USA.
--FIG. 177,7. "E. qlladrans (HALL & WHIT-

10
Kistocare

,/

4b
Bythicheilus

7a

Megadunderbergia

,/

Ehmaniella

3
Annamitia

Elrathina

2a

8b

Elrathiella

Orlovia

5
Arellanella

2b
Amecephalina

8a

1
Alokistocare

FIG. 177. Alokistocaridae (p. 0238-0241).
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8 Kochino

palpebral lobes. M.Cam., Greenl.--FIG. 177,B.
·E. obscl/ra, Pemmican River F.; Ba,b, cranidia
X2 (172·). '

Elrathina RESSER, 1937 [·Conocepha/iles cordillerae
RaMI GER, 1887]. Like E/ratllia, but with narrower
border, more numerous thoracic segments, and
smaller pygidium. M.Cam., W.Can.--FIG. 177
9. ·E. cordillerae (ROAIINGER), Stephen F., B.C.;
exoskel., X2.2 (319·).

Inglefieldia POULSEN, 1927 [·1. porosa]. Like Ame
ceplw/IIS but with preglabellar area consisting of
Rat tract in front of glabella and with anterior
border convex. L.Cam., Greenl.--FIG. 178,2. •1.
porosa, Cape Kent F.; Xl.8 (172·).

Ithyektyphus SHAW, 1956 [·Marjl/mia? tetonensis
MILLER, 1936]. Vp.M.Cam., Wyo.

Kistocare LaCHMAN, 1948 [·K. cOl-binij. Palpebral
lobes beside posterior third of glabella, fixigenae
nearly 0.7 of width of glabella, no trace of bulge or
anterior border furrow on border. M.Cam., NW.
Mex.--FIG. 177,10. ·K. corbini, Los Arrojos F.,
Sonora; cran., X7.2 (128·).

Kochiella POULSEN, 1927 [.K. II/berwlala]. Like
Chancia, but with border concave and less Raring;
scattered tubercles on cranidium. L.Cam.-M.Cam.,
Greenl.--FIG. 178,3. • K. II/bercu/ala, Cape Kent
F.; Xl.2 (I 72·).--FIG. 178,4. K. propinqua
POULSEN, Cape Kent F.; Xl.2 (172·).

Kochina RESSER, 1935 [·OlellOpsis americanlls WAL
COTT, 1912]. Border narrower and palpebral lobes
more anterior than in Kocl/iella. M.Cam., NW.
USA.--FIG. 178,8. ·K. americana (WALCOTT),
Gordon F., Mont.; X I (488·).

?Kounamkites POLETAEVA & CHERNYSHEVA, 1956
[·K. virgatllS CHERNYSHEVA, 1956]. Lotv.M.Cam.,
USSR. (MO).

Kujandaspis IVSHIN, 1956 [.K. kl/jandensis]. Gla
bella short, tapered, truncate, 3 pairs of faint lat
eral furrows, anterior border and preglabellar field
separated by a broad, deep, curved anterior border
furrow, elliptical boss filling all of preglabellar
field in front of glabella; eye ridges present, eyes
of medium size, opposite center of glabella; fixi
genae upsloping; palpebral area 0.5 of glabellar
width, posterior area narrow, straplike. Fixigenae
and pygidium unknown. Outer surface granulose.
V.Cam., SW.Sib.

Megadunderbergia KOBAYASHI, 1938 [.Ptycllaspis
pl/sIII/osa HALL & WHITFIELD, 1877]. Like DI/n
derbergia but with cranidium more convex, palpe
bral lobes longer, and surface pustulose. V.Cam.,
W.Can.--FIG. 177,11. M. convcxa (KOBAYASHI),
H.C.: cran., XO.65 (419·).

Mexicella LaCHMAN, 1948 [·M. mcxicana]. Like
A/okislocare but with smaller palpebral lobes, in
front of mid-line of glabella, and with wider fixi
genae. M.Cam., NW.Mex.--FIG. 178,5. ·M.
mexicana, Los Arroyos F., Sonora; cran., X5
(128·).

Orlovia WALCOTT & RESSER, 1925 ['0. arctico j.
Without glabellar furrows, anterior border wide

6
Periouro

7
T rochychei Ius

Inglefieldio

5
Mexicello

Alokistocorello

4
Kochiello

FIG. 178. Alokistocaridae (p. 0238-0241).

HELD), Ophir F., Utah; 7a-c, ceph., librigena,
pyg.. enlarged (488·).

Elrathia WALCOTT, 1924 [·Conocoryphe (Cot/o
ceplw/iles) kingii MEEK, 1870]. Like Ehmaniella,
but pygidium larger, with segmentation less well
developed. M.Cam., W.USA.--FIG. 179,1. ·E.
/,ingii (MEF.K), Wheeler F., Utah; XI (320).

Elrathiella POULSEN, 1927 [·E. obsCltra] [=Coelas
pis, G/assocoryphl/s DEISS, 1939]. Like Elratllia
but with narrower cranidiul1l, wider anterior bor
der. longer and narrower glabella, and longer

3 Kochiello
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Dunderbergia

3 Chelidanocephalus

Chancia

2b

20

Elrothio

FIG. 179. Alokistocaridae (p. 0238-0240).

and thickened, pygidium with a narrow, flattened
border. V.Cam., N.Russia.--FIG. 177,12. 00.
arctica, N.Zem.; cran., X2.75 (322 0

).

Pachyaspis RESSER, 1939 [0P. typicalis). With 4
faint glabellar furrows, palpebral lobes small.
M.Cam., NW.USA.--FIG. 180,2. op. typicalis,
Langston F., Idaho; cran., X 5 (457 0

).

Parehrnania DEISS, 1939 lOp. princeps) [=Mc
nairia, Rowia, Tizompsonaspis DEISS, 1939). Like
Ehmania, but with concave and wider border, up
turned frontal area, more convex fixigenae, and
stronger eye ridges, directed more nearly per
pendicular to the axial furrow. M.Cam., NW.
USA.--FIG. 180,1. op. princeps, Pentagon F.,
Mont.; exoskel., X3.8 (30 0 ).

Perioura RESSER, 1938 [0P. typicalis). Differs from
Eizmania in having ends of its 14 thoracic seg·
ments produced into spines and in having a longer
and wider axis in pygidium. M.Cam., SE.USA.
--FIG. 178,6. op. typicalis, Conasauga Sh.,
Ala.; exoskel., X2.6 (457 0

).

Proveedoria LOCHMAN, 1948 [0P. starqllistae). Like
Koclziella but eyes relatively larger and glabella
less broadly tapering. M.Cam., NW.Mex.--FIG.
180,4. op. starquistae, Los Arroyos F., Sonora;
cran., x6.3 (128 0 ).

Ptychoparopsis HupF., 1953 [Op. issafenensis). Like
Alokistocare but with front of cranidium more
quadrate. L.Cam., N.Afr.--FIG. 180,3. op. issa
fenensis, Morocco; XI (411 0

).

Trachycheilus RESSER, 1945 [OT. typicale). Like
Kocllina but with a much narrower preglabellar

field. M.Cam., SW.USA.--FIG. 178,7. "T. typi
cale, Bright Angel or Muav beds, Ariz.; X I
(457 0

).""''''I'k.,

Ptychoparopsis

4 Preveedoria

FIG. 180. Alokistocaridae (p. 0241).
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Superfamily CONOCORYPHACEA
Angelln, 1854

[nom. trallsl. HENNINGSMOEN, 1951 (ex Conocoryphidae
ANGELIN. 1854) 1 [HENNINGSMOW'S attribution of this super
family name to SWINNERTON 1 1915, is erroneous, inasmuch
as neither SWINNERTON'S "Suborder Conocoryphida" nor his
IISeerian Conocoryphina" are definable as family-group tax.lj
rather, they are classifiable as belonging to the class/order
category of taxa, which is entirely distinct nomenclaturaJly
from the family-group (Copenhagen Decisions on Zoological

Nomenclature. London, 1953). RCM.]

Dorsal exoskeleton very diminutive to
medium in size, elongate oval in outline,
mostly micropygous. Cephalon semicircular,
to subtrapezoidal, with prominent glabella
(except Hartshillia) defined by deep axial
furrows, separated from anterior margin by
narrow to wide preglabellar field, occipital
ring generally distinct; eyes lacking; cephalic
sutures at or near margins or lacking.
Thorax with 6 to 25 or more segments.
Pygidium with I to 8 axial rings. Post
cephalic characters rather widely variable in
different genera. L.Cam.-U.Ord.

Family CONOCORYPHIDAE Angelin,
1854

[=Campylop1euri BURMEISTER. 1843; Conocephalidae SALTER.
1864; Ptychopariidae MAT1'HEW, 1887 (partim)]

Ovate to elongate exoskeleton, micropyg
ous to heteropygous. Cephalon, semicircular
to trapezoidal, without eyes; glabella typical
ly tapering forward, well defined; preglabel
lar field usually well developed, cephalic
border narrow or lacking; ?facial sutures
marginal or dividing lateral cephalic border
longitudinally or trespassing on lateral bor
der furrow. Thorax of 7 to 25 or more seg
ments. Pygidium with 1 to 8 axial rings,
posterolateral margin evenly curved, outer
surface granulated, lined, or both. Hypo
stoma free in type genus and probably so in
others of family; cephalic doublure and ven
tral sutures imperfectly known. L.Cam.-L.
Ord.(Tremadoc.).
Conocoryphe HAWLE & CORDA, 1847 [*Trilobites
mlzeri SCHLOTHEIM, 1823; SD MILLER, 1889]
[=Conocephalus ZENKER, 1833 (non THUNBERG,
1833); Conocephalites BARRANDE, 1852 (obj.)].
Exoskeleton ovate. Cephalon semicircular; glabella
with 3 pairs of strongly oblique lateral furrows;
axial furrows continued divergently forward
defining low preglabellar lobate tract; eye
ridges (when present) threadlike, evenly curved,
extending from anterior corners of glabella to
genal angles; lateral cephalic border divided longi
tudinally by suture and continued into slender,
backward-directed genal spines. Thorax of 14

segments, with deeply furrowed pleurae and trun
cate extremities. Pygidium of about 6 to 8 seg
ments, semicircular, with narrow, well-defined
border (3. 233). M.Carn., N.Am.(Atl.prov.), Eu.
Asia.--FIG. 181,1. *C. sulzeri (SCHLOTHEIM).
Czech.; lap, exoskel., hypostoma, Xl (3).

Atops EMMONS, 1844 [*A. trilineattlsJ. Differs from
ConocorpY/le in having glabella extended to anter
ior border furrow, less oblique lateral furrows,
shorter, less oblique eye ridges, suture trespassing
on lateral bonIer furrow. Thorax with 17 seg
ments. Pygidium indistinctly segmented, with
wide. rapidly tapering axis (75). L.Carn., E.N.Am.
?Sp.--FIG. 181,2. *A. trilineatus, N.Y.; exoskel.,
Xl (488).

Bailiaspis RESSER, 1936 [*Conocephalites elegans
HARTT in DAWSON. 1868]. Differs from Cono
coryphe in thickened anterior border in from
of glabella, depressed preglabellar field without
lobate tract; sutures cutting across lateral
border at least to border furrow. Pygidium WiIh
out border and with only 2 or 3 defined segments
(337). M.Cam., N.Am.(Atl.prov.)-Eu.--FIG.
181,6. B. dalmani (ANGELIN), Swed.; cran., XI.5
(337).

Bailiella MATTHEW, 1885 [*Conocephalites bailey;
HARTT, 1868; SD RESSER, 1936J [=Liocephalus
GRONWALL, 1902; ?Tangshiella HUPE, 1953]. Dif
fers from Bailiaspis in having anterior border with
out median backward projection and pygidium
with well-defined border (337). M.Cam., N.Am.
(Atl.prov.)-Eu.-N.Afr.-Asia.--FIG. 182. B. emar
ginata (LINNARSSON), Swed.; exoskel., partly re
stored, X2 (337).

Cainatops MATTHEW, 1899 ["ConocOl'yphe pustulosa
MATTHEW, 1897]. Small forms with large glabella
and wide cephalic border with median, forward
projecting spine (147). M.Cam., N.Am.(Atl.prov.).

Couloumania THORAL, 1946 [*Conocoryphe hebert;
MUNIER-CHALMAS & BERGERON, 1889J. Differs from
Bailiella in having suture on lateral cephalic border
like that of Conocoryphe (295). M.Carn., Eu.-N.
Afr.

Ctenocephalus HAWLE & CORDA. 1847 ["C. barrande;
(=Conocephaltts coronatt<S BARRANDE, 1846)]
[=Harttella MATTHEW, 1884]. Differs from Cono
coryphe in semiglobular shape of preglabellar lo
bate tract reaching level of genae. Thorax of 15
segments. Pygidium very small, with extremely
wide pleural fields, axis consisting of 1 or 2 rings
and short terminal portion (3, 233, 337). M.Carn.,
Eu.-N.Am.(Atl.prov.)-N.Afr.-E.Sib.--FIG. 181,3.
"C. coronatus (BARRANDE), Czech., exoskel.,
Xl (3).

Dasometopus RESSER, 1936 ["Harpides breviceps
ANGELIN, 1854]. Cephalon approximately semi
circular; glabella about half length of cephalon,
with 2 or 3 pairs of lateral furrows, posterior
pair recurved; genae moderately convex, separated
from each other by considerable preglabellar de-
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pression; border and border furrow lacking,
cephalic margin merely being upturned, forming
wide, concave marginal zone; sutures apparently
marginal or nearly so (233,337). M.Cam., Denm.
Swed.-E.Sib.--FIG. 181,4. "'D. brevieeps (ANGE
LIN), Swed.; ceph. (?cran.), X4 (337).

Elyx ANGELlN, 1854 [pro Eryx ANGELlN, 1851 (11011

DAUDIN, 1803; nee STEPHENS, 1832; nee SWAIN
SON, 1840)] ("'Eryx la/ieeps ANGELlN, 1851].
Differs from C/e1Ioceplzalus in trapezoidal cephalic
outline, preglabellar lobate tract joining an
terior border, and thoracic segments terminating

Bailiaspis

Ctenocepha Ius

2

Atops

5
Holocephalina

Elyx

Dasometopus

Conocoryphe

Hospes Hartshillia Metleviella

FIG. 181. Conocoryphidae (p. 0242-0244).
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FIG. 182. Bailiella emarginata (LINNARSSON) (Cono
coryphidae), M.Cam., Swed.; exoskeI., X2 (337).

in recurved pleural spines (337). M.Cam., Scand.
E.N.Am. -- FIG. 181,7. *E. latieeps (A"GE
LIN), Swed.; ceph. Ucran.), X2 (337).

Hartshillia ILLING, 1916 [*Holocephalina inflata
HICKS, 1872; SD VOGDES, 1925]. Broadly ovate,
cephalon and thorax subequal in length, pygidium
short. Cephalon evenly convex, almost semicircular,
without border; glabella very little raised above
genae, indistinctly defined in front, lateral fur
rows effaced and occipital ring with short, strong
spine; preglabellar furrow and anterior portion of
axial furrows obliterated; sutures apparently mar
ginal; genal spines short, strong, somewhat out
wardly directed. Thorax of 8 or more segments;
axis a little narrower than pleural regions, fairly
prominent; pleurae horizontal nearly to extremi
ties, terminating in short backward-directed points.
Pygidium very wide, with strongly tapering axis
of 2 to 5 rings, and well-defined, wide, strongly
sloping border (114). M.Cam., Br.I.-E.N.Am.(Atl.
prov.)-?N.Afr.--FIG. 181,9. *H. inflata (HICKS),
Bd.; exoskeI. (reconstL), X3 (446).

?Hartshillina LAKE, 1940 [*Hartshillia spinata ILL
lNG, 1916]. Differs from Hartslzillia in lack of
occipital and genal spines, and in having wider
thoracic axis with median spines on axial rings,
pleural regions of thorax and pygiJium much nar
rower than axis, and pygidial segments probably
terminating in spines (114). M.Cam., Eng.

Holocephalina SALTER, 1864 [.H. primordialis1
[=Carausia HICKS, 1872]. General form ovate,
thorax longer than cephalon, narrowing posterior
ly to very small pygidium. Cephalon semielliptical,
length exceeding half total width, evenly convex,
with almost imperceptible anterior and lateral bor
der furrows; glabella very little raised above genae,

about half as long as cephalon and one-third as
wide, rounded in front, with 3 pairs of usually
obscure lateral furrows; preglabellar furrow and
anterior part of axial furrows shallow; occipital
furrow wide, well impressed; sutures practically
marginal; genal spines strong, straight, extending
backward to about 5th thoracic segment. Thorax
of about IS to 17 segments with prominent axis
and obliquely truncated pleurae (114). M.Cam.,
Br.I.-Denm.-E.N.Am.(Atl.prov.). -- FIG. 181,5.
H. teres (GRONWALL), Denm.; ceph. (?cran.), X4
(51) .

?Hospes STUBBLEFIELD, in STUBBLEFIELD & BUL
MAN, 1927 [*H. clonograpti]. Ovate, very small.
Cephalon relatively large, rounded triangular,
without anterior and lateral borders; glabella con
vex, slender, narrowing anteriorly to a blunt
termination, without lateral furrows, separated
from anterior margin by short preglabellar field.
Thorax of 7 segments with wide, convex axis,
very narrow pleural regions, and strongly ridged
pleurae terminating in backward-directed, falcate
points. Pygidium small, convex, semielliptical, seg
ments few (287). L.Ord.(Tremadoc.), Eng.-Ger.
--FIG. 181,8. *H. clonograpti, Eng.; exoskeI.,
X IS (287).

Meneviella STUBBLEFIELD, 1951 [pro Erinnys SAL
TER, 1865 (non AGASSIZ, 1846); Salteria WALCOTT,
1884 (non W.THOMSON, 1864); Menevia LAKE,
1938 (non SCHAUS, 1928)] [*Erinnys venulosa
SALTER, 1872]. General form elongate, tapering
from wide cephalon to very small pygidium.
Cephal on occupying less than 0.25 of total length,
differing from that of Bailiella in having sutures
on lateral borders; genal spines slender, extending
obliquely backward to about 6th thoracic segment.
Thorax of 25 or more segments with narrow axis
and wide pleural regions; pleurae terminating in
strong, backward-curving spines. Pygidium small,
with flat border, narrow, rapidly tapering axis of
about 3 rings and terminal portion, and distinctly
segmented pleural fields (51, 114). M.Cam.,
Hr. I.-Denm.-E. N.Am.(At!,prov.)-Asia. -- FIG.
181,10. *M. ventllosa (SALTER), BLI.; exoskel.,
X 2 (114, somewhat modified).

Parabailiella THORAL, 1946 [*P. languedocensis].
Differs from Conocoryplze in having sutures cut
ting across lateral borders at least to border fur
rows (295). M.Cam., S.Fr.

Pseudatops LAKE, 1940 [*Conocoryplze reticulata
WALCOTT, 1890]. Differs from Atops in having
glabella encroaching on anterior border, no indi
cation of sutures on dorsal side of cephalon; sur
face covered with network of raised lines (75,
IH). L.Cam., E.N.Am.-Br.I.

?Family SHUMARDIIDAE Lake, 19071

1 Assignment of this family to superfamily Cono
coryphacea is doubtful; alternatively it should be
classified in Families Incertae Sedis.-Ed.
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FIG. IX3. Shllmardia plISilla (SARS) (Shumardiidae),
~L.Ord.(Tremadoc.), Eng.; exoskel (reconstr.),

X 22.5 (475).

Minute, ovate, convex, heteropygous.
Cephalon semicircular, without eyes, and ap
parently without facial sutures; glabella
delimited at sides by unusually deep and
wide axial furrows and in front by their nar
rower and shallower, (in some) almost ef
faced continuation; occipital ring well de
fined; convex preglabellar field usually well
developed; almost evenly convex genae with
acute genal angles or with genal spines; pos
terior border furrows strongly impressed,
posterior border narrow. Thorax (as far as
known) with 6 or 7 segments. Pygidium
greatly varying in shape, with 4 to 7 axial
rings. Cephalic doublure, ventral sutures,
and hypostoma unknown. ?M.Cam., U.
Cam.-U.Ord.

Shumardia BILLI:<IGS, 1862 ["S. granulosa]
[=Conophrys CALLAWAY, 1877]. Glabella wide,
slightly clavate, strongly inflated, with pair of
eyelike lobes at anterior corners delimited by
forward-curved anterior pair of lateral furrows,
a pair of notches in glabellar margin representing
a posterior pair of glabellar furrows; genal angles
pointed. Thorax slightly narrower than cephalon;
axis wide, strongly tapering, with wide, deeply
impressed axial furrows; narrow pleural regions
with obliquely backward-curved, pointed pleural
extremities, and macropleural 4th thoracic seg
ment terminating in long, backward-directed
spines. Pygidium subquadrate to semicircular or
(rarely) subtriangular in outline, with strongly
tapering axis. Surface of thorax and pygidium
bearing transverse rows of tubercles, a rowan each

axial ring and 1 or 2 rows on each pleura; pygid
ium with tuberculated border in some species (114,
153). ?M.Cam., V.Cam.-V.Ord., Eu.-N.Am.-S.
Am.-Asia.--FIG. 183. S. pusilla (Sars), L.Ord.
(Tremadoc.), Eng.; exoskeI. (reconstr.), X22.5
(475 ).

Acanthopleurella GROOM, 1902 ["A. grindrodi].
Differs from Slmmardia in having strongly im
pressed preglabellar furrow and long, slender,
backward-directed genal spines; 4 pairs of long
pleural spines (114). L.Ord.(Tremadoc.), Eng.

Eoshumardia HUPE, 1953 [*Slmmardia orientalis
MANSUY, 1916]. Differs from Shumardia in having
rounded genal angles and tapering, very wide gla
bella with broadly rounded front (78). V.Cam.,
E.Asia.

Idiomesus RAYMOND, 1924 ("/. tantillus] [=Stig
mametopus RASETTI, 1944]. Differs from Slmmar
dia in having narrower glabella that tapers for
ward-backward, front indistinctly delimited, eye
like lobes at anterior corners lacking, posterior pair
of lateral furrows deeply impressed across gla
bella, and occipital furrow wider and deeper (192).
V.Cam., N.Am.--FIG. 184,2. "1. tamilltlS, Vt.;
ceph., X9 (192).

?Lunacrania KOBAYASHI, 1955 ["L. trisecta]. Differs
from 1diomeSfis in having well-defined anterior and
lateral cephalic borders, wide occipital ring, and

Shumardops

2 Idiomesus

3 Lunacranio

FIG. 184. Shumardiidae (p. 0245, 0246).
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3
Probowmanla
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Shantungia7

Pratemnites
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Eurastina
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4
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Changshania

100

lOb

Dorypygella
/

1/ / . J
11 b

Teinistian

fiG. IK5. Emmrichellic.he (p. 0247, (248).

tapering glabella c.Ievoic.l of transglabellar furrow
and defined in front by anterior border furrow
(108). L.Ord., N.Am.--Flc. 184,3. *L. trisccta,
W.Can.(B.C.); ceph., X20 (108).

Koldinioidia KOBAYASHI, 1930 [*K. typicalis]. Dif
fers from IdiomcsllS in having parallel-sided to

tapering glabella, narrower anc.l shallower occipital
and posterior borc.ler furrows, anc.l in lacking
transglabellar extension of posterior pair of lat
eral furrows (37, 95). U.Cam.-L.Ord., E.Asia.

Shumardops HUPE, 1953 [*51111mardia longilrons
TROEDSSON, 1937]. Differs from 51111111ardia in hav
ing wic.ler cephalon, longer occipital ring, narrower
glabella with mec.lian ridge, wider genae with
rounded genal angles, a pair of eyelike swellings,
and distinct lateral cephalic border (78). L.Ord.

(Trcmadoc.), C.Asia.--Frc. 18i,l. *5. IOl/gi
Irons (TROEDSSON), Tien-shan; ceph., XII (301).

Superfamily EMMRICHELLACEA
Kobayashi, 1935

[110n1. Iran .. /. HOWELL, herein (ex EmmrichdlidJe KOB,,"YASHI,

1935) J [=Utioidac HupE, 1953J

Cephalon relatively wide, semielliptical,
cranidium quadrate to subtrapezoidal; gla
bella mostly with subparallel sides well im
pressed by axial furrows; fixigenae variable
in width, gently to rather strongly convex;
eyes generally small and palpebral lobes
narrow. Pygidium small, transverse, with
border. M.Cam.-L.Ord.
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Family EMMRICHELLIDAE Kobayashi,
1935

[=Utiidae KOBAYASHI, 1935 (nom. correct. j\·IOORE. hert:in,
I'J'(J Utiac!:le KOBAYASHI, ]935, nom. lran"l. HUPE, 1953, ('x

Uci;\nae KOBAYASHI, ]935)]

Cranidium subtrapezoidal to subtriangu
lar (Shangtungia), with parallel-sided or
forward-tapering glabella that is mostly sep
arated from anterior border by distinct pre
glabellar area; fixigenae variable in width,
bearing prominent posterior border. Pygi
dium much wider than long (sag.), with
distinct axis tapering backward, border en
tire, smooth or with marginal spines. M.
Cam.-L.Ord.

Subfamily EMMRICHELLINAE Kobayashi, 1935
!=Utiil1;le KOB/\YASHI, 1935, nom. CU1Tt'Ct. RUD. RICl-rn:R,

1943 (pro Uti"n,," KO.HASHI, 1935)]

Cranidium subtrapezoidal to semiellipti
cal, with anterior margin nearly straight or
strongly curved forward; glabella parallel
sided or tapering forward, with or without
distinct lateral furrows; preglabellar field
narrow to wide (sag.), convex; eyes mostly
small, posterior to mid-length of cranidium,
eye ridges present or absent. Pygidium with
raised border, margin smooth. M.Cam.-L.
Ord.

Emmrichella WALCOTT, 1911 I'PlycllOparia Illeallo
WALCOTT, 1905]. Craniuiulll narrow (Ir.), gla
bella narrow anu lacking furrows. M.Cam., E.Asia.
--FIG. 185,1. 'E. Illeallo (WALCOTT), Ch'anghia
F., China; cran., X6.6 (4~~').

Eurostina WHITEHOUSE, 1939 I'E. trigolla]. Crani
uium subtrigonal to subquadrate, anterior border
prominent; glabella tapering forward, with 3 pairs
of uiscontinuous furrows: librigenae anu pregla
bellar field inAated, with pair of faint anterolateral
uepressions; palpebral lobes small but prominent.
M.Cam., Austral.--FIG. 185,5. 'E. Irigolla, Euro
stina Stage, Queens!'; cran., X3.9 (493').

Inouyia WALCOTT, 1911 ['Agraulos? capax WAL
COTT, 1906]. Glabella subquaurate, with 3 pairs of
uiscontinuous furrows; preglabellar area with boss
in front of glabella; palpebral lobes small. not
prominent. M.Cam., E.Asia.--FIG. 1~5,2. 'I.
capax (WALCOTT). Ki-chou F., China: cran.. X 4
(488').

Lorenzella KOBAYASHI, 1935 ['Agraulos abaris WAL
COTT, 1905]. Like IlIouyia but without boss on
convex preglabellar area, and with occipital spine.
M.Cam., E.Asia.--FIG. 185.4. 'L. abaris (WAL
COTT), Kiu-Iung F., China; cran., X5 (48~O).

Metabowmania KOB.HASHI, 1955 [OM. lalilim/1a].
L.Ord., W.Can. (B.C.) [Author's assignment.]

Probowmania KOBAYASHI, 1935 [OPlyclJoparia Iigea
WALCOTT, 19051. Cranidium and glabella mcdium

Liostracinoides

20

Liostracina

FIG. I R6. Liostracinidae (p. 0248).

III width, glabella bearing short furrows. M.Cam.,
E.Asia.--FIG. 1~5,3. op. Iigea (WALCOTT),
Ch'anghia F., China; cran., X4 (419').

Protemnites WHITEHOUSE, 1939 [*P. elegans 1. Crani
dium like that of Eurostilla but glabella with only
2 'pairs of furrows, narrower fixigenae, anu less
prominent palpebral lobes and anterior border.
V.Cam., Austra!.--FIG. 185,6. 'P. elegalls, EI
rathiella Stage, Qucens!'; cran., X3.3 (493').

Utia WALCOTT, 1924 ['V. CIIrio]. Cranidium and
glabella broad, glabella without furrows. M.Cam.,
W.USA.--FIG. 185,8. 'V. curio, Spence Sh ..
luaho; cran., X 1.8 (488').

?Inouyops RESSER, 1942 ['PlycllOparia liliana W AL
COTT, 1905]. M.Cam., China.

Subfamily CHANGSHANIINAE Kobayashi, 1935
r110m. corral. ~-.lOORI::. herein (pro Ch:wgshan in:lC KOBt\YASH I,

1935)1 [=Ch"ngsh"niidJc Hupi., 19531

Cranidium with parallel-sided to tapering
truncate glabella that lacks furrows; palpe
bral lobes large, behind mid-length of crani
dium; fixigenae narrow, with broad trans
verse posterior areas and raised borders.
Pygidium short, wide. M.Cam.

Changshania SUN. 1923 roC. cOllica: SD SUN,
19241. Preglabellar area subquadrate. Pygiuium
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subtriangular, without spines. M.Cam., E.Asia.-
FIG. 185,9. *C. conica, Kushan F., China; 9a,b,
cran., pyg., X3 (478*).

Dorypygella WALCOTT, 1905 [*D. typicalis]. Gla·
bella tapering, truncate in front, with 2 pairs of
faint lateral furrows; eye ridges strong; anterior
border narrow; palpebral lobes rather large; libri·
genae elongate rectangular, with short genal spines.
Pygidium with axis of 4 segments and pair of
long recurved spines at anterolateral ex tremities,
border with 4 pairs of short spines. M.Cam., E.
Asia.--FIG. 185,10. *D. typicalis, Kushan F.,
China; lOa, cran., X5; lOb, pyg., X6.5 (488*).

Shangtungia WALCOTT, 1905 [*S. spinifera]
[ =Shantungia WALCOTT, 1913]. Cranidium like
that of Changshania but middle of preglabellar area
extended forward as spine. M.Cam., E.Asia.-
FIG. 185,7. *S. spinifera, Kushan F., China; cran.,
X2.9 (488*).

Teinistion MONKE, 1903 [*T. lansi; SD VOGDES,
1925]. Cranidium short, wide and subquadrate;
palpebral lobes small. Pygidium with numerous
spines. M.Cam., E.Asia.--FIG. 185,11. *T. lansi,
China; 11a, cran., X6.7; 11b, pyg., X6.3 (433*).

Family LIOSTRACINIDAE Raymond,
1937

Glabella ovate, palpebral lobes very small,
fixigenae strongly convex, preglabellar area
bearing median longitudinal furrow. M.
Cam.-V.Cam.

Liostracina MONKE, 1903 [*L. krat/sei]. GlabeIla
narrow, preglabellar area longer and fixigenae
wider than in Liostracinoides. Pygidium short,
wide. M.Cam., E.Asia.--FIG. 186,2. *L. krausei,
China; 2a, cran., X5.5; 2b, pyg., X7 (433*).

Liostracinoides RAYMOND, 1937 [*L. vermontanus].
Glabella wider and more tapering than that of
Liostracina, and preglabellar area shorter, fixigenae
narrower, and palpebral lobes not so far back.
V.Cam., E.USA.--FIG. 186,1. *L. vermontanus,
Gorge F., Vt.; cran., XI0 (449*).

Superfamily CREPICEPHALACEA
Kobayashi, 1935

[nom. Iran.cl. LOCHMAN·BALK, herein (ex Crepicephalidae
KOBAYASHI, 1935]

Exoskeleton opisthoparian, elliptical, iso
pygous or heteropygous. Glabella convex,
tapering, front rounded or straight, with 2
or 3 pairs of short diagonal lateral furrows
(may be faint or obsolete); eye ridges pres
ent or absent, occipital spine or node com
mon; eyes medium-sized, opposite or pos
terior to center of glabella; fixigenae variable
in width and slope; librigenae with medium
or long genal spine. Thorax of 13 or fewer
segments; axis convex, less than 0.5 of width

(tr.) of pleurae; pleural furrows well de
fined, pleural ends falcate. Pygidium com
pact, subquadrate to subpentagonal, axis
and pleural regions about same in width,
with 3 to 6 axial rings and pleurae, border
narrow, bearing a pair of posterolateral
spines derived from pleurae or border, vari
able in length and divergence. Surface finely
to coarsely granulose, rarely smooth. Poly
phyletic derivation. M.Cam.-V.Cam.

Family CREPICEPHALIDAE Kobayashi,
1935

I=Crcpicephalidae LOCHMAN, 1936]

Exoskeleton isopygous. Glabella convex,
tapering, front rounded or straight, with 2
or 3 pairs of short diagonal lateral furrows;
internal venation on preglabellar field and
eye platforms usually prominent, eye ridges
present or absent, occipital spine may be
present; eyes of medium size, position vari
able; fixigenae horizontal; librigenae with
medium to long, flat genal spine. Thorax
of 12 segments, axis convex, less than 0.5 of
width (tr.) of pleurae, pleural furrows dis
tinct, pleural ends falcate. Pygidium sub
rectangular to subpentagonal, axis convex,
tapered, about same width as triangular
pleural platforms, with 3 to 6 axial rings
and pleurae, border narrow anteriorly, and
at posterior median line, expanding into
broad bases of a pair of very short to me
dium-length flat spines at posterolateral cor
ners. Outer surface smooth or very finely
granulose. Derived from a ptychopariid
stock. M.Cam.-V.Cam.
Crepicephalus OWEN, 1852 [*Dikelocephalus ?

iowensis OWEN, 1852; SD WALCOTT, 1886]
[=C1"epicocephalus BIGSBY, 1868; C/'epicepalus
VOGDES, 1890; Sneedvillia RESSER, 1938; Crepi
ceap!Jlus KOBAYASHI, 1944]. Eyes opposite center
of glabella; eye ridges and palpebral furrows
prominent; fixigenae horizontal, with palpebral
area about 0.3 of glabellar width, posterior area
long (tr.). Thorax of 12 segments. Pygidium sub
rectangular, axis 0.7 to 0.75 of its length, wiIh 4
or 5 axial rings and pleurae, interpleural grooves
ending at border, without border furrow, border
flat or slightly concave, widest at base of spines,
length and divergence highly variable (316). Low.
V.Cam.(Dresbach.), N.Am.-Sib.--FIG. 187,3.
*C. iowensis (OWEN), Wis.; 3a,b, cran., XI; 3e,
librigena, Xl; 3d, pyg., Xl (316).

Bonneterrina LOCHMAN, 1936 [*8. prima] [=Hol
stonia, Piedmontia RESSER, 1938]. Glabella broad
ly rounded in front, with 2 pairs of faint glabellar
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furrows; eyes opposite posterior 0.3 of glabella;
eye ridges and palpebral furrows prominent; occi
pital furrow shallow, occipital spine prominent;
fixigenae horizontal, with palpebral areas less than
0.5 of glabellar width, posterior area short (tr.);

librigenae with strong genal spine. Pygidium un
known (123). Low.U.Cam.(Dresbach.} , N.Am.
--FIG. 187,6. "B. prima; cran. and librigena,
Xl (123, 126).

Crepicephalina RESSER & ENDO, in KOBAYASHI, 1935
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FIG. 187. Crepicephalidae (p. 0248-0250).
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KOBAYASHI (non RESSER & ENDO), 1935
[·Crepieephalus eonvexus WALCOTT, 1913]
[=Mesoerepieephalus KOBAYASHI, 1935]. Eyes
slightly behind center of glabella; palpebral fur
rows deep but eye ridges faint; preglabellar area
narrow to absent; with occipital node or short
spine; fixigenae horizontal, with palpebral area
less than 0.5 of glabellar width, posterior area of
medium length (tr.). Pygidium subquadrate; axis
convex, wider than pleural regions, 0.8 of pygidial
length, with 2 to 4 axial rings; 3 low, broad
pleurae curve sharply back into base of spines,
border along posterior only (37). M.Cam., E.Asia.
Austral.--FIG. 187,2. ·C. eonvexa (WALCOTT),
Liau-tung, Manch.; 2a,b, cran.; 2e,d, pyg., both
X2 (37).

Kl>chaspis RESSER, 1935 [·Crepieephalus liliana
WALCOTT, 1886] [=Palaeoerepieephalus KOBAY
ASHI, 1935 (obj.)]. Eyes opposite center of glabella,
palpebral furrows and eye ridges present; fixigenae
horizontal or upsloping, with palpebral areas al
most 0.7 of glabellar width, posterior area long
(tr.). Pygidium subquadrate, axis wide, convex,
0.75 of length, with 3 or 4 axial rings; 3 or 4 low,
broad pleurae curve abruptly back near margin
into base of spines which are variable in length
and divergence, border along posterior only (197,
307). M.Cam., N.Am.--FIG. 187,7a-e. ·K.
liliana (WALCOTT), Low.M.Cam., Nev.; 7a-e,
cran, pyg., librigena, X l.--FIG. 187,7d. K.
eecinna (WALCOTT), Low.M.Cam., Alba.; pyg.,
X2 (307).

Uncaspis KOBAYASHI, 1935 (emend. RAASCH &

LOCHMAN, 1943) [·Crepieephalus unea WALCOTT,
1916]. Eyes slightly in front of center of glabella,
glabellar furrows faint; pal pebral furrows and eye
ridges lacking; occipital spine may be present; fixi
genae with palpebral areas consisting only of
palpebral lobes, posterior area rectangular, wide
(sag.) and long (tr.). Thoracic segment may have
axial spine. Pygidium subpentagonal; axis tapered
through 0.75 of length, with a short postaxial
ridge, with 4 or 5 axial rings; pleural regions nar
row, triangular, 3 broad pleurae; border furrow
faint, border narrow anteriorly, widening pos
teriorly with a median inward bend or short spine
on each side (186). Low.U.Cam.(Dresbach.), N.
Am.--FIG. 187,1. ·U. unea (WALCOTT), Wis.;
la,b, eran.; Ie, librigena; Id,e, pyg.; all X2 (186).

Family TRICREPICEPHALIDAE Palmer,
1954

Exoskeleton heteropygous. Glabella con
vex, elongate tapering, front rounded, gla
bellar furrows faint or obsolete, 2 or 3 pits
on anterior border furrow; eye ridges pres
ent or absent; occipital spine or node com
mon; eyes of medium size, opposite or pos
terior to center of glabella; fixigenae variable
in width and slope; librigenae with medium

or long genal spines. Thorax with 13 or
fewer segments; axis convex, less than 0.5 of
width (tr.) of pleurae, pleural furrows well
defined, pleural ends falcate. Pygidium com
pact, subquadrate; axis wide, subparallel
si~ed, .extending near~y full length, 3 or 4
aXIal nngs; pleural regIOns narrow, with 3 or
4 pleurae; no border furrow, narrow border
pair of round, medium to long spines a~
posterolateral corners. Surface granulose.
Derivation - ptychopariid stock. V.Cam.
(Dresbach.).

Tricrepicephalus KOBAYASHI, 1935 [.Arionellus
(Bathyurus) texanus SHUMARD, 1861] [=Para
erepieephalus LOCHMAN, 1936]. Eyes behind mid
level of glabella, lateral furrows shallow, with 3
evenly spaced, round or elliptical pits in anterior
border furrow; palpebral furrows shallow, eye
ridges narrow, with occipital spine or node; fixi
genae horizontal, with palpebral area more than
0.5 of glabellar width, posterior area long (tr.).
Thorax of 12 segments. Pygidium quadrate; axis
convex, wider than pleural regions, more than
0.7 of length, with 3 axial rings; 3 broad, low
pleurae forming into a long hollow, rounded spine
at posterolateral corners, narrow border along
posterior continues under spines along sides (235,
316). Low.U.Cam.(Dresbach.), N.Am.-S.Am.-
FIG. 187,4. ·T. texanus (SHUMARD), Tex.; 4a,
exoskel., X 0.9; 4b, cran. profile, X I; 4e, pyg.
profile, XI (123, 316).

Meteoraspis REssER, 1935 [·Ptyehoparia? metra
WALCOTT, 1890] [=Meteraspis KOBAYASHI, 1936;
Greyloekia, Coleopaehys RAYMOND, 1937]. Eyes
slightly behind mid-glabellar level, without glabel
lar furrows; 2 pits in anterior border furrow with
rarely a faint 3rd median pit; palpebral furrows
deep, without eye ridges; occipital node may be
present; fixigenae upsloping, with palpebral area
0.2 to 0.3 or less of glabellar width, posterior area
of medium length (tr.). Thorax of 13 segments.
Pygidium subquadrate; axis wide, 0.8 to 0.83 of
length, with 3 or 4 axial rings; pleurae 3, broad,
convex, interpleural grooves and pleural furrows
ending at border which widens into base of pos
terior spines, border furrow lacking (125, 132).
Low. U. Cam. (Dresbach.), N.Am. (E.Can.-Mont.
Tex.)-S.Am.--FIG. 187,5. M. borealis LoCH
MAN, Mont.-Tex.; 5a, exoskel.; 5b, cran. profile;
both X3 (125).

Superfamily NEPEACEA
Whitehouse, 1939

[nom. trans!. LOCHMAN·BALK, herein (ex Nepeidae WHITE·
HOUSE, 1939)1

Exoskeleton apparently proparian, micro
pygous. Glabella short, tapering to sub
quadrate, with straight front, glabellar fur-
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FIG. 188. "'Nepea narinosa WHITEHOUSE (Nepeidae),
M.Cam., Queens!.; exoske!. lacking librigenae (re

constr.), X2 (493).

rows present, with prominent median boss
on preglabellar field; with anterior border
and marginal furrow; occipital spine may
be present; eye ridges present, may be
double, eyes small, opposite anterior third of
glabella; fixigenae upsloping, with palpe
bral areas as wide or wider than glabella,
posterior area narrow, much wider (tr.)
than occipital ring, posterior marginal fur
row curving forward, genal spines present;
librigenae forming small convex triangles.
Thorax of 22 or fewer narrow segments, axis
much narrower than pleurae, pleural fur
rows narrow, distinct, on anterior third of
pleurae. Pygidium transverse; axis broad,
tapered to rounded end, about same in width
as pleural regions, border narrow. Surface
unknown. M.Cam.

Family NEPEIDAE Whitehouse, 1939
Characters of superfamily. M.Cam.

Nepea WHITEHOUSE, 1939 ["'N. narinosa). Glabella
tapering forward, truncate at front, with 3 pairs
of lateral furrows; swollen median boss occurs
on preglabellar field, bounded laterally by fur
rows continuous from axial furrows, boss may
impinge forward onto marginal furrow; anterior
border very narrow; occipital spine present; fixi
genae steeply upsloping, with palpebral areas 1.5
times width of glabella, posterior area elongate,
about 3 times width (tr.) of occipital ring, with
long or short slender genal spines. Thorax of no
fewer than 22 segments. Pygidium very small,
axis convex, with 2 or 3 axial rings; pleural re
gions low, with 2 or 3 pleurae (340). Up.M.Cam.

(Amphoton Stage), NW.Queens!'---FIG. 188.
'"N. narinosa; exoske!. lacking librigenae (re
constr.), X2 (493, modified).

Superfamily DIKELOCEPHALA-
CEA Miller, 1889

[nom. transl. H£NNINGSMOEN, 1951, but attributed by him to
RICHTER, 1933 (ex Dike10cephalidae MILLER. 1889) I [=Di
ke10eephahdea RICHTER, 1933 (partim); Dike1ocephaloidae

HUPE, 1953 (attributed to RICHTER, 1933) 1

Exoskeleton opisthoparian, medium-sized
to large, ellipsoidal in outline, heteropygous
to subisopygous. Cephalon mostly semi
circular, with more or less broadly taper
ing glabella that bears 2 or 3 pairs of lat
eral glabellar furrows, posterior pairs com
monly complete; frontal area broad (sag.
and tr.), anterior border furrow shallow to
obsolete; palpebral lobes prominent, eyes
usually medium-sized; librigenae bearing
medium to long genal spine. Thorax with
13 or fewer segments. Pygidium broadly
ovate to transverse, with interpleural and
pleural furrows tending to curve con
spicuously backward across broad border,
some forms with pair of short posterolateral
spines. Surface smooth to finely granulose.
L.Cam.-U.Cam.

Family IDAHOIIDAE Lochman, 1956

Exoskeleton opisthoparian, heteropygous.
Glabella tapering, truncate-tapering or sub
rectangular, with 3 pairs of arcuate lateral
furrows distinct to very faint; eye ridges
narrow; with broad palpebral furrows and
wide palpebral rims; eyes medium-size to
large, opposite or somewhat behind mid
length of glabella; ratio of preglabellar field
to anterior border highly variable; anterior
border furrow narrow; fixigenae variable in
position and width, with palpebral area
arcuate, 0.3 to 0.5 of glabellar width, pos
terior area narrow (exsag.), straplike, of
medium length (tr'),. librigenae quadrate,
with obsolete marginal furrows at genal
angles, genal spines rounded. Pygidium with
convex axis, tapered to broadly rounded end
with usual median indentation and short
postaxial ridge, with 3 or 4 axial rings and
terminal ring; pleural field low, pleurae 3,
with broad shallow furrows and narrower
interpleural grooves that are distinct to very
faint, without border furrow; border of
variable width. Surface granulose. Derived
from Ptychopariidae. U.Cam.
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Idahoia WALCOTT, 1924 ["I. serapio]. Glabella trun
cate-tapering, with lateral furrows faint to ob
solete, occipital spine commonly present; eyes
somewhat behind mid-length of glabella; frontal
area between 0.3 and 0.5 of length of cranidium,
bearing row of small granules along anterior bor
der furrow; fixigenae horizontal to slightly up
sloping, with palpebral areas about 0.3 of glabellar
width; librigenae with long anteriorly or posterior
ly recurved genal spine. Pygidium semicircular;
axis about equal in width to pleural field, some
what more than 0.5 of length of pygidium, pleural
furrows distinct, interpleural grooves faint; border
wide, flat to concave. Surface smooth or very
finely granulose (8, 321). U.Cam.(Francon.), N.
Am.--FIG. 189,2. "I. serapio, Idaho; 2a, ceph.;
2b, hypostoma; 2c, pyg., all Xl (321).

Bellaspidella RASETTI, 1945 ["E. resseri]. Glabella
convex, subrectangular, with 2 pairs of lateral
deep furrows; eyes of medium size, slightly be
hind center of glabella; frontal area 0.12 of length
of cranidium; fixigenae horizontal to slightly up
sloping, narrow, with palpebral areas about 0.3 of
glabellar width, posterior area very narrow (ex
sag.). Surface finely granulose (189). U.Cam.
(Trempeal.) , E.N.Am.

Comanchia FREDERICKSON, 1950 ["Ptychopleurites
amplooculata FREDERICKSON, 1948]. Glabella sub
rectangular, with distinct lateral furrows; eyes
relatively large, slightly behind mid-length of gla
bella, frontal area between 0.2 and 0.25 of length
of cranidium; preglabellar field narrow, fixigenae
slightly upsloping, very narrow, with palpebral
area 0.3 of glabellar width. Surface finely granu·
lose. U.Cam.(Francon.), C.N.Am.--FIG. 189,1.
"C. amplooculata (FREDERICKSON), Okla.; 1a,b,
cran., dorsal, side, XI0 (47).

Pseudosaratogia WILSON, 1951 ["P. magna]. Gla
bella elongate-tapering to truncate-tapering, with
distinct lateral furrows, posterior pair in some
complete; eyes relatively large, opposite mid-length
of glabella; frontal area a little more than 0.25 of
length of cranidium; anterior border narrow; fixi
genae horizontal to upsloping, with palpebral
areas slightly less than 0.5 of glabellar width, pOS
terior area very narrow (exsag.); librigenae with
short genal spine. Pygidium narrow-transverse; axis
equal in width to pleural field, 0.7 of length of
pygidium; pleural furrows and interpleural grooves
distinct, running nearly to margin, with narrow
flat to concave border (363). U.Cam.(Francon.) ,
C.N.Am.-E.N.Am.--FIG. 189,4. "P. magna, Pa.;
4a, ceph., XI0; 4b, profile of cran., X4.5; 4c,
pyg., X6 (363).

Saratogia WALCOTT, 1916 ["Conocephalites calci·
ferous WALCOTT, 1879 (sic)). Glabella truncate
tapering, with faint lateral furrows; eyes of me
dium size, near center of glabella; occipital spine
present, frontal area about 0.3 of length of crani
dium, very narrow (tr.); anterior border furrow
shallow, border narrow; fixigenae upsloping, very

narrow, with palpebral area 0.3 of glabellar width,
posterior area very narrow (exsag.). Pygidium nar
row-transverse; axis somewhat wider than pleural
field, 0.75 of length of pygidium; pleural furrows
and parallel interpleural grooves both distinct,
border very narrow, poorly defined. Surface finely
granulose. U.Cam.(Trempeal.) , E.N.Am.--FIG.
189,3. "S. calcifera (WALCOTT), N.Y.; 3a, cran.,
X J.5; 3b, pyg., X3 (316).

Wilbernia WALCOTT, 1924 ["Ptychoparia pero WAL
COTT, 1890]. Glabella elongate, tapering to sub
rectangular, lateral furrows faint to obsolete;
eyes of medium size, somewhat behind center of
glabella; frontal area broad (tr.), about 0.25 of
length of cranidium; ratio of preglabellar field to
border variable, anterior border furrow narrow,
straight or curved; fixigenae slightly upsloping,
with palpebral areas somewhat more than 0.3 of
glabellar width, posterior area very narrow
(exsag.); librigenae with long slender genal
spine. Pygidium transverse; axis narrower than
pleural field, 0.83 of length of pygidium; pleural
furrows and interpleural grooves distinct, slightly
curved, abutting against a narrow ridge in posi
tion of border furrow, border narrow, flat. Sur
face may be smooth (8). U.Cam.(Francon.), N.
Am.--FIG. 189,5a,b. W. explanata (WHIT
FIELD), Wis.; 5a, ceph.; 5b, pyg., both X1.5 (8).
--FIG. 189,5c,d. "W. pero (WALCOTT), Tex.;
cran., X1.5 (321).

Meeria FREDERICKSON, 1949 ["M. /irae]. Glabella
moderately convex, elongate truncate-tapering,
with 3 pairs of faint lateral furrows, posterior
pair arcuate, usually complete, shallow axial fur
rows may have a pair of anterior pits; frontal area
0.25 to 0.3 of length of eranidium, shallow curved
anterior border furrow; eyes below medium size,
slightly anterior to center of glabella; fixigenae
upsloping, with arcuate palpebral areas about 0.25
of glabellar width, posterior areas straplike, about
0.7 length (tr.) of occipital ring, posterior sections
of facial sutures sigmoidally curved. U.Cam.
(Francon.), C.USA.--FIG. 202,2. "M. lirae.
Okla.; ceph., X 1.7 (399). [Transferred to Ida·
hoiidae at request of LaCHMAN-BALK after earlier
assignment of genus by her to Parabolinoididae.]

Family DIKELOCEPHALIDAE Miller,
1889

Exoskeleton opisthoparian, isopygous.
Glabella rectangular to broad quadrate, w~th
2 or 3 pairs of lateral furrows, postenor
pair usually complete, arcuate; frontal. area
with anterior border furrow usually famt to
obsolete; eyes above medium size, oppo.site
posterior 0.3 of glabella; palpebral nms
prominent, palpebral furrows deep, arcuate,
about 0.3 of glabellar width, posterior area
narrow (exsag.), straplike; librigenae rec-
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FIG. 189. Idahoiidae (p. 0252).
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tangular, with genal spine; hypostoma sub
quadrate to rectangular, with small anterior
wings, globose central lobe, convex curved
posterior lobe, and pair of deep oval maculae
at posterior corners of central lobe. Thoracic
segments with wide low axis, length of
pleurae (tr.) twice axial width, slightly
curved, ends bluntly pointed, pleural fur
row diagonal. Pygidium elliptical; axis
tapered to narrow rounded end, posterior
axial furrow obsolete, postaxial ridge ex
tending onto border; interpleural grooves
and pleural furrows curving back onto inner
edge of border, last pair running nearly
straight back, without border furrow, border
of variable width. Surface smooth or granu
lar, with Bertillon pattern on borders and
doublure. Derived from Wilbernia. U.Cam.
Dikelocephalus OWEN, 1852 ["D. minnesotensis].

Glabella low, broadly quadrate, front nearly
straight, with 2 pairs of lateral furrows; eye
ridges faint; frontal area about 0.3 of length (sag.)
of cranidium, anterior and lateral border furrow
obsolete, posterior border furrow distinct to base
of genal spine; fixigenae with palpebral areas
about 0.3 of glabellar width, posterior area nearly
as long (tr.) as occipital ring; librigenae with
slender genal spine of medium length. Pygidium
broadly elliptical; axis and pleural field of same
width, axis tapering through 0.6 of its length,
with 4 distinct axial rings and long terminal with
1 or 2 faint additional rings; pleural field low,
merging into broad flat semicircular border, 4 pairs
of interpleural grooves, each segment may be
crossed by a nearly parallel pleural furrow, a pair
of short flat spines at posterolateral corners of
margin. U.Cam.(U.Franeon.-Trempeal.}, N.Am.
--FIG. 191,3. "D. minnesotensis, Trempeal.,
Wis.; pyg., XO.4 (461,487).--FIG. 190,1. D.
regalis ULRICH & RESSER, Trempeal., Wis.; la,
ceph.; lb, thoracic segment, both XO.3; Ie, hypo
stoma, XO.4 (461, 487).

Briscoia WALCOTT, 1924 ["B. sinclairensis]. Gla
b:lla convex, rectangular, with sides converging
slightly to rounded front, 3 pairs of lateral fur
rows, anterior pair very faint; low eye ridges;
frontal area about 0.25 of length of cranidium
divided by broad shallow anterior furrow int~
preglabellar field and narrow convex anterior bor
der; fixigenae with palpebral areas about 0.3 of
glabellar width, posterior areas 0.75 of length of
occipital ring; librigenae with heavy medium
length spine. Pygidium broadly elliptical; axis and
pleural field of same width, axis tapering 0.5 to
more than 0.7 of its length, with 4 distinct axial
rings and terminal showing one faint ring; pleural
field low, merging into flat or concave border of
variable width, with 5 pairs of interpleural grooves,

pleural furr~ws parallel, on anterior part of seg
ment, postenor border smooth, with slight median
inward bend. Surface granulose (321). U.Cam.
(Franeon.-T'·empeal.), NE. Asia-N. Am.-NW. Eu.
--FIG. 190,2. "B. sinclairensis, Francon., W.Can.
(B.C.); 2a, ceph.; 2b, thoracic segment; 2e, pyg.;
all XO.67 (461,487).

Elkia WALCOTT, 1924 ["Dieellocephalus nasutus
WALCOTT, 1884] [=Parabriseoia KOBAYASHI
I ~35) .. Glabella ~oderately convex, rectangular:
WIth Sides convergIng slightly to rounded front
posterior glabellar furrow very shallow acros~
center, frontal area 0.3 of length of cranidium
divided by straight shallow anterior borde;
furrow into narrow preglabellar field and
wide, convex, triangular anterior border; fixigenae
very narrow anteriorly, with palpebral area about
0.3 of glabellar width, posterior area about 0.7 of
length (tr.) of occipital ring; librigenae with long
slender genal spine. Pygidium broadly elliptical;
aXIs and pleural fields of same width, convex,
axis tapering 0.5 to 0.75 of pygidial length, with 4
axial rings and terminal with one faint additional
ring; 4 interpleural grooves between 5 pleural seg
ments, narrow pleural furrows placed anteriorly on
segments, becoming shallower posteriorly; border
narrow, flat, with 4 or 5 pairs of short flat marginal
spines, posterior margin inwardly bent. Surface
smooth, with Bertillon pattern on borders, doub
lures, and posterior part of glabella (321). U.Cam.
(U.Francon.-Trempeal.) , W.N.Am.--FIG. 191,
4a,b,. "E. nasuta, Trempeal., Nev.; 4a,b, ceph.,
pyg., Xl (321).--FIG. 191,4c. E. elegans
(KOBAYASHI) (type species of Parabriseoia) , U.
Francon., W.Can.(B.C.), pyg., X 1.5 (419).

Osceolia WALCOTT, 1914 ["Dike/ocephalus osceola
HALL, 1863]. Glabella moderately convex, rec
tangular, sides converging slightly to rounded
front, wi th 2 pairs of lateral furrows; frontal
area slightly more than 0.25 of length (sag.) of
cranidium, usually divided by narrow anterior
border furrow into a medium-width preglabellar
field and narrow convex anterior border; fixigenae
extremely narrow anteriorly, with palpebral area a
little more than 0.3 of glabellar width, posterior
area very narrow (exsag.), about 0.7 of length of
occipital ring; librigenae with slender, medium
length genal spines. Pygidium narrow elliptical;
axis convex, narrower than pleural fields, taper
ing through 0.7 of its length, postaxial ridge
running onto border, with 3 or 4 axial rings and
terminal with one faint ring; with 3 to 5
pairs of distinct interpleural grooves, pleural fur
rows obsolete, a pair of stout medium-length lat
eral spines, arising from 1st and 2nd segments,
narrow flat border, posterior margin curved. Sur
face may be smooth. U.Cam.(Trempeal.}, W.
N.Am.-C.N.Am.--FIG. 191,2. "0. osceola
(HALL), Wis.; 2a,b, ceph., pyg., X2 (461, 487).

Walcott.aspis ULRICH & RESSER, 1930 ["Dikelo
cephalus van/wmei WALCOTT, 1914]. Glabella low,
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broadly quadrate, front slightly rounded, with 1 or
2 pairs of very shallow lateral furrows; eye
ridges very faint; frontal area slightly more than
0.3 of length (sag.) of cranidium, anterior border
furrow obsolete; fixigenae with posterior area about
0.75 of length (tr.) of occipital ring. Pygidium

narrow elliptical; axis and pleural fields of same
width, axis tapering through 0.75 of its length,
with 4 axial rings and long terminal with 3 faint
rings, pleural fields with 4 interpleural grooves
and 3 pleural furrows, border flat, medium in
width, posterior margin smoothly curved. Outer

lb

Dikelocepholus

Briscoio

FIG. 190. Dikelocephalidae (p. 0254).
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surface granulose (321). U.Cam.(Trempeal.) , C.
N.Am.--FIG. 191,1. "W. vanhornei (WALCOTT),
Minn.; 1a,b, cran., pyg., XO.5 (321).

Family PTEROCEPHALIIDAE
Kobayashi, 1935

[nom. Iransl. et correct. LaCHMAN, 1956 (ex Pterocephalinae
KOBAYASHI, 1935)1 [=Camaraspididac LOCHMAN. 19531

Opisthoparian, heteropygous. Glabella
low to moderately convex, tapering to trun
cate-tapering, with 3 pairs of lateral glabel
lar furrows; eye ridges, palpebral lobes and
palpebral furrows present, of variable
strength; occipital spine may occur; frontal
area 0.25 to more than 05 length (sag.) of
cranidium; anterior border furrow shallow
to obsolete; eyes of medium size or smaller,
position variable; fixigenae variable in posi
tion, with palpebral area width and posterior
area shape variable; librigenae elongate rec
tangular, with broad-based flat genal spine.
Thorax with at least 13 segments; axis con
vex; pleurae wider (tr.) than axis, with
broad shallow central pleural furrow ex
tending to sharply pointed tips. Pygidium
ovate to transverse; axis convex, tapered to
rounded end, with short postaxial ridge, 2
to 10 axial rings and terminal; pleural field
variable in width, interpleural grooves obso
lete or faint, pleural furrows broad and shal
low, border furrow obsolete, border of vari
able width. Surface smooth, finely punctate
or granulose. Derived from Ptychopariidae.
V.Cam.

Pterocephalia F. ROEMER, 1852 ["P. sanetisabae]
[=Pteroeephalus HALL & WHITFIELD, 1877].
Glabella tapering to truncate-tapering; eye ridges
distinct; frontal area 0.5 or more of length (sag.)
of cranidium, with concave preglabellar field and
border, anterior border furrow obsolete; eyes of
medium size, somewhat posterior to center of
glabella; fixigenae upsloping, with palpebral areas
about 0.5 of glabellar width, posterior areas nar
row, straplike, long (tr.); librigenae with very
broad concave border but no marginal furrow,
bearing broad-based medium-length genal spine.
Pygidium broadly semicircular; axis narrower than
pleural fields, tapered 0.5 to 0.7 of its length, with
7 to 10 axial rings and terminal; pleurae 4 to 7,
pleural furrows broad, shallow, curving backward
onto broad concave border; short narrow inter
pleural groove may appear just behind the posterior
edge of several pleurae. Surface finely granulose
(15,162). U.Cam.(Franeon.), N.Am. -- FIG.
192,1. "P. sanetisabae, Tex.; 1a,b, ceph., pyg.,
X 1.3 (15).

Aphelaspis RESSER, 1935 ["A. waleotli RESSER, 1938,
ICZN pend.] I=Clevelandella RESSER, 1938].
Glabella tapering to truncate-tapering; eye ridges
and glabellar furrows faint; occipital spine may be
present; frontal area about 0.3 of length (sag.) of
cranidium; anterior border furrow very shallow to
obsolete; eyes of medium size, opposite center of
glabella; fixigenae horizontal, with palpebral areas
0.5 of glabellar width, posterior areas straplike,
long (tr.); librigenae with very shallow to obso
lete marginal furrow and flat slender genal spine;
hypostoma elongate ovoid, with very small alae,
large tumid anterior lobe, and narrow semicircu
lar posterior lobe separated by shallow curved fur
row, shallow semicircular marginal furrow, and
marginal rim. Thorax of 13 segments. Pygidium
transverse; axis tapered nearly full length, slightly
wider than pleural field, with 2 or 3 axial rings
and terminal; pleurae 2 or 3, interpleural grooves
and pleural furrows faint to obsolete, border of
medium width. Surface smooth or finely punctate
(162). U.Cam.(U.Dresbaeh.), N.Am.-SW.Sib.
FIG. 193,5. "A. walcotti, Tex.; 5a,b, ceph., pyg.,
X2 (162).

Blandicephalus PALMER, 1954 ["B. texanus]. Gla
bella low, truncate-tapering, with all furrows
nearly obsolete on exterior, faint on interior; eye
ridges faint; frontal area nearly 0.5 of length (tr.)
of cranidium, anterior border furrow obsolete;
eyes of medium size, opposite center of glabella;
fixigenae slightly downsloping, with palpebral areas
more than 0.5 of glabellar width, posterior areas
0.7 of length (tr.) of occipital ring; librigenae
with obsolete marginal furrows and short flat
genal spine. Pygidium broad-transverse; axis taper
ing nearly full length, slightly wider than pleural
field; all furrows obsolete except shallow axial
furrow, border of medium width. Surface smooth
(162). U.Cam.(U.Dresbach.), C.USA.--FIG.
193,8. "E. texanus, Tex.; 8a,b, ceph., pyg., X2
(162) .

Camaraspis ULRICH & RESSER, 1924 ["Arionellus
(Agraulos) convexus WHITFIELD, 1878] [=Ber
keia RESSER, 1937 (obj.)]. Glabella low, taper
ing to truncate-tapering, with 2 pairs of shallow
laIeral furrows on interior only; faint eye ridges
may be present; frontal area 0.25 of length (sag.)
of cranidium; all furrows faint to obsolete on ex
terior, faint on interior; eyes slightly below medium
size, behind mid-length of glabella; fixigenae
downsloping, with palpebral areas 0.3 to 0.5 of
glabellar width, posterior areas short, triangular;
librigenae with shallow lateral border furrow and
short slender genal spine. Pygidium transverse;
axis wider than pleural field, extending nearly
full length, with 2 or 3 axial rings and terminal;
with 2 or 3 broad pleurae, all furrows obsolete on
exterior, faint on interior, border narrow. Surface
smooth (8, 47). U.Cam.(F,.ancon.), N.Am.--
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FIG. 193,7. "'C. convexa (WHITFIELD), Wis.; 7a,b,
ceph.; 7c, pyg., all X I (8, 47).

Camaraspoides FREDERICKSON, 1949 ["'Modocia
berkey; RESSER, 1935). Glabella moderately con
vex, tapering to truncate-tapering, with lateral
furrows on interior; eye ridges and all other fur-

lb

WoIcottospis

Dikelocepholus

rows distinct on exterior; frontal area between 0.3
and 0.25 of length (sag.) of eranidium; eyes about
medium in size, somewhat posterior to center of
glabella; fixigenae downsloping, with palpebral
areas about 0.5 of glabellar width, posterior area
straplike, of medium length (tr.). Pygidium trans-

Osceolio

Elkio

FIG. 191. Dikelocephalidae (p. 0254-0256).
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FIG. 192. Pterocephaliidae (p. 0256, 0260).

PterocephoIia

flabelliformis, China; la,b, ceph., pyg., XO.7
(289).

Dytremacephalus PALMER, 1954 [·D. granulosus].
Glabella moderately convex, truncate-tapering,
with pair of anterior pits; eye ridges narrow; fron
tal area about 0.3 of length (sag.) of cranidium;
anterior border furrow shallow to obsolete, border
narrow; eyes of medium size, somewhat anterior
to center of glabella; fixigenae horizontal or
slightly upsloping, with palpebral areas between
0.25 and 0.3 of glabellar width, posterior areas
narrowly triangular, long (tr.); Iibrigenae, thorax
and pygidium unknown. Surface smooth or finely
granulose (162). V.Cam.(V.Dresbaeh.), C.USA.
--FIG. 193,6. ·D. granulosus, Tex.; cran., X4
(162) .

Eugonocare WHITEHOUSE, 1939 [·E. tessellatum].
Glabella truncate-tapering; eye ridges distinct;
frontal area 0.3 of length (sag.) of cranidium
with distinct anterior border furrow and narrow
convex border; eyes of medium size, opposite cen
ter of glabella; fixigenae upsloping, with palpe
bral areas somewhat more than 0.5 of glabellar
width, posterior areas unknown. Pygidium broad
transverse; axis narrower than pleural field, ta
pered nearly full length, with 5 axial rings and
terminal; pleurae 5 or 6, interpleural grooves and
pleural furrows shallow, border of medium width
with slight posterior median inward bend. Surface
finely granulose. V.Cam., Austral.

?Iranella HUPE, 1953 ["Saratogia latifrons KING,
1937]. V.Cam., Iran.

Kazelia WALCOTT & RESSER, 1924 [·K. speciosa].
Glabella low, truncate-tapering, with 2 pairs of
shallow lateral furrows on interior; eye ridges
obsolete, all other furrows faint to obsolete on ex
terior, faint on interior; frontal area 0.25 of length
of cranidium, eyes about medium in size, posterior
to center of glabella; fixigenae downsloping, with
palpebral areas about 0.3 of glabellar width, pos
terior areas short, triangular; librigenae with
rounded genal angle. Pygidium unknown (322).
V.Carn.(Francon.), N.Am.-N.Zem.--FIG. 193,2.
'K. speciosa, N.Zem.; 2ap, cran.; 2e, librigena,
all X2 (322).

Labiostria PALMER, 1954 ["L. eontleximarginata].
Glabella moderately convex, tapering to truncate·
tapering; eye ridges faint; occipital spine may be
present; frontal area 0.3 of length (tr.) of erani
dium, with narrow anterior border furrow; eyes
of medium size, opposite center of glabella; /lxi
genae horizontal, with palpebral areas somewhat
more than 0.5 of glabellar width, posterior areas
straplike, long (tr.); librigenae with distinct
marginal furrows and flat slender genal spine.
Pygidium broad-transverse; axis tapered nearly
full length, slightly wider than pleural field, with
4 or 5 axial rings and terminal; pleurae 4, pleural
furrows broad, shallow, curving posteriorly, inter·
pleural grooves obsolete, border of medium width

".....

verse; axis wider than pleural field, moderate
ly long, with 3 axial rings and terminal; with 3
broad pleurae, interpleural grooves and pleural
furrows distinct on exterior, border narrow (48).
V.Cam.(Francon.), N.Am.--FIG. 193,9. "C.
berkeyi (RESSER), Wis.; 9a,b, cran., Xl.5, X5;
ge,d, pyg., X4 (48).

Dikelocephalites SUN, 1935 ["D. flabelliformis].
Glabella tapering, frontal area 0.3 of length (sag.)
of cranidium, flat to slightly concave; anterior bor
der furrow obsolete; eye ridges faint; eyes of me
dium size, opposite center of glabella; fixigenae
horizontal, narrow, with palpebral areas little over
0.3 of glabellar width, posterior areas straplike,
long (tr.),. librigenae broadly triangular, with
short genal spine. Pygidium semicircular; axis con·
vex, narrower than pleural fields, tapered about
0.5 of its length, with 3 or 4 axial rings and ter
minal; pleurae 3 or 4, interpleural grooves faint to
obsolete, with short, faint pleural furrows and
broad flat border. Surface ?granulose (289). V.
Cam. (Daizanian) , NE.Asia.--FIG. 193,1. "D.

Pedinocepholus
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with slight posterior median inward bend. Sur
face smooth or punctate (162). U.Cam.(U.Dres
bach.), N.Am.--FIG. 193,3. "'L. conveximargin
ata, Tex.; 3a,b, ceph., pyg., X2 (162).

Litocephalus RESSER, 1937 ["'Dicellocephalus rich
mondensis WALCOTT, 1884, based on cranidium

(=Dikellocephalus (Pterocephalus) bilobatus
HALL & WHITFIELD, 1877, based on pygidium)]
[=Pterocephalina RESSER, 1938]. Glabella mod
erately convex, tapering; eye ridges faint; frontal
area between 0.25 and 0.3 in length (sag.) of
cranidium, with distinct anterior border furrow;

Litocephalus

11

BlondicepholuS

Labiostria

80

8fJJ)

3b

20

Comorospis

7c

10

7bR)

Housia

Kazelio

~
~2b

2c

Camaraspoides

6
Dytremacephalus

Ib

5b
Aphelaspis

Dikelocephalites

FIG. 193. Pterocephaliidae, Housiidae (p. 0256-0260).
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eyes of medium size, opposite center of glabella;
fixigenae upsloping, with palpebral areas about
0.7 of glabellar width, posterior area straplike,
long (tr.); librigenae rectangular, with well-de
fined lateral border furrow, convex border, and
medium-length genal spine. Thorax of 13 seg
ments; axis convex, one-half width (tr.) of pleu
rae; pleurae geniculate, faintly furrowed, ending
in very long, posteriorly-drooping spines. Pygidium
ovate; axis tapered nearly full length, as wide as
pleural fields; with 4 or 5 axial rings and terminal;
pleurae 4 or 5, interpleural grooves obsolete,
pleural furrows broad and shallow, curving back
across medium-width concave border almost to
margin with prominent posterior medium inward
bend. Surface finely granulose. V.Cam.( Francon.),
N.Am.--FIG. 193,11. *L. bilobatus (HALL &
WHITFIELD), Nev.; exoskel., X2.7 (162).

Maladioidella ENDO, 1937 [*M. splendens]. Gla
bella moderately convex, tapering; eye ridges dis
tinct; frontal area almost 0.3 of length of crani
dium, with distinct anterior border furrow; eyes
less than medium size, opposite center of glabella;
fixigenae horizontal, with palpebral area 0.3 of
glabellar width, posterior area narrow triangular,
long (tr.). Pygidium ovate; axis tapered 0.75 of
its length, wider than pleural field, with 2 or 3
axial rings and terminal; pleurae 3, pleural fur
rows and interpleural grooves faintly impressed,
border poorly defined. Surface finely punctate (37).
V.Cam.(Daizanian), NE.Asia.--FIG. 193,4. "'M.
splendens, Manch.; 4a, cran., XO.7; 4b, pyg.,
Xl (37). [Authorship of genus should be cited
as ENDO, in ENDO & RESSER, 1937.-Ed.]

Olente11a IVSHIN, 1956 ["'0. olentensis]. Glabella
low, elongate-tapering, lateral furrows obsolete;
eye ridges faint, frontal area 0.3 of glabellar
length (sag.), anterior border furrow narrow, dis
tinct; eyes medium in size, nearly opposite center
of glabella; fixigenae horizontal, with palpebral
areas 0.5 of glabellar width, posterior areas tri
angular, medium in width (exsag.). Pygidium
broad, transverse, with convex axis and pleural
fields subequal in width; 3 axial rings and long
terminal; 3 or 4 pleurae, pleural furrows broad,
border medium width. Surface unknown. V.Cam.,
SW.Sib.

Pedinocephalus IVSHIN, 1956 ["'P. bublichenkoi].
Glabella truncate-tapering with median keel, lat
eral furrows weak; eye ridges distinct, frontal
area slightly more than 0.3 of length (sag.) of
cranidium, anterior border furrow curved, very
shallow; eyes medium in size, opposite center of
glabella; fixigenae slightly upsloping, with palpe
bral areas 0.7 of width of glabella, posterior areas
triangular, medium in width (exsag.); librigenae
with broad, shallow marginal furrow, flat short
genal spines. V.Cam .• E.Sib.--FIG. 192,2. "'P.
bublichenkoi, Kazakhstan; ceph., X2 (413).

Pterocephalops RASETTI, 1944 ["'P. acrophthalma].

Glabella moderately convex, subrectangular, lat
eral furrows nearly obsolete; eye ridges faint;
frontal area not quite 0.3 of length (sag.) of crani
dium; preglabellar field steeply downsloping, with
an terior border furrow very shallow to obsolete
and horizontal border narrow; eyes below medium
size, somewhat behind center of glabella; fixi
genae upsloping, with palpebral areas about 0.7
of glabellar width, posterior areas straplike, nar
row, long (tr.). Librigenae, thorax, and pygidium
unknown. Surface smooth (188). V.Cam.
(?Francon.), Que.

Family HOUSIIDAE Hupe, 1953

Exoskeleton opisthoparian, subisopygous.
Cranidium narrow, elongate; glabella low,
tapering, all furrows very shallow to obso
lete, with 3 pairs of lateral furrows on in
terior; frontal area about 0.3 of length of
cranidium, crossed by change in slope or
very shallow anterior border furrow; no eye
ridges, eyes below medium size, in front of
center of glabella; fixigenae very narrow, up
sloping, with arcuate palpebral areas less
than 0.25 of glabellar width, posterior areas
straplike, long (tr.),. librigenae quadrate,
with short genal spines or rounded genal
angles. Thorax with 10 segments; axis con
vex; pleurae low, somewhat wider than axis
(tr'), with deep pleural furrows extending
about 0.7 of length and bluntly pointed
ends. Pygidium narrowly transverse; an
terior segment with or without long spines,
poorly ankylosed; axis convex, tapered 0.7
of length to narrow end, with 3 or 4 axial
rings and terminal; pleural regions about
same in width as axis, interpleural grooves
obsolete, 3 or 4 pleurae with shallow pleural
furrows; broad shallow marginal furrow, flat
border. Outer surface smooth. V.Cam. [The
family Housiidae is placed close to the fam
ily Pterocephaliidae, from which it may
have developed, according to information
given by A. R. PALMER.]
Housia WALCOTT, 1916 ["'Dolichometopus (Housia)

varro WALCOTT, 1916] [=Housiella KOBAYASHI,
1955]. V.Cam.(Francon.), N.Am. (321).--FIG.
193,10. H. canadensis (WALCOTT), Can.(B.C.);
exoskel., Xl (488, modified).

Family ANDRARINIDAE Raymond, 1937
[=Liostracidae ANGELlN, 1854 (invalid because based on

junior homonym) I

Preglabellar area of medium width, near
ly straight at front; facial sutures slightly
concave in front and behind palpebral lobes,
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Holasaphus

3
Antagmus

Liosolenopleura

Agaso Andrarina

FIG. 194. Andrarinidae (p. 0261).

Groenwallia

which are short but prominent; glabella
parallel-sided, its front end bluntly rounded.
Pygidium short, wide, and well segmented.
L.Cam.-M.Cam.
Agaso COBBOLD & POCOCK, 1934 [.LiostraclIs

( Agaso) rtlsh!ollellsis]. Cranidium trapezoidal,
with rounded front and flat anterior border, from
which convex surface rises abruptly and curves
evenly back to weak occipital furrow. Surface
pitted. M.Cam., NW.Eu.--FIG. 194,4. ·A.
rllShtollellsis (COBBOLD & POCOCK), Paradoxides
forchhammeri Grit, Eng.; cran., X3.5 (388·).

Andrarina RAYMOND, 1937 [pro Liostracus ANGELlN,
1854 (11011 MORCH, 1852)] [·Liostractts costattls
ANGELlN, 1854; SD LINNARSSON, 1873]. Glabella
with 3 pairs of furrows, sides of glabella and facial
sutures nearly parallel with axial line; genae con
vex, bent downward. Surface more minutely pitted
than in Agaso. M.Cam., Eu.(Swed.-Norway).-
FIG. 194,5. •A. costata (ANGELlN), Lejopyge
laevigata Z., Swed.; Sa, cran., X3.7; 5b, pyg.,
X3 (49la·).

Groenwallia KOBAYASHI, 1935 [·LiostracllS piatyr
rhillllS GRONWALL, 1902]. Preglabellar area large,
facial sutures flaring anteriorly; no lateral glabellar
furrows; large occipital spine. M.Cam., NW.Eu.
--FIG. 194,3. ·G. platyrrhilltls (GRoNWALL),

Paradoxides forchhammeri Z., Denm.; cran.,
X5.25 (402·).

Holasaphus MATTHEW, 1895 [.H. centropyge].
Preglabellar area short; glabella like that of
dndrarina but lacking furrows; facial sutures only
slightly curved. Pygidium with spine at rear. M.
Cam., NE.Can.--FIc. 194,2. ·H. celltropyge,
MacMullin F., N.Scot.; 2a,b, cran., pyg., X1.3
(429).

Liosolenopleura THORAL, 1948 [.L. serve1lfi]. Small;
surface smooth. Pygidium smaller than in Solello
pleura. M.Cam., W.Eu.--FIC. 194,1 . • L. ser
vellti Bailiella levyi Z., Fr.; exoskel., X2 (483·).

Superfamily OLENACEA
Burmeister, 1843

[nom. Ironsl. HENNINGSMOEN. 1957 (t'x Olenidae BURMEISTER,
1843) I [=Olen idea RICHTER & RICHTER, 1941 (parlim); Olen·

oidae HUPE, 1953 (partim)]

Exoskeleton subovate to elongate, opistho
parian (exceptionally proparian), micro
pygous to subisopygous (rare), and with
rounded or spinose genal angles. Cephalon
with narrow border, small to medium-sized
eyes and in most forms distinct eye ridges;
glabella tapering forward, with simple, sig
moidal, or bifurcate lateral furrows (if pres-
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ent); preglabellar field present or absent;
librigenae separated by median suture or
fused together. Hypostoma probably free.
Thorax with 9 to 24 segments. Pygidium
with or without marginal spines. M.Cam.
(some Papyriaspididae )-U.Ord.

Family OLENIDAE Burmeister, 1843
[=Leptoplastidae ANGELIN, 1854]

Exoskeleton opisthoparian, subovate to
elongate, usually small, micropygous to
heteropygous. Cephalon usually with narrow
threadlike, prominent border, usually dis
tinctly defined eye ridges, and eyes of small
to medium size. Thoracic segments 9 to 19,
with furrowed pleurae. Pygidium with 3 to
7 axial rings, pleural fields distinctly seg
mented. Hypostoma probably free. Other
characters greatly varying even in same sub
family; cephalic doublure and ventral su
tures imperfectly known. U.Cam.-U.Ord.

Subfamily OLENINAE Burmeister, 1843

[nom. Iransl. KOBAYASHI, 1935 (ex Olenidae BUllMElSTER,
1843») [=Continuae PEllSSON, 1904)

Heteropygous olenids with almost flat
exoskeleton, narrow to moderately wide
glabella, more or less well-developed pre
glabellar field, palpebral lobes opposite or
anterior to cranidial center, genal spines in
direct continuation of lateral margin of libri
genae; more or less oblique pleural furrows,
fairly well-developed pleural spines. Hypo
stoma subovate, with large strongly convex
ovate anterior lobe, small depressed crescent
ic posterior lobe, small acute anterior
wings, and narrow raised posterolateral bor
der. U.Cam.-L.Ord.(Tremadoc.}.
Olenus DALMAN, 1827 [(illegally proposed by

1822, but now long recognized as applicable to a
DALMAN, 1827, pro Paradoxides BRONGNIART,
distinct group of species, ICZN Opinion 496)]
[·Entomostracites gibbosus WAHLENBERG, 1821;
SD ICZN Op. 496]. Exoskeleton more or less
elongated ovate. Cephalon 0.25 to 0.4 of total
length; cranidium subtrapezoidal; glabella sub
cylindrical or slightly tapering, somewhat truncate
in front, with 2 or 3 pairs of oblique lateral fur
rows; preglabellar field long; fixigenae fairly wide,
with acute posterior extremities; eye ridges at right
angles to axis or running obliquely forward from
anterior corners of glabella; anterior sections of
facial sutures slightly convergent between eyes and
anterior border. Thorax of 13 to 15 segments.
Pygidium small, triangular to semicircular, with
narrow raised border, and commonly with a few

minute marginal spines (114, 331). V.Cam., N.
Eu.-N.Am.-Asia.--FIG. 195,la. ·0. gibbosus
(WAHLENBERG), Swed.; pyg., X3 (331).--FIc.
195,lb,c. O. truncatus (BRUNNICH), Swed.; 1b,c,
exoskeJ., hypostoma, X4 (331).

?Highgatella SHAW, 1955 [·Terranotlella gelasinata
SHAW, 1951]. Convex tapering glabella with
rounded front, 3 pairs of lateral furrows, an
terior pair faint, posterior pairs deep, arcuate;
small occipital node; preglabellar field 0.3 of
cranidial length; anterior border furrow narrow;
eyes small, anterior to center of glabella, eye
ridges distinct, straight; fixigenae horizontal, with
palpebral areas more than 0.3 of glabellar width,
posterior areas long (tr.), triangular; libri
genae with long slender genal spines. Pygidium
unknown. Surface finely granulose. L.Ord.(Tre
madoc.), NE.N.Am.-W.N.Am.--FIG. 195,6. ·H.
gelasinata (SHAW), Vt.; ceph., X6 (245).

Parabolina SALTER, 1849 [·Entomostracites spinu
losus WAHLENBERG, 1821] [=Odontopyge HAWLE
& CORDA, 1847 (non BRANDT, 1841)]. Differs from
Olenus in having larger glabella, shorter pre
glabellar field, palpebral lobes placed nearer to an
terior border; larger, usually semicircular pygidium
with 2 to 6 fairly well-developed, more or less
converging pleural spines; and hypostoma with
almost completely reduced anterior wings (331).
V. Cam. - L. Ord. (Tremadoc.), Eu. - E. Can.(Atl.
prov.)-Arg. -- FIG. 195,3. ·P. spinulosa
(WAHLENBERG), Swed.; exoskel., X3 (331).

Parabolinites HENNINGSMOEN, 1957 [.Parabolinella
laticauda WESTERGARD, 1922]. Cranidium as in
Parabolina but with larger preglabellar field; facial
sutures subparallel or diverging in front of palpe
bral lobes; glabella tapered forward, rounded in
front; librigenae with spines (where known).
Pygidium entire (61). V.Cam., Swed.-?Wales.-
FIG. 195,4. ·P. laticaudus (WESTERGARD), Swed.;
4a, cran. and librigena, X 1.2; 4b, pyg., X 1.2
(61 ).

?Paraolenus LERMONTOVA, 1951 [·P. papilionaceus].
V.Cam., Kazakhstan.

?Plesioparabolina HARRINGTON & LEANZA, 1942 [*P.
proparia]. L.Ord.(Tremadoc.), Arg.

Subfamily LEPTOPLASTINAE Angelin, 1854
[nom. trans!' KOBAYASHI, 1935 (ex Leptoplastidae ANGELlN,

1854)] [=Abruptae PEllSSON, 1904]

Micropygous to nearly isopygous olenids
with almost flat to strongly convex dorsal
exoskeleton. Cephalon with narrow to mod
erately wide glabella, short or comple.tely
reduced preglabellar field, genal .spmes
abruptly projecting from lateral portion.of
cephalic margin well in front of post~nor
margin. Thorax with moderately oblIque
pleural furrows. Hypostoma usually sub
rectangular but may have very small an
terior wings. U.Cam.-L.Ord.(Tremadoc.}.
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Leptoplastus ANGELlN, 1854 ['"L. stenotus; SD
VOGDES, 1890]. Exoskeleton ovate, depressed.
Glabella wide, parallel-sided to slightly tapering,
rounded in front, with 2 or 3 pairs of oblique

lateral furrows; preglabellar field very short or
lacking; anterior and palpebral areas of fixigenae
relatively narrow, and posterior areas moderately
wide, with acute extremities; eye ridges more or

10

Leptoplostus

Ib

Olenus

7

Ctenopyge Eurycore

FIG. 195. Olenidae (Oleninae, Leptoplastinae) (p. 0262-0264).
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less oblique; palpebral lobes usually opposite or a
little in front of glabellar center; librigenae with
almost evenly curved outer margin and slender,
almost straight genal spines. Thorax of 9 to 12
segments, with short (to long) pleural spines and
axial nodes or spines, II th segment of some forms
with very long, backward-directed axial spine.
Pygidium small, rounded triangular to semi
circular, with rapidly tapering axis, 3 or 4 axial
rings and generally 2 or 3 pairs of minute pleural
spines (114, 331, 333). U.Cam.-L.Ord.(Trema
doc.}, Eu.-E.Can.(AtI.prov.).--FIG. 195,2.•L.
stenotus, V.Cam., Swed.; exoskel., X3 (331).

Ctenopyge LINNARSSON, 1880 (·Olenus (Sphaeroph
thalmus) pecten SALTER, 1864; SO VOGDES,
1890]. Exoskeleton depressed, ovate to subcircu
lar. Cephalon wide, with straight or emarginate
front, long, narrow, slightly tapering glabella
more or less truncate in front, 1 to 3 pairs of
lateral furrows, posterior pair represented in
some by a transglabellar furrow; preglabellar field
short or lacking; fixigenae moderately to very
wide, with posterior areas of greatly varying length
and width, and with acute or rounded extremities;
palpebral lobes usually opposite or a little an
terior to glabellar center; librigenae moderately
wide, with long, curved genal spines springing
from anterior or middle part of lateral margins.
Thorax of 8 to 10 segments with long pleural
spines, especially in posterior part. Pygidium (of
type species) very large, consisting of several
fused axial rings, small terminal plate, free pleurae
similar to those of thorax, and axial ridge con
tinued backward as long, straight spine (114, 331,
335). U.Cam.
C. (Ctenopyge). Hypostoma without expanded

posterior brim; pleural spines flattened (61). U.
Cam., Eu.-E.Can.(Ad.prov.).--FIG. 195,7. ·C.
(C.) pecten (SALTER); exoskel. (reconstr. from
figures by LAKE and WESTERGARD), X3 (445n).

C. (Eoctenopyge) HENNINGSMOEN, 1957 [·Sphae
rophthalmus fiagellifer ANGELIN, 1854]. Differs
from C. (Ctenopyge) in having rounded pleural
spines (61). U.Cam., Eu.

C. (Mesoctenopyge) HENNINGSMOEN, 1957
(·Ctenopyge spectabilis BROGGER, 1882]. Differs
from C. (Ctenopyge) in having hypostoma with
expanded posterior brim, and rounded pleural
spines (61). U.Cam., Eu.

Eurycare ANGELIN, 1854 [·E. brevicauda; SO
VOGDES, 1925]. DitIers from Leptoplastus in hav
ing wider fixigenae, much longer, more curved
genal spines, and 12 to 17 thoracic segments; and
from Ctenopyge in number of thoracic segments
with short pleural spines throughout and small
pygidium with fused pleurae terminating in
minute spines (1l4, 331, 333). U.Carn., Denm.
Norway-Swed.-?Wales.--FIG. 195,8. E. latum
(BOECK), Swed.; exoskel. (reconstr.), X2 (445n).

?Leptoplastides RAW, 1907 [·Conocoryphe salteri
CALLAWAY, 1877]. L.Ord. (Tremadoc.) , Eng.

?Mekynophrys HARRINGTON, 1938 [·M. nanna]. L.
Ord.(Tremadoc.}, Arg.

Sphaerophthalmus ANGELlN, 1854 [·Trilobites ala
tus BOECK, 1838; SO LINNARSSON, 1880]. Differs
from Ctenopyge in having narrower, strongly con
vex cephalon, much narrower posterior areas of
fixigenae, spherical eyes usually placed far back,
and very small, almost perfectly triangular pygi
dium with very narrow, threadlike, raised border
and entire or slightly undulating margin (114,
331). U.Cam., Eu.-E.Can.(Atl.prov.).--FIG. 195,
5. S. humilis (PHILLIPS), Swed.; 5a,b, cran., dor
sal, anterior, X6; 5c, librigena, X6; 5d, pyg.,
X8 (331).

Subfamily PELTIJRINAE Hawle & Corda,I847
{nom. transl. et corre<t. HENNINGSMOEN, 1957 (ex Pelturides
HAWLE & CORDA, 1847)] [=/ujuyaspidinae HUPE, 1953;

Pelturinae HARRINGTON & LEANZA, 19521

Micropygous to heteropygous olenids hav
ing subovate to elongate, moderately to con
siderably convex exoskeleton. Cephalon
semicircular, transversely elliptical or sub
reniform, with moderately to very wide, an
teriorly more or less rounded glabella; very
short or completely reduced preglabelIar
field; palpebral lobes usually close to an
terior border; librigenae with rounded
(rarely angular) genal angles without
spines or (rarely) with short genal spines.
Thoracic segments usually with strongly
oblique pleural furrows. Pygidium greatly
varying in shape and number of segments.
Hypostoma wide, subrectangular to octa
gonal or subovate, with fairly small, strongly
convex middle body and very wide, flat lat
eral and posterior border, and raised mar
gin. U.Cam.-L.ord.(Tremadoc.).

Peltura MILNE EDWARDS, 1840 [BURMEISTER, 1843
(pro Peltoura MILNE EDWARDS, 1840); emenda
tion to Pe/tura of Peltoura MILNE EDWARDS vali
dated by ICZN, 1958, Opinion 499] [·Entomostra
cites scarabaeoides WAHLENBERG, 1821; SD HAWLE
& CORDA, 1847] [=Anthes GOLDFUSS, 1843 (obj.);
Anopocare ANGELIN, 1854]. Exoskeleton elon
gated subovate, strongly convex. Cephalon
subreniform, with rounded genal angles lack
ing genal spines or (rarely) with poorly de
veloped spines; eranidium subtrapezoidal to semi
circular; glabella much wider than posterior areas
of fixigenae, reaching wholly or nearly to anterior
border, with 2 or 3 pairs of shallow, oblique lat
eral furrows; fixigenae very narrow; eye ridges
usually obscure; palpebral lobes very small, close to
glabella and anterior border. Thorax of about 12
segments, slightly contracted in front; axis rapidly
tapering, usually wider than pleural regions; pleu
rae obliquely truncated, with short, obliquely back
ward-directed pleural spines. Pygidium small, wide,
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with 2 axial rings, short terminal axial portion,
2 or 3 pairs of pleurae, and narrow border with
pleural spines or entire margin (331). V.Cam.,
Eu.-E.Can.(Ad.prov.).--FIG. 196,3. "'P. scara
baeoides (WAHLENBERG), V.Cam., Swed.; exoskeI.,
Xl (331).

Acerocare ANGELIN, 1854 ["'A. ecorne]. Differs
from Peltura in having moderately convex exo
skeleton. Cephalon transversely elliptical; glabella
equal in width to posterior areas of fixigenae or
narrower; small palpebral lobes prominent, not
close to anterior border yet well in front of

Acerocore

Prooulocopleura

9 Nericiaspis

Protopelturo

Jujuyaspis2

~
4a~

4b
Pelturina

Saltospis

Papyriaspis

FIG. 196. Olenidae (Pelturinae), Papyriaspididae (p. 0265,0266, 0269).
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glabellar center; posterior areas of fixigenae broad
ly rounded. Thoracic axis moderately tapering,
equal in width to pleural regions or narrower;
truncate pleurae spineless, or with rudimentary
pleural spines. Pygidium large, approximately
semicircular, multisegmentate (152, 331). U.Cam.,
Norway-Swed.--FIG. 196,10. "A. ecorne, U.
Cam., Swed.; exoskel. (reconstr.), X2 (152).

~cerocarina POULSEN, 1951 [pro Cyclognathus LIN
NARSSON, 1875 (non ST. HILLAIRE, 1833)] ["Cy
dognathus micropygus LINNARSSON, 1875]. Differs
from ACe1"ocare in having glabella wider than
posterior areas of fixigenae, effaced lateral fur
rows, extremely small palpebral lobes opposite
front of glabella; shorter, anteriorly strongly con
tracted thorax with rapidly tapering axis; and
much smaller, paucisegmented pygidium without
border (152, 331). U.Cam.-L.Ord.(Tremadoe.) ,
Norway-Swed.-E.Can.(Atl.prov.)-?Arg. -- FIG.
196,6. "A. mieropyga (LINNARSSON), U.Cam.,
Swed.; exoskeI., X4 (331).

kltella LAKE, 1919 ["Ellipsocephalus depressus
SALTER, 1859; SD VOGDES, 1925]. Differs from
Pe/tura in having semicircular cephalon, anterior
sections of facial sutures diverging from eyes to
anterior border and then converging so as to
meet at axial line; more prominent, distinctly
defined eye ridges, angular genal angles, and
well-developed genal spines; thoracic segments
with truncate extremities (55, 114, 331). U.Cam.
L.Ord.(Tremadoe.), Eu.-S.Am.-N.Am.

loeckaspis HENNINGSMOEN, 1955 [pro Boeekia
BR91GGER, 1882 (non MALM, 1870; nee BRADY,
1871; nee THOMSON, 1883; nee GRIMM in SARS,
1894)] ["Boeckia hirsuta BR91GGER, 1882]. Differs
from Aceroeare in having very wide anterior and
palpebral areas of fixigenae, distinctly marked eye
ridges, palpebral lobes placed opposite to glabellar
center or farther back; thoracic segments ter
minating in long pleural spines, and almost per
fectly trapezoidal pygidium with pair of short
spines projecting from posterior part of border
(18, 330). L.Ord.(Tremadoe.) , Norway-Swed.

Cyc10gnathina LERMONTOVA, 1951 ["C. mierops].
U.Cam., Kazakhstan (HE).

Jujuyaspis KOBAYASHI, 1936 ["I. keideli]. Differs
from Aceroeare in having effaced glabellar fur
rows, palpebral lobes situated opposite to glabd
lar center; wider, rapidly tapering thoracic axis,
thoracic segments terminating in long pleural
spines (55, 58, 98). L.Ord.(Tremadoe.), Arg.
Norway-N.Am.--FIG. 196,2. "I. keideli, Arg.
(Jujuy); ceph. (restored), X3 (58).

~ericiaspis TJERNVIK, 1955 ["Iujuyaspis? robusta
TJERNVIK, 1953]. Differs from Sallaspis in having
3 pairs of strong lateral glabellar furrows, smal
ler, more anteriorly situated eyes, and obliquely
backward-directed, almost straight course of

posterior sections of facial sutures (298). U.Cam.,
Swed.--FIG. 196,9. "N. robusta (TJERNVIK),
cran., X 4.5 (298).

?Paenebeltella Ross, 1951 ["P. tlultulata]. Differs
from Beltella in having ovate glabella, wider palpe
bral area of fixigenae and converging course of
anterior sections of facial sutures from eyes to an
terior border (258). L.Ord., W.N.Am.--FIG.
196,7. "P. tlultulata, Utah; ceph. (reconstr.), X4
(258).

Parabolinopsis HOEK, 1912 ["P. mariana] [=An
desaspis KOBAYASHI, 1935 (obj.). Like Paene
beltella but having much narrower fixigenae and
genal angles remote from facial sutures (279).
L.Ord.(Tremadoc.), S.Am.

Peltocare HENNINGSMOEN, 1957 ["Aee1"ocare nortlc
gieum MOBERG & MOLLER, 1898]. Like Aee1"oearina
but having wider fixigenae and posterior sections
of facial sutures cutting lateral cephalic borders
(61). L.Ord.(Tremadoe.), Eu.-E.Can.(Atl.prov.).
Arg.--FIG. 196,8. "P. nortlegicum (MOBERG &
MOLLER); exoskeI. (reconstr.), X 1.5 (61).

Pelturina HENNINGSMOEN, 1957 ["P. punetife1"a].
Differs from Peltura in having palpebral lobes
farther back (opposite 2nd lateral furrows)
(61). U.Cam., Norway-Swed.--FIG. 196,4. "P.
punctifera, Norway; 4a,b, cran., pyg., X3 (61).

Protopeltura BR91GGER, 1882 ["Peltura praecursor
WESTERGARD, 1909; SD by ICZN, 1958, Opinion
499]. Differs from Peltura in having transversely
elliptical cephalon, narrower glabella, wider fixi
genae, distinctly marked eye ridges, genal spines
almost in continuation of lateral cephalic border,
narrower thoracic axis, and wider pleural regions
(18, 331). U.Cam.-L.Ord.(Tremadoc.), Norway
Swed.-USSR-?Arg.--FIG. 196,12. "P. praecursor
(WESTERGARD), U.Cam., Swed.; exoskel., X4
(331) .

Saltaspis HARRINGTON & LEANZA, 1952 ["Iujuyaspis
steinmanni KOBAYASHI, 1936]. Differs from
lujuyaspis in having posterior areas of fixigenae
produced into a pair of well-developed intergenal
spines and in having facial sutures of proparian
type (58). L.Ord.(Tremadoe.), S.Am.-Swed.
Norway.--FIG. 196,11. "S. steinmanni (KOBAY'
ASHI), Arg.(Salta); exoskel. (reconstr.), x3.3
(445n).

?Sphaerophthalmella KOBAYASHI, 1955 ["S. inex
pectans]. L.Ord., W.Can.

Westergaardia RAYMOND, 1924 ["Boeekia scanica
WESTERGARD, 1909] [=Sphaerophthalmoides
HUTCHINSON, 1952 (subj.)]. Differs from Acero
care in having wider, more tapering glabella ex
tended to anterior border and somewhat depressed
between fixigenae, much wider anterior and palpe
bral areas of fixigenae, palpebral lobes situated
farther back and remote from glabella; shorter
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thorax with rapidly tapering axis much wider
than pleural regions; and much smaller, pauci
segmented pygidium (333). V.Cam., Norway
Swed.-E.Can.(Atl.prov.).

Subfamily TRIARTHRINAE Ulrich, 1930
[nom. transl. KOBAYASHI, 1935 <ex Triarthridae ULIUCH in

BRIDGE, 1930)1

Micropygous to heteropygous, with sub
ovate to elongate, moderately convex exo
skeleton. Cephalon semicircular to semiellip
tical; glabella wide, usually quadrate, with
strongly impressed occipital and lateral
furrows, usually a preglabellar field, narrow
to moderately wide fixigenae, small palpe
bral lobes anterior to glabellar center, and
librigenae generally with genal spines con
tinuing lateral cephalic borders or (rarely)
without genal spines. Cephalic doublure and
ventral sutures imperfectly known. V.Cam.
V.Ord.
Triarthrus GREEN, 1832 ["T. beckii]. Exoskeleton

elongate. Cephalon semicircular; glabella consid
erably wider than posterior areas of fixigenae,
separated from front border by anterior border
furrow or by short preglabellar field, with 2 to 4
pairs of lateral furrows, usually I or 2 anterior
pairs separated from axial furrows; fixigenae very
narrow, especially anterior and palpebral areas;
anterior sections of facial sutures converging from
eyes to front border; librigenae extremely narrow,
spineless or (rarely) with slender, curved genal
spines. Thorax of 13 to 16 segments, with axis
wider than pleural regions, obliquely truncated or
rounded pleural extremities, and fulcrum placed
very close to axis. Pygidium small, with 3 to 5
axial rings and entire, evenly rounded posterolat
eral margin. Ord., N.Am.-S.Am.-Eu.--FIG. 197,
8. T. eatoni (HALL), U.Ord., N.Y.; exoskel. and
distal ends of ventral appendages (reconstr.),
X 1.3 (374).

?Angelina SALTER, 1859 ["A. sedgwickii; SD
VOGDES,1890] [=Keidelaspis HARRINGTON, 1937].
Differs from typical Triarthrinae in having much
larger exoskeleton, narrower glabella, shallow
occipital furrow, effaced or obscure lateral fur
rows, more posteriorly located palpebral lobes, an
terior sections of facial sutures convergent on
front border so as to meet at median line, and
with very long, broad genal spines (1l4). L.Ord.
(Tremadoc.), Wales-?Swed.-S.Am.-?Can.--FIG.
197,5. "A. sedgwickii, Wales; ceph., Xl (1l4).

Bienvillia CLARK, 1924 ["Dikelocephalus? corax
BILLINGS, 1865] [=Diatemnus RAYMOND, 1937].
Cranidium uniformly convex; glabella broadly
conical to subquadrate, about 0.8 of length of
cranidium, lateral furrows distinct to obsolete;
small occipital node; convex preglabellar field;
eye ridges faint, small eyes opposite anterior 0.3

of glabella; fixigenae downs[oping, with palpebral
areas not more than 0.25 of glabellar width, pos
terior areas triangular, broad, short (tr.); librigenae
elongate triangular with bluntly pointed genal
angles. Pygidium unknown. Surface smooth. V.
Cam.-L.Ord., N.Am.

B. (Bienvillia). Axial, occipital, and posterior lat
eral furrows deeply impressed; 3 pairs of lateral
furrows, posterior 2 pairs deep, arcuate, com
plete, anterior pair shallower, incomplete; frontal
area differentiated by narrow border furrow into
very narrow anterior border and wider convex
preglabellar field; librigenae with narrow lateral
border furrows. V.Cam., NE.N.Am.--FIG. 197,
1. "E. corax (BILLINGS), Que.; ceph., X5 (44'5n).

B. (Desmetia) WALCOTT, 1925 ["D. annectans].
Axial, occipital, and posterior lateral furrows
moderately impressed; 2 pairs of shallow, arcuate
incomplete glabellar furrows; frontal area un
differentiated, anterior border furrows obsolete;
lateral border furrows obsolete on librigenae. L.
Ord. (Tremadoc.) , NE.N.Am.-W.N.Am.--FIG.
197,3. B. (Desmetia) terranotJica RASETTI, Newf.;
3a,b, ceph., dorsal, lateral, X5 (445n).

Leiobienvillia RASETTI, 1954 ["L. laetJigata]. Crani
dium uniformly convex, all furrows obsolete ab
axially but adaxially with very shallow axial, occi
pital, and posterior border furrows; glabella low,
broad, subquadrate, length about 0.8 of cranidium,
with 3 pairs of shallow arcuate lateral furrows;
short, convex undifferentiated frontal area, eyes
small, opposite anterior third of glabella; fixigenae
downsloping, with palpebral areas about 0.5 of
glabellar width, posterior areas triangular, broad,
medium in length (Ir.); librigenae and pygidium
unknown. Surface smooth. L.Ord. (Tremadoc.),
NE.N.Am.--FIG. 197,7. "L. laetJigata, Newf.;
cran., X6 (445n).

Moxomia WALCOTT, 1924 ["M. hecuba]. Differs
from Parabolinella in having subrectangular crani
dium with corner furrows and very narrow pos
terior areas of fixigenae (320). L.Ord. (Tremadoc.) ,
W.Can.(B.C.).--FIG. 197,2. "M. hecuba, Mt.
Robson; cran., X3 (320).

Parabolinella BRjilGGER, 1882 ["P. limitis; SD BASS
LER, 1915]. Differs from Triarthrus in having
regularly ovate exoskeleton, much wider, semi
elliptical cephalon, longer preglabellar field, wider
fixigenae, prominent eye ridges, diverging course
of anterior sections of facial sutures from eyes to
front border, wide librigenae with straight genal
spines. Thorax of 16 to 21 segments with axis
narrower than pleural regions and short pleural
spines. Pygidium smaller, with I to 3 axial rings
(18,55, 114). V.Cam.?, L.O,·d.(Tremadoc.}, Eu.
N.Am.-S.Am.--FIG. 197,9. "P. limitis, L.Ord.
(Tremadoc.), Norway; ceph., X I (l8).--FIG.
197,6. P. triarthra (CALLAWAY), L.Ord.(Trema
doc.), Eng.; nearly whole dorsal exoskeleton, lack
ing librigenae, Xl.7 (1l4).
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FIG. 197. Olenidae (Triarthrinae) (p. 0267, 0268).

Plicatolina SHAW, 1951 [*P. kindlei]. Differs from
Triarthrus in having median notch in front mar
gin of glabella, 1 or 2 transglabellar furrows
formed by posterior lateral furrows, prominent eye
ridges, diverging course of anterior sections of
facial sutures from eyes to front border, and
thorax of more than 16 segments with pleural
spines (273). L.Ord.(Tremadoc.), N.Am.-S.Am.

Porterfie1dia B. N. COOPER, 1953 [*Triarthrus caed
genus RAYMOND, 1920]. Differs mainly from
Triarthrus in lacking eyes and facial sutures, and
in having genae crossed by furrows extending
obliquely backward from axial furrows at anterior
corners of glabella and merging with lateral border
furrows, evenly rounded genal angles. Thorax of
11 segments. Pygidium larger than in Triarthrus,
with 7 axial rings (26). M.Ord., E.N.Am.-Arg.

Westergaardites TROEDSSON, 1937 [*W. pelturae
formis]. Differs from Triarthrus in having extreme
ly long exoskeleton, wider anterior areas of fixi-

genae, smaller, more anteriorly placed eyes, thorax
of 19 segments with extremely wide axis, ex,
treme!y narrow pleural regions, pleural spines, and
pygidium with marginal spines (301). U.Cam.,
C.Asia.--FIG. 197,4. *W. pelturaeformis.
E.T'ien-shan; exoskel. without librigenae, X 1.3
(301).

Family PAPYRIASPIDIDAE
Whitehouse, 1939

[nom. transl. et correct. POULSEN, herein (e-x Papyriaspinae
WHITEHOUSE. 1939)]

Micropygous to heteropygous olenaceans
with ovate, remarkably flat and thin dorsal
exoskeleton. Cephalon with well-developed
preglabellar field, genal spines in direct co~

tinuation of lateral cephalic border. ThoraCIC
axis very narrow, pleural furrows parallel or
subparallel to edges of segments. Hypo-
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stoma, cephalic doublure, and ventral su
tures unknown. M.Cam.-U.Cam.
Papyriaspis WHITEHOUSE, 1939 ["P. lanceola].
Cephalon approximately semicircular, 0.3 of total
length; cranidium subtrapezoidal; glabella short,
strongly tapering; occipital ring markedly wider
than 1st thoracic axial ring; occipital furrow con
tinuous; 4 pairs of lateral furrows (2 pit-shaped
anterior pairs separated from axial furrows, 2 pos
terior pairs of furrows extending obliquely back
ward from axial furrows); preglabellar field very
long; fixigenae wide, with acute posterior areas;
eye ridges almost rectilinear, oblique; palpebral
lobes fairly small; situated a little behind glabellar
center; anterior sections of facial sutures con
verging between eyes and anterior border. Thorax
of 18 segments, with gradually tapering axis and
bluntly terminating pleurae. Pygidium about 0.125
of total length, almost semicircular, with 4 axial
rings in addition to terminal axial portion, and
with entire margin (340). M.Cam., NE.Austral.
--FIG. 196,1. lOP. lanceola, Queensl.; exoskel.
(reconstr.), Xl (340).

Hedinaspis TROEDSSON, 1952 [pro Hedinia TROEDS
SON, 1937 (non NAVAS, 1936)] ["Hedinia regalis
TROEDSSON, 1937]. Differs from Papyriaspis in
having wider cephalon, less tapering glabella, occi
pital and all glabellar furrows separated from axial
furrows, shorter preglabellar field, wider posterior
areas of fixigenae, palpebral lobes situated slightly
anterior to glabellar center. Thorax of about 24
segments, with narrower, less tapering axis and
short, backward-directed pleural spines. Pygidium
very small, with faintly indicated axial rings, wide,
shallow indentation behind axis, and subreniform
outline (301). V.Cam., Asia.--FIG. 196,5. "H.
regalis (TROEDSSON), E. T'ien-shan; 5a, ceph.,
Xl.4; 5b, pyg. and part of thorax, X2 (301).

Pianaspis SAITO & SAKAKURA, 1936 ["P. kodairai].
Differs from Papyriaspis in having wider thoracic
axis and more deeply furrowed thoracic pleurae
with short pleural spines. M.Cam., E.Asia.

?Proaulacopleura KOBAYASHI, 1936 ["P. buttsi].
Differs from Hedinaspis in having shorter, wider
glabella, longer preglabellar field, longer palpebral
lobes; thorax of 13 segments, wider thoracic axis,
I st thoracic axial ring almost as wide as occipital
ring, narrowly furrowed thoracic pleurae with
obliquely backward-directed pleural spines; and
larger, rounded triangular pygidium without pos
terior marginal indentation (98). V.Cam., E.N.
Am.--FIG. 196,13. lOP. buttsi, Ala.; exoskel.,
X1.5 (419).

?Prohedinia LERMONTOVA, 1955 (?) ["P. attenuata].
M.Cam., Sib. (HE).

?Rhodonaspis WHITEHOUSE, 1939 ["R. longula].
Differs from Papyriaspis in having parallel-sided
glabella, 3 pairs of lateral furrows, rapidly taper

ing posterior areas of fixigenae, eye ridges at right
angles to axis, longer palpebral lobes, 1st thoracic

axial ring as wide as occipital ring; thoracic seg
ments terminating in fairly long, slender, obliquely
backward-directed pleural spines; and pygidium
with 3 pairs of pleural spines (340). V.Cam., NE.
Austral.

Family HYPERMECASPIDIDAE
Harrington & Leanza, 1957

Subisopygous to micropygous, with ellip
tical dorsal exoskeleton. Cephalon semi
elliptical in outline, transversely elongate,
with rounded or spinose genal angles and
opisthoparian sutures; glabella wide, taper
ing forward, truncate anteriorly, with 5
pairs of lateral furrows, 3p furrows sig
moidal, 2p, sigmoidal and bifurcated dis
tally; occipital ring strongly trisegmented
longitudinally; preglabellar field narrow;
anterior border narrow, depressed, not dif
ferentiated by border furrow; eyes large,
submedian, close to glabella; anterior sec
tions of facial sutures convergent forward.

FIG. 198. "Hypermecaspis inermis HARRINGTON &
LEANZA (Hypermecaspididae), L.Ord.(Arenig.),
NW.Arg.; exoskel. (holotype),restored, Xl.6 (59").
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FIG. 199. Hypermecaspis armata HARRINGTON &
LEANZA (Hypermecaspididae), L.Ord. (Arenig.) ,

NW.Arg.; exoskel. (holotype), X5.2 (59").

Thorax with 19 segments; pleurae spinose,
with proximal fulcra and oblique furrows.
Pygidium large to moderately small, ellip
tical in outline, with tapering axis prolonged
in postaxial ridge; segmentation strong to
obsolete; axis with 5 to 8 rings or nearly
smooth; pleural furrows curved; border ill
or nondifferentiated; margin entire. L.Ord.
M.Ord.
Hypermecaspis HARRINGTON & LEANZA, 1957 ["H.
in~is]. Exoskeleton large. Cephalic border flat,
WIde near genal angles, progressively narrowing
anteriorly; genal angles rounded or produced into
spines; anterior sections of facial sutures short,
convergent in front of eyes, marginal to mid-line.
Pygidium elliptical in outline, transversely elon
gate, with 5 to 7 rings; pleural fields with 5 to 7
well-marked, curved pleural furrows and much
fainter interpleural grooves; border wide, de
pressed, not differentiated from pleural fields;
margin evenly rounded. L.Ord.-M:Ord., Arg.-Bol.
--FIG. 198. "'H. inermis, L.Ord. (Arenig.) ,NW.
Arg.; exoskel. (holotype), restored, X1.6 (59").
--FIG. 199. H. armata HARRINGTON & LEANZA,
L.Ord.(Arenig.) , NW.Arg.; exoskel. (holotype),
X5.2 (59").

FIG. 200. "Tropidopygc broeggeri (MOBERG & SE
GERBERG) (Hypermecaspididae), L.Ord., Swed.;

pyg. (holotype), X2 (432," 1906).

Tropidopyge HARRINGTON & KAY, 1951 ["Dikelo
cephalus braggeri MOBERG & SEGERBERG, 1906].
Differs from Hypermecaspis in having pygidium
gently convex, subeIliptical in outline, slightly
wider than long, with postaxial ridge reaching
posterior margin, pleural fields with few short
pleurae without pleural furrows and ill-defined
wide depressed border. Cephalon and thorax un
known. [Parabolinclla rugosa BR¢GGER, 1882,
known only from cranidia from Norway and
Great Britain, may correspond to this genus.] L.
Ord., Swed.-S.Am.(Colom.).--FIG. 200. "T.
brocggeri (MOBERG & SEGERBERG), Swed.; pyg.
(holotype), X2 (153).

Superfamily ILLAENURACEA
Vogdes, 1890

[nom. Iransl. LOCHMAN-BALK, herein (ex Illaenuridae
VOGDES, 1890) 1

[Faro ilies grouped in this assemblage are so placed by
MOORE on recommendations of HARRINGTON and HENNINGS
MOEN primarily. LOCHMAN~BALK considers the Parabolin~
oid idae and Shirakidlidae as most c10sel y related to the
Olenidae, signifying their assignment to the Olenacea]

Exoskeleton opisthoparian, micropygous
to subisopygous. Glabella quadrate or taper
ing forward, lateral glabellar furrows gen
erally obsolete but with 3 distinct pairs in
some Parabolinoididae; anterior border fur
row distinct to absent; eyes medium in size
or small; fixigenae typically horizontal or
upsloping, with rather narrow palpebral
areas; librigenae generally bearing short
to moderately long, slender genal spines but
with rounded genal angles in some genera.
Thorax mostly unknown, that of Illaenurus
with 11 segments showing broad, low axis
and faintly furrowed, blunt--ending pleurae.
Pygidium transverse to subtriangular, with
axis reaching almost to posterior extremity,
axial furrows shallow or obsolete; pleural
fields with distinct to obsolete pleural fur
rows and interpleural grooves; border fur-
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FIG. 201. I1Iaenuridae (p. 0271).

row usually absent; 1 to 4 pairs of marginal
spines may be present. U.Cam.

Family ILLAENURIDAE Vogdes, 1890

Exoskeleton opisthoparian, ovate, micro
pygous. Glabella low, quadrate to rectangu
lar, without lateral furrows, other furrows
faint or obsolete on exterior and faint on in
terior; preglabellar field narrow or absent,
border rimlike; eyes of medium size, slight
ly behind mid-level of glabella; fixigenae
horizontal, with very narrow palpebral
areas, posterior areas short, straplike, length
(tr.) variable; librigenae unfurrowed, with
short genal spines or rounded genal angles.
Thorax with 11 segments; axis low, broad;
pleurae narrower than axis, faintly fur
rowed. Pygidium narrowly transverse; axis
low, wider than pleural fields, with
smooth or punctate, transverse ridges on an
terior border. Polyphyletic derivation. U.
Cam.

Illaenurus HALL, 1863 ["I. quadratus] [=lllaeuraus
KOBAYASHI, 1943]. Cranidium rectangular, with
low apparendy quadrate glabella; anterior border
furrow obsolete; anterior border narrow, rimlike;
faint axial furrows only developed posteriorly;
occipital and posterior border furrows shallow;
fixigenae wtih posterior areas 0.7 of length (tr.)
of occipital ring; librigenae with rounded genal
angles. Pygidium unfurrowed (317). U.Cam.
(Trempeal.), N.Am.-·-FIG. 201,1. "I. quadratuJ,
Wis.; la,b, exoskel., XI.5 (317).

Macelloura RESSER, 1935 ["lllaenurus? dia WAL
COTT, 1890] [=Tatonaspis KOBAYASHI, 1935;
Yukonaspis KOBAYASHI, 1936]. Cranidium quad
rate, with low subrectangular glabella; no pre
glabellar field or anterior border furrow; anterior
border vertical, with median upward bend; axial

furrows only visible posteriorly on exterior but
complete though shallow on interior; occipital and
posterior border furrows faint or obsolete on ex
terior, shallow on interior; small occipital node
may be present; fixigenae with posterior areas about
0.3 of length (tr.) of occipital ring; librigenae
with short slender genal spines. Pygidium un
known. Surface may be punctate (172, 189). U.
Cam.(Trempeal.}, N.Am.--FIG. 201,2a-c. "M.
dia (WALCOTl'), Tex.; 2a-c, cran. (interior), X1.5
(488, modified).--FIG. 201,2d-g. M. levisensis
(RASETTI), Que.; 2d-j, ceph. (exterior), X3; 2g,
cran. (interior), X2 (189).

Family SHIRAKIELLIDAE Hupe, 1953
Exoskeleton opisthoparian. Glabella taper

ing or truncate-tapering, lateral furrows
obsolete; no eye ridges, shallow palpebral
furrows; frontal area convex, about 0.25 of
length of cranidium; anterior border furrow
obsolete or very faint; eyes below medium
size, opposite anterior 0.3 of glabella; fixi
genae horizontal or upsloping, with arcuate
palpebral areas, 0.3 of glabellar width, pos
terior areas triangular, of medium width
(exsag.), same in length as occipital ring;
librigenae elongate, rectangular, marginal
furrows nearly obsolete, with short genal
spines. Thorax and pygidium unknown. U.
Cam.

Shirakiella KOBAYASHI, 1935 ["S. elongata]. Char
acters of family (97). U.Cam. (Kaolishanian),
N.E.Asia(Korea).--FIG. 202,9. "S. elongata;
ceph., X2 (419).

Family PARABOLINOIDIDAE Lochman,
1956

Exoskeleton opisthoparian, subisopygous.
Glabella tapering to truncate-tapering, with
3 pairs of distinct to obsolete lateral fur-
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rows; frontal area 0.25 to 0.3 of length of
cranidium, with distinct to obsolete an
terior border furrow; eye ridges distinct or
faint, eyes small to medium in size; fixigenae
variable in width and position, with pos
terior areas triangular to straplike; libri
genae rectangular, with genal spines or
rounded angles. Pygidium transverse to sub
triangular, with convex axis tapered nearly
full length to broadly rounded end; border
furrow usually obsolete; border narrow,
poorly defined; pleurae may end in 1 to 4
pairs of marginal spines or margin smooth.
Surface finely granulose or smooth. V.Cam.

Parabolinoides FREDERICKSON, 1949 [·P. contractus].
Glabella moderately convex, tapering, with 2 an
terior pairs of lateral furrows short, diagonal,
arcuate posterior pair may be complete; frontal
area 0.25 to 0.3 of length of cranidium, crossed
by distinct curved anterior border furrow; eyes
small, opposite anterior 0.3 of glabella; fixigenae
nearly horizontal, with arcuate palpebral areas
equalling about 0.3 of glabellar width, posterior
areas broadly (exsag.) triangular, not quite same
length (11'.) as occipital ring; librigenae with long
genal spines. Pygidium narrowly transverse; axis
wider than pleural fields, with 3 or 4 axial rings
and terminal; 4 pleurae with distinct interpleural
grooves and faint to obsolete pleural furrows;
border furrow faint or obsolete; 1 to 4 pairs of
marginal spines. U.Cam.( Francon.), N.Am.-
FIG. 202,6. *P. conlracltts, Okla.; 6a,b, ceph.,
pyg., X2 (399).

Bernia FREDERICKSON, 1949 [·B. oblllSa]. Glabella
moderately convex, broadly truncate-tapering, with
2 pairs of complete arcuate lateral furrows;
frontal area 0.25 to 0.3 of length of cranidium,
with straight anterior border furrow: eyes small,
opposite anterior 0.3 of glabella; fixigenae slightly
downsloping, with palpebral areas almost 0.3 of
glabellar width, posterior areas broad (exsag.) ,
triangular, almost same in length (II'.) as occipital
ring. U.Cam.(Francon.) , C.USA.--FIG. 202,8.
*B. oblllSa, Okla.; cran., X3 (399).

Croixana NELSON, 1951 [*Arionellus bipunclaltlS
SHUMARD, 1862]. Glabella moderately convex,
truncate-tapering, lateral furrows obsolete, axial
furrows shallow, with pair of anterior pits; frontal
area 0.25 of length of cranidium, anterior border
furrow obsolete, anterior margin may be pointed;
eyes small, opposite anterior 0.3 of glabella; fixi·
genae slightly upsloping, with palpebral areas 0.3
to 0.5 of glabellar width, posterior areas medium
in width (exsag.), almost same in length (11'.) as
occipital ring; librigenae with medium-length
genal spines (316). U.Cam.(Francon.), C.USA.
--FIG. 202,3. ·C. bipunclala (SHUMARD), Wis.;
ceph., X3 (435).

Kendallina BERG, nom. subsl. herein [pro Ken.
dallia BERG, 1953 (non EVERMANN & SHAW
1927)] [·Conocephaliles eryon HALL, 1863]:
Glabella moderately convex, truncate-tapering,
axial furrows shallow, may have pair of
anterior pits, I or 2 pairs of very faint lateral
furrows; frontal area 0.25 of length of cranidium,
narrow (Ir.), anterior border furrow straight, very
faint, anterior border narrow (sag.), anterior mar·
g-in bluntly pointed; eyes small, opposite anterior
thinl of glabella; fixigenae horizontal or slightly
upsloping, with palpebral areas 0.25 of glabellar
width, posterior areas triangular, of medium width
(exsag.), almost same in length (11'.) as occipital
ring; librigenae with medium-length genal spines.
Pygidium narrowly transverse; axis same in width
as pleura! fields, with 3 axial rings and terminal;
4 pleurae with obsolete interpleural grooves and
shallow pleural furrows; posterior margin smooth.
U.Cam.( Francon.), C.USA.--FIG. 202,1. ·K.
eryon (HALL), Wis.; 1a,b, ceph., pyg., X3 (376).

Maustonia RAASCH in LOCHMAN, 1950 [*Conoceph
aliles nasuttls HALL, 1863]. Glabella convex, trun
cate-tapering, with 3 pairs of short, faint to obso
lete lateral furrows; frontal area 0.25 of glabellar
length or slightly less, anterior border furrow
straight or concave, anterior border short (11'.),
triangular, anterior margin pointed; eyes small,
opposite anterior third of glabella; fixigenae slightly
upsloping with palpebral areas about 0.3 of
glabellar width, posterior areas straplike, almost
same in length (11'.) as occipital ring, posterior
sections of facial sutures sigmoidally curved; libri
genae with medium-length genal spines. Pygidium
narrowly transverse; axis same in width as pleural
fields, with 3 axial rings and terminal; probably
4 pleurae, with obsolete interpleural grooves and
very faint pleural furrows; posterior margin
smooth or with single pair very small marginal
spines. U.Cam.(Francon.), C.USA.--FIG. 202,4.
·M. namta (HALL), Wis.; ceph., X2 (376).

Orygmaspis RESSER, 1936 [*Plyclloparia llanoensis
WALCOTT, 1890]. Glabella moderately convex,
elongate tapering, faintly keeled, with 3 pairs of
faint lateral furrows; frontal area 0.25 to 0.3
of length of cranidium, anterior border furrow
shallow, straight, may have row of granules; eyes
slightly below medium size, barely anterior to
center of glabella; fixigenae horizontal, with palpe
bral areas 0.3 of glabellar width, posterior areas
straplike, almost same in length (II',) as occipital
ring, posterior sections of facial sutures sigmoidally
curved. Pygidium subtrigonal; axis wider than
pleural fields, with 4 axial rings and terminal;
4 pleurae, with obsolete interpleural grooves and
3 broad shallow pleural furrows, anterior 3 pleurae
ending in medium-length posteriorly directed mar·
ginal spines, 4th pleura in a very small spine.
U.Cam.(Francon.), C.USA.--FIG. 202,12. ·0.
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llanoensis (WALCOTT), Tex.; 12a,b, cran., pyg.,
X 1.3 (457).

Psalaspis RESSER, 1937 (·Conocephalites patersoni
HALL, 1863]. Glabella low, truncate-tapering with
2 pairs of faint, arcuate lateral furrows, axial
and occipital furrows faint; frontal area 0.3 of
length of cranidium, anterior border furrow very
faint to obsolete, anterior border short (tr.) , tri
angular, anterior margin pointed or curved; slen
der occipital spine may be present; eyes small,

slightly anterior to center of glabella; fixigenae
horizontal to slightly downsloping, with palpebral
areas a little less than 0.3 of glabellar width, pos
terior areas straplike, almost same in length (tr.)
as occipital ring, posterior sections of facial su
tures sigmoidally curved; librigenae broad, bearing
prominent inwardly curved genal spines. Pygid
ium narrowly transverse, diamond-shaped; axis
wider than low pleural fields, with 2 or 3
axial rings and terminal; 3 pleurae with distinct

Parabolinoides

9 Shirokiella

12b Orygmaspis

60

Bernia

Psalaspis

Stigmocephalus

110

Taenicephalus

Kendollio

10

Ib

10

Olenaspella

FIG. 202. Idahoiidae, Shirakiellidae, Parabolinoididae (p. 0252, 0271-0274).
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pleural furrows, and faint to obsolete interpleural
grooves; border furrow narrow, posterior margin
smooth (8). V.Cam.(Francon.), C.USA.--FIG.
202,11. 'P. patel'soni (HALL), Wis.; lla,b, ceph.,
pyg., Xl (457).

Stigmacephalus RESSER, 1936 [*Conocepllalites
oweni HALL, 1863J. Glabella low, elongate taper
ing with 2 pairs of faint lateral furrows, axial
and occipital furrows shallow; convex frontal area
about 0.25 of length of cranidium, anterior border
furrow faint to obsolete; eyes slightly below me
dium size, nearly opposite center of glabella; fixi
genae horizontal or slightly upsloping. with palpe
bral areas slightly less than 0.25 of glabellar width,
posterior areas straplike, about 0.7 of length (tr.)
of occipital ring, posterior sections of facial sutures
sigmoidally curved; librigenae with short genal
spines. Pygidium narrowly transverse; axis wider
than pleural fields, with 3 axial rings and ter
minal; 3 pleurae with obsolete interpleural grooves,
and broad shallow pleural furrows; border furrow
shallow, border narrow (156). V.Cam.(Francon.),
C.USA.--FIG. 202,5. *5. oweni (HALL), Wis.;
5a,b. ceph., pyg., XI (435).

Taenicephalus ULRICH & RESSER in WALCOTT, 1924
[*Conocepllaliles sill/mardi HALL, 1863). Glabella
low, truncate-tapering, axial furrows deep, in
sorne with pair of anterior pits, 3 pairs of short
diagonal lateral furrows; frontal area 0.25 to 0.3
of length of cranidium, anterior border furrow
straight or slightly curved, anterior border pointed
or curved; eyes small, opposite anterior third of
glabella; fixigenae upsloping, with arcuate palpe
bral areas, about 0.3 of glabellar width, posterior
areas subtriangular, about same in length (tr.) as
occipital ring, posterior sections of facial sutures
slightly curved inward; librigenae with medium
length genal spines. Pygidium narrowly transverse
axis about same in width as pleural fields, with 3
or 4 axial rings and small terminal; 4 pleurae
with faint interpleural grooves and distinct pleural
furrows; posterior margin smooth. V.Cam.
(Francon.), N.Am.--FIG. 202,10. *T. sllumardi
(HALL), Wis.; ceph., X2 (487).

Olenaspella WILSON, 1956 [*Parabolinella? evansi
KOBAYASHI, 1936). Glabella slightly convex, sub
rectangular, front rounded, posterior 2 pairs of
lateral furrows distinct; wide (tr.) frontal area 0.25
to 0.3 of length of cranidium, crossed by slightly
curved anterior border furrow; eye ridges distinct,
eyes of medium size, opposite center of glabella;
fixigenae nearly horizontal, with palpebral areas
about 0.5 of glabellar width, posterior areas nar
rowly (exsag.) triangular, posterior sections of
facial sutures sigmoidally curved; librigenae with
tapered genal spines. Pygidium transverse; axis
same in width as pleural fields, with 4 axial rings
and terminal; 4 pleurae with distinct interpleural
grooves and faint pleural furrows; border furrow
faint; 2 pairs of short, widely spaced marginal

spines. V.Cam.(V.Dresbac!l.-Francon.) , N.Am.-_
FIG. 202,7. *0. evansi (KOBAYASHI), W.Can.(B.C.);
7a-c, cran., Iibrigena, pyg., X2 (497).

Superfamily SOLENOPLEURACEA
Angelin, 1854

[nom. trarul. HENNINGSMOEN, herein (ex Solenopleuridae
ANC<I.IN. 1854) I [=Solenopleuroidae HUPE, 1953 + Para

solenopleuroidae HUPE, 1953 + Agrauloidae HUPE, 1953)

Exoskeleton mostly of rather generalized
ptychopariid appearance, with small to me-
dium-sized pygidium (Solenopleuridae,
Agraulidae, Lonchocephalidae, Dokimo
cephalidae). Characteristically, the glabella
is ovate, but in many forms it tapers forward
or is parallel-sided; also the rather prominent
glabella may be pyriform (e.g., Catilli
cephalidae, which apparently developed
from the Lonchocephalidae). Axial and occi
pital furrows characteristically deep and
wide, but may be less distinct or obsolete
(Agraulidae, Kingstoniidae). The preocci
pital lateral glabellar furrows commonly
curve inward-backward, in some forms al
most isolating the basaJ (preoccipital) Jobes.
Dorsal surface generally granulose or tu
berculate, but may be smooth. M.Cam.-L.
01'd.

Family SOLENOPLEURIDAE Angelin,
1854

Opisthoparian, ovate to elongate fairly
convex exoskeleton, micropygous to hetero
pygous. Cephalon generally semicircular,
with tapering to ovate glabella defined by
very wide and deep axial and occipital fur
rows, generally deep border furrow, and
prominent, commonly narrow border.
Thorax (as far as known) of 11 to 17 seg
ments with prominent axis and deeply fur
rowed pleurae. Pygidium with 1 to 9 axial
rings, more or less distinctly segmented
pleural fields, entire margin, and usually
well-defined narrow border. Surface granu
lose or tuberculate. Character of cephalic
doublure, ventral sutures, and hypostoma
imperfectly known. M.Cam.-L.Ol'd.

Subfamily SOLENOPLEURINAE Angelin, 1854
[nom. transl. POULSEN I 1954 (ex Solenopleuridae KOBAYASHII

1935) I

Strongly convex, anteriorly rounded gla
bella with 2 or 3 pairs of oblique lateral
furrows; eye ridges usually distinct; palpe
bral lobes short, librigenae spineless or WIth
poorly developed genal spines. Thorax (as
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far as known) of 13 to 17 segments with
rounded extremities or (rarely) short pleural
spines. Pygidium with 2 to 9 axial rings.
Surface granulose or finely tuberculate. M.
Cam.-V.Cam.

Solenopleura ANGELIN, 1854 ["Aulacopleura
(Calymene) canaliculata ANGELIN, 1851; SD
MILLER, 1889]. Cephalon with approximately
trapezoidal cranidium and evenly curved anterior
margin; glabella tapering to subovate; preglabellar
field usually short (sag.); fixigenae with consid
erably elevated palpebral areas and posterior areas
extending almost to genal angles, short palpebral
lobes situated opposite or slightly in front of
glabellar center, more or less converging course
of anterior sections of facial sutures from eyes to
anterior border, and usually more or less rudi
mentary acute genal spines. Thorax of about 14
segments with rounded extremities and pleural
furrows almost parallel to edges of segments.
Pygidium fairly wide, with 7 or 8 axial rings and
strongly marked segmentation of pleural fields
(51, 114, 338). M.Cam., Eu.-Asia-E.N.Am.(Atl.
prov.)-?N.Zem. -- FIG. 203. "5. canaliculata
(ANGELIN), Swed.; exoskel. (reconstr.), XO.5 (1,
somewhat modified).

?Albansia HOWELL, 1937 ["A. pusilla]. Very small,
differing from SolenopleUl'a in having ovate gla
bella, more oblique posterior pair of lateral fur
rows, and effaced or very indistinctly defined eye
ridges (74). Vp.M.Cam., E.N.Am.

Asthenopsis WHITEHOUSE, 1939 ["A. levior). Differs
from Solenopleura in having palpebral lobes sit
uated close to posterior border furrow, and
thoracic segments terminating in obtuse pleural
spines (340). M.Cam., NE.AustraI.--FIG. 204,2.
"A. levior; exoskel. (reconstr.), Xl (340).

?Crusoia WALCOTT, 1924 ["C. abes]. Differs from
Solenopleura in having upturned cephalic front
with broad indentation of anterior margin between
anterior sections of facial sutures, smaller palpe
bral lobes situated very far forward, obliquely
truncated pleurae, and minute pygidium (321).
M.Cam., N.Am.--FIG. 204,3. "C. abes, Mont.;
exoskeI., X3 (321).

Jincella SNAJDR, 1957 ["Solenopleura prantli
RUZI<":KA, 1935]. M.Cam., Eu.(USSR).

Maiaspis CHERNYSHEVA, 1956 ["M. mirabilis]. Vp.
M.Cam., USSR.

?Menocephalites KOBAYASHI, 1935 ["Solenopleura
acantha WALCOTT, 1905]. M.Cam., E.Asia.

Parasolenopleura WESTERGARD, 1953 ["Calymene
aculeata ANGELIN, 1851] [non POLETAEVA, 1955
("P. subconsocialis»). Differs from Solenopleura
in having less convex dorsal exoskeleton; less slop
ing anterior portion of cephalon; shallower axial
and border furrows; less inflated genae, less con
vex anterior border, nearly flat lateral border;
pygidium with more pronounced interpleural

FIG. 203. "Solenopleura canaliculata (ANGELIN)
(Solenopleuridae),. M.Cam., Swed.; exoskeI. (re

constr.), XO.5 (1, mod.).

grooves; and outer surface of exoskeleton smooth
to the naked eye (338). M.Cam., Eu.-E.N.Am.
(Atl.prov.)-Asia.--FIG. 204,12. "P. aculeata
(ANGELI';'), Swed.; exoskeI. (reconstr.), X2
(based on WESTERGARD).

Perneraspis PRANTL, 1947 [pro Perneria RUZICKA,
1940 (non FRITSCH, 1904)] ["Perneria lata
RUZICKA, 1940]. Differs from Solenopleura in
having wider, more rapidly tapering glabella; nar
rower fixigenae; same width of anterior border for
greater part of its extension between facial sutures,
diverging course of anterior sections of facial su
tures from eyes to anterior border; and pygidium
with 3 or 4 axial rings and faintly marked seg
mentation of pleural fields (264). M.Cam.,
Czech.--FIG. 204,5. "P. lata (RUZICKA); cran.,
X2 (264).

Pseudosolenopleura SUN, 1935 ["Solenopleura kotoi
KOBAYASHI, 1933]. V.Cam., E.Asia.

Solenopleurella POULSEN, 1927 [*S. ulrichi]. Dif
fers from Solenopleura in having smaller, much
narrower exoskeleton, almost quadrate glabella
extended to anterior border furrow, and less
oblique lateral furrows (172, 197). M.Cam.,
GreenI.-N.Am.--FIG. 204,6. "S. ulrichi, GreenI.;
cran., X8 (172).

Solenopleurina RUZICKA, 1938 ["5. tYfovicensis].
Differs from Solmopleura in having considerable
distance between genal angle and posterior end
of facial sutures (263). M.Cam., Czech.

Spencia RESSER, 1939 ["S. typicalis] [=Stauro
holcus RESSER, 1939]. M.Cam., N.Am.

Subfamily ACROCEPHALITINAE Hupe, 1953
[nom. transl. POULSEN, 1954 (ex Acrocephalitidae HUPE,

1953)]

Strongly convex, anteriorly truncate gla
bella, usually with 3 pairs of oblique lateral
furrows; swelling or boss occupying more
or less well-developed preglabellar field; eye
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ridges faintly marked; genal spines fairly
well developed. Pygidium with 1 to 8 axial
rings. Surface granulose to finely tubercu
late. M.Cam.-U.Cam.

Acrocephalites WALLERIUS, 1895 [*Calymene sleno
metopa ANGELlN, 1851]. Cranidium approxi
mately pentagonal, with tapering glabella, more
or less angular anterior margin that usually bears
a forward-directed median cusp or spine; con
verging course of anterior sections of facial sutures
from eyes to anterior border. Thoracic segments
with short pleural spines. Pygidium very short,
wide, with few segments (331, 336). M.Cam.·V.
Cam., Eu.-Asia-?N.Zem.--FIG. 204,11. *A.
stenometopus (ANGELIN), M.Cam., Swed.; cran.,
X4 (331).

Acrocephalaspis IVSHIN, 1956 [*A. {idus]. Glabella
short, truncate-tapering with 2 pairs of faint
curved lateral furrows; wide (sag.) preglabellar
field with globose boss filling all area in front of
glabella and impinging on preglabellar and an
terior border furrows; anterior border narrow, an
terior border furrow distinct, narrow, curving for
ward on sagittal line; eyes of medium size opposite
center of glabella, palpebral lobes erescentiform,
eye ridges present; fixigenae upsloping, with
palpebral areas slightly more than 0.5 of glabellar
width, posterior areas narrow (exsag.), triangular.
Surface finely granulose. V.Cam., SW.Sib.

?Acrocephalina TROEDSSON, 1937 [*A. armata]. Re
sembles Acrocephalites, but with longer anterior
spine and with distinct eye ridges. V.Cam., eastern
T'ienshan, Sinkiang, C.Asia (HE).

Aldanaspis LERMONTOVA, 1940 [*A. punctata].
Differs from Aet'ocephalites in having subrectangu
lar glabella; longer, much stronger median spine
on anterior border; and diverging course of an
terior sections of facial sutures from eyes to an
terior border (II7). M.Cam., USSR.

Cliffia J. L. WILSON, 195 I [*Acrocephalites latae
genae J. L. WILSON, 1949J. Differs from Aero
cephalites in having evenly curved anterior cephalic
margin without median cusp or spine; moderately
converging, almost subparallel course of anterior
sections of facial sutures from eyes to anterior
border; wider posterior area of fixigenae; wider
librigenae; and long, fairly large, rounded tri
angular, borderless (associated) pygidium with
about 8 axial rings and strongly marked seg
mentation of pleural fields (363). V.Cam., N.
Am.--FIG. 204,10. *C. lataegenae 0. L. WIL
SON), Tex.; ceph., X4 (363).

?Paracrocephalites POULSEN, 1954 [pro Arctaspis
LERMONTOVA, 1940 (non HEINTZ, 1929)]
[*Arctaspis robllsta LERMONTOVA, 1940]. Differs
from Acrocep/lalites in having less angular cephalic
front without median cusp or spine; effaced gla
bellar furrows; shorter preglabellar field without
appreciable swelling; and almost rectilinear an-

terior border furrow (II 7). V.Cam., Asia.--FIG.
204,15. *P. robustus (LERMONTOVA), Sib.; cran.,
XI.5 (117).

Pesaia WALCOTT & REssER, 1924 [*P. exsculptaJ.
Differs from Cliffia in having shorter preglabellar
field; anterior border furrow almost effaced along
preglabellar swelling; effaced glabellar furrows;
narrower (sag.) occipital ring; short wide
pygidium with few indistinctly defined seg
ments and well-defined border (322). V.Cam., N.
Zem.--FIG. 204,7. *P. exsculpta; cran., X2
(322) .

Subfamily SAOINAE Hupe, 1953
[nom, Iransl. POULSEN. 1954 (ex Saoidae HUPE. 1953)1

Moderately convex glabella with 2 or 3
pairs of transverse or (rarely) oblique'lat
eral furrows; eye ridges usually well de
fined; palpebral lobes of medium size; genal
spines short, poorly developed. Thorax of
16 or 17 segments with rounded or trun
cated extremities. Pygidium small, with up
to 4 axial rings. Surface covered with spine
like tubercles or spines or both. M.Cam.

Sao BARRANDE, 1846 [non BILLBERG, 1820, ICZN
Opinion 512] ["S. hirst/ta] [=Monadina BAR
RANDE, 1846; Acanthocnemis, ?Acanthogramma,
Crithias, Endogramma, Enneacnemis, Goniacan
thus, ?Mieropyge, Selenosema, Staurogmus, Tetrac
nemis HAWLE & CORDA, 1847]. Lateral glabellar
furrows wide, impressed, transverse, united with
longitudinal furrow on crest of glabella; cephalic
border moderately wide, strongly convex; axial and
an terior border furrows confluent so as to form
considerable concave space without surface mark
ings between glabella and anterior border. Thorax
of 17 segments with truncated extremities. Pygid
ium very short, wide, with 2 segments. All convex
parts of outer surface covered with small tuber
cles forming regular transverse rows on glabella,
thorax, and pygidium, also a median spine
and smaller lateral spines on occipital and
thoracic axial rings (3). M.Cam., Eu.--FIG.
204,13. "5. hirst/ta, Czech.; 13a, exoskel. (re
constr.), X2; 13b, thoracic segment, X4 (3).

Pardailhania THoRAL, 1947 ["Solenopleura? his
pida THORAL, 1935]. Differs from Sao in having
glabella without median longitudinal furrow; mod
erately long, slightly convex preglabellar field with
surface markings; fairly flat or slightly concave
anterior cephalic border with upturned anterior
margin, and coarser surface markings consisting
of spines or (rarely) crests (296). M.Cam., S.Eu.
?N.Afr.

Rimouskia REssER, 1938 ["R. typica]. Differs from
Sao in the less tapered, longer glabella, lack of
definite longitudinal glabellar furrow; straight pos
terior sections of facial sutures; and stronger, more
distally located geniculation of posterior cephalic
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FIG. 204. Solenopleuridae (p. 0275-0278).
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border (203). L.Cam., E.N.Am.--FIG. 204,14.
"R. typica, Que.; cran., X4 (203).

Solenopleuropsis THORAL, 1947 ["Conocoryphe
rouayrouxi MUNIER-CHALMAS & BERGERON, 1889].
Differs from Sao in having glabella without me
dian longitudinal furrow, oblique lateral fur
rows; very long slightly convex tuberculate pre
glabellar field; very narrow cephalic border;
rounded extremities of thoracic segments; and
coarser tuberculation forming regular transverse
rows on occipital and postoccipital parts only
(296). M.Cam., Eu.

Subfamily HYSTRICURINAE Hupe, 1953
[nom. trans/. POULSEN, 1954 (ex Hyslricuridae Hup~. 1953) I
Glabella moderately to strongly convex,

rounded anteriorly, with effaced lateral
furrows or these represented by nonpustulose
patches; eye ridges usually effaced; palpe
bral lobes short to long; genal spines gen
erally well developed. Thorax of about 11
segments (in type genus) with blunt or
spined extremities. Pygidium with about 3
to 6 axial rings. Surface usually coarsely
tuberculate. U.Cam .-L.Ord.

Hystricurus RAYMOND, 1913 [ ..Bathyurus conicus
BILLINGS, 1859]. Cephalon with tapering to sub
ovate glabella; preglabellar field varying in length;
fixigenae with narrow to moderately wide an
terior and palpebral areas, slender lateral extremi
ties of posterior areas divided into subequal por
tions by deeply impressed posterior border fur
rows, medium to long palpebral lobes behind or
(rarely) opposite glabellar center and terminating
fairly close to posterior border furrows; strongly
diverging course of posterior sections of facial su
tures from eyes to posterior border furrow; mod
erately wide librigenae. Thoracic segments with
spined or bluntly rounded pleural tips. Pygidium
with long axis, narrow border, and evenly curved
posterolateral margin. Ventral sutures delimit a
small trapezoidal rostral plate (63, 258). L.Ord.,
N.Am.-Greenl.-E.Asia. -- FIG. 204,4a,b. "H.
conicus (BILLINGS), N.Y.; 4a, cran., X2; 4b, pyg.,
X2 (494).--FIG. 204,4c. H. genalatus Ross,
Utah; librigena, X4 (258).

Amblycranium Ross, 1951 ["A. variabile]. Differs
from Hystricurus in having much wider posterior
areas of fixigenae, and palpebral lobes situated an
terior to glabellar center (258). L.Ord., N.Am.

?Apachia FREDERICKSON, 1949 ["A. trigonis]. U.
Cam., N.Am.

Hillyardina Ross, 1951 ["H. semicylindrica]. Differs
from Hystricurus in having flat-topped, acutely
edged anterior and lateral cephalic border; pre
glabellar field divided by median furrow; very
acute lateral extremities of posterior areas of
fixigenae, short palpebral lobes situated opposite
to glabellar center; boss in posterolateral corners
of librigenae, and genal spines divided longitudi-

nally by continuation of lateral border furrows
(258). L.Ord., N.Am.--FIG. 204,8. "H. semi
cylindrica, Utah; ceph., X4 (258).

Pachycranium Ross, 1951 ["P. facicltmis]. Differs
from Hillyardina in having convex, narrower
cephalic border; more strongly impressed preglabeI
lar median furrow; palpebral lobes situated an
terior to glabellar center; librigenae with unfur
rowed genal spines and without boss in postero
lateral corners, and smooth surface (258). L.Ord.,
N.Am.

Parahystricurus Ross, 1951 ["P. fraudator]. Differs
from Hystricurtls in having more strongly curved
palpebral lobes; more acute extremities of pos
terior areas of fixigenae; moderately diverging
course of posterior sections of facial sutures from
eyes to posterior borders (258). L.Ord., N.Am.

Psalikilopsis Ross, 1953 ["P. cuspidicauda]. Differs
from Psalikilus in having more ovate glabella
without lateral furrows; extremely slender palpe
bral lobes situated opposite to glabellar center;
and much shorter occipital ring. L.Ord., N.Am.
--FIG. 204,1. "P. cuspidicauda, Utah; la,b,
cran., dorsal, anterior, X3 (463).

Psalikilus Ross, 1951 ["P. typicum]. Differs from
Hystricurus in having 2 pairs of distinct, very
short nonpustulose depressions on steep sides of
glabella adjacent to axial furrows; sharply de
flected anterior areas of fixigenae; librigenae with
ridge extending obliquely backward to genal angles
so as to prevent confluence of lateral and posterior
border furrows; very long genal spines furrowed
to tip by backward extension of posterior border
furrow; subtriangular pygidium with shorter axis
and wide fairly flat, more or less downward
directed border (63, 258). L.Ord., N.Am.--FIG.
204,9. "P. typicum, Utah; 9a, cran., X4; 9b,
librigena, X4; 9c, pyg., X8 (258).

Rollia CULLISON, 1944 ["R. goodwini]. Differs from
Hystricurus in having relatively shorter, less promi
nent, furrow-bearing glabella, wider and flatter
frontal area, and larger pustulose palpebral lobes
(392). L.Ord., N.Am.

Family AGRAULIDAE Raymond, 1913
Cephalic axis tapering forward; preglabel

lar field present; palpebral lobes small, op
posite anterior half of glabella, librigenae
with genal spine. Thorax with as many as
16 segments, proximal ends of pleurae bent
upward toward axial rings. Pygidium
small. M.Cam.

Agraulos HAWLE & CORDA, 1847 ["Arion ceticeph
alus BARRANDE, 1846; SD MILLER, 1889] [pro
Arion BARRANDE, 1846] [=Arionides BARRANDE,
1847 (pro Arion BARRANDE, 1846); Arionellus
BARRANDE, 1850 (pro Arionides BARRANDE, 1847);
Proampyx FRECH, 1897 (subj.); Agrauloides How
ELL, 1937 (subj.)]. Relatively long (tr.) frontal
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FIG. 205. Agraulidae (p. 0278-0279).

area; eye ridges, lateral glabellar furrows, and
border furrows practically effaced. M.Cam., Eu.,
N.Am.--FIG. 205,1. "'A. ceticephalus, Czech.;
restored exoskel., X2 (406n).

Skreiaspis RUZICKA, 1944 ["'Agraulos spinosus TAHN,
1895] [=Herse HAWLE 8< CORDA, 1847, partim
(non OKEN, 1815; nec LESSON, 1837; nec GISTL,
1848)]. Like Agraulos but with shorter frontal
area and distinct axial furrow. M.Cam., Czech.
--FIG. 205,2. '*S. spinosus (JAHN); cran., X4
(464 ).

Family LONCHOCEPHALIDAE Hupe,
1953

Small, compact trilobites with presumably
7 to 10 thoracic segments and pygidium of
medium size. Glabella well defined, rather
large, tapering, rounded or truncate in
front, commonly deeply furrowed; furrows
of posterior pair invariably curving inward
and backward, in many forms almost iso
lating basal lobes; fixigenae usually convex,
with palpebral areas of moderate width, eye
ridges generally present, palpebral lobes
narrow, short or of medium length, usually
near level of glabellar mid-point, border fur
row usually not confluent with axial fur
rows, border elevated; librigenae usually
carrying genal spines. Rostral plate presum
ably present in all genera. Thoracic pleurae
rounded distally. Pygidium wide and short,

Skreiaspis
Agraulos

subtriangular, with several segments; aXiS
long, border commonly turned down ver
tically. V.Cam. (201).

Lonchocephalus OWEN, 1852 ["'L. chippewaensis;
SD MILLER, 1889]. Glabella tapering, rounded;
palpebral area convex, less than half as wide as
glabella; eye ridges prominent; occipital ring with
spine; librigenae with genal spines. Thorax of 7
segments (L. chippewaensis). Pygidium subtri
angular, with flat, furrowed pleural fields and
downturned border. U.Cam.( Dresbach.), N.Am.
--FIG. 206,1. "'L. chippewaensis, Wis.; lap,
cran., pyg., X 4 (448n).

Amiaspis LaCHMAN, in LaCHMAN 8< DUNCAN, 1944
["'A. erratiea]. Cephalon strongly convex; glabella
ovate, rising above fixigenae; long occipital spine;
anterior area downsloping; border indistinct; palpe
bral lobes small, anterior in position. U.Cam.
(Dresbach.), N.Am.--FIG. 206,4. "'A. erratica,
Mont.; 4a,b, cran., dorsal and lateral, XIS (132).

Calymenidius RASETTI, 1944 ["'C. rubercularus].
Cranidium proportionately wide and short; gla
bella truncate; axial and glabellar furrows ex
ceptionally deep; preglabellar field short (sag.),
border elevated, arched transversely; posterior area
very wide (tr.). U.Cam.(Trempeal.) , N.Am.-
FIG. 206,2. "'C. tuberculatus, Que.; cran., X5
(448n).

Glyptometopus RASETTI, 1944 [*Solenopleura
laflammei CLARK, 1924]. Glabella as in Calymeni
dius; no occipital spine; border not greatly ele
vated; posterior area much narrower (tr.). U.Cam.
(Trempeal.) , N.Am.--FIG. 206,5. "'G. laflam
mei (CLARK), Que.; cran., X5 (448n).

Quebecaspis RASETTI, 1944 ["'Q. breviceps]. Glabella
subtrapezoidal, of moderate convexity; occipital
spine present; border and axial furrows almost
confluent in front of glabella; eye ridges faint;
palpebral lobes relatively long; posterior area short
(exsag.). U.Cam.(?Francon.), N.Am.--FIG. 206,
9. "'Q. breviceps, Que.; cran., X4 (448n).

Glaphyraspis RESSER, 1937 [*Uostracus parvus
WALCOTT, 1899] [=Raaschella LOCHMAN, 1938].
Glabella truncate; fixigenae downsloping; palpe
bral lobes anterior to glabellar mid-point; posterior
areas of fixigenae long (exsag.); no occipital or
genal spines. Pygidium with sharply downturned
border. Size very small. U.Cam.(Dresbach.), N.
Am.--FIG. 206,6. G. ornata (LOCHMAN), Tex.;
6a,b, cran., pyg.; 6c, librigena, X 10 (162).

Talbotina LOCHMAN, 1938 ["'T. degrasensis]. Gla
bella rounded in front; fixigenae downsloping,
palpebral lobes at level of glabellar mid-point. May
be synonymous with Weeksina. U.Cam.(Dres
bach.), N.Am.--FIG. 206,7. "'T. degrasensis,
Newf.; 7a, cran., X6; 7b, pyg., X8 (125).-
FIG. 228,4. T. jewelli LOCHMAN, in LOCHMAN 8<
DUNCAN, Pilgrim F., Mont.; 4a,b, cran.; X2; 4c,
librigena, X4, 4d,e, pyg., X3 (425).
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Terranovella LOCHMAN, 1938 ["'T. obscura]. Gla
bella tapered, subtruncate in front; occipital spine
present; axial furrows deep; anterior areas of
fixigenae convex, lacking border, palpebral lobes
small, near level of glabellar mid-point. Pygidium
subtriangular; axis long, prominent; pleural fields
furrowed; border downturned. U.Cam.(Dresbach.) ,
N.Am.--FIG. 206,8a. "'T. obscura, Newf.; cran.,

X8 (448n).--FIG. 206,8b. T. dorsalis (HALL),
Va.; pyg., X10 (448n).

Weeksina RESSER, 1935 ["'Asaphiscus? unispinus
WALCOTT, 1916]. Anterior angles of cranidium
rounded; anterior sections of facial sutures reach
ing margin only near mid-line; fixigenae with
relatively long palpebral lobes, posterior areas
short (exsag.), genal spines present. Thorax of 10

70

Glophyrospis

80

Amiospis

Lonchocepholus

5
Glyptometopus

Tolbotino Terronovello Quebecospis

FIG. 206. Lonchocephalidae (p. 0279-0281).
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segments, 8th with axial spine. V.Cam.(Dresbach.),
N.Am.--FIG. 207. "W. tlnispina (WALCOTT),
Utah; exoskel. flattened in shale, X4.5 (448n).

Welleraspis KOBAYASHI, 1935 ["Solenopleura jersey
ensis WELLER, 1900] [=Az'onaspis LOCHMAN,
1940]. Like Lonchocephalus, with which it inter
i{rades; glabella subrectangular, proportionately
larger; preglabellar field shorter (sag.); pleural
fields of pygidium downsloping. V.Cam.(Dres
hach.) , N.Am.--FIG. 206,3. "W. ]erseyensis
(WELLER), Pa.; la,b, cran., dorsal and lateral,
X5; 3c,d, librigena, pyg., X5; 3e, hypostoma,
X8 (448n).

Bucksella HOWELL, 1957 ["B. bre/'is]. Similar to
Welleraspis, but differs in having the glabella in
the more typical species less quadrate in outline
and more evenly curved in front, in not having
the front of the glabella as close to the border, and
in having the fixigenae more widely confluent
in front of the glabella and the border more
definitely turned up, so that it rises above the
confluent portion of the fixigenae. V.Cam., N.Am.
(Pa.) (HE).

Family DOKIMOCEPHALIDAE
Kobayashi, 1935

[=Burnetiidae RESSER, 1942; Heterocaryoninae HUPi, 1953]

Exoskeleton opisthoparian, subisopygous.
Glabella broadly tapering, convex to tumid,
front rounded, with 2 or 3 pairs of usually
deep lateral furrows; preglabellar field
wide to very narrow (sag.) or absent, all
furrows well defined, anterior border com
monly modified in shape; eye ridges and
occipital node or spine common, eyes me
dium in size, behind center of glabella; fixi
genae horizontal to elevated; librigenae
large, with medium to long genal spines,
commonly directed laterally. Thorax un
known. Pygidium transverse to ovate; axis
and pleural regions variable in width,
pleural furrows and interpleural grooves
may cross flat or concave border, border fur
row faint or obsolete. Surface granulose,
coarse pustules common. Derived from Pty
chopariidae. U.Cam.

Dokimocephalus WALCOTT, 1924 [·Ptyt'hoparia?
pernas/ltus WALCOTT, 1884]. Preglabellar field
variable in width (sag.), anterior border com
monly extended into concave tongue, spine, or
spatulate process; occipital spine may be present;
eyes opposite posterior third of glabella; fixigenae
upsloping, with palpebral areas about 0.5 of
glabellar width; librigenae with short laterally
directed genal spines. Pygidium with wide axi"
extending 0.6 of length to broad end, 3 axial rings;
3 pleurae curving back on to concave border, no

FIG. 207. ·Weeksina unispina (WALCOTT) (Loncho
cephalidae), V.Cam.(D,'esbaeh.) , Utah; exoskel.,

X4.5 (448n).

border furrow (47, 362). V.Cam.(Franeon.), N.
Am.- ?N.E.Asia.--FIG. 208,1. •D. pernasutus
(WALCOTT), Nev.; la,b, cran., XO.75; Ie, libri
gena, XO.75; ld, pyg., X1.5 (47,362).

Sulcocephalus J. L. WILSON, 1948 [·Talbotina can
dida RESSER, 1942]. Glabella short, broadly taper
ing, posterior 2 pairs of lateral furrows deep, diag
onal; preglabellar field of medium width to nar
row, anterior border furrow well defined, may
bend posteriorly at mid-length (sag.); eyes slightly
behind mid-length of glabella; fixigenae horizontal,
with palpebral areas slightly less to slightly more
than 0.5 of glabellar width. Librigenae, thorax,
and pygidium unknown (363). V.Cam.(Franeon.),
N.Am.--FIG. 208,8a,b. ·S. eandidus (RESSER),
Tex.; 8a,b, cran., X2 (363).--FIG. 208,8e,d. S.
typieus (RESSER), Wis.; Be,d, cran., X2 (239).

Burnetiella LOCHMAN, 1958 [nom. subst. pro Bur
netia WALCOTT, 1924 (non BROOM, 1923)] [·Pty
ehoparia? urania WALCOTT, 1890]. Two pairs of
glabellar furrows; preglabellar field narrow or
absent, anterior border wide; eyes opposite pos
terior third of glabella; fixigenae slightly up
sloping, with palpebral areas about 0.5 of glabel
lar width; librigenae quadrate, with slender genal
spines. Pygidium narrowly transverse; axis 0.7 of
length, with rounded end and postaxial ridge ex
tending to margin, 4 axial rings; pleural fields
wider than axis, 4 broad pleurae curving sharply
backward on to flat border (48, 363). V.Cam.
(Franeon.) , N.Am.--FIG. 208,2. • B. urania
(WALCOTT), Tex.; 2a,b, cran., XI; 2e, librigena,
Xl; 2d, pyg., X2 (363).

Deckera FREDERICKSON, 1949 ["D. aldenensis]. Gla
bella short broad, with 2 pairs of lateral fur-
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rows; eyes below medium size, opposite posterior
third of glabella; fixigenae upsloping, with palpe
bral areas almost equal in width to glabella; libri
genae quadrate, with medium-length genal spines.
Pygidium narrowly transverse; axis parallel-sided,
extending full length of pygidium, with 6 axial
rings; pleural fields wider than axis, with 4 broad
pleurae bearing furrows that curve backward on
to border; border widest at sides, very narrow on
mid-length (sag.), posterior margin sinuous (363).
U.Cam.(Francon.), N.Am.-N.Zem.--FIG. 208,4.

D. completa WILSON, Pa.; 4a,b, cran., X2, X 1.5;
4c, librigena, X2; 4d,e, pyg., X4 (363).

Heterocaryon RAYMOND, 1937 ["H. platystigma).
(213). U.Cam.(Trempeal.), E.N.Am.

Iddingsia WALCOTT, 1924 [OPtychoparia? similis
WALCOTT, 1884) [=Plataspella WILSON, 1949).
Glabella with 2 or 3 pairs of strong lateral fur
rows, posterior pair complete or faint; anterior
border furrow deep to broad and shallow; occi.
pital node or spine may be present; eye ridges
diagonal, eyes opposite posterior third of glabella;

4b

Burnetiella

Sulcocephalus

Deekera

Ie

Iddingsia
6c

Dokimocephalus

KyphocephaIus

Onchopeltis

Id

FIG. 208. Dokimocephalidae (p. 0281-0283).
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FIG. 209. Avoninidae (p. 0283).

Family AVONINIDAE Lochman, 1936
Exoskeleton opisthoparian. Glabella taper

ing to parallel-sided, lateral furrows pres
ent; preglabellar field and anterior border
furrow present or absent; eyes just below
medium size, opposite or slightly in front of
center of glabella, eye ridges present or ab
sent; fixigenae of variable width, with pos
terior areas showing variable development of
metafixigenal spines, librigenae narrow,
elongate, with short genal spines. Thorax
and pygidium unknown. Surface finely
granulose or smooth. Polyphyletic deriva
tion. Up.M.Cam.-U.Cam.
Avonina LOCHMAN, 1936 ["'A. bizarria]. Glabella,
strongly convex, gently tapering, front rounded,
without lateral furrows, preglabellar field, or an
terior border furrow; with narrow convex anterior
border; eyes opposite center of glabella, fixi
genae downsloping, with palpebral areas 0.3 of
glabellar width, posterior areas long (11'.), ending
in short flat metafixigenal spines; librigenae and
pygidium unknown (123). U.Cam.(Dl'esbach.),
Mo.--FlG. 209,2. "'A. bizarria, Mo.; 2a,b, cran.,
X6 (123).

Wongia SUN, 1924 [OW. triangulala]. Glabella
convex, truncate-tapering, without lateral fur
rows or preglabellar field, faint anterior border
furrow running diagonally in to front corners of
glabella, medium wide anterior border; eyes in
front of glabella mid-length; fixigenae slightly up
sloping, with palpebral areas more than 0.5 of
glabellar width, posterior areas short (tr.) , with
stout diverging metafixigenal spines; librigenae
and pygidium unknown (288). Up.M.Cam., E.
Asia.--FIG. 209,3. "'W. triangulala, China
(Lincheng); cran., X7 (288).

Xenocheilos J. L. WILSON, 1949 ["'X. minulum].
Glabella low, tapering, with 3 pairs of short

fixigenae horizontal, with palpebral areas 0.3 to
0.5 of glabellar width, posterior areas narrow
(sag.), straplike; Jibrigenae quadrate, with long
laterally directed genal spines. Pygidium subovate;
axis slightly tapered to rounded end, extending
nearly full length of pygidium, 3 axial rings;
pleural fields wider than axis, 2 broad pleurae;
border slightly concave (362). U.Cam.(Francon.) ,
N.Am.--FIG. 208,6a-c. *1. similis (WALCOTT),
Nev.; 6a,b, cran. (with librigena), 6c, pyg., Xl
(8, 362).--FIG. 208,6d,e. I. anatina (RESSER),
Okla.; 6d,e, cran., X2, Xl (362).

KindbJadia FREDERICKSON, 1948 [.Berkeia wiclli
taensis RESSER, 1942]. Glabella tapered, with 3
pairs of lateral furrows, posterior 2 pairs deep;
axial and anterior border furrows deep; occipital
spine or node present; eyes slightly behind mid
length of glabella; fixigenae upsloping, with palpe
bral areas about 0.3 of glabellar width; Jibrigenae
unknown. Pygidium subovate; axis tapered nearly
full length, with 5 or 6 axial rings; pleural fields
wider than axis, 5 broad pleurae with faint fur
rows continuing on to concave border (47, 363).
U.Cam.(Francon.), N.Am.--FIG. 208,3. "'K.
wichilaensis (RESSER), Okla.; 3a,b, cran., pyg.,
X2 (363).

Kyphocephalus B. M. MILLER, 1936 ["'K. bridge/'en
sis]. Glabella elongate, broadly tapering; anterior
border heavy; eye ridges present, eyes near pos
terior third of glabella; fixigenae horizontal, with
palpebral areas more than 0.5 of glabellar width;
librigenae quadrate, with very short genal spines.
Pygidium unknown (363). U.Cam.(Francon.), N.
Am.--PIG. 208,7. K. ponderoSlls WILSOK, Pa.;
7a,b, cran., X3; 7c, librigena, xU (363).

Onchope1tis RASETTI, 1944 ["'0. spectabilis]. Gla
bella with 2 pairs of lateral furrows, posterior
pair deep and arcuate; eye ridges faint, eyes only
slightly behind mid-length of glabella; fixigenae
horizontal, with palpebral areas about 0.3 of gla
bellar width; librigenae with medium-length genal
spines. Pygidium ovate; axis wide, slightly tapered
to rounded end, with 3 axial rings; pleural fields
narrower than axis, 2 broad pleurae with furrows
sloping backward onto concave border (188). U.
Cam. (Francon.), E.N.Am.--FIG. 208,5. "'0.
speclabilis, Que.; 5a,b, cran., X 1.5; 5c, librigena,
X I; 5d, pyg., X 1.5 (188).

TatuJaspis IVSHIN, 1956 ["'T. pl'inceps]. Convex,
broadly tapering glabella, 2 pairs of arcuate lateral
furrows; preglabellar field narrow; faint di
agonal eye ridges, eyes posterior to center of gla
bella; fixigenae slightly upsloping with palpebral
areas almost 0.7 of width of glabella, posterior
areas long (11'.), narrow (exsag.). Librigenae and
pygidium unknown. Outer surface granulose (82).
U.Cam., SW.Sib.

Avonino

Xenocheilos

Wongio

Ib
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lateral furrows; preglabellar /leld, anterior bor
der furrow, and eye ridges present, anterior bor
der narrow, eyes opposite center of glabella; /lxi
Renae horizontal to upsloping, with palpebral
areas wider than glabella, posterior areas long
(rr.), ending in flat meta/lxigenal spines of
variable length and prominence; librigenae elon
gate, with short genal spines. Pygidium unknown
(235, 363). U.Cam.(Fmncol1.), N.Am.--FIG.
209). X. spinettm WILSO:-l. Pa.; 1a,/? cran. (with
librigenae). X6 (363).

Family CATILLICEPHALIDAE
Raymond, 1938

[=Cephalocoeliidae RAYMOND, 1937j invalid as based on
junior homonym]

Small ptychopariids with convex, com
pact exoskeleton and few thoracic segments.
Glabella large, prominent, ovate, subrec
tangular, or pyriform, reaching anterior
margin of cephalon or at least anterior bor
der; posterior lateral furrows invariably
curving inward and backward; fixigenae
relatively narrow, with palpebral lobes small
to medium-sized, usually at level of glabellar
mid-point, in some genera located more an
teriorly. Doublures of librigenae either sep
arated by a rostral plate (Catillicephala) or

joined along a median suture (Theodenisia).
Genal spines present or absent; in latter
case, posteri~r sections of facial sutures may
reach margms at genal angles (Catilli
cephala, Madarocephalus). Thorax with
prominent axis; pleurae with distinct geni
culation, bluntly terminated. Pygidium vari
able in shape, small to medium-sized, usually
with few segments and large axis, excep
tionally with bulbous development of pleural
regions (Pemphigaspis). V.Cam. (161, 188,
193,201, 274, 363).
Catillicephala RAYMOND, 1938 [pro Cephalocoelia

RAnIOND, 1937 (11011 ETALLON, 1859)] ['Cepha
locoelia ot'oides RAYMOND, 1937]. Cephalon highly
convex; glabella pyriform or shortly ovate, over
hanging anterior cephalic margin; glabellar fur
rows usually obsolete, occipital furrow deep, occi
pital ring rounded; /lxigenae downsloping, eyes
small, prominent, at level of glabellar mid-point,
posterior sections of facial sutures reaching mar
Rins at genal angles, no genal spines. Rostral plate
present, hourglass-shaped. Pygi-lium triangular,
with prominent axis, down-rolled margin. V.Cam.,
(Dresbach.), N.Am.--FIG. 210,7. C. impressa
RASETTI, Que.; 7a-c, ceph., dorsal, lateral, anterior,
X4; 7d,e, pyg., dorsal, lateral, X4 (448n).

Distozeris

Theodenisio

7b

Triorthropsis

Stenochilino

'°0 lID
7d 7e

Coti lIicepholo

o:P
10 __ ~"'". ...,

2
Buttsio

FIG. 210. Catillicephalidae (p. 0284-0285).
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Buttsia J. L. WILSON, 1951 ["8. drabensis]. Differs
from Catillicephala in having bandlike border in
front of glabella, opisthoparian sutures; pygidium
with shorter axis, downsloping pleural lobes, no
down-rolled margin. U.Cam.(Francon.), N.Am.
--FIG. 210,1. "8. drabensis, Pa.; la,b, cran.,
dorsal, lateral, X2; Ie, pyg., X3 (363).

Distazeris RAYMOXD, 1937 ["D. acuta]. Glabella
pyriform, occipital ring spinose; narrow frontal
area poorly differentiated into preglabellar field
and border or not divided. Closely related to
Welleraspis, indicating ptychoparian origin of
family. U.Cam.(Dresbach.) , N.Am.--FIG. 210,
2. "D. acuta, Vt.; cran., X6 (448n).

Madarocephalus RESSER, 1938 ["M. laetus]. Gla
bella straight-sided, expanded forward, overhang
ing front margin; occipital ring spinose; position
of eyes anterior, close to axial furrows; posterior
sections of facial sutures reaching margins at genal
angles; no genal spines. U.Cam.(Dresbach.), N.
Am.--FIG. 210,5. M. minor RASETTI, Que.;
5a,b, cran., dorsal, lateral, X8 (448n).

Pemphigaspis HALL, 1863 ["P. bullata (=Am
phion? matutina HALL, 1863) ] [=Hallaspis
RAASCH & LOCHMAN, 1943]. Glabella expanded
forward, occipital ring spinose; frontal area almost
or totally obsolete. Pygidium with narrow, multi
segmented axis reaching posterior margin, and
swollen, ovate, unfurrowed pleural fields ex
tended into doublure with almost uniform con
vexity. U.Cam.(Dresbach.), N.Am.--FIG. 210,6.
"P. bullata, Minn.; 6a,b, cran., pyg., X4 (161).

Stenochilina ULRICH in BRIDGE, 1930 ["S. spinifera].
Glabella parallel-sided, rounded in front; occipital
ring spinose; frontal area reduced to narrow band;
fixigenae with relatively large palpebral lobes well
defined by palpebral furrows, close to glabella, an
terior to glabellar mid-point, posterior sections of
facial sutures straight. U.Cam.(Trempeal.), N.Am.
--FIG. 210,3. "S. spinifera, Mo.; cran., X3
(448n).

Theodenisia CLARK, 1948 [pro Denisia CLARK,
1924 (non HUBNER, 1825)] ["Denisia eminens
CLARK, 1924] [=Acheilus RAYMOND, July 1924
(non CLARK, June 1924)]. Glabella pyriform or
parallel-sided, reaching anterior cephalic margin;
eyes small to medium-sized, rather close to gla
bella; anterior sections of facial sutures close to
axial furrows; posterior areas downsloping, round
ed distally; librigenae with genal spines; doublures
joining along median suture. Thorax with promi
nent axis; pleurae strongly geniculated, bluntly
terminated. Pygidium small, steeply inclined; axis
large, with few segments; pleural fields down
sloping. Surface granulose. Size very small. U.
Cam.(Trempeal.), N.Am.--FIG. 210,4. "T. emi
nens, Que.; 4a,b, cran., dorsal, anterior, X6
(448n).--FIG. 210,9. T.lata (RASETTI), Que. 9a,

ceph.; 9b, cran. and left librigena, anterior view;
9c, pyg. and last 3 thoracic segments; all X 6
(448n).

Triarthropsis ULRICH in BRIDGE, 1930 ["T. nitida].
Differs from Theodenisia in presence of narrow,
bandlike frontal area. U.Cam.(Trempeal.), N.Am.
--FIG. 210,8. "T. nitida; cran., X3 (448n).

Family KINGSTONIIDAE Kobayashi,
1933

[nom. transl. et correct. LaCHMAN-BALK, herein (ex Kings
toninae KOBAYASHI, 1933) 1

Exoskeleton opisthoparian, subisopygous.
Glabella broadly tapering to subquadrate,
front rounded, anterior border usually ill
defined, all furrows faint or obsolete on
exterior, faint on interior, axial, occipital and
posterior border furrows most persistent;
occipital spine and eye ridges may be pres
ent, eyes small, near anterior third of gla
bella; fixigenae downsloping, with palpebral
areas variable, posterior areas triangular;
librigenae unfurrowed, with bluntly pointed
or rounded genal angles. Thorax unknown.
Pygidium subtriangular; axis 0.3 or less of
width of pygidium, length variable, exterior
furrows obsolete, faint on interior. Surface
smooth, with transverse ridges on border.
Polyphyletic derivation. Up.M.Cam.-U.Cam.

Kingstonia WALCOTT, 1924 ["K. apion] [=Ucebia
WALCOTT, 1925] . Glabella low, broadly sub
quadrate, without lateral furrows, axial fur
rows obsolete or at posterior only on exterior; occi
pital and posterior border furrows obsolete on
exterior, all present on interior; preglabellar field
narrow, continuing slope of glabella, anterior bor
der furrow narrow, anterior border vertical, rim
like; fixigenae with palpebral areas about 0.3 of
glabellar width. Pygidium with low axis tapered
nearly full length, may continue in spine, axial
furrows at sides only, border downcurved to ver
tical, exterior unfurrowed but interior may show
5 to 7 axial rings; 3 or 4 pleurae; no border fur
row (126). U.Cam.(Dresbach.), N.Am.-NE.Asia.
--FIG. 211,1. "K. apion, Tenn.; la,b, cran. with
librigena, X4; le,d, pyg., X3, X4 (126,321).

Ankoura RESSER, 1938 ["A. triangularis]. Glabella
low, broad, tapering or quadrate, without lateral
furrows; narrow preglabellar field downsloping,
anterior border furrow obsolete, anterior border
downsloping or horizontal, all other furrows obso
lete on exterior but present on interior; fixigenae
with palpebral areas about 0.5 of glabellar width.
Pygidium with low axis tapered nearly full length.
end commonly upturned. axial furrows at sides
only, 6 or 7 axial rings on interior; pleural fields
flat, without furrows on exterior; border vertical
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(126, 132). U.Cam.(Dresbach.) , N.Am.--FIG.
211,5. "A. triangularis, Tenn.; 5a,b, cran., X4;
5c,d, pyg., X 4 (126).

Brachyaspidion B. M. MILLER, 1936 [pro Brachy
aspis B. M. MILLER, 1936 (11011 SALTER, 1866; nec
BOULENGER, 1896)] [OBrachyaspis dlynchina B.
M. MILLER, 1936]. Glabella low, short, tapering,
from rounded, without lateral furrows; pre
glabellar field depressed, no anterior border fur
row, anterior border broadly convex, axial fur
rows shallow; occipital spine and narrow arcuate
eye ridges present; eyes opposite front of glabella;
fixigenae with palpebral areas about 0.5 of glabel
lar width; librigenae and pygidium unknown
(150). Up.M.Cam., N.Am.--FIG. 211,3. "B.
rhynchina (MILLER), Wyo.; cran., X3 (150).

Bynumia WALCOTT, 1924 [OB. eumus]. Cranidium
subtriangular, with low subquadrate glabella, front
rounded, lacking lateral furrows; triangular pre
glabellar field continuing slope of glabella, all
furrows obsolete on exterior; axial furrows, occi
pital furrow, deep posterior border furrows, and
very faint anterior border furrow visible on ime
rior; fixigenae with palpebral areas 0.25 of glabel
lar width. Pygidium flat; axis low, tapered nearly
full length, exterior unfurrowed, with 6 to 8 axial
rings; 4 to 6 pleurae on interior; no border fur
row (132, 239). U.Cam.(Dresbach.) , N.Am.-
FIG. 211,6. "B. eumus, Alba.; 6a,b, cran. with
librigena, X2; 6c,d, pyg., X2 (132, 239).

Bynumiella RESSER, 1942 [0B. typicalis]. Cranidium
subtriangular; glabella tapered to narrow rounded
rounded front, no lateral furrows; rounded or
pointed preglabellar field, no anterior border fur
row, other furrows visible on exterior; eyes near
from of glabella; fixigenae with palpebral areas
about 0.25 of glabellar width; librigenae and

pygidium unknown (239). U.Cam.(Francon.),
W.N.Am.--FIG. 211,2. "B. typicalis, Alba.; 2a,b,
cran., X 4 (239).

Bynumina RESSER, 1942 ["B. caelata]. Glabella low,
broadly tapering, front nearly straight with 2 pairs
of short arcuate lateral furrows on interior;
downsloping preglabellar field crossed by faint
anterior border furrow on interior, all other fur
rows visible on exterior; eye ridges narrow; fixi
genae with palpebral areas less than 0.5 of
glabellar width. Pygidium with convex axis
tapered 0.7 of length, axial furrows shallow, with
3 or 4 axial rings on interior; no border furrow
(239). U.Cam.(Francon.), N.Am.--FIG. 211,4.
"B. caelata, Mo.; 4a,b, cran., X4; 4c, pyg., X6
(239) .

Superfamily ANOMOCARACEA
Poulsen, 1927

[nom. tl'ansl. POULSEN, herein (ex Anomocaridac POULSEN,

1927) J

Preglabellar field wide and concave, flat
or gently convex; palpebral lobes long and
sickle-shaped. Pygidium large, with broad,
usually concave border. M.Cam.-U.Cam.

Family ANOMOCARIDAE Poulsen, 1927
Characters of superfamily. M.Cam.-U.

Cam.
Anomocare ANGELIN, 1852 ["A. laeve]. Preglabel

lar field concave; fixigenae narrower than in
Anomocaroides and Anomocarina. Pygidium nar
rower than in Anomocm·ina. M.Cam., NW.Eu.-
FIG. 212,1. ,.A. laeve ANGELlN, Paradoxides for
chhammeri Z., Swed.-Denm.; la, eran., X 1.2; Ib,
pyg., X2.4 (51).
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[NOTE.-InformJtion furnished by C. J. STUBBLEFIELD

indicl.tcs th:lt the type species of Anomocare, not fixed
by ANC,I'LIN (1854), was suhsequently designated by
VOCD£S (1890) as A. aculeownJ (ANGELlN) (Tau Proe/{{s
ditJormis acu!t'aws ANGEUN, 1851), which is a species
subjectively assigned to Agraulos by BR{·SGGER, GRUNWALL,
\~IESTERGARD. and other authors. POULSEN (1927). KOBAY

ASHI (1935), and WESTERC.ARD (1950) h:lVe incorrectly
construed A. laeue as the type species of Anomocare> and
the genus, chosen as type of the family Anomocaridae.
has been interpreted on this basis. Application is being
made to ICZN for fixation of A. laeve as type species
of Anomocare.-ED.)

Anomocarina LERMONTOVA, 1940 [*Proeltls ex
cal'alllS ANGELIN, 1851]. Preglabellar field con
cave; palpebral lobes extenuing almost to glabella
at front. Pygiuiul11 wider than in Al1omocare. M.
Cam., NW.Eu.-Sib.--FIG. 212,4. *A. excavata
(ANGELIN), Parauoxides forchhammeri Z., Swed.
Denm.; eran., X 1.5 (51).

Anomocarioides LERMONTOVA, 1940 [*ProelllS
limballlS ANGELIN, 1851]. Preglabellar field flat

6a

Monkaspis

Wentsuia3

6b

Palella

Lioparia

8 Anomocarioides

5b
Anomocarina

Macrotoxus

Anomocare

7

4

FIG. 212. Anomocaridae (p. 0286-0288).
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or weakly convex; fixigenae bearing small kidney
shaped knobs near glabella. Pygidium semicircular.
M.Cam., NW.Eu.--FIG. 212,8. "A. limbatus
(ANGELlN), Paradoxides forchhammeri Z., Swed.
Denm.; cran., X 1.5 (51 ").

Eymekops KOBAYASHI (non RESSER & ENDO), 1935
["Anomocarella hel'mias WALCOTT, 1911]. Pre
glabellar field relatively short; anterior border
strongly developed, convex; glabella quadrate. M.
Cam., NE.Asia.--FIG. 213,2. "E. hermias
(WALCOTT), Fu-ch6u Ser., Manch.; cran., x5.4
(313).

Glyphaspis POULSEN, 1927 ["Asaphiscus? capella
WALCOTT, 1916]. Preglabellar field concave; pal
pebral lobes shorter than in Anomocare; pleural
furrows extending almost to rear edge of broad
pygidium. M.Cam., W.N.Am.--FIG. 213,6. "G.
capella (WALCOTT), Wolsey F., Mont.; exoskel.,
XO.9 (488").

Glyphopeltis DEISS, 1939 ["G. primus]. Cranidium
narrow, with narrow glabella and fixigenae; pal
pebral lobes shorter than in Anomocare. Pygidium
smaller than in Glyphaspis and bearing spines.
M.Cam., W.N.Am.--FIG. 212,9. "G. prima,
Mont.; exoskel., X 1.6 (30").

Haniwa KOBAYASHI, 1933 ["H. sosanensis]. Like
Eymekops but with more quadrate preglabellar
field. V.Cam., E.Asia.--FIG. 213,10. "H. sosan
ensis, Tsinania Z., Korea; lOa, cran., X4.5; lOb,
pyg., X5.5 (419).

Haniwoides KOBAYASHI, 1935 ["H. longus]. Crani
dium narrow; palpebral lobes relatively short and
close to glabella. M.Cam., E.Asia.--FIG. 213,8.
"H. longus, Olenoides Z., Korea; cran., X 4.2
(97).

Inouyella RESSER & ENDO in ENDO & RESSER, 1937
["I. peiensis]. Preglabellar field subtriangular;
palpebral lobes rather small. M.Cam., E.Asia.-
FIG. 213,4. "I. peiensis, Taitzu beds, Manch.;
4a,b, cran., pyg., X 1.65 (240). [Inouyella KOBAY'
ASHI, 1935, attributed to RESSER & ENDO is nom
nud.-ED.]

Kokuria KOBAYASHI, 1935 ["K. typa]. Preglabellar
field rather narrow, and small. V.Cam., E.Asia.
--FIG. 213,3. "K. typa, Kaolishania Z., Korea;
cran., X4.3 (97).

Koptura KOBAYASHI (non RESSER & ENDO), 1935
["Anomocare lisani WALCOTT, 1911]. Like Ano
mocarioides but with longer (sag.) preglabellar
field and narrow bifid pygidium. M.Cam., E.Asia.
--FIG. 213,5. "K. lisani (WALCOTT), Fu-ch6u
Sec., Manch.; 5a, cran., X 1.5; 5b, pyg., X3.3
(313).

Lioparia LORENZ, 1906 ["Anomocare latelimbatum
DAMES, 1883; SD KOBAYASHI, 1935 [=Lorentzia
COSSMANN, 1908; Yokusenia KOBAYASHI, 1935].
Like Anomocare but with longer preglabellar field
(sag.) and shorter palpebral lobes. M.Cam., E.Asia.
--FIG. 212,5. "L. latelimbata (DAMES), Fu-ch6u

Ser., Manch.; 5a, cran., X 1.9; 5b, pyg., X1.6
(315).

Macrotoxus LORENZ, 1906 ["Anomocare angelini
GRONWALL, 1902; SD WESTERGARD, 1950]. Like
Anomocare but with wider preglabellar field and
fixigenae, deeper dorsal furrow on cranidium, and
shagreened surface. M.Cam., NW.Eu.--FIG. 212,
7. "M. angelini (GRONWALL), Paradoxides davidis
Z., Denm.; cran., X3 (51").

Mapania KOBAYASHI (non RESSER & ENDO), 1935
["M. striata]. Like Emyekops but preglabellar field
narrower (sag.), glabella tapering instead of quad
rate, and palpebral lobes not so large. M.Cam., E.
Asia.--FIG. 213,1. "M. striata, Mapan beds,
Manch.; cran., X1.5 (240).

Metanomocare LERMONTOVA, 1940 ["Metanomocare
petaloides]. Like Macrotoxus but with longer pre
glabellar area, more tapering glabella, and nar
rower fixigenae; pygidium large and wide, like
that of Anomocarioides. M.Cam., N.Asia.--FIG.
213,12. "M. petaloides, Paradoxides forchhammeri
Z., Sib.; 12a,b, cran., pyg., Xl (423).

Monkaspis KOBAYASHI, 1935 ["Anomocare daulis
WALCOTT, 1913]. Cranidium like that of Macro
toxus but with shorter palpebral lobes; pygidium
with interpleural furrows almost reaching edge
and with marginal spines. M.Cam., E.Asia.-
FIG. 212,6. "M. daulis (WALCOTT), Ch'ang-hia F.,
China; 6a,b, cran., pyg., X2.5 (315").

Monocheilus RESSER, 1927 ["Conocephalites anati
nus HALL, 1863]. Preglabellar field rather short,
narrow; palpebral lobes short; librigenae bearing
long curved spine. V.Cam., N.Am.--FIG. 213,7.
"M. anatinus (HALL), Franconia F., Wis.; 7a,
cran., X1.4; 7b, librigena, X1.6 (403).

Palella HOWELL, 1937 ["P. paradoxa]. Pygidium
very narrow, subtriangular; cranidium unknown.
M.Cam., USA(Vt.-Utah).--FIG. 212,2. "P. para
doxa, Centropleura vermontensis Z., Vt.; pyg.,
X7 (72).

Paracoosia KOBAYASHI, 1936 ["P. mansuyi KOBAY
ASHI, 1936 (pro asiatica MANSUY, 1916, preoccu
pied) ]. Preglabellar field long and wide, palpebral
lobes relatively short, interpleural furrows short.
M.Cam., SE.Asia.--FIG. 213,9. "P. mansuyi
KOBAYASHI, Annamitia Z., Indochina; exoskel..
XU (142").

Saimachia KOBAYASHI, 1937 ["5. damesi]. Crani
dium small, with convex border and bluntly trun
cated glabella. M.Cam., E.Asia.--FIG. 213,11.
"5. damesi, Kiu-lung Group, China; cran., X8.3
(419).

Wentsuia SUN, 1935 ["W. granulosa]. Like Anomo
care but with shorter glabella, no glabellar fur
rows, and thicker palpebral lobes. V.Cam., E.Asia.
--FIG. 212,3. "W. granulosa, Tawenkou beds,
China; cran., X3.6 (289).

Anomocariopsis SIVOV, 1955 ["A. salairensis]. LoIV.

V.Cam., Salair, USSR. [Author's assignment.]
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CatunielJa JEGOROVA, 1956 ["C. digna]. Up.M.Cam.,
USSR. [Author's assignment.]

Chondranomocare POLETAEVA, 1956 ["C. bidjen
sis]. Low.M.Cam., USSR. [Author's assignment.]

?GlyphaspelJus IVSHIN, 1953 ["G. primus]. M.Cam.,
Kazakhstan. [Author's assignment.]
G. (GlyphaspelJus).
G. (GlyphanelJus) IVSHIN, 1953 ["G. (G.) mar

goritus].
Pseudanomocarina CHERNYSHEVA, 1956 ["P. plana].

M.Cam., USSR. [Author's assignment.]

Superfamily ASAPHISCACEA
Raymond, 1924

[nom. transl. HOWELL, herein (ex Asaphiscidae RAYMOND,
19241 [=Asaphiscoidae HopE, 1953]

Exoskeleton opisthoparian, elliptical to
ovate in outline, isopygous. Cephalon with
genal angles rounded or produced into
spines; glabella tapering forward, with front
rounded; preglabellar field and anterior bor
der present. Thorax with 7 to 11 segments.
Pygidium semicircular to subtriangular,
with tapered axis; pleural fields equal in
width to axis or slightly wider; border vari
able in width. Surface smooth. M.Cam.
U.Cam.

Family ASAPHISCIDAE Raymond, 1924
Characters of superfamily. M.Cam.-U.

Cam.
Subfamily ASAPHISCINAE Raymond, 1924

[nom. transl. HOWELL, herein (ex Asaphiscidae RAYMOND,
1924) I

Cephalon with lateral and axial furrows
distinct; glabella with 3 pairs of furrows
well defined to obsolete; preglabellar field
wide to quite narrow (sag.); fixigenae bear
ing narrow but distinct eye ridges, eyes
median in size or larger, located opposite or
slightly behind center of glabella, palpebral
areas 0.3 to 0.5 of glabellar width, posterior
areas triangular; librigenae medium in
width (tl'.), with medium-length genal
spines or rounded genal angles. Thorax of
7 to 11 segments. Pygidium semicircular,
with 5 to 8 segments; border of medium
width or narrow. M.Cam.-U.Cam.

Asaphiscus MEEK, 1873 ["A. wheeleri] [=Eteraspi,.
RESSER, 1935]. Preglabellar field wide (sag.),
palpebral lobes small. Thorax with 7 to 11 seg
ments. Pygidium large, with wide flat border.
M.Cam., W.USA.--FIG. 214,1. "A. wheeleri,
Wheeler F., Utah; exoskel., XO.6 (488").

AnomocarelJa WALCOTT, 1905 [OA. chinensis]
[=Psilaspis RESSER & ENDO in KOBAYASHI, 1935].
Glabellar furrows lacking, border flat and narrow.

M.Cam., E.Asia.--FIG. 215,1. "A. chinensis,
Chang Hsia F., China; 1a,b, cran., pyg., X2.6
(488").

Blainia WALCOTT, 1916 ["AsaphisCtts (Blainia)
gregarius]. Like AsaphisCtls but glabella less taper
ing; thoracic segments 9; pygidium with inter
pleural furrows extending to margin. M.Cam., SE.
USA.--FIG. 214,2. "B. gregaria (WALCOTT),
Conasauga F., Ala.; exoskel., X 1.2 (488").

Blainiopsis POULSEN, 1947 ["B. holtedahli]. Like
Blainia but with shorter preglabellar field (sag.)
and flat border. M.Cam., Arct.--FIG. 214,3. "B.
holtedaMi, Cape Wood F., Ellesmere 1.; 3a, cran.,
X4.3; 3b, pyg., X3.3 (445").

Doigaia WALCOTT & RESSER, 1925 ["D. megalops].
Like Blainia but preglabellar field smaller, glabella
larger, and palpebral lobes longer. U.Cam., NE.
Eu.--FIG. 215,2. "D. megalops, N.Zem.; cran.,
X2.7 (322").

Dunderbergella HOWELL, 1945 ["D. typicalis]. Pre
glabellar field large, anterior border narrow;
glabella short, without furrows. U.Cam., E.USA.
--FIG. 214,4. "D. typicalis, Up.Kittatinny F.,
N.J.; X3 (410").

Grandioculus COSSMAN, 1908 [pro Megalophthalmus
LORENZ, 1906 (non LEACH, 1830; nec GRAY,
1832)] ["LiostraclIs megalurus DAMES, 1883; SD
KOBAYASHI, 1935]. Preglabellar field large; glabella
nearly parallel-sided, with 3 pairs of furrows;
palpebral lobes long. Pygidium with long tapering
narrow axis. M.Cam., E.Asia.--FIG. 214,5. "G.
megaillrus (DAMES), China; 5a, cran., X2.7; 5b,
pyg., X2.25 (393").

Hundwarella REED, 1934 ["H. personata]. Pre
glabellar field wide (sag.); anterior border strongly
developed; palpebral lobes wide and long; glabella
with 3 pairs of furrows, outer ends of rear pair
directed anteriorly. M.Cam., E.Asia.--FIG. 214,
6. "H. personata, Slate Ser., Kashmir; cran., X3.8
(452").

Iranoleesia KING, 1955 [pro Irania KING, 1937
(non DE FILIPPI, 1863)] ["Irania pisiformis
KING, 1937]. Cranidium like that of Hund
warella but palpebral lobes narrower and
with inner ends of halves of interrupted rear pair
of glabellar furrows bifurcate, lower branch being
directed posteriorly. Pygidium with wide flat bor
der. U.Cam., S.Asia.--FIG. 214,7. "1. pisiformis
(KING), India; cran., X4 (418").

Kaninia WALCOTT & RESSER, 1925 ["K. lata]. Like
Anomocarella but with shorter preglabellar field
(sag.), flatter anterior border, wider fixigenae,
and shallower interpleural furrows and more
definite flattened border on pygidium. U.Cam., N.
Zem.--FIG. 215,3. "K. lata; 3a,b, cran., pyg.,
Xl.4 (488").

Kaniniella KOBAYASHI, 1938 ["K. concinna]. Crani
dium as in Kaninia but with very narrow fixigenae
and shorter palpebral lobes. U.Cam., W.Can.
(B.C.).--FIG. 215,4. "K. concinna, Plethopeltis
Z.; cran., X 4.3 (419").
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Lioparella KOBAYASHI, 1937 [.L. walcotti). Pre
glabellar field long and wide; eye ridges strongly
developed. M.Cam., E.Asia.--FIG. 215,5. •L.
walcotti KOBAYASHI, Kiu-1ung F., China (Shan
tung); eran., X 1.3 (488·).

Manchuriella KOBAYASHI (non RESSER & ENDO in
KOBA.) 1935 [·M. Iypa). Preglabellar field small,
axial and glabellar furrows shallow; palpebral lobes
shorI. Pygidium with narrow border. M.Cam., E.
Asia.--FIG. 214,8. ·M. typo, Mapan F.,

Blainia

30

3b

I ranoleesia

Proasaphiscus

Hundwarella

Blainiopsis

Grandioculus

Peishania

8b
Manchuriella

80

I
Asaphiscus

4
Dunderbergella

FIG. 214. Asaphiscidae (Asaphiscinae) (p. 0290-0292).
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all better marked; eyes small, anterior to
center of glabella; fixigenae downsloping,
with palpebral areas about 0.3 of glabellar
width, posterior areas broadly triangular;
librigenae narrow, with short genal spines
or rounded angles. Thorax with 7 to 9 seg
ments, pleural furrows narrow, extending
nearly to bluntly pointed ends. Pygidium
subtriangular, with 5 to 10 segments, border
relatively narrow. V.Cam.

Blountia WALCOTT, 1916 [OB. mimllfa] [=Steno
comblls RAYMOND, 1937]. Glabella tapering, front
rounded, axial and border furrows present. Pygi
dium moderately convex, axis tapered, furrows
faint to obsolete, border distinct, narrow. V.Cam.
(Dresbach.), N.Am.
B. (Blountia). Glabella broad or with subparallel

sides, front widely rounded, lateral furrows
very faint, axial and border furrows well defined;
librigenae with short genal spines. Pygidium with
axis sharply tapered to narrow end, 0.75 to 0.83
length of pygidium, with 8 to II axial rings, all
furrows present but faint on exterior, clear on
interior.--FIG. 216,3a,b. °B. (8.) mimI/la,
Tenn.; exoskeleton, dorsal and profile views of
holotype (immature specimen), X8 (317).-
FIG. 216,3c. B. sp., Tenn.; specimen clearly
showing 9 thoracic segments, X8.5 (425).

B. (Homodictya) RAYMOND, 1937 [OH. imitatrix].
Glabella with sides converging to narrow, round
ed front, without lateral furrows, axial and
occipital furrows narrow, but distinct, anterior
border furrow obsolete on exterior, faint on in
terior. Pygidium with axis extending 0.7 of
length, all except axial furrow obsolete on ex
terior, faint on interior, border widest at rear.
M.Cam.(Dresbach.), N.Am.--FlG. 216,2. °B.
(H.) imitatrix (RAYMOND), Vt.; 2a,b, cran.,
dorsal and profile; 2c, pyg.; all X3 (193).

Blountiella RESSER, 1938 [0 Blolll1tia? alemon WAL
COTT, 1916]. Glabella broadly tapering, convex,
sides only slightly tapered to rounded front, axial
furrow distinct, lateral furrows faint, occipital
and border furrows narrow and faint or obsolete
on exterior; anterior border vertical, smooth or
striate; Iibrigenae with rounded genal angle. Pygi
dium short and wide, profile low, with vertical
border, axis tapered, with 6 or 7 axial rings; pleurae
5 or 6, only axial furrow on exterior, other fur·
rows faint on interior but border furrow obsolete
(132). V.Cam.(Dresbach.), N.Am.--FIG. 216,4.
B. cordilleria DUNCAN, Mont.; 4a,b, cran., dorsal,
profile; 4c, librigenae; 4d,e, pyg., dorsal, profile;
all X4.5 (132).

Maryvillia WALCOTT, 1916 [OM. arion] [=Protil
laenlls RAYMOND, 1937; Blolll1tina LOCH~IAN, 1944;
Blollntialla SHAW, 1952]. Glabella broad, low, sides
nearly parallel, front broadly rounded, all furrows
except occipital and posterior border obsolete on

3a

Kaniniella

3b
Kaninia

\

2

Doigaia

;

o
•. ~_I

,- ,,

Anomocarella

Manch.; 8a, cran., X2.3; 8b, pyg., X 1.5 (37 0
).

Paraorlovia TCHERNYSHEVA, 1956 [Op. seqllens].
Vp.M.Cam., USSR. [Author's assignment.]

Peishania RESSER & ENDO, in ENDO & RESSER, 1937
lOp. cOllvexa]. Cranidium minutely punctate, con
vex; preglabellar field short (sag.); anterior border
slightly convex, anterior border furrow shallow;
without distinct glabellar furrows. Thorax with
shallow interpleural furrows on segments. M.Cam.,
E.Asia.--FIG. 214,9. 0p. COllvexa, Taitzu F.,
Manch.; cran., pyg., X4.5 (37 0

). [Peislwnia
KOBAYASHI, 1935, attributed to RESSER & ENDO, is
110m. 11I1d.-ED.]

Proasaphiscus KOBAYASHI (11011 RESSER & ENDO in
KOBA.) 1935 lOp. yabei]. Cranidium as in Asa
phisctlS but pygidium smaller and with almost no
border, interpleural furrows curving more toward
rear. M.Cam., E.Asia.--FIG. 214,10. op. yabei,
Tangshih F., Manch., exoskel., X 1.5 (37 0

).

Subfamily BLOUNTIINAE Lochman, 1944
[nom. corr'l. & transl. HOWELL, herein (ex Blountidae

LOCHMAN, 1944)]

Cephalon with exterior furrows well de
fined to shallow or obsolete, interior furrows

Lioparella

FIG. 215. Asaphiscidae (Asaphiscinae) (p. 0290
0291 ).
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FIG. 216. Asaphiscidae (Blountiinae) (p.0292).

exterior, anterior border furrow also obsolete on
interior, others faint; librigenae with short blunt
genal spine. Pygidium convex, with nearly vertical
border; long tapered axis may extend beyond bor
der furrow, with 7 to 12 axial rings, only faint
axial furrow on exterior, all furrows present on
interior. (448). U.Cam.(Dresbaeh.), N.Am.-
FIG. 216,Ia,b. "M. arion, Tenn.; la,b, cran., pyg.,
X4 (488).--FIG. 216,le-g. M. eleanora (LOCH
MAN), Mont.; le,d, cran., dorsal, profile; Ie,
librigena; If,g, pyg., dorsal, profile; all X4 (425).

Superfamily BURLINGIACEA
Walcott, 1908

[nom. tranJ!. POULSEN, herein (t"x Burlingidae WALCOTT,
1908) I [=Burlingiidea RICHTER. 1933; Burlingioidae RASETTI.

1951; Budingioidae Hupf. 1953]

Exoskeleton proparian, ovate, very gently
convex, heteropygous. Cephalon semicircu
lar in outline, without border; glabella sub
cylindrical, anteriorly rounded; preglabellar
field long, posterior areas of fixigenae wide,
laterally expanding; slightly curved palpe
bral lobes situated very close to glabella,
fairly short; anterior and posterior sections
of facial sutures almost rectilinear, both ex
tending obliquely backward from cephalic

margins to eyes; librigenae subtrapezoidal.
Thorax of 7 to 15 segments; pleural regions
wide; flat, truncate pleurae with acute pos
terior terminations and direct, very wide
and shallow pleural furrows. Pygidium
greatly varying in size and structure. Char
acter of cephalic doublure, ventral sutures,
and hypostoma unknown. M.Cam.-U.Cam.

Family BURLINGIIDAE Walcott, 1908
[nom. correct. RICHTER. 1933 (pro Burlingidae WALCOTT.

1908) ]

Characters of superfamily. M.Cam.-U.
Cam.
Burlingia WALCOTT, 1908 ["B. heetori]. Cephalon
about 0.3 total length of exoskeleton; occipital
furrow and ring indiscernible; glabellar furrows
lacking or represented by 2 pairs of pits on an
terior half of glabella. Thorax of 14 or 15 seg
ments; posterior half of axis tapering; pleurae
strongly curved. Pygidium small, elongate, with
out defined segments (311, 336). M.Cam., N.Am.
Eu.--FIG. 217,1. "B. heetori, W.Can.(B.C.);
exoskeL. X7.5 (311).

Schmalenseeia MOBERG, 1903 ["S. amphionttra].
Differs from Bttrlingia in its longer cephalon, well·
defined occipital furrow and ring, 3 pairs of
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strongly impressed lateral furrows, thorax of 7
or 8 segments, almost rectilinear pleurae, evenly
tapering axis, and fairly large, wide pygidium of
about 7 segments, segmentation being similar to
that of thorax (331, 336). M.Cam.-U.Cam., Sweel.
--FIG. 217,2. *5. amphiontlra, V.Cam., Swed.;
exoskel. without librigenae, X24 (331). '

Burlingio

2
Schmolenseeio

FIG. 217. Burlingiidae (p. 0293).

Superfamily KOMASPIDACEA
Kobayashi, 1935

Inom. transl. HIiNNINGSMOEN, herein (ex Komaspidae KOBAY

ASHI: 1935J [=Telephidaceae STUBBI.EflELD, 1950; Telephoidae
HUH, 1953] [Superfamily n"me has<'d on 7'elephus BA'RANDE,

1852 (non GISTEL, IH48) is no, permissible.]

Exoskeleton opisthoparian, small, ellip
soidal. Glabella short, tapering to broadly
quadrate, anterior lobe expanding slightly
in some, with 3 pairs of lateral furrows, pos
terior pair commonly transglabellar, all 3
pairs becoming obsolete in late genera; pre
glabellar field narrow or absent, anterior
border furrow tending to become obsolete;
palpebral lobes prominent, arcuate, eyes
medium-sized in early genera, becoming
very large in later genera; librigenae bear
ing short to medium-sized stout genal
spines. Thorax with 9 or fewer segments.
Pygidium micropygous, narrowly transverse
to triangular, with prominent convex axis
extending nearly full length, border nar
row, border furrow narrow. Surface finely
to coarsely granulose. M.Cam.-U.Ord.

Early members are rather generalized pty
chopariid in appearance, but showing trends
towards the characteristic telephinid ap
pearance, with very large eyes, diminutive
posterior parts of fixigenae, and lack of both
preglabellar field and anterior border fur
row; eyes may be small (Glaphuridae) but
forms so distinguished agree with some
telephinids in having longitudinal lateral
glabellar furrows.

Family KOMASPIDIDAE Kobayashi, 1935
[nom. correct. HENNINGSMOEN, 1951 (pro KDmaspidae

KOBAYASHI, 1935»)

Exoskeleton opisthoparian, isopygous.
Glabella broadly tapering to quadrate, with
sides slightly converging forward, parallel.
or (in late genera) diverging forward to
rounded front, with 2 or 3 pairs of lateral
furrows that become obsolete in late gen
era; preglabellar field narrow or absent;
palpebral lobes and eyes large, extending
more than half of full length of glabella,
arcuate or broad, palpebral furrows deep;
fixigenae horizontal or downsloping, pos
terior areas short (tr.),. librigenae with eye
platforms narrow or absent, genal spines
short or long and recurved. Thorax with
wide convex axis, number of segments un
known; pleurae narrower than axis, ?l?nt
ended, with small spines. pygldmm
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short, transverse, with convex axis wider
than pleural fields, extending nearly full
length of pygidium, tapering moderately to
rounded end; median spine and nodes may
be present; furrows well defined, border
narrow. Surface smooth or granulose. De
rived from Ptychopariidae. Up.M.Cam.-L.
Ord.

Komaspis KOBAYASHI, 1935 [*K. typal. Glabella
convex, tapering, with 3 paIrs of well-defined
lateral furrows, posterior pair complete; pre
glabellar field narrow, anterior border furrow
faint, anterior border narrow, rimlike; eyes about
0.6 of glabellar length, slightly in front of center
of glabella; fixigenae downsloping, with palpebral
areas slightly less than 0.5 of glabellar width (97).
M.Cam.(Taitzuian), NE.Asia.--FIG. 218,1. *K.
typa, S.Korea; la,b, cran., dorsal, profile, X2
(97).

Benthamaspis POULSEN, 1947 [*B. problematica].
Glabella convex, broadly subquadrate, with sides
parallel nearly to front and then diverging slightly,
without lateral furrows; anterior border furrow
faint or obsolete, no preglabellar field, anterior
border rimlike; occipital furrow probably obsolete;
eyes more than 0.5 of glabellar length, slightly
behind center of glabella; fixigenae downsloping,
with palpebral areas about 0.5 of glabellar width.
Pygidium with low broad axis, tapering rapidly
to narrow end, 0.7 of length of pygidium; axial
furrows very shallow, all other furrows obsolete;
3 or 4 axial rings and interpleural grooves on
inner surface. Outer surface unknown (175) . Up.
L.Ord., W.Arct.N.Am.--FlG. 218,6. *B. prob
lematica, Ellesmere I.; 6a-c, cran., dorsal, front.
profile, X3 (175).

Carolinites KOBAYASHI, 1940 [*C. bulbosa] [=Di
mastocep/wlus STUBBLEFIELD, 1950; Keide/ia HAR
RINGTON & LEANZA, 1957]. Glabella convex, sub
quadrate, expanding to slightly bulbous front,
without lateral furrows; axial furrows deep,
with posterior sinuous inbend; no preglabellar
fidel, anterior border furrow merging with pre
glabellar furrow; eyes extending nearly full length
of glabella; fixigenae horizontal or dC'wnsloping,
with node at each inner posterior corner; palpe
bral areas about 0.6 of glabellar width; librigenae
without eye platforms, border furrow narrow.
librigenal spines long, recurved. Pygidium with
wide axis, slightly tapered to broad end, axial
segments 3 or 4, terminal merging into steep pos
terior slope, each ring with low axial node or
spine, terminal axial spine may be present; pleurae
3 or 4, broad, faintly defined, with node or short
spine where curvature steepens, border furrow
shallow, border rimlike (258). Up.L.Ord., N.Am.
Arg.-Ire.-Austral.-Tasm.--FIG. 218,7. C. gena-

cinaca Ross, Utah; 7a-c, cran., dorsal, front, profile,
X 10; 7d, librigena, X6; 7e-g, pyg., dorsal, back,
profile, X 10 (258).

Dartonaspis B. M. MILLER, 1936 [*D. knighti]
[=Schmidtaspis KOBAYASHI, 1944] . Glabella
broadly quadrate, sides parallel to rounded front
or diverging slightly to expanded front, with 2
or 3 pairs of lateral furrows, faint exteriorly,
posterior pair strong interiorly, may meet at mid
length; no preglabellar field, anterior border fur
row faint or obsolete, anterior border a narrow
rectangle in front of glabella; eyes extending nearly
full length of glabella; fixigenae downsloping,
with palpebral areas about 0.3 of glabellar width;
librigenae with narrow eye platforms and short to
medium diverging genal spines. Pygidium ~ith
wide axis, tapered throughout to broad end, with
3 or 4 axial rings; 3 broad pleurae; narrow border
furrow and border (150,239). U.Cam.(Francon.),
N.Am.-Arct.Asia.--FIG. 218,4. *D. knighti,
Wyo.; 4a-c, cran. (with librigena), dorsal, profile,
front, X2; 4d·f, pyg., dorsal, profile, back, X2
(150, 239).

Goniophrys Ross, 1951 [*G. prima]. Glabella con
vex, tapering, no lateral furrows; preglabellar
field narrow or absent, anterior border furrow
distinct; eyes large, strongly bowed, with point of
flexure anterior to center of glabella; fixigenae
downsloping, with palpebral areas 0.7 of glabellar
width; librigenae with very narrow eye platforms
and long curved genal spines. Thorax with wide
convex axis; pleurae low, 0.5 of width of axis.
Pygidium with wide axis, tapered nearly full
length to narrow end, 3 axial rings; 3 broad faint
pleurae, faint border furrow, rimlike border (258).
L.Ord., W.N.Am.--FIG. 218,5. *G. p"ima, Utah:
5a-c, cran. (with librigena), dorsal, front, profile,
X6; 5d-f, pyg., dorsal, back, profile, X6 (258).

Irvingella ULRICH & RESSER in WALCOTT, 1924 ["I.
major] [=Irvingellina, Parairvingella KOBAYASHI,
1938]. Glabella convex, subquadrate, tapering,
with 2 or 3 pairs of lateral furrows, posterior
pair complete; preglabellar field narrow or ab
sent, anterior border furrow faint or obsolete; eyes
large, bowed, with point of flexure near center
of glabella; fixigenae downsloping, with palpebral
areas 0.5 or more of glabellar width; Iibrigenae
with eye platforms narrow anteriorly, wider pos
teriorly, genal spines of medium size. Pygidium
subrectangular, with axis tapered nearly full length
to rounded end, 2 axial rings and terminal; no
pleurae, faint border furrow, rimlike border, com
monly sinuous (48,239,335). U.Cam.(Francon.),
N. Am.-S. Am.-W.Eu.-Arct.Asia-E.Asia-C.Asia.-
FIG. 218,2. *1. majOl', Wis.; 2a,b, cran. (with libri
gena), dorsal, profile, XI; 2c,d, pyg., dorsal, pro
file, X3 (48,363).

Irvingelloides KOBAYASHI, 1935 [*lrvingella? ori
enta/is KOBAYASHI, 1934]. L.Ord., Korea.
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FIG. 218. Komaspididae (p. 0295-0296).

Princetonella LOCHMAN, 1953 [pro Calyptomma
RESSER, 1942 (non TATTERSALL, 1909)] [*Calyp
tomma typicale RESSER, 1942]. Glabella convex.
subquadrate, sides parallel to rounded corners, with
2 pairs of faint lateral furrows; no preglabellar
field, anterior border furrow running into pre
glabellar furrow, anterior border a rectangle shorter
(tr.) than width of glabella; eyes same length as
glabella; fixigenae horizontal, with palpebral areas
0.3 or less of glabellar width (239). V.Cam.
(Francon.), W.N.Am.--FIG. 218,3. *P. typicalis
(RESSER), Mont.; cran., X4 (239).

Family ELVINIIDAE Kobayashi, 1935
[nom. transl. 6' correct. HENNINGSMOEN, 1951 (ex Elvininae

KOBAYASHI. 1935) 1
Exoskeleton opisthoparian, subisopygous.

Glabella broad subquadrate to quadrate,
with 3 pairs of strong to faint lateral fur
rows; preglabellar field and anterior border

furrow present or absent; palpebral lobes
wide, palpebral furrows and eye ridges us
ually prominent; eyes above medium size,
0.5 to 0.7 of length of glabella; fixigenae
horizontal or downsloping; librigenae with
wide eye platforms and short genal spines.
Thorax unknown. Pygidium subtriangular
to transverse, axis and pleural fields about
same in width, axis tapered slightly to
broadly rounded end, length variable; bor
der furrow distinct, border narrow, com
monly rimlike. Surface smooth or granu
lose. Derived from Ptychopariidae (same
ancestor as for Komaspididae). V.Cam.

Elvinia WALCOTT, 1924 [*Dikelocephalus roemeri
SHUMARD, 1861] [=Moosia WALCOTT, 1925J.
Glabella broad subquadrate, sides tapered to semI
straight front, posterior pair of lateral furrows
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FIG. 219. Elviniidae (0296-0297).

complete; eyes anterior to center of glabella; fixi
genae slightly downsloping, with palpebral areas
0.5 of glabellar width, posterior area straplike,
long (tr.). Pygidium transverse, with axis slightly
tapered to broadly rounded end, nearly full
length, 3 or 4 axial rings; 3 low broad pleurae,
narrow rimlike border (15). V.Cam.(Franeon.),
N.Am.-S.Am.--FIG. 219,3. *E. roemeri (SHU
MARD), Tex.; 3a,b, cran., dorsal (with librigena),
profile, XO.7; 3e,d, pyg., dorsal, profile, XO.7
(15).

Chariocephalus HALL, 1863 [*C. whitfieldi]. Gla
bella large, quadrate, anterior corners rounded,
front straight, lateral furrows faint; preglabellar
field absent, anterior border furrow obsolete; eye
ridges faint to obsolete, eyes opposite anterior 0.3
of glabella with anterior ends even with front of
glabella; fixigenae slightly downsloping, with
palpebral areas 0.3 of glabellar width, posterior
area a steep convex, short (tr.) triangle; librigenae
with eye platforms tapered to zero anteriorly.
Pygidium transverse, axis with rounded end, 0.7
length of pygidium, with 2 axial rings; furrows
obsolete on pleural fields, border furrow obsolete,
narrow border steep to vertical (8, 53). V.Cam.
(Franeon.), Wis.--FIG. 219,4. *C. whitfieldi;
4a,b, cran., dorsal (with librigena), profile, X4;
4e,d, pyg., dorsal, profile, X4 (8).

Drumaspis RESSER, 1942 [*D. waleotti]. Glabella
subquadrate, sides tapered slightly, front straight,
posterior pair of lateral furrows may be com
plete; narrow preglabellar field may be present;
eyes opposite or slightly anterior to center of
glabella; fixigenae downsloping, with palpebral
areas about 0.3 of glabellar width, posterior area
straplike, short (tr.); librigenae with eye plat
forms narrow anteriorly. Pygidium unknown

(239). V.Cam.(Franeon.) , W.USA-C.USA.-
FIG. 219,2. *D. waleotti, Idaho; 2a-e, cran., dorsal
(with librigena), profile, front, X 4 (239).

Maladioides KOBAYASHI, 1933 [*M. asiatieus].
Glabella broad, subquadrate, sides tapered to
rounded front, posterior pair of lateral furrows
long, arcuate; eyes opposite or slightly anterior to
center of glabella; fixigenae horizontal, with pal
pebral areas less than 0.5 of glabellar width, pos
terior area straplike, medium in length (tr.).
Pygidium subtriangular, with axis tapered nearly
full length, 3 axial rings; 3 broad, poorly defined
pleurae; border furrow and border narrow (95).
Low.V.Cam.(Changshan.), E.Asia.--FIG. 219,1.
*M. asiaticus, S.Manch.(Liaotung Pen.); la,b,
cran., dorsal (with librigena), profile, X2; Ie,
pyg., X2 (95).

Taishania SUN, 1935 [*T. taianensis]. Low.V.Cam.
(Changshan.), China (Shantung).

Family TELEPHINIDAE Marek, 1952
[=Telephidae ANGELIN, 1854] [Family name based on

Telephus BARRANDE, 1852 (non GISTEL, 1848) is flOl
permissible.]

Exoskeleton elongate elliptical in outline
except for projecting genal spines, micro
pygous. Cephalon convex, wider than long;
convex glabella narrowing forward; pos
terior glabellar furrows may be represented
by short longitudinal depressions and an
terior pair of furrows by smooth area; pair
of spines may occur on frontal lobe; occi
pital ring convex, commonly with back
wardly directed median spine; convex eye
surfaces forming large part of librigenae,
long and curved, with many tiny facets, en-
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FIG. 220. Telephina spinijera WHITTINGTON (Tele
phinidae), M.Ord., Va.-Tenn.; exoskeI. (reconstr.),

X2.5 (496n).

:losing crescentic palpebral lobe with prom
.nent ring; narrow cephalic border outside
~ye lobes and extended anteriorly; short,
:orward and slightly downwardly directed
Jair of spines on anterior border; long slim
senal spines, with or without a short spine
Jehind the genals; narrow (exsag.) posterior
'Jorder, cut by outward and backwardly
lirected posterior sections of facial sutures.
fhorax (known in one species only) of 9
;egments, with wide axis, narrow (tr.)
Jleurae, and broad diagonal pleural fur
rows. Pygidium small, semicircular in out
~ine; convex, axis with 2 or 3 rings that may
Clear paired spines; pleural fields narrow, un
furrowed; terminal axial spine may be pres
~nt. Surface tuberculate, with pattern of
anastomosing raised lines (302). M.Ord.
U.Ord.
Telephina MAREK, 1952 [pro Telephus BARRANDE,

1852 (non Telephus GISTEL, 1848») [*Telephus
tract/IS BARRANDE, 1852]. Characters of family.
M.Ord.·U.Ord., E.N.Am.-W.Eu.-AustraI. -- FIG.
220. T. spinijera (ULRICH), M.Ord., Va.-Tenn.;
exoskeI. (reconstr.), X2.5 (496n).

Family GLAPHURIDAE Hupe, 1953
Exoskeleton subelliptical in outline, opis

thoparian, micropygous. Cephalon rather
strongly convex, wider than long (sag.);
glabella semielliptical to nearly semicircular
in outline, posterior part bearing pair of
short, rather deeply indented longitudinal
glabellar furrows; preglabellar field present
or absent; librigenae may bear slender, out-

wardly directed genal spines; occipital ring
distinct. Thorax with 10 segments (Glaph
urus). Pygidium small, with distinct but
short, tapering axis. Surface tuberculate.
M.Ord.

Glaphurus RAYMOND, 1905 [*Arionellus pustulatus
WALCOTT, 1877). Glabella evenly rounded in
front, separated from anterior margin by wide
(sag.) preglabellar field, anterior border furrow,
and convex border, with 2 pairs of glabellar fur.
rows, anterior pair short and obliquely transverse,
posterior pair gently arcuate and longitudinal;
fixigenae wide (tr.), convex, sloping downward,
palpebral lobes small but prominent, anterior sec
tions of facial sutures converging slightly forward,
posterior sections strongly diverging to margins
just behind genal spines; librigenae subtriangular
in shape, downsloping, with outwardly directed
slender genal spines at posterior extremities;
cephalic border convex, margin spinose. Hypostoma
shield-shaped, with conv·ex lateral and posterior
borders, convex middle body, and crescentic pos
terior lobe. Thorax with 10 segments; pleurae
relaIively wide (fr.), anterior ones with spinose
terminations. Pygidium small; axis convex, with
2 rings and terminal; pleural fields with single
pair of anterolateral pleural furrows. Surface tu·
berculate and bearing short spines, glabella with
prominent but low paired spines (79, 302). M.
Ord., E.USA(Vt.-Va.-Ala.).--FIG. 221,1. *G.
ptlstulatus (WALCOTT), Chazyan, Vt.; la, exoskel.
(reconstr.), X6; 1b, ceph., profile, X6 (496n).

Glaphurina ULRICH, 1930 [*G. larnottensis]. Only
cranidium known, like Glaphttrus, but lacking
deep anterior glabellar furrows and preglabellar
field, anterior cephalic border not spinose, external
surface with smaller, low tubercles (302). M.Ord.,
E.USA(Vt.-Va.-Tenn.)-E.Can.(Mingan I.).--FIG.
221,2. *G. larnot/ensis, Chazyan, Vt.; cran., X3
(302').

Superfamily RAYMONDINACEA
Clark, 1924

[nom. transl. LOCHMAN·BALK, herein (ex Raymondininat
CLARK, 1924) 1

Exoskeleton typically opisthoparian, ellip
tical, heteropygous. Facial sutures with pos
terior sections running beyond lateral bor
der furrow before turning backward to cut
posterior margins, extending straight out
ward or curving forward, with tendency to
approach anterior sections with which fu
sion may occur; anterior sections converg
ing, straight, or diverging widely forward;
glabella tapering to quadrate, front rounded
or straight, lateral furrows present or ab
sent, preglabellar field present or absent;
eye ridges and occipital spine may be pres-
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ent, eyes medium in size to small, position
variable; fixigenae with palpebral areas vari
able in width, posterior areas long (tr.) ,
commonly subrectangular to quadrate in
shape; librigenae with medium to short
genal spines or blunt genal angles. Thorax
with 7 or fewer segments; axis narrower
than blunt-ended pleurae. Pygidium trans
verse, ovate or semicircular, axis tapering
nearly full length, narrower than pleural
fields, with all furrows commonly well de
fined. Surface smooth or granulose. Poly
phyletic derivation. V.Cam.

Family RAYMONDINIDAE Clark, 1924
[nom. trans/. LacHM ..... N-BALK. herein (ex Raymondininae

CLARK, 1921»)

Characters of superfamily. V.Cam.

Subfamily RAYMONDININAE Clark, 1924
[=Pilgrimiidae HUPE, 19531

Glabella narrowly tapering to subquad
rate, with 2 or 3 pairs of short lateral
furrows; preglabellar field present or ab
sent; eyes below medium size to small, an
terior to center of glabella; fixigenae hori
zontal, with palpebral areas 0.3 to 0.75 of

glabellar width, posterior areas widening
or narrowing (sag.) outward; librigenae
with genal spines or blunt genal angles.
Thorax unknown. V.Cam.

Raymondina T. H. CLARK, 1924 [OR. ,'especial
,=Raymolldia KOBAYASHI, 1935]. Strongly con
vex, subquaurate glabella with broauly rounded
front, 2 pairs of faint lateral furrows, posterior
pair appearing in some as 2 connected pits; an·
terior boruer furrow may be very faint; eyes
below medium size; lixigenae with palpebral areas
0.2 of glabellar width; librigenae narrow, genal
angles narrow. Thorax anu pygidium unknown
(188, 192). U.Cam.(Trempeal.), E.Can.--FIG,
222,5. 'R, respeeta, Que.; 5a,b, cran., dorsal (with
librigena), profile, X4 (188, 192).

Amquia RASETTJ, 1946 [OA. tl'llneala]. Narrowly
tapering glabella without lateral furrows; an
terior border furrow deep, anterior border moui
fied; eye ridges uistinct; lixigenae with palpebral
areas more than 0.7 of glabellar width; Jibrigenae
narrow elongate, with bluntly pointed genal
angles. Thorax and pygidium unknown (193).
U.Cam. (Dresbach.) , E.Can.--FIG. 222,9. ·A.
trllneala, Que.; 9a,b, cran., uorsal (with libri
gena), profile, X8 (193).

Brassicieephalus LocmIA'C, 1940 [.B. plIlehellus].
Subquadrate glabella with rounded front; pre-

10
GiophurU5

FIG. 221. Glaphuridae (p. 0298).
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FIG. 222. Raymondinidae (p. 0299-0301).

glabellar field very narrow or absent, anterior
border furrow faint or obsolete; eye ridges nar
row; fixigenae with palpebral areas 0.5 to 0.75
of glabellar width; librigenae, thorax and pygi
dium unknown (132). U.Cam.(Dresbach.) , N.
Am.--FIG. 222,3. "B. pulchellus, Mo.; 3a-c,
cran., dorsal, front, profile, X 6 (132).

Llanoaspidella TASCH, 1951 ["L. warriorsmarken
sis]. Tapering glabella, front nearly straight, with
3 pairs of short lateral furrows; preglabellar
field interrupted at mid-length (sag.) by exten
sion of anterior border, anterior border furrow
broken and curved back to preglabellar furrow;
eyes small; fixigenae with palpebral areas more
than 0.5 of glabellar width, posterior areas sub·
triangular. Librigenae, thorax, and pygidium un·
known (291). U.Cam. (Dresbach.) , E.USA.--

FIG. 222,6. "L. warriorsmarkensis, Pa.; 6a,b,
cran., dorsal, profile, X2.75 (291).

Paracedaria DUNCAN in LOCHMAN & DUNCAN [pro
Pilgrimia DUNCAN, 1944 (non OSBORN, 1925)]
["Pilgrimia montanensis DUNCAN in LOCHMAN
& DUNCAN, 1944]. Tapering glabella, front
narrowly rounded, with 2 pairs of faint lat·
eral furrows; eye ridges distinct; fixigenae with
palpebral areas 0.5 of glabellar width; librigenae
narrow, with long genal spines. Pygidium broadly
transverse, axis tapered to rounded end, 5 or 6
axial rings, 4 pleurae, pleural furrows and inter
p1s::ural grooves turning sharply back at faint
border furrow and continuing onto border (132).
U.Cam.(Dresbach.) , W.USA.--FIG. 222,7. "P.
montanensis (DUNCAN), Mont.; 7a,b, cran., dorsal,
profile, X2; 7c, librigena, 7d, pyg., X3 (132).

© 2009 University of Kansas Paleontological Institute



Ptychopariida-Ptychopariina-Norwoodiacea 0301

Subfamily CEDARIINAE Raymond, 1937
[nom. Iransl. LocHMAN·BALK, 1953 <ex Cedariid"

RAYMOND, 1937»)

Tapering glabella with 3 pairs of faint or
obsolete lateral furrows; preglabellar field
present; eyes of medium size, opposite or
very slightly anterior to center of glabella;
fixigenae horizontal, with palpebral areas
about 0.3 of glabellar width, posterior areas
widening (sag.) outward; librigenae with
medium-length genal spines. Thorax of 7
segments. V.Cam.
Cedaria WALCOTT, 1924 ["C. prolifiea]. Facial su

tures with anterior and posterior sections tending
to ;['Jproach each other so as to meet and fuse
below eyes; no glabellar furrows. Pygidium semi
circn1ar, with long, low, tapered axis, 5 or 6 axial
rings, 4 or 5 pleurae, and shallow border fur
row (321). U.Cam.(Dresbaeh.) , N.Am.--FIG.
22:~,1. "C. prolifiea, Ala.; exoskel., X I (321).

Cedal'ina LOCHMAN, 1940 ["C. vale]. Facial sutures
with anterior sections diverging only slightly;
glabella smooth or with 3 pairs of very faint
lateral furrows. Pygidium narrowly transverse;
axis tapered, with 2 to 5 axial rings; 3 pleurae;
narrow border furrow, border may have pair of
small anterior marginal spines (132). U.Cam.
(Dresbach.), N.Am.--FIG. 222,2. "C. vale, Mo.;
2a,b, cran., dorsal, profile; 2e, librigena; 2d, pyg.;
all X3 (132).

Subfamily LLANOASPlDINAE Lochman, 1944
[nom. correct. LOCHMAN·BALK, herein (ex Llanoaspinae

LOCHMAN, 1944») [=Genevievellidae HUPE, 19531

Glabella tapering to subquadrate, with 3
pairs of short lateral furrows; preglabellar
field present or absent; eyes below medium
size, posterior to center of glabella; fixigenae
upsloping, with palpebral areas 05 of gla
bellar width to equal, posterior areas may
widen (sag.) outward; librigenae with short
genal spines. Thorax unknown. V.Cam.
Llanoaspis LOCHMAN, 1938 ["L. modesta]. [=Rog-

ersvillia HupF., 1955]. Tapering to subquadrate
glabella, front flatly rounded; no preglabellar
field, anterior border furrow running straight into
or curving back to axial furrows, anterior border
may undulate; eye ridges faint; fixigenae with
palpebral areas 0.5 to 0.7 of glabellar width.
Pygidium broadly transverse, with 6 to 8 axial
rings and 6 pleurae, interpleural grooves curving
back across faint border furrow on to border, pos
terior margin sinuous (132). U.Cam. (Dresbach.) ,
N.Am.--FIG. 222,10. "L. modesta, Tex.; lOa,
cran.; 10b-d, pyg., dorsal, profile, back; all X3
(132).

Arcuolimbus PALMER, 1954 ["A. eonvexus]. Taper
ing glabella with front broadly rounded; preglabel-

FIG. 223 "Areuolimbus convexus PALMER (Cedarii
dae), U.Cam.( Dresbach.), Tex.; a,b, cran., pyg., X 4

(440).

lar field present, anterior border furrow narrow and
sinuous; eye ridges faint; fixigenae with palpebral
areas more than 0.3 of glabellar width, posterior
areas narrow (exsag.) , medium in length (tr.).
Pygidium nearly circular, strongly convex; with
6 axial rings and terminal; pleural fields steeply
sloping, with 5 pleurae, shallow pleural furrows;
no border furrow, posterior margin curving up
ward to median line. Surface smooth. U.Cam.
(Dresbach.), C.USA.--FIG. 223. "A. convexus,
Tex.; a,b, cran., pyg., X4 (440).

Genevievella LOCHMA:\', 1936 ["G. neunia]
[=Stenelymus RAYMOND, 1937]. Tapering gla
bella with broadly rounded front; preglabellar
field narrow or absent, anterior border furrow
broad; eye ridges distinct; fixigenae with
palpebral areas about 0.5 of glabellar width.
Pygidium semicircular; axis tapered to narrow
end, with 4 to 6 axial rings; 4 or 5 pleurae, in
terpleural grooves curving back and fading out
on border; no border furrow (123, 132). U.Cam.
(Dresbach.), N.Am.--FIG. 222,8. "G. neunia,
Mo.; 8a,b, cran., dorsal, profile; 8e, librigena;
8d, pyg.; all X3 (123).

Metisaspis RASETTI, 1946 ["M. Izispida]. Low
tapering glabella with truncate front; preglabel
lar field present; eye ridges distinct; fixigenae
with palpebral areas same in width as glabella.
Pygidium ovate; axis tapered slightly to rounded
end, with 6 axial rings; 4 pleurae, interpleural
grooves curving back to shallow border furrow;
border narrow (193). U.Cam. (Dresbach.) , E.
Can.--FIG. 222,4. "'M. hispida, Que.; 4a-c,
cran., dorsal, front, profile; 4d, librigena, 4e,
pyg.; all X2 (193).

Superfamily NORWOODIACEA
Walcott, 1916

[nom. transl. LOCHMAN~BALK, herein (ex Norwoodidae WAL

COTT, 1916)] [=Norwoodiidea RICllTER, 1933]

Exoskeleton proparian or gonatoparian,
micropygous or heteropygous. Glabella
mostly tapering forward, with or without
lateral furrows; preglabellar field present,
with or without boss in front of glabella;
cephalic border distinct. Thorax varying
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FIG. 224. Norwoodiidae (p. 0302-0303).

widely in number of segments (5 to 42),
axis subequal in width to pleurae or nar
rower. Pygidium transverse to subcircular,
generally small. M.Carn.-L.Ord.

Family NORWOODnDAE Walcott, 1916
[nom. correct. RICHTER, 1933 (ex Norwoodidae WALCOTT,

1916) ]

Exoskeleton proparian, ovate, heteropyg
ous. Glabella tapering to parallel-sided, lat
eral furrows present or absent; eye ridges
and occipital spine may be present; eyes be
low medium size to small, opposite anterior
part of glabella; fixigenae horizontal or
slightly downsloping; librigenae triangu
lar. Thorax with 5 to 9 segments, axis nar
rower than pleurae, pleural furrows dis
tinct, axial nodes or spines commonly pres
ent. Pygidium transverse, with axis tapered
nearly full length to rounded end, narrower
than pleural fields, border narrow. Outer
surface granulose or smooth. Polyphyletic
derivation. V.Carn.-L.Ord.
Norwoodia WALCOTT, 1916 ["N. gracilis] [=Whit

fieldina RESSER, 1937]. Glabella with 3 pairs of
short, faint lateral furrows, axial and occipital
furrows distinct; preglabellar field long (sag.),
anterior border furrow commonly broad, fixigenae
with palpebral areas 0.5 of glabellar width, pos
terior areas very large, with long slender genal

spines. Thorax with 9 segments, some with axial
spine. Pygidium small, with 3 axial rings and 3
pleurae, narrow border furrow and border (316).
U.Cam.(Dresbach.), N.Am.--FIG. 224,2. "N.
gracilis, Ala.; exoskel., X4 (316).

Hardyoides KOBAYASHI, 1938 ["H. minor] [=Levi
saspis RASETTI, 1943]. Glabella parallel-sided or
with sides diverging slightly to rounded front,
lateral furrows short and faint, visible only on
interior; anterior and lateral border furrows
broad, very shallow; eye ridges faint, narrow;
occipital node may be present; eyes very small,
opposite front of glabella; fixigenae with palpe
bral areas 0.5 of glabellar width, posterior areas
large, quadrate, with short, flat genal spines.
Thorax with 5 segments. Pygidium narrow-trans
verse, 3 or 4 axial rings and pleurae, all furrows
tending to obsolescence, border narrow (187). L.
Ord.(Tremadoc.), N.Am.--FIG. 224,4. "H.
typicalis (RASETTI), Que.; exoskel., X5 (187).

Holcacephalus RESSER, 1938 ["H. granulatus]
[=Norwoodina LaCHMAN, 1940]. Glabella taper
ing, with 3 pairs of short deep lateral furrows,
short occipital spine; eye ridges distinct, nearly
straight, eyes opposite anterior OJ of glabella;
fixigenae with palpebral areas as wide as glabella
or wider, posterior areas rectangular, with genal
spines of medium size. Thorax with 8 segments,
bearing axial spines on 3, 5, and 7. Pygidium
small, wi th 3 axial rings and 3 pleurae, border
furrow faint, border narrow (126, 127). U.Cam.
(Dresbach.), N.Am.--FIG. 224,lc-f. "H. granu-
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FIG. 225. Menomoniidae (p. 0303-0304).

latus, Tenn.; le,d, cran., dorsal, profile, X6; Ie,!,
pyg., dorsal, profile, X6.--FIG. 224, la,b, H.
tenerus (WALCOTT), Utah; la, exoskeI., X6; lb,
ceph., profile, X6 (316).

Norwoodella RESSER, 1938 [*Norwoodia satJordi
WALCOTT, 1916]. Glabellar furrows, anterior and
lateral border furrows obsolete on exterior, faint
or obsolete on interior, all other furrows faint on
exterior; frontal area about 0.3 of length of
glabella; fixigenae with extremely narrow palpe
bral areas, posterior areas long (tr.) with stout
medium-sized genal spines. Thorax with 8 seg
ments. Pygidium very small, with 3 axial rings
and 3 pleurae, border furrow obsolete, border
very narrow (126). U.Cam.(Dl'esbaeh.), N.Am.
--FIG. 224,3. *N. satJordi (WALCOTT), Tenn.;
3a, exoskeI., X4; 3b, cran., profile, X4 (235,
316).

Paranorwoodia RASETTI, 1945 [*P. venusta]. Gla
bella parallel-sided to rounded front, without lat
eral furrows; axial, anterior and lateral border
furrows shallow; no occipital spine; eye ridges
faint, eyes very small, opposite front of glabella;
fixigenae with palpebral areas wider than glabella,
posterior areas large, subquadrate, with short,
thick, curved genal spines. Pygidium unknown
(189). U.Cam.(Tmnpeal.), E.Can.--FIG. 224,5.
lOP. venusta, Que., 5a,b, ceph., dorsal, profile,
X6 (189).

Family MENOMONIIDAE Walcott, 1916
[nom. correct. RICHTER, 1933 (ex M(:nomonidae WALCOTT,

1916) I
Exoskeleton micropygous, gonatoparian,

elongate-elliptical. Facial sutures with an
terior sections running straight forward or

diverging slightly, posterior sections cutting
exactly through center of genal angles;
glabella truncate-tapering to subtriangular,
with 2 or 3 pairs of short lateral furrows;
preglabellar field depressed, anterior bor
der commonly upturned or rimlike, occi
pital spine may be present; eyes small, an
terior to center of glabella, may be stalked;
fixigenae upsloping to elevated, with palpe
bral areas of variable width, posterior areas
of medium to great length (Ir.); librigenae
triangular to rectangular. Thorax with 42
or fewer segments, axis and pleurae sub
equal in width, pleurae blunt-ended. Pygi
dium subcircular, axis extending nearly full
length with 1 to 3 axial rings; pleural re
gions slightly narrower, furrows faint. Sur
face granulose. Derived from Ptycho
pariidae. M.Cam.-U.Cam.

Menomonia WALCOTT, 1916 [*Conoeeplzalites ca/y
menoides WHITFIELD, 1878]. Glabella truncate
tapering, with 2 pairs of lateral furrows; pre
glabellar field concave, anterior border wide, con
vex; eyes small, opposite front of glabella; fixi
genae steeply upsloping, with palpebral areas 0.7
of glabellar width, posterior areas long (tr.);
librigenae large, triangular. Thorax with 42 seg
ments. Pygidium minute; axis convex, with 2 or
3 axial rings; pleural regions low, narrow (316).
U.Cam.(Dl'esbaeh.), N.Am.--FIG. 225,4. *M.
calymenoides (WHITFIELD), Wis.; 4a, cran., dor
sal (with librigena), X2; 4b, thorax and pyg.;
X2 (316).
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FIG. 226. •Deimcephalus aster (WALCOTT) (Meno
moniidae), U.Cam.(Dresbach.} , Tenn.; ceph., X4

(488).

Bolaspidella RESSER, 1937 [.Ptychoparia IlOusensis
WALCOTT, 1886] [=Hysteropleura, Apedopyanus
RA~MOND, 1937; Deltophthalmus RESSER, 1938;
Detssella HOWELL & DUNCAN, 1939; Howellaspis
LOCHMAN & DENSON, 1944]. Glabella truncate
tapering, lateral furrows strong to faint; pre
glabellar field horizontal, flat or slightly convex,
anterior border strongly convex; eye ridges dis
tinct to faint; occipital spine may be present;
fixigenae steeply upsloping to elevated, so that
eyes may appear stalked, with palpebral areas
about same in width as glabella, posterior areas
long; librigenae elongate triangular. Thorax
with at least 15 segments. Pygidium very
small, with 3 axial rings, 3 pleurae (132,
213). Up.M.Cam.-Low.U.Cam.(Dresbach.}, N.Am.
--FIG. 225,la,b. B. wellsvillensis (LOCHMAN &

DENSO~), Up.M.Cam., Utah; la,b, cran., dorsal,
profile, X4 (132).--FIG. 225,lc. B. macgerriglei
(RAYMOND), Vt.; cran. (with Iibrigena), X4
(213).

Coenaspis RESSER, 1938 [·C. spectabilis). Glabella
short, tapering, with 2 pairs of lateral furrows;
preglabellar field depressed, anterior border fur
row narrow, border narrow, rimlike; eyes small,
anterior to center of glabella; occipital spine may
be ~resent; fixigena.e steeply upsloping, eyes ap
peanng stalked, With palpebral areas same in
width as glabella, posterior areas wide, triangu
lar, long (tr.); librigenae, thorax, and pygidium
unknown. Surface with granules of 2 sizes (235).
U.Cam. (Dresbach.) , E.N.Am.

Deiracephalus RESSER, Feb. 1935 [.Acrocephalites?
aster WALCOTT, 1916] [=Asteraspis KOBAYASHI,
N~v. 1935 (obj.) J. Glabella subtriangular, with 3
pairs of short lateral furrows; preglabellar field
downsloping, with median ridge that interrupts
antenor border furrow, anterior border rimlike'
occipital spine present; eye ridges straight, eye~
small, nearly opposite center of glabella; fixigenae
upsloping, with palpebral areas 0.7 of glabellar
width, posterior areas wide, triangular, long (tr.);
librigenae triangular, lateral border furrow narrow
genal angles rounded. Thorax and pygidium un:
known. Surface granulose (235). U.Cam.(Dres-

bach.}, S.USA.--FIG. 226. *D. aster (WAL
COTT), Tenn.; ceph., X4 (488).

Densonella SHAW, 1952 [pro Millardia WALCOTT
1916 (non THOMAS, 1911)] [·Millardia semel;
W~LCOTT, 1916]. Glabella subtriangular, with 3
paIrS of short lateral furrows; preglabellar field
concave, anterior border upturned; eyes opposite
front of glabella, fixigenae strongly elevated, so
that eyes appear stalked, with palpebral areas
about equal in width to glabella, posterior areas
very long (tr.); librigenae rectangular. Thorax
with 23 segments, pleurae slightly wider than
axis. Pygidium small, with axis and pleural
fields same in width, 2 or 3 axial rings (316).
Surface granulose with longitudinal rows of
granules on glabella and thoracic axis. U.Cam.
(Dresbach.), N.Am.--FIG. 225,2. "'D. semele
(WALCOTT), Utah; 2a,b, ceph., dorsal, profile,
X4; 2c, thorax and pyg., X4 (316).

Dresbachia WALCOTT, 1916 [•D. amata]. Glabella
triangular, with 3 pairs of short diagonal lateral
furrows; preglabellar field a very narrow (tr.)
lIat strip, anterior border a small rim; eyes in
front of glabella opposite preglabellar field; fixi
genae modified, with palpebral areas developed
as vertical strips on each side of preglabellar field
bearing horizontal palpebral lobes at top, pos
terior areas wide (sag.), very long (tr.), sub
rectangular; librigenae rectangular, with elevated
eyes at inner angle. Thorax with about 32 seg
ments, pleural furrows short. Pygidium minute
(316). U.Cam.(Dresbach.} , N.Am.--FIG. 225,
3. ·D. amata, Wis.; 3a.b, thorax and pyg., dorsal,
profile; 3c, cran.; 3d, ceph., profile; 3e, librigena;
all X3.5 (316, 447).

Family BOLASPIDIDAE Howell, nov.

Preglabellar field wide (sag.), bearing a
boss in front of glabella; glabella subtri
angular or gently tapering, lateral fur
rows shallow or absent; border well devel
oped, more or less thickened; palpebral
lobes small; axial and occipital furrows
distinct; occipital ring with or without a
spine. M.Cam.
Bolaspis RESSER, 1935 [.Alokistocare? labrosum

WALCOTT, 1916]. Glabella subtriangular, bearing
one or more pairs of lateral furrows; cranidium
bluntly subtriangular in outline, somewhat re
sembling Acrocephalops but anterior portion nar
rower; each fixigena wider than glabella; border
thickened and prominent; occipital ring heavy,
in some forms bearing a spine. Surface punctate
or granulose. M.Cam., NW.USA.--FIG. 227,4.
.B. labrosa (WALCOTT), Meagher F., Mont.; cran.,
xU (488).

Acrocephalops POULSEN, 1927 [·A. gibber]. Gla
bella rather narrow, gently tapering; lateral
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FIG. 227. Bolaspididae (p. 0304-0305).

Bolaspis

Eldoradia

Rawlinsella

Acrocepholops

3

ent; eye ridges commonly present, eyes
medium in size, about opposite center of
glabella; fixigenae horizontal, sloping slight-

Superfamily MARJUMIACEA
Kobayashi, 1935

[nom. transl. LaCHMAN-BALK, herein (ex Marjumidae
KOBAYASHI, 1935)]

Exoskeleton opisthoparian, medium-sized,
ellipsoidal, mostly heteropygous (isopygous
in Coosellidae). Glabella tapering forward
or quadrate, with 2 or 3 pairs of lateral
glabellar furrows; preglabellar field may be
absent, anterior border furrow distinct, but
variable in width and depth; librigenae
generally bearing short to medium-length
genal spines. Thorax containing up to 14
pleurae with blunt or somewhat falcate ex
tremities, distinctly furrowed. Pygidium
transverse, with axis extending nearly full
length, border narrow or absent, border
furrow narrow or obsolete. Surface smooth
or finely granulose. M.Cam.-L.Ord.

Family MARJUMIIDAE Kobayashi, 1935
[nom. correct. HENNINGSMOEN, 1951 (pro Marjumidae Ko
BAYASHI, 1935)] (=Punctulariidae RAYMOND, 1937; Talbotini·

dae, HUPE, 1953]

Exoskeleton opisthoparian, elliptical,
heteropygous. Glabella narrowly to broadly
tapering forward, front rounded, lateral
furrows present or absent, other furrows
well defined; occipital spine may be pres-

furrows present; each fixigena about as wide as
glabella; cranidium bluntly subtriangular in
form, anterior portion narrower than in the other
genera of family except Bolaspis; border thick
ened, but not so much as in Eldoradia; no occi
pital spine. Surface granulose or lined. M.Cam.
Arct.N.Am.--FIG. 227,1. "A. gibber POULSEN,
Cape Wood F., N.W.Green!.; cran., X8 (445).

Eldoradia RESSER, 1935 ["Ptychoparia? linnarssoni
WALCOTT, 1884]. Front half of cranidium more
quadrate than in Acrocephalops and Bolaspis;
each fixigena wider than glabella, which tapers
gently and bears faint lateral furrows or none;
border ill defined, anterior furrow faint; small
palpebral lobes located about in line with front
of glabella; no spine on occipital ring. Surface
punctate. M.Cam., W.USA.--FIG. 227,3. "E.
linnarssoni (WALCOTT), Eldorado F., Nev.; cran.,
X3 (457).

Rawlinsella SHAW, 1956 [*Aerocephalites? glomera
tus WALCOTT, 1916]. Glabella tapering slightly,
bluntly rounded in front; axial furrows deep,
with pits at anterolateral angles of glabella; each
fixigena as wide as glabella; border widest in
middle, tapering laterally. M.Cam., W.USA.-
FIG. 227,2. "R. glomerata (WALCOTT), Buck
Spring R., Wyo.; cran., X2 (488).
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ly upward or downward, with palpebral
areas 0.25 to 0.5 of glabellar width, pos
terior areas straplike; librigenae with me
dium to short genal spines. Thorax with
14 or fewer segments; axis convex, with one
or more axial spines; pleurae wider and
lower than axis, ends blunt or falcate.
Pygidium transverse; axis convex, tapered
nearly full length to broadly rounded end,
may be wider or narrower than pleural
fields, all furrows distinct except faint or
obsolete border furrow; axial rings and
pleurae 3 or 4; as many as 5 pairs of short
marginal spines. Surface finely granulose,
rarely punctate, inner surface commonly
punctate, with or without prominent ana
stomosing venations on cephalon. Poly
phyletic derivation from various genera of
Ptychopariidae. M.Cam.-U.Cam.
Marjumia WALCOTT, 1916 [OM. typa]. Glabella

narrowly tapering, with 3 pairs of lateral fur
rows; eye ridges distinct; fixigenae with palpe
bral areas less than 0.5 of glabellar width, pos
terior areas long (tr.); librigenae with broad eye
platforms and short, flat genal spines. Thorax
with 14 segments, pleurae falcate. Pygidium with
axis and pleural fields of same width, border
very narrow, 1 to 4 pairs of marginal spines
(317). Vp.M.Cam., N.Am.--FIG. 228,1. ·M.
typa, Utah; exoskel. Xl (317).

Aposolenopleura RAYMOND, 1937 [0A. dunbari]
[=Punctularia RAYMOND, 1937]. Glabella convex
tapering, with 2 or 3 pairs of short faint lateral
furrows; preglabellar field may be very narrow;
eye ridges faint; fixigenae with palpebral areas
about 0.5 of glabellar width. posterior areas me
dium in length (tr.). Librigenae, thorax, and
pygidium unknown (188. 189). V.Cam.(Trem
peal.), E.USA.--PIG. 228,lOa,b. •A. dunbari,
Vt.; lOa,b, cran., dorsal, profile, X3 (188).-
FIG. 228,lOc,d. "'A. quebecensis (RASETTI), Que.;
lOc,d, cran., dorsal, profile, X8 (189).

Bellaspis RASETTI, 1945 [0B. billingsi]. Glabella
broadly tapering, with 2 pairs of faint lateral
furrows; palpebral furrows well defined, eye
ridges faint or absent; fixigenae with palpebral
areas about 0.25 of glabellar width, posterior areas
medium in length (tr.). Librigenae, thorax, and
pygidium unknown (189). V.Cam.(Trempeal.) ,
E.N.Am.--FIG. 228.6. ·B. billingsi, Que.; 6a,b,
cran., dorsal, profile, X5 (189).

Bemaspis FREDERICKSON, 1949 [·B. gouldi]. Gla
bella convex, keeled, truncate-tapering, with 2
pairs of short diagonal lateral furrows; with
preglabellar field and distinct anterior border fur
row, anterior border narrow; eye ridges faint,
palpebral furrows shallow, palpebral rims pres
ent, eyes below medium size, opposite center of

glabella; fixigenae horizontal, with palpebral
areas almost 0.5 of glabellar width, posterior areas
triangular, medium in width (exsag.) , 0.75 of
length (tr.) of occipital ring. Librigenae, thorax.
and pygidium unknown. Surface finely granulose.
V.Cam.(Francon.), C.USA(Okla.).

Crepichilella WILSON, 1951 (·C. antietamensis].
Glabella narrowly tapering, with 3 pairs of
lateral furrows, anterior border furrow may have
median inward bend; eyes slightly posterior to
center of glabella; fixigenae with palpebral areas
a little less than 0.3 of glabellar width, posterior
areas long (tr.). Librigenae, thorax, and pygidium
unknown (363). V.Cam.( Francon.) , E.N.Am.

Deadwoodia RESSER, 1938 ['Ptychoparia (Liostra
cus) panope WALCOTT, 1890]. Glabella broadly
tapering, with 2 pairs of very faint lateral fur
rows; eye ridges narrow; fixigenae with palpebral
areas 0.5 of glabellar width, posterior areas of
medium length (tr.); librigenae with slender
genal spines. Pygidium unknown (363). V.Cam.
(Francon.) , N.Am.--PIG. 228,9. D. duris
(WALCOTT), Pa.; 9a-c, cran., dorsal, profile, front,
X2; 9d, librigena, X2 (497).

Dellea WILSON, 1949 ["'D. wilbernsensis (='Pty
choparia suada WALCOTT, 1890)]. Glabella taper
ing, with 2 or 3 pairs of faint lateral furrows;
eye ridges narrow; fixigenae with palpebral areas
about 0.3 of glabellar width, posterior areas me
dium in length (tr.); librigenae with slender genal
spines. Thorax unknown. Pygidium with axis
and pleural fields of same width, axis 0.75 of
length of pygidium, border narrow (363). V.
Cam.(Francon.), N.Am.--PIG. 228,8. ·D.
mada (WALCOTT), Tex.; 8a,b, cran., dorsal, pro
file; 8c, librigena; 8d, pyg.; all X2 (363).

Eshelmania WILSON, 1951 ["'E. snoburgensisJ. Gla
bella elongate, tapering, with 3 pairs of lateral
furrows; eye ridges narrow; fixigenae with palpe
bral areas about 0.3 of glabellar width, posterior
areas long (tr.). Librigenae, thorax, and pygidium
unknown (363). V.Cam.(Francon.) , E.N.Am.

Lecanopleura RAYMOND, 1937 ['L. interrupta].
Glabella narrowly tapering, no lateral furrows
or eye ridges, eyes slightly anterior to center of
glabella; fixigenae with palpebral areas about 0.25
of glabellar width, posterior areas medium in
length ( tr.). Librigenae, thorax, and pygidium
unknown (213). Vp.M.Cam.-V.Cam., E.N.Am.

Modocia WALCOTT, 1924 [ •Arionellus (Crepiceph
altls) oweni MEEK & HAYDEN, 1861] [=Armonia
WALCOTT, 1924; Metisia RESSER, 1937; Semno
cephalus RESSER, 1942]. Glabella tapering, nar
rowly rounded in front, with 3 pairs of faint to
obsolete, short lateral furrows; anterior border
furrow straight or with median inward bend; eye
ridges faint or absent, eyes below medium size;
fixigenae downsloping, with palpebral areas about
0.5 of glabellar width, posterior areas subtri·
angular, long (tr.); librigenae rectangular, with
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FIG. 228. Lonchocephalidae, Marjumiidae (p. 0279-0280, 0306-0309).
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FIG. 229. Marjumiidae (p. 0308-0309).

genal spines variable in length. Thorax with 14
segments, pleurae blunt. Pygidium narrowly trans
verse, with convex axis about same in width as
pleural fields, with 3 axial rings and terminal,
may have median indentation; 3 pleurae with
deep pleural furrows, interpleural grooves faint
to distinct, border furrow obsolete, narrow poorly
defined border, may have pairs of very small an
terior marginal spines (132, 162, 321). Up.M.
Cam.-U.Cam., N.Am.--FIG. 228,2a. M. elon
gata (WALCOTT), Dresbach., Ala.; exoskel., XI
(317).--FlG. 228,2b-e. M. metisensis (WAL
COTT), Up.M.Cam., Que.; 2b,c, cran., dorsal (with
librigena), profile, X2; 2d,e, pyg., dorsal, pro
file, X2 (308).--Flc. 229,2. ·M. oweni (MEEK
& HAYDEN), Up.M.Cam.-Low.U.Cam. (Dresbach.) ,
Wyo.; 2a,b, ceph., pyg., X4 (162,321).

Nasocephalus WILSON, 1954 [·N. nasmus]. Glabella
low, broadly tapering, front moderately rounded
or nearly straight, with 3 pairs of short lateral
furrows; occipital spine or small node present;
preglabellar field narrow or absent, anterior bor
der wide, may be markedly prolonged; eye ridges
narrow, faint, eyes slightly below medium size,
opposite center of glabella; fixigenae horizontal
or slightly upsloping, with palpebral areas about
0.3 of glabellar width, posterior areas narrow,
short (tr.).. librigenae narrow, elongate, with
short flat genal spines. Pygidium small, transverse,

convex; axis and pleural fields of same width,
with 3 axial rings and terminal, 2 or 3 inter
pleural grooves, pleural furrows very faint or
obsolete, no marginal furrow. Surface smooth.
Low.U.Cam.(Dresbach.) , SE.N.Am.-NW.Eu.-
Flc. 229,3. ·N. nasutus, Tex.; a,b, ceph., dorsal,
profile, X4; 2c, pyg., X4 (364).

Neotaenicephalus KOBAYASHI, 1955 [·N. obsoletus].
Glabella tapering, with straight front, no lateral
furrows; eye ridges very faint, with pair of an
terior pits in axial furrows; fixigenae up
sloping, with palpebral areas 0.5 of glabellar
width, posterior areas narrow (exsag.), triangular.
L.Ord.(Tl'emadoc.), W.Can.(B.C.).

Nerida WESTERGARD, 1948 [·N. quinquedentata].
Glabella narrowly tapering, with 3 pairs of faint
lateral furrows; eye ridges narrow, eyes slightly
anterior to center of glabella; fixigenae with
palpebral areas 0.5 of glabellar width, posterior
areas subtriangular, long (tr.) .. librigenae with
medium-length, slender genal spines. Thorax
with 12 segments, pleurae with short spines.
Pygidium with axis narrower than pleural
fields, border furrows faint, interpleural grooves
ru nning on to border, 5 pairs small marginal
spines (336). Up.M.Cam., W.Eu.--FIG. 228,3.
.N. quinquedentata, Swed.(Ullavi); 3a, incompl.
exoskcI., X2; 3b, librigena, X2 (336).
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Obrucheviaspis IVSHIN, 1953 [*0. inomata]. Simi
lar to Del/ea, V.Cam., SW.Sib.

Shickshockia RASETTI, 1946 [*S. cristata]. Glabella
broadly tapering, narrowly rounded in front, lack
ing lateral furrows; no eye ridges, occipital
spine present; fixigenae with palpebral areas 0.25
of glabellar width, posterior areas of medium
length (tr.); librigenae with very short genal
spines. Strong axial spine on one or more thoracic
segments. Pygidium with convex axis, wider than
pleural regions, large axial spine on 1st ring,
border narrow (193). V.Cam.(Dresbach.)., E.N.
Am.--FIG. 228,7. S. cristata, Que. (Gaspe) ;
7a-c, cran., dorsal, front, profile; 7d, librigena;
7e-g, pyg., dorsal, back, profile; all X2.5 (193).

Solenoparia KOBAYASHI, 1935 [*Ptychoparia (Lio
stracus) toxeus WALCOTT, 1905]. Glabella convex,
tapering to narrowly rounded front, without lat
eral furrows; frontal area wide (tr.); fixigenae
convex, downsloping, eye ridges faint, eyes slightly
in front of glabellar mid-length, palpebral areas
about 0.5 of glabellar width, posterior areas tri
angular. Pygidium subtriangular, with axis and
pleural fields about equally wide, 5 to 7 axial
rings and pleurae, interpleural grooves distinct,
pleural furrows faint to obsolete; border very nar
row, border furrow faint. Surface granulose. M.
Cam., Asia-W.Austral.--FIG. 229,1. *S. toxea
(WALCOTT), China(Shantung); cran., X3 (488).

Taenicephalina RASETTI, 1945 [*T. lechevalieri].
Glabella short, tapering, with 3 pairs of faint
short lateral furrows, deep axial furrows; eye
ridges faint, eyes below medium size; fixigenae
downsloping, with palpebral areas about 0.3 of
glabellar width, posterior areas triangular, 0.7 of
length (tr.) of occipital ring. Librigenae, thorax
and pygidium unknown. Surface smooth (189).
U.Cam.(Trempeal.) , E.Can.(Que.).

Urbanaspis IvsHlN, 1956 [*U. notabilis]. Similar
to Deadwoodia, U.Cam., SW.Sib.

Vermilionites KOBAYASHI, 1955 ["'V. bisulcatus].
Glabella narrow, tapering, no lateral furrows;
eye ridges present, eyes above medium size; fixi
genae with palpebral areas about 0.3 of glabellar
width, posterior areas straplike. Surface sparsely
granulose. L.Ord.(Tremadoc.) , W.Can.(B.C.).

Yabeia RESSER & ENDO, in ENDO & RESSER, 1937
["'Y. laevigata]. Glabella narrow, tapering, lateral
furrows faint or absent; anterior border furrow
obsolete; eye ridges faint or absent, eyes below me
dium size; fixigenae with palpebral areas 0.5 of
glabellar width, posterior areas medium in length
(tr.). Pygidium subtriangular, axis convex, wider
than low flat pleural regions, interpleural grooves
and border furrow obsolete, narrow pleural fur
rows run to base of short marginal spines (5 pairs)
(37). M.Cam., NE.Asia.--FIG. 229,4. *Y. laevi
gata, Manch.; 4a,b, cran., pyg., X4 (37). [Yabeia
KOBAYASHI, 1935, attributed to RESSER & ENDO, is
nom. nud.-ED.]

Family COOSELLIDAE Palmer, 1954
l,m,nd. LOCHMAN, 1956]

Exoskeleton opisthoparian, isopygous.
Glabella short to elongate tapering, with
rounded front, 3 pairs of faint to obsolete
lateral furrows; anterior border furrow
variable in width and depth; palpebral lobes
and shallow palpebral furrows present, eye
ridges faint to obsolete, eyes of medium
size, opposite center of glabella; fixigenae
variable in position, with palpebral areas
0.3 to 0.5 of glabellar width, posterior areas
straplike, narrow (exsag.), 0.5 to 0.7 length
(tr.) of occipital ring; librigenae narrowly
rectangular, with genal spines or rounded
genal angles. Thorax with 11 to 13 seg
ments, axis and pleurae about same in
width (tr.), ends of pleurae bluntly or
sharply pointed. Pygidium semicircular,
with convex axis tapered to a broadly
rounded end, commonly with median
indentation, short postaxial ridge present;
3 or 4 axial rings and terminal, 3 or 4
pleurae; pleural furrows broad, distinct;
interpleural grooves obsolete or narrow,
shallow; border furrow obsolete; border of
medium width to wide. Outer surface fine
ly granulose to smooth. Derived from Pty
chopariidae. U.Cam.(Dresbach.).
Coosella LOCHMAN, 1936 [*C. p,·olificaJ. Glabella

of medium length, tapering to narrow rounded
front, lateral furrows faint; frontal area 0.25
length of cranidium, anterior border furrow
broad and shallow; eye ridges faint; fixigenae
horizontal, with palpebral areas 0.3 to 0.5 of
glabellar width, posterior areas 0.7 of length
(tr.) of occipital ring; librigenae with short genal
spines or rounded angles. Thorax with II or 12
segments, deep furrow in center of pleurae.
Pygidium with axis 0.6 to 0.7 of length; pleural
fields slightly narrower than axis, 4 pleurae with
wide pleural furrows and obsolete or narrow in
terpleural grooves located near next posterior
pleural furrow; border of medium width with
posterior median inbend. Surface finely granulose
(123, 162). U.Cam.(Dresbach.) , N.Am.--FIG.
230,3. *C. prolifica, Mo.; la,b, ceph., pyg., X2.7
(123).

Coosia WALCOTT, 1911 [*C. superba]. Glabella
low, elongate, tapering to rounded front, lateral
furrows obsolete on exterior, all other furrows
faint; frontal area about 0.3 length of cranidium,
border wider than preglabellar field, broad shal
low anterior border furrow; eye ridges obsolete;
fixigenae horizontal or slightly upsloping, with
palpebral areas 0.3 of glabellar width, posterior
areas 0.5 length (tr.) of occipital ring; librigenae
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tapering glabella, no lateral furrows; frontal area
with ill-defined broad shallow anterior border fur
row, other furrows shallow; eye ridges very faint,
eyes of medium size, slightly anterior to center
of glabella; fixigenae downsloping, with posterior
areas short, broadly triangular. Pygidium semi
circular, with wide stout axis, extending 0.75
of its length, 4 or 5 axial rings, postaxial ridge
present; pleural fields regularly convex, with
3 or 4 broad pleurae, furrows faint to obsolete on
exterior and faint on interior; border medium in
width, downsloping, border furrow obsolete. Sur
face smooth. V.Cam.( Dresbach.), N.Am.--FIG.
230,1. *C. aI·iSloll (WALCOTT), Tenn.; la,b, cran.,
do"al, profile; h,d, pyg., dorsal, profile, all
X1.5 (488).

Syspacheilus RESSER, 1938 [*5. Iypicalis]. Glabella
short, broad-based, tapering to narrow rounded
front, lateral furrows faint to obsolete; frontal
area about 0.2 length of cranidium, narrow dis
tinct anterior border furrow; eye ridges faint; fixi
genae horizontal or downsloping, with palpe
bral areas 0.3 to 0.5 of glabellar width, posterior
areas 0.7 length (11'.) of occipital ring. Thorax
with 13 segments, pleural furrows deep, running
to ends of bluntly rounded tips. Pygidium with
axis 0.7 of its length; pleural fields slightly nar
rower than axis, with 4 pleurae, pleural furrows
broad, distinct, 2 or 3 narrow shallow interpleural
grooves; border medium in width, flat or slightly
concave. Surface finely granulose (162). V.Cam.
(Dresbach.), N.Am.--FIG. 230,4. 5. camllrw
LOC:H'IAN, Mo.-Tex.; 4a,b, cran., pyg., X2 (440).

Family PAGODIIDAE Kobayashi, 1935
[110m. correct. HENNINCSMOEN, 1951 (pro Pagodidae

KOBAYASHI, 1935)]

Exoskeleton opisthoparian, heteropygous.
Glabella convex, subcylindrical to quadrate,
lateral furrows, palpebral furrows and
eye ridges may be present; preglabellar field
usually absent; occipital spine may be pres
ent; eyes above medium size to small, oppo
site or anterior to center of glabella; fixi
genae variable in shape and slope; librigenae
with genal spine. Thorax unknown. Pygi
dium transverse; axis tapered nearly full
length; 2 to 6 axial rings and pleurae; bor
der furrow and border narrow. Surface
smooth or granulose. Derived from Pty
chopariidae. M.Cam .-L.Ord.
Pagodia WALCOTT, 1905 [*P. 1010S]. Glabella

subquadrate, sides nearly parallel to broad straight
front, with 2 pairs of short shallow lateral fur
rows; eye ridges faint, eyes about medium in
size; fixigenae downsloping, with palpebral areas
slightly more than 0.3 of glabellar width, pos
terior areas stout, long (11'.). Pygidium transverse;
axis narrower than pleural regions, with 4 aXial

Coosia
lb 1d

1a

lc

Caasina

2b
Syspacheilus

FIG. 230. Coosellidae (p. 0309-0310).

4b

with wide marginal furrow, wide border and broad
based flat genal spines. Thorax with 12 segments,
pleurae with pointed ends, pleural furrow on an
terior portion of pleurae. Pygidiull1 with axis 0.5
to 0.7 of length, pleural fields slightly wider than
axis, 3 or 4 pleurae; all furrows faint to obsolete
on exterior but on interior are broad pleural fur
rows and 2 short shallow interpleural grooves
located near next posterior pleural furrow; border
medium to wide, flat to concave, with slight pos
terior median inward bend. Surface smooth (129,
162). V.Cam.(Dresbac!J.), N.Am.--FIG. 230,2.
*C. superba, Ala.; 2a,b, exoskel., dorsal, profile,
XO.7 (488).

Coosina RASETTI, 1956 [*Maryvillia aI·islon W AL
COTT, 1916 (parlim)]. Cranidium low, with
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glabellar width, posterior areas small, triangular.
Pygidium transverse, with axis twice width of
pleural fields; 3 or 4 axial rings and pleurae;
border furrow very faint, narrow border may have
anterior pair of small spines (37). M.Cam.(Tait
zt/ian) , ~E.Asia.--FIG. 231,3. *A. spinosa,
Manch.; 3a, cran., X6; 3b,c, pyg., X6 (37).
[Aojia KOBAYASHI, 1935, attributed to RESSER &
E~DO, is nom. nt/d.-ED.]

Bienella LOCH MAN, 1944 [*B. problematical. Gla
bella subrectangular, front flatly rounded, with-

rings; 3 broad curved pleurae with faint pleural
furrows; border narrow (315). U.Cam.(Feng
shanian}, E.Asia.--FIG. 231,8. *P. lotos, China
(Shantung); 8a,b, cran.;8c, Jibrigena; 8d,e, pyg.;
all X4 (315).

Aojia RESSER & ENDO, in ENDO & RESSER, 1937 [*A.
spinosa]. Glabella parallel-sided, front broadly
rounded, with 2 pairs of short faint lateral fur
rows; occipilal spine, palpebral furrows, and faint
eye ridges present; eyes above medium size; fixi
genae horizontal, with palpebral areas about 0.3 of

$~
40 Hordyio 4b

Toitzuio6dBienello5bIthycepholus50

Pogodio 90 Cheilacepholus

9b

FIG. 231. Pagodiidae. Cheilocephalidae (p. 0310-0312).
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out lateral furrows, no palpebral furrows or eye
ridges, eyes small; fixigenae downsloping, with
palpebral areas 0.3 of glabellar widt~,. posterior
areas large, long (tr.) triangular. PygldlUm sub
triangular, with axis somewh&t narrower than
pleural regions, 6 axial rings; 3 or 4 wide pleurae;
border narrow, with sinuous median inward bend
(132). V.Cam.(Dresbach.) , N.Am.--FIG. 231,
6. *B. problematica, Mont.; 6a,b, cran., X9, X8;
6c,d, pyg., X9, X8 (\32).

Girandia KOBAYASHI, 1944 (*G. typal (=Giradia
KOBAYASHI, 1944]. Vp.M.Cam., Sib.

Hardyia WALCOTT, 1924 (*H. metion]. Glabella
rectangular, sides parallel to nearly straight .front,
with 2 pairs of short la teral furrows; fixlgenae
horizontal, with palpebral areas 0.5 of glabellar
width, posterior areas long (tr.); triangular. Libri
genae, thorax, and pygidium unknown (321).
L.Ord., W.N.Am.--FIG. 231,4. *H. metion,
Alba.; 4a,b, cran., X6 (321).

1thycephalus RESSER, 1938 (*1. typicalis]. Glabella
low, rectangular, sides parallel to slightly rounded
front, without lateral furrows; anterior border
furrow running into preglabellar furrow; eyes
medium in size, anterior to center of glabella;
fixigenae downsloping, with palpebral areas about
0.5 of glabellar width, posterior areas bluntly
rounded, triangular, longer (tr.) than occipital
ring; posterior border furrow obsolete. Librigenae
thorax and pygidium unknown (235). V.Cam.
(Dresbach.), E.N.Am.--FIG. 231,5. ·1. typicalis,
Tenn.; 5a,b, cran., X7 (425).

Kiowaia FREDERICKSON, 1949 ('OK. timberensis].
Glabella parallel-sided, tumid, with 2 pairs of
shallow arcuate lateral furrows; no preglabellar
field, shallow anterior border furrow tangent to
preglabellar furrow, eye ridges faint, eyes below
medium size, posterior to center of glabella;
fixigenae downsloping, with palpebral areas 0.25
of glabellar width, posterior areas narrow (exsag.) ,
straplike, short (tr.). Librigenae, thorax and
pygidium unknown. Outer surface smooth (48).
U.Cam.(Fl'ancon.) , C.USA.

Lisania WALCOTT, 1911 (·Anomocarella? bUl'a
WALCOTT, 1905]. Glabella parallel-sided, front
slightly rounded with 2 pairs of faint lateral fur
rows; palpebral furrows and eye ridges present,
occipital spine may be present; eyes slightly above
medium size; fixigenae downsloping, with palpe
bral areas about 0.3 of glabellar width, posterior
areas small and short (tr.). Pygidium transverse,
with axis and pleural fields of same width;
3 axial rings; 3 pleurae; border furrow shallow,
border narrow (315). M.Cam., E.Asia.--FIG.
231,1 a,b. *L. bUl'a (WALCOTT), China (Shantung) ;
la,b, cran., X5 (488).--FIG. 231,lc-g. L. alala

(WALCOTT), China(Shantung); ie,d, cran.; le,
librigena; If,g, pyg.; all X4 (315).

Nixonella LOCHMAN, 1944 (*N. montanensis].
Glabella parallel-sided, front broadly rounded,
with 2 pairs of faint lateral furrows; palpebral fur
rows and eye ridges faint, eyes of medium size;
fixigenae horizontal, with palpebral areas 0.5 to
0.7 of glabellar width, posterior areas long (tr.),
stout, triangular. Pygidium transverse, with axis
same as pleural fields in width, 2 axial rings;
2 pleurae; border narrow (132). U.Cam.(Dl'es
bach.), N.Am.--FIG. 231,2. *N. montanensis,
Mont.; 2a,b, cran., X 10; 2c, pyg., X 10 (132).

Taitzuia RESSER & ENDO, 1937 (·T. insueta]. Gla
bella parallel-sided, front nearly straight, without
lateral furrows; palpebral furrows and eye
ridges present, eyes of medium size; fixigenae
horizontal, with palpebral areas less than 0.5 of
glabellar width, posterior areas unknown. Libri
genae and pygidium unknown (37). M.Cam.
(Taitzuian), NE.Asia.--FIG. 231,7. *T. insueta,
Manch.; 7a,b, cran., X3 (37). [Authorship of
genus should be cited as RESSER & ENDO, in ENDO
& RESSER, 1937.J

Family CHEILOCEPHALIDAE Shaw,
1956

Exoskeleton opisthoparian, elliptical, mac
ropygous. Facial sutures cedariiform; gla
bella elongate, lateral furrows and eye
ridges present; preglabellar field absent;
eyes below medium size; fixigenae do~n

sloping; librigenae unknown. Thorax With
more than 9 segments, axis and pleurae o.f
same width (tr.). Pygidium broadly semi
circular, axis tapered nearly full leng~h,

with 5 to 7 axial rings; border furrow dIS
tinct border medium in width. Surface
smo~th. Derived from Ptychopariidae. U.
Cam.

Cheilocephalus BERKEY, 1898 (·C. saint eroixe~sisJ

(=Pseudolisania KOBAYASHI, 1935; Bern/cella
FREDERICKSON, 1949J. Glabella subrectangular,
front nearly straight, up to 4 pairs of faint lat
eral furrows; eye ridges narrow, eyes sm~lI,

opposite anterior 0.3 of glabella; fixigenae With
palpebral areas 0.3 to 0.25 of glabellar wid~,

posterior areas broadly triangular. Tho~a~ With
more than 9 segments. Pygidium semlclrcul~r;

with axis wider than pleural fields, 5 to 7 aXial
rings and pleurae, interpleural grooves distinct,
pleural furrows somewhat weaker, both in some
species crossing shallow border furrow onto
medium wide border (\24, 317). V.Cam.
(V.Dresbach.-Francon.), N.Am.--FIG. 231,9. C.
brevilobus (WALCOTT), Dresbach., Tenn.; 9a,b,
cran. and thorax, X3; ge,d, pyg., X3 (317).
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Superfamily LEIOSTEGIACEA
Bradley, 1925

[nom. Iransl. LocHMAN~BALKJ herein (ex Leiostegiidac:
BRADLEY, 1925) I

Exoskeleton opisthoparian, heteropygous.
Glabella subrectangular to quadrate, rarely
broad-based tapering, lateral furrows faint
to obsolete; preglabellar field very narrow
or usually absent; palpebral furrows and
eye ridges commonly present, eyes above
or below medium size, position variable;
fixigenae horizontal; librigenae may bear
genal spines. Thorax with 9 or fewer
segments. Pygidium broadly transverse to
subtriangular; axis tapered nearly full
length, may continue in terminal spine;
furrows commonly faint or obsolete; border
furrow and border present or absent. Sur
face smooth or finely granulose. Derived
from Ptychopariidae. M.Cam.-L.Ord.

Family LEIOSTEGIIDAE Bradley, 1925

Characters of superfamily. M.Cam.·L.
Ord.

Subfamily LEIOSTEGIINAE Bradley, 1925
[nom. correct. LOCHMAN-BALK, herein (pro Leiosteginae
KOBAYASHI, 1935); nom. transl. KOBAYASHI, 1935 <ex Leio·
stegidae BRADLEY, 1925)1 I=Lloydiidae KOBAYASHI, 1935 <as

Lloydidae); Ordosiinae Lu, 19541

Glabella tapering to rectangular; pygi
dium broadly transverse or semicircular,
with pair of marginal spines or lacking
spines. V.Cam.-L.Ord.
Lloydia VOGDES, 1890 [*Bathyurus bitubereulatus

BILLINGS, 1860J. Glabella subquadrate to tapering,
front rounded, with 2 pairs of anterior pits, one
pair at corners of glabella and another pair slightly
farther back in axial furrow; no preglabellar
field; eyes below medium size, posterior to center
of glabella; librigenae wtih rounded genal angles
or short genal spines. Thorax with 9 segments.
Pygidium broadly transverse to semicircular (11,
207). L.Ord., N.Am.-S.Am.

L. (Lloydia). Glabella, moderately convex, broad·
based tapering, with posterior pair of arcuate
lateral furrows; eyes slightly behind center of
glabella; fixigenae with palpebral areas very nar
row, posterior areas short (tr.). Pygidium with
axis and pleural fields of equal width, 5 to 7
axial rings, border furrow well defined (11,
207). L.Ord., E.N.Am.--FIG. 232,1. *L. (L.)
bituberculata (BILLINGS), Beekmantown., Que.;
la,b, cran., Xl; lc,d, pyg., Xl (425).

L. (Leiostegium) RAYMOND, 1913 [*Bathyurus
quadratus BILLINGS, 1860). Glabella low sub
rectangular, lacking lateral furrows; palpe
bral furrows shallow; eye ridges narrow, eyes

opposite posterior 0.3 of glabella; fixigenae with
palpebral areas about 0.5 of glabellar width,
posterior areas short (tr.). Pygidium with axis
narrower than pleural fields, 4 to 6 axial rings,
all furrows tending to be obsolete, border furrow
on interior only, rarely a pair of posterior border
spines (207). L.Ord., N.Am.-S.Am.--FIG.
232,2. *L. (L.) quadratum (BILLINGS), Beek
mantown., Que.; 2a,b, cran., Xl; 2c,d, pyg.,
Xl (425).

Ambonolium RAYMOND, 1924 [*A. lioderma1
[=Ambonslium KOBAYASHI, 1941]. Glabella low,
broadly tapering, with posterior pair of very faint
lateral furrows; no preglabellar field; eyes
slightly anterior to center of glabella; fixigenae
with palpebral areas very narrow, posterior areas
medium in length (tr.). Pygidium broadly trans
verse; axis narrower than pleural fields, 12 faint
axial rings; pleural furrows and interpleural
grooves obsolete; very faint border furrow
and narrow border (210). U.Cam.(Trempeal.} ,
E.N.Am.--FIG. 232,6. *A. lioderma, Vt.; 6a,b,
eran., X2; 6c,d, pyg., X2 (210).

Cholopilus RAYMOND, 1924 [*C. vermontanusJ.
Glabella low, broad subquadrate, front straight,
without lateral furrows; no pregiabellar field;
palpebral furrows distinct, eyes above medium
size, posterior to center of glabella; fixigenae with
narrow palpebral areas, posterior areas small.
Pygidium transverse, axial furrows very faint
posteriorly, axis same in width as pleural fields,
axial rings and pleurae 2 or 3, very faint, no bor
der furrow (210). L.Ord., E.N.Am.--FIG. 232,5.
*C. vermontanus, Beekmantown., Vt.; 5a,b, cran.
(with librigena), X4; 5c, pyg., X2.3 (210).

Chuangia WALCOTT, 1911 [*Ptychoparia? batia
WALCOTT, 1905] [=Schantungia LORENZ, 1906
(non Shangtungia and Shantungia WALCOTT,
1905, ICZN pend.); Shantungia WALCOTT, 1913;
Chuagia KOBAYASHI, 1936]. Glabella moderately
convex, truncate-tapering, with 2 or 3 pairs of
faint lateral furrows; preglabellar field very
narrow; palpebral furrows and eye ridges narrow;
eyes of medium size, posterior to center of gla
bella; fixigenae with palpebral areas 0.6 of gla
bellar width, posterior areas narrow, long (tr.).
Pygidium broadly transverse, axis narrower than
pleural fields; low short postaxial ridge present;
only axial furrows visible on exterior but 3 axial
rings and long terminal seen on interior; 3 broad
faint pleurae, no border furrow (315). Low.V.
Cam.(Changshanian}, NE.Asia.--FIG. 232,4.
*C. baria (WALCOTT), China(Shanmng); 4a,b,
eran., Xl; 4c,d, pyg., Xl (315).

Chuangiella KOBAYASHI, 1935 [*C. elongataJ. V.
Cam. (Fengshanian}, Korea.

Chuangiopsis SIVOV, 1955 [*C. sibiricaJ. V.Cam.,
Siberia. [Author's assignment.]

Evansaspis KOBAYASHI, 1955 [*Leiostegium (Evan·
saspis) glabrum J. Glabella rectangular, anterior
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FIG. 232. Leiostegiidae (p. 0313-0315).

lobe slightly expanded, no lateral furrows; no
preglabellar field; eye ridges absent, eyes just
above medium size, posterior to center of glabella;
fixigenae with palpebral areas about 0.5 width of
glabellar area, posterior areas short (tr.). Pygidium
broadly transverse; axis narrower than pleural
fields, with 6 axial rings (posterior 2 faint) and
terminal; pleural fields convex, smooth; narrow
border furrow; border medium in width, convex;
posterior margin curved, with pair of round,
straight, medium-length spines at posterolateral
corners. L.Ord., W.N.Am.

Idamea WHITEHOUSE, 1939 ["1. venusta]. Glabella
convex, subrectangular, front rounded, without
lateral furrows; no preglabellar field; eyes of
medium size, posterior to center of glabella; fixi-

genae with palpebral areas about 0.5 of glabellar
width. Pygidium broadly transverse, axis narrower
than pleural fields; 5 or 6 axial rings, 3 or 4
pleurae; border furrow shallow, border medium
(340). V.Cam., Austral.

Kassinius IVSHIN, 1953 ["K. kassini]. Glabella
moderately convex, truncate-tapering, with 3 pairs
of diagonal lateral furrows; preglabellar field nar
row, anterior border furrow distinct, anterior bor
der medium in width, convex; palpebral furrows
and eye ridges present, eyes medium in size, pos
terior to center of glabella; fixigenae with palpe·
bral areas 0.5 of glabella width, posterior areas tri
angular; librigenae and pygidium unknown. M.
Cam., SW.Sib.

Komaspidella KOBAYASHI, 1938 ["Agraulos? thea
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without lateral furrows; no preglabellar field;
palpebral furrows shallow, eye ridges narrow,
eyes of medium size, posterior to center of glabella;
fixigenae with palpebral areas 0.5 of glabellar
width, posterior areas narrow, quite long (11'.).
Pygidium triangular; axis narrower than pleural
fieltls, with 3 to 5 axial rings anti long ter
minal, with faint furrows; 1 to 4 broad faint
pleurae; border furrow faint, border narrow (132)
V.Cam.(Dresbach.), N.Am.--FIG. 232,8. "A.
modesta, Mont.; 8a,b, cran. (with librigena), X5;
8e,d, pyg.; X5 (132).

Ironospis

FIG. 233. Leiostegiidae (p. 0315).

20

Subfamily IRANASPIDINAE Lochman, nov.

Glabella broadly rectangular. Pygidium
semicircular, without spines. V.Carn.-L.Ord.

Iranaspis KING, 1937 ["1. harrisoniJ. Glabella low,
rectangular, front slightly rounded, posterior lat
eral furrows faint, complete, 2nd pair very faint
anti short; no preglabellar field, diagonal anterior
border furrow in front of fixigenae only; eyes of
medium size, slightly posterior to center of
glabella; fixigenae with palpebral areas 0.3 of
glabellar width, posterior areas medium in length
(11'.).. librigenae elongate, with rounded genal
angles. Pygidium low, smooth on outer surface,
faint furrows on inner surface; axis of medium
width, tapering nearly full length, 6 axial rings
and terminal, pleural fields wider than axis, bear
ing 3 faint interpleural grooves; border furrow,
narrow and shallow, border narrow, flat to down
sloping. Vp.V.Cam., Iran.--FIG. 233,2. "1.
harrisoni, PaVashtah; 2a,b, ceph., pyg., X2 (418).

Piethopeltella KOBAYASHI, 1943 ["Plethopellis ress(ri
KOBAYASHI, 1933 J. Glabella low, rectangular,
front corners rounded, posterior lateral furrows
complete, very faint; no preglabellar field or an
terior border furrow; eyes of medium size, slightly

Subfamily EOCHUANGIINAE Kobayashi, 1935
[nom. correct. LaCHMAN-BALK, herein (pro Eochuanginae

KOBAYASHI, 1935) I
Glabella subrectangular to quadrate.

Pygidium subtriangular with terminal axial
spine. M.Carn.-V.Carn.
Eochuangia KOBAYASHI, 1935 [OE. hana]. Glabella
low truncate-tapering, front nearly straight, with
2 pairs of faint lateral furrows; no preglabellar
field; narrow palpebral furrows, diagonal eye
ridges, eyes above medium size, slightly posterior
to center of glabella; fixigenae with palpebral
areas 0.5 of glabellar width, posterior areas very
narrow, metlium in length (tr.). Pygidium sub
triangular, axis narrower than pleural fields,
with 5 axial rings; 3 broad pleurae crossed by 1
or 2 narrow ritlges and broad interpleural grooves
(97). M.Cam.(Taitzuian), NE.Asia.--FIG. 232,
9. "E. hana, China; 9a, cran.; 9b, librigena; ge,d,
pyg.; all X 1.5 (97).

Ataktaspis LOCHMAN & DUNCAN, 1944 [0A. mo
desla J. Glabella low subrectangular, front rounded,

.WALCOTT, 1890J. Glabella low quadrate, front
rounded, with 2 or 3 pairs of shallow lateral
furrows; no preglabellar field; palpebral furrows
and eye ridges faint, eyes of medium size, pos
terior to center of glabella; fixigenae with palpe
bral areas less than 0.5 of glabellar width, pos
terior areas narrow long (tr.). Pygidium triangu
lar; axis long, narrower than pleural fields; 5
to 7 faint axial rings and pleurae, very faint
pleural furrows and interpleural grooves; no
border furrow, very narrow border (186). V.Cam.
(Dresbach.), N.Am.--FIG. 232,3. *K. thea
(WALCOTT), Wis.; 3a,b, cran., X3; 3c,d, pyg.,
X3 (186).

Ordosia Lu, 1954 ["0. fimbricallda]. Glabella mod
erately convex, truncate-tapering, with 2 or 3
pairs of short lateral furrows; narrow, re
stricted, concave preglabellar field; short occipital
spine; faint eye ridges, eyes of medium size, oppo
site center of glabella; fixigenae with palpebral
areas 0.75 of glabellar width, posterior areas
narrow, long (tr.). Pygidium broatlly semiellipti
cal; axis about same in wid th as pleural fields,
axis convex, tapered nearly full length, 7 or 8
axial rings, may have minute metlian axial notles;
6 or 7 pleurae with tlistinct interpleural grooves
anti faint pleural furrows; border furrow narrow,
distinct; border medium in witlth, concave. Sur
face smooth. Vp.M.Cam.(KtlShanian), NE.Asia.
FIG. 233,1. "0. fimbricauda, Inner Mongolia
(TsinJ.:shuiho tlist.); a,b, cran., pyg., X5 (426).

Perischodory (sic) RAYMOND, 1937 ["P. grandgei].
Ccphalon unknown. Pygidium broadly trans
verse, axis narrower than pleural fields, 6 axial
rings anti long terminal, pleural fields smooth,
narrow bortler furrow, narrow convex border, a
pair of rounded, medium-size, curved spines at
anterolateral corners. Surface smooth. L.Ord., Vt.
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FIG. 234. Damesellidae (p. 0317-0318).

behind center of glabella; fixigenae with palpe
bral areas about 0.2 of glabellar width, posterior
areas medium in length (tr.); librigenae, thorax,
and pygidium unknown (102). L.Ord., NE.Asia.
--FIG. 232,7. "P. resseri (KOBAYASHI), Wan
wanian, S.Manch.; 7a,b, cran., X1.5 (102).

Superfamily DAMESELLACEA
Kobayashi, 1935

[nom. t1·ansl. LOCHMAN-BALK, herein (ex Damesellidae
KOBAYASHI, 1935) 1

Exoskeleton opisthoparian, medium-sized,
ellipsoidal, subisopygous. Glabella narrow
to broad-based, tapering forward, with
rounded or truncate anterior extremity,
bearing deep to faint lateral furrows; pre
glabellar field usually narrow or absent, an
terior border furrow distinct; librigenae
bearing short to medium-length genal
spines. Thorax with 13 or fewer segments.

Pygidium transverse, with rapidly tapered
axis, extending nearly full length; border
narrow; border furrow obsolete or extend
ing only along posterior margin; 1 to 7
pairs of pleural pygidial spines of variable
!lengths. Surface finely to coarsely granu
lose; short marginal spines may be present
on cephalon. Up.M.Cam.-U.Cam.

Family DAMESELLIDAE Kobayashi,
1935

Exoskeleton opisthoparian, subisopygous.
Glabella tapering, with 2 or 3 pairs of
lateral furrows; palpebral rim and fur
row present, eye ridges present or absent,
eyes variable in size and position; preglabel
lar field present or absent; fixigenae upsl~p
ing, with wide palpebral areas, post~n~r

areas triangular, of variable length; hbn
genae subrectangular, with stout genal
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spines, may be lateral in position. Thorax
with 10 to 13 segments; axis convex; pleurae
flat, ending in spines, 1.5 to 2 times width
(tr.) of axis, with broad pleural furrow in
center. Pygidium semicircular to transverse;
axis convex, extending nearly full length to
rounded end, with 3 or 4 axial rings and
terminal; 5 or 6 pleurae ending in spines of
variable length along margin, interpleural
grooves obsolete except for faint anterior
pair or line of granules, pleural furrows
broad; border furrow shallow or obsolete,
border narrow or absent. Surface with
granules and small spines. Up.M.Cam.-Low.
V.Cam.

Subfamily DAMESELLlNAE Kobayashi, 1935

Glabella moderately convex, narrow
tapering, front slightly rounded to nearly
straight; eyes of medium size, opposite or
behind center of glabella; fixigenae slightly
upsloping; librigenae wide, subquadrate.
Up.M.Cam.

Damesella WALCOTT, 1905 (*C/zeirurus paronai
AIRAGHl, 1902 (=Damesdla blackwelde"i WAL
COTT, 1905)]. Glabella with 3 pairs of short
diagonal lateral furrows; no preglabellar field,
anterior border furrow running into preglabellar
furrow, narrow convex border; eye ridges long,
diagonal, eyes behind mid-length of glabella; fixi
genae with palpebral areas 0.7 to equal width of
glabella, posterior areas of medium width (exsag.).
long, with deep posterior border furrow; libri
genae with genal spines in lateral or longitudinal
position. Thorax with 12 segments. Pygidium
semicircular; 4 axial rings and terminal; pleural
fields slightly convex, equal to axis in width, with
5 to 7 pleurae, 6 to 8 marginal spines of variable
length, of which anterior pair may be longest.
Surface with granules of several sizes. Up.M.Cam.,
E.Asia.--FIG. 234,4. *D. paronai (AIRAGHI),
Wentsui Sh., China (Shantung) ; exoskel., XO.7
(419).

Blackwe1deria WALCOTT, 1906 [*Calymene sinensis
BERGERON, 1899]. Glabella with 2 or 3 pairs of
lateral furrows; preglabellar field present, an
terior border furrow concave, anterior border rim
like; eye ridges very faint or obsolete, eyes oppo
site center of glabella; fixigenae with palpebral
areas about equal to glabella in width, posterior
areas of medium width (exsag.), as long or
longer than occipital ring; librigenae with short
to medium-length genal spines. Thorax with 13
segments. Pygidium semicircular; 4 axial rings
and terminal; pleural fields moderately convex,
same as axis in width, 5 pleurae with faint an
terior interpleural grooves; border furrow shallow,

border narrow, with 7 pairs of subequal to
variably long marginal spines. Surface with coarse
granules, a fringe of small nodes on posterior
margin of librigenae. Up.M.Cam., E.Asia.--FIG.
234,2. *B. sinensis (BERGERON), Kushanian, China
(Shantung); exoskeJ., X I.3 (419).

Blackwe1derioides HUPE, 1955 (*Stephanocare?
monkei WALCOTT, 1911]. Glabella with narrow,
rounded front, 2 pairs of short lateral furrows;
preglabellar field straight, narrow; eye ridges
obsolete, eyes opposite center of glabella; fixigenae
with palpebral areas 0.7 of glabellar width, pos
terior areas of medium width (exsag.) , as long
or longer than occipital ring; librigenae with
short genal spines. Thorax unknown. Pygidium
transverse; 4 axial rings and terminal; pleural
fields wider than axis, low, with 5 pleurae that
bear broad deep pleural furrows running into
base of spines; border furrow obsolete, border
narrow, poorly defined, with 7 or 8 pairs of
marginal spines, anterior pair much longer than
others. Surface very finely granulose or smooth.
Up.M.Cam., E.Asia.--FIG. 234,3. *B. monkei
(WALCOTT), Kushanian, China(Shantung); 3a,b,
ceph., pyg., XI.3 (419).

Stephanocare MONKE, 1903 (*S. richtllo/en;; SD
WALCOTT, 1913]. Glabella nearly straight in front,
with 2 pairs of lateral furrows; no preglabellar
field, anterior border furrow running into pre
glabellar furrow, border rimlike; eye ridges obso
lete, eyes posterior to center of glabella, fixi
genae with palpebral areas 0.5 of glabellar width,
posterior areas of medium width (exsag.) , same
in length (tr.) as occipital ring; librigenae with
short, laterally directed genal spines. Thorax with
12 segments. Pygidium narrow semicircular; 3
axial rings and terminal; pleural fields low, nar
rower than axis, with 6 pleurae ending in mar
ginal spines, 4 shallow pleural furrows; no border
furrow or border. Outer surface densely granu
lose, pair of short median spines on axis of thoracic
segments, posterior margin and anterior and lat
eral borders of cephalon fringed with short spines
and nodes (65). Up.M.Cam., E.Asia.--FIG.
234,5. *S. richtlzo/eni, Kushanian, China(Shan
tung); exoskel., X2 (419).

Subfamily DREPANURINAE Hupe, 1953

Glabella convex, tapering to broad-based
truncate-tapering; eyes small, opposite or in
front of mid-length of glabella; fixigenae
steeply upsloping to elevated; librigenae
elongate, rectangular. Up.M.Cam.-Low.U.
Cam.
Drepanura BERGERON, 1899 (*D. premesnili]. Gla

bella broad-based tapering, front nearly straight,
with 2 pairs of short deep lateral furrows; no
preglabellar field, shallow border furrow running
into preglabellar furrow, anterior border rimlike;
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FIG. 235. "'Drepanura premesnili BERGERON (Da
mesellidae), Low.U.Cam., China; a,b, exoskel.,

hypostoma, X 1.5 (377).

eyes slightly anterior to center of glabella, faint
diagonal eye ridges; fixigenae with palpebral areas
0.3 of glabellar width or slightly less, posterior
areas of variable width (exsag.) , length (tr.)
equal to occipital ring; librigenae with medium
length genal spines or blunt genal angles. Hypo
stoma subquadrate, with small anterior wings,
oval central lobe, semicircular posterior lobe wide
at sides with pair of posterior projections, bearing
2 deep pits joined by furrow. Thorax with 13
segments. Pygidium semicircular; 3 to 5 axial
rings and terminal; pleural fields moderately con
vex, about equal to axis in width, with 5
pleurae, anterior pair enlarged, 5 pleural fur
rows, anterior pair continuing into spines; no
border furrow, border very narrow, with 7 to 9
marginal spines, anterior pair enlarged. Surface
granulose (65). Up.M.Cam.-Low.U.Cam., E.Asia.
W.Eu.--FIG. 235. "'D. premesnili, Kushanian,
China(Shantung); a, exoskel., X 1.5; b, hypo
stoma, Xl.5 (419).

Parablackwelderia KOBAYASHI, 1942 ["'Black-
welderia spectabilis RESSER & ENDO, 1937]. Gla
bella tapering, with 2 pairs of short faint diagonal
lateral furrows; preglabellar field and anterior
border furrow present, anterior border rimlike;
eye ridges faint, eyes opposite anterior 0.25 of
glabella; fixigenae wtih palpebral areas 0.7 of
glabellar width, posterior areas wide (exsag.) ,
longer (tr.) than occipital ring; librigenae with
medium-length genal spines. Pygidium semi
circular; 3 axial rings and terminal; pleural fields
moderately convex, equal to axis in width, with
5 pleurae, 5 pairs of pleural furrows; no border
furrow, narrow flat border with 7 pairs of mar
ginal spines of variable length. Surface unknown.
Up.M.Cam., E.Asia.--FIG. 234,1. "'P. spec
tabilis (RESSER & ENDO), Kushanian, Manch.; a.b.
ceph., pyg., X7 (419). [Authorship of type spe
cies should be cited as RESSER & ENDO, in ENDO &
REssER.-Ed.]

Family KAOLISHANIIDAE Kobayashi,
1935

{nom. tronIl. et correct. LoCHMAN-BALK, herein (ex Kaolisha·
nina. KOBAYASHI. 1935)] [=Mansuyinae HUPE. 1955]

Exoskeleton opisthoparian, subisopygous.
Glabella truncate-tapering to quadrate, with
lateral furrows; preglabellar field present
or absent, anterior border convex, narrow;
eye ridges present or absent, narrow palpe
bral rims and palpebral furrows present,
eyes of medium size, variable in position;
fixigenae very slightly upsloping, with
palpebral areas 0.3 to 0.5 of glabellar width.
posterior areas triangular, about equal to
occipital ring in length (tr.); librigenae
rectangular, genal spines short to medium
length. Thorax unknown. Pygidium semi
circular to subrectangular; axis convex,
tapering slightly to rounded end; 4 to 7
axial rings and terminal; pair of large
straight or curved spines originating from
pleural fields incorporate posterior 0.5 of
1st segment and anterior 05 or all of the
2nd segment, interpleural grooves and
pleural furrows present or obsolete; border
furrow obsolete, border only along pos
terior. Surface coarsely or finely granulose.
V.Cam.
Kaolishania SUN, 1924 ["'K. pustulosa]. Glabella

moderately convex, broad, with nearly straight
front, posterior lateral furrows deep .and arcu
ate; no preglabellar field, anterior border furrow
running into preglabellar furrow; eye ridges dis
tinct, eyes opposite center of glabella; fixigenae
with palpebral areas about 0.3 of glabellar width,
posterior areas medium in width (exsag.); libri
genae elongate rectangular, with long gena)
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FIG. 236. Kaolishaniidae (p. 0318-0319).

spines, posterior and lateral border furrows fad
ing into base of spines. Pygidium subrectangular;
axis tapered nearly full length, with 6 axial rings
and terminal; moderately convex, pleural fields
same in width as axis, interpleural grooves obso
lete, with 5 pairs of distinct curved pleural fur
rows, spines extended from posterior 0.5 of 1st
pleurae and anterior 0.5 of 2nd pleurae;
narrow flat border (288). U.Cam.(Kaolishan.} ,
E.Asia.--FIG. 236,4. •K. pustulosa, China(Shan
tung); 4a,b, ceph., pyg., X4 (478).

Kaolishaniella SUN, 1935 ['IK. transita]. Glabella
low, with rounded front, lateral furrows faint;
preglabellar field present; no eye ridges, eyes op
posite anterior 0.3 of glabella; fixigenae with
arcuate palpebral areas, 0.3 of glabellar width,
posterior areas of medium width (exsag.); libri
genae narrow, rectangular, with short genal spines.
Pygidium semicircular; axis tapered, 0.7 of length
of pygidium, with 7 axial rings and terminal;
pleural fields low, wider than axis, with 7 pleurae
separated by curved interpleural grooves, anterior
2 segments crossed by pleural furrows, spines de
veloped from 2nd segment; border flat (289).
U.Cam.(Kaolishan.), E.Asia.--FIG. 236,3. ·K.
tl'ansita, China (Hopei) ; 3a,b, ceph., pyg., X2,
(478).

Mansuyia SUN, 1924 [emend. SUN, 1935] ['1M.
ol'ientalis] [=Paramansuyella ENDO in ENDO &
RESSER, 1937]. Glabella convex, narrow, with
rounded front, lateral furrows faint; no pre-

glabellar field, broad shallow anterior border fur
row, narrow upturned anterior border; eye ridges
faint, eyes opposite posterior 0.3 of glabella; fixi
genae with palpebral areas 0.5 of glabellar width,
posterior areas narrow (exsag.); librigenae nar
row, rectangular, with long slender genal spines.
Pygidium semicircular; axis tapered nearly full
length, with 4 axial rings and terminal, may
have 2 faint additional rings; pleural fields low,
same in width as axis, with 4 pleurae and 4 or 5
pleural furrows, interpleural grooves obsolete,
spines developed from posterior 0.5 of 1st pleurae
and anterior 0.5 of 2nd pleurae; border unde
veloped (288, 289). U.Cam.(Kaolishan.} , E.Asia.
--FIG. 236,2. '1M. orientalis, China(Shantung);
2a,b, ceph., pyg., XU, X2 (a, 478; b, 419).

Prochuangia KOBAYASHI, 1935 [·P. mansuyi]. Gla
bella low, front nearly straight, lateral furrows
very faint; no preglabellar field, broad shallow
anterior border furrow, narrow anterior border;
no eye ridges, eyes almost opposite posterior 0.3
of glabella; fixigenae with palpebral areas 0.5 of
glabellar width, posterior areas below medium
width (exsag.); librigenae with short genal
spllles. Pygidium subrectangular, axis tapered
nearly full length, with 4 axial rings and ter
minal; pleural fields low, about same in width
as axis, anterior pair of pleural furrows distinct,
all others and interpleural grooves obsolete, spines
developed from posterior 0.5 of 1st pleurae and
entire 2nd pleurae; border undeveloped (97).
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V.Cam.( Changshan.), E.Asia.-S.Asia.--FIG. 236,
1. ·P. manstlyi, S.Korea; Ia,b, ceph., pyg., Xl.5
(419).

Superfamily PTYCHASPIDACEA
Raymond, 1924

[nom. correCI. LOCIIMAN·BALK, 1956 (pro Ptychaspidac RAY

MON'. 1924) 1 [=Ptychospidoidae HUPE, 1953]

Exoskeleton opisthoparian, medium-sized,
ellipsoidal, subisopygous. Glabella broad
based, rectangular to tapering forward, in
wme with expanded anterior lobe, with 2
or 3 pairs of lateral glabellar furrows, pos
terior pairs commonly transglabellar; pre
glabellar field narrow or absent, anterior
border furrow tending to be obsolete; libri
genae with medium-length to long genal
spines. Thorax with 12 or fewer segments.
Pygidium ovoid to narrow transverse; with
border furrow shallow to obsolete, margin
bearing 1 to 5 pairs of pleural spines in
some genera. Surface finely or coarsely
granulose, marked by imbricating ridges.
V.Cam.

Family PTYCHASPIDIDAE Raymond,
1924

[nom. correct. LOcHMAN·BALK. 1956 (/,ro Ptychaspidae RAY
MOND, 1924) 1 [=Euptychaspidae HupE., 19531

Exoskeleton opisthoparian, isopygous.
Glabella tapering, subquadrate or subrec
tangular, anterior lobe swollen in late gen
era, with 3 or 4 pairs of lateral furrows,
posterior pair commonly deep and com
plete, middle pair may be likewise; pre
glabellar field and anterior border furrow
may be lost; palpebral furrows and eye
ridges usually distinct, eyes of medium size
or below, position variable; fixigenae hori
zontal or upsloping; librigenae with wide
eye platforms and stout genal spines.
Thorax unknown. Pygidium broadly trans
verse to semicircular; axis tapered nearly
full length, may have postaxial ridge;
pleural fields wider than axis; border fur
row shallow or obsolete. Surface granulose,
ridged or punctate. Derived from Ptycho
pariidae. V.Cam.
Ptychaspis HALL, 1863 [*Dikelocephaltls miniseaen

sis OWEN, 1852; SD MILLER, 1889J [=Asiopty
ehaspis KOBAYASHI, 1933; Fengshania SUN, 1935J.
Glabella subrectangular to subquadrate, front
rounJed, anterior lobe commonly swollen; an
terior borJer furrow obsolete; eyes opposite or in
front of mid-length of glabella; fixigenae upslop-

ing, with palpebral areas slightly more than 0.3 of
glabellar width, posterior areas stout, of medium
length (11'.). Pygidium with all furrows distinct,
4 or 5 axial rings, 4 or 5 pleurae, border flat.
Surface granulose, irregular ridges invariably on
border of cephalon and in some also on genae and
glabella (8, 156). V.Cam.(Franeon.), N.Am.
E.Asia.--FIG. 237,5a-e. *P. mmzseaensis
(OWEN), Wis.; 5a,b, cran.; 5e, librigena; 5d,e,
pyg.; all XO.7 (53).--FIG. 237,51-j. P. granu
losa (OWEN), Wis.; 51,g, cran., Xl.2, Xl; 5h,
librigena, Xl; 5i,j, pyg., Xl (8, 53).

Anderssonella KOBAYASHI, 1936 [pro Anderssonia
SUN, 1924 (non STREBEL, 1908; nee KLUGE,
1914) J [*Ptychaspis (Anderssonia) fengtienensis
SUN, 1924] [=Andersonia KOBAYASHI, 1930;
Sf/nina STRAND, 1943 (obj.)]. Glabella subrectang
ular or tapering forward, front rounded; anterior
border furrow well defined; eye ridges faint, eyes
opposite or slightly behind mid-length of glabella;
fixigenae upsloping, with palpebral areas less than
0.5 of glabellar width, posterior areas unknown.
Pygidium semicircular, all furrows distinct, with 5
axial rings and 5 broad pleurae separated by in
terpleural ridges rather than grooves that curve
across flat border to margin (288). V.Cam., E.
Asia.--FIG. 237,7. *A. lengtienensis (SUN),
China(Fengtien); 7a,b, cran., pyg., X4 (288).

Changia SUK, 1924 roC. ehinensis]. Glabella rec
tangular, front straight, posterior part low, an
terior lobe swollen, with 3 pairs of lateral fur
rows; frontal area 0.25 of length (sag.) of crani
dium, anterior border furrow obsolete; eyes of
medium size, opposite center of glabella; fixigenae
upsloping, with palpebral areas 0.5 of glabellar
width, posterior areas 0.75 of length (II'.) of occi
pital ring; Iibrigenae with obsolete lateral border
furrows and medium-length slenJer genal spines.
Pyg-idium semicircular, with short postaxial ridge
extenJing to margin. 4 axial rings and terminal
with 1 or 2 faint axial rings; 4 or 5 pleurae, with
shallow pleural furrows; border furrow obsolete.
Surface smooth (288). V.Cam.(Fengshan.), E.
Asia.--FIG. 238,1. *C. chinensis, China(Shan
tung); Ia,b, ceph., pyg., Xl (478).

Conaspis HALL, 1863 [*Conoeephalites persef/s
HALL, 1863; SD WALCOTT, 1914J. Glabella paral
lel-sided or tapering, front rounded; anterior bor
der furrow distinct, palpebral furrows present, eye
ridges very weak, eyes opposite center of glabella;
fixigenae horizontal, with palpebral areas 0.3 of
glabellar width, posterior areas narrow, of me
dium length (tr.), Pygidium narrowly semicircu
lar, furrows shallow, especially border furrow; 3
axial rings, 3 broad pleurae; border narrow (156).
V.Cam.(Franeon.), C.USA.--FIG. 237,1. *C.
perseus (HALL), Wis.; Ia,b, cran.; Ie, librigena;
Id, pyg.; all X 1.5 (53, 156).

Coreanocephalus KOBAYASHI, 1935 roC. kogenen·
sis J. Glabella low, truncate-tapering, front nearly
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straight with 2 pairs of shallow complete arcuate
lateral furrows; frontal area about 0.25 of length
(sag.) of cranidium, anterior border furrow obso
lete; eyes of medium size, opposite center of gla
bella; fixigenae upsloping, with arcuate palpebral
areas about 0.5 of glabellar width, posterior areas

of medium width (exsag.) , 0.75 of length (tr.)
of occipital ring; librigenae with medium-length
genal spines, lateral border furrows obsolete. Pygi
dium unknown. Surface smooth (97). V.Cam.
(Fengshan.), E.Asia.--·FIG. 238,2. *C. kogenen
sis, S.Korea; ceph., X1.5 (419).
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FIG. 237. Ptychaspididae (p. 0320-0322).
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Eoptychaspis NELSON, 1951 [*E. cylindrical. Gla
bella parallel-sided, subquadrate, front rounded;
anterior border furrow very faint; eyes opposite
center of glabella; fixigenae horizontal, with palpe
bral areas more than 0.3 of glabellar width, pos
terior areas of medium width and length (tr.).
Librigenae and pygidium unknown (156). V.Cam.
(Francon.), C.USA.--FIG. 237,3. *E. cylindrica,
Wis.; 3a,b, cran., XU, Xl (156,425).

Euptychaspis ULRICH in BRIDGE, 1930 [*E. typi
calis]. Glabella parallel-sided, subquadrate, sides
parallel to swollen anterior lobe; anterior border
furrow obsolete; frontal area convex, ridged; short
stout occipital spine; eye ridges faint, eyes below
medium size, slightly behind mid-length of gla
bella; fixigenae slightly upsloping, with palpebral
areas more than 0.5 of glabellar width and posterior
areas about same in width (n·,). Librigenae and
pygidium unknown. Surface reticulate (303). V.
Cam. (Trempeal.) , W.USA-C.USA.--FIG. 237,4.
*E. typicalis, Mo.; 4a,b, cran., X4 (303).

Keithia RAYMOND, 1924 [*K. schuellerti]. Glabella
parallel-sided, subquadrate, sides tapered to
rounded front or diverging to swollen anterior
lobe; no preglabellar field, anterior border furrow
running into axial furrows; eye ridges faint, eyes
below medium size, behind mid-length of glabella;
fixigenae upsloping, with palpebral areas almost
0.5 of glabellar width, posterior areas triangular,
long (tr.). Pygidium unknown (188, 189). V.
Cam. (Trempeal.) , E.N.Am.--FIG. 237,2a-c. K.
connexa RASETTI, Que.; 2a,b, cran., X2; 2c, libri
gena, X2 (I88).--FIG. 237,2d-j. K. similis
RASETTI, Que.; 2d-j, cran., dorsal, front, profile,
X3 (188).

Keithiella RASETTI, 1944 [*Arionellus cylindricus
BILLINGS, 1860]. Glabella parallel-sided, subquad
rate, front rounded; no preglabellar field, anterior
border furrow running into axial furrows; eyt:
ridges faint, eyes slightly behind mid-length of gla
bella; fixigenae upsloping, with palpebral areas
almost 0.5 of glabellar width, posterior areas sub
triangular, long (Ir.). Pygidium narrowly semi
circular, all furrows distinct except shallow border
furrow; 4 or 5 axial rings, 5 broad pleurae sep
'Hated by interpleural ridges crossing flat border
to margin (188, 192). V.Cam. (Trempeal.) , E.
N.Am.-?S.Am.--FIG. 237,9. *K. cylindrica
(BILLINGS), Que.; 9a-c, cran., dorsal, front, pro
file; 9d, librigena; ge,f, pyg.; all X3.5 (188,192).

Quadraticephalus SUN, 1924 [*Q. walcotti]. Gla
bella parallel-sided, subrectangular, front nearly
straight; anterior border furrow shallow or obso
lete, preglabellar field downsloping;. eyes of me
dium size, slightly in front of mid-length of gla
bella; fixigenae upsloping, with palpebral areas
more than 0.3 of glabellar width, posterior areas
large, subtriangular, long (tr.). Pygidium broadly
transverse, furrows shallow, no border furrow; 4

axial rings, 3 broad pleurae, interpleural grooves
extending to margin. Surface ridged or punctate
(37, 288). V.Cam.(Fengshanian} , E.Asia.-
FIG. 237,8a. *Q. walcotti, China(Shantung); cran.
(with librigena) Xl (288).--FIG. 237,8b,c. Q.
leres RESSER & ENDO, in ENDO & RESSER (1937),
Manch.; 8b,c, cran., pyg., X4 (37).

Saukioides KOBAYASHI, 1952 [pro Pseudosaukia
KOBAYASHI, 1951 (non RASETTI, 1944)] [*Pseu
dosall/(ia suni KOBAYASHI, 1951] [=leholaspis
KOBAYASHI, 1953 (obj.)]. Glabella parallel-sided
subrectangular, sides converging to rounded
front, with 2 pairs of lateral furrows; no pre
glabellar field, anterior border furrow obsolete,
anterior border of medium width, convex; eyes
medium in size, opposite center of glabella; fixi
genae upsloping, with palpebral areas about 0.5
of glabellar width, posterior areas same in length
(Ir.) as occipital ring. Pygidium broadly trans
verse; 3 axial rings and terminal; 4 broad pleurae,
with obsolete pleural ridges, and 4 pairs of pleural
furrows, shallow distally; border furrow very
shallow, border narrow downsloping. Surface
smooth. V.Cam.( Fengslzan.), E.Asia.--FIG. 238,
4. *5. SImi (KOBAYASHI), Manch.; 4a,b, ceph.,
pyg., X2 (419).

Stigmaspis NELSON, 1951 [*5. httdsonensis]. Gla
bella parallel-sided, subrectangular, front straight;
no preglabellar field, faint anterior border fur
row running into axial furrows; eyes of medium
size, opposite center of glabella; fixigenae up
sloping. with palpebral areas less than 0.3 of
glabellar width, posterior areas subtriangular,
long (tr.). Pygidium unknown (156). V.Cam.
(Francon.) , C.USA.--FIG. 237,6. *5. hudson
ensis, Wis.; 6a,b, cran., (with librigena), Xl
(156).

Wuhuia KOBAYASHt, 1933 [*50Ienopleura be/us
WALCOTT, 1905]. Glabella parallel-sided, tapering.
front broadly rounded, with 2 pairs of short, dis
tinct, arcuate lateral furrows; anterior border
furrow narrow, curved; eye ridges obsolete, eyes
of medium size, opposite center of glabella; fixi
genae horizontal, with palpebral areas 0.3 of
glabellar width, posterior areas straplike, medium
in width (tr.). Pygidium semicircular; 4 axial
rings and terminal; 5 pleurae with pleural fur
rows; border furrow obsolete, border narrow, ill
defined. Surface granulose (315). V.Cam.(Feng
siron.), E.Asia.--FIG. 238,3. *w. belus (WAL
COTT), China(Shanrung); 3a,b, cran., X3; 3c,d,
pyg., X3 (419).

Family SAUKIIDAE Ulrich & Resser, 1930
[nom. transl. LaCHMAN-BALK, 1956 (ex Saukiinae UU.lCH &

RESSE'. 1930) J

Exoskeleton opisthoparian, subisopygous.
Glabella quadrate to rectangular, w!th 2 ~r
3 pairs of lateral furrows, postenor pair
usually complete, 2nd pair likewise in some;
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FIG. 238. Ptychaspididae (p. 0320·0322).

preglabellar field present or absent, anterior
border furrow may be obsolete; eyes above
medium size, posterior to center of glabella,
eye ridges usually obsolete, arcuate palpe
bral furrows deep, palpebral rims promi
nent; occipital spine may be present; fixi
genae with arcuate palpebral areas, 0.3 to
0.5 of glabellar width, posterior areas very
narrow (exsag.), straplike; librigenae wide,
quadrate, with genal spines; hypostoma
elongate rectangular, with short anterior
wings, convex ovoid central lobe, narrow
semicircular posterior lobe, narrow lateral
and posterior rim, and pair of elongate pits
at outer corners of posterior lobe. Thorax
with 12 segments; axis strongly convex;
pleurae slightly longer than axis, with ends
bluntly pointed, deep pleural furrow run
ning diagonally from anterior to center of
segments. Pygidium elliptical to circular;
axis tapered to rounded end, posterior axial
furrow obsolete, with postaxial ridge; inter
pleural grooves and pleural furrows curv
ing abruptly backward on to border; no
border furrow, border of variable width.
Surface smooth or granulose. Derived from
Conaspis. V.Cam.

Saukia WALCOTT, 1914 ["Dikellocephalus lodensis
WHITFIELD, 1880, based on librigena (=Saukia
ornata ULRICH & RESSER, 1933, based on crani
dium, fide LOCHMAN, 1956) J [=Sinosaukia SUN,
1935J. Glabella rectangular, sides diverging slight
ly forward, front nearly straight, posterior part
low, anterior lobe convex, with 2 pairs of lateral
furrows, posterior pair complete; no preglabellar
field, anterior border furrow narrow, straight and
paralleling preglabellar furrow or running into it

at corners of glabella, anterior border narrow;
fixigenae narrow, with posterior areas about 0.5
of length (tr.) of occipital ring; librigenae with
narrow posterior and lateral border furrows. meet
ing, long slender genal spines. Pygidium ovoid;
axis wider than pleural regions, convex, tapering
0.75 of length, with postaxial ridge reaching mar
gin, 4 axial rings and terminal; pleural fields
low, merging into narrow sloping border, with 4
pairs of interpleural grooves and 5 pairs of parallel
pleural furrows lying anteriorly on each segment.
Surface coarsely granulose. U.Cam.(Trempeal.), N.
Am.-NE.Asia.--FIG. 239,1. S. acuta ULRICH &

RESSER, Wis.; exoskel., XU (461,487).

Calvinella WALCOTT, 1914 ["Dikelocephaltls spini
ger HALL, 1863 J. Glabella low, rectangular, sides
converging slightly to straight squared front.
posterior glabellar furrows usually complete, 2nd
pair short, faint; slender occipital spine; preglabel
lar field absent, anterior border furrow diagonal
at sides to corners of glabella, convex anterior
border narrow; fixigenae narrow, with posterior
areas 0.75 of length (tr.) of occipital ring; libri
genae with posterior and lateral border furrows
fading into base of medium-length genal spines.
Pygidium nearly circular; axis narrow, same in
width as pleural fields, convex, tapered rapidly 0.5
of length, with narrow postaxial ridge fading on
to border, 3 axial rings and terminal with one
faint ring, pleural fields low, merging into medium
to broad concave border, 4 pairs of interpleural
grooves, 5 pairs of pleural furrows close to an
terior edge of each segment, may touch inter
pleural grooves on edge of border; posterior mar
gin may bend inward on median line. Surface
granulose. U.Cam.(F1'ancon.-T,·empeal.) , N.Am.
NE.Asia.--FIG. 239,2. *C. spiniger (HALL),
Trempeal.; Wis.; 2a, ceph., Xl; 2b, pyg., XI
(461 mod.; 487 mod.).

Lichengia KOBAYASHI, 1942 ["L. onigawara]. Gla-

© 2009 University of Kansas Paleontological Institute



0324 T rilobitomorpha-Trilobita

Soukiello

Prosoukio

5b
Lichengio

Colvinello

6b

50
Tellerino

FIG. 239. Saukiidae (p. 0323-0325).

bella moderately convex, quadrate, base broadly
expanded and front slightly rounded, with 3 pairs
of lateral furrows, posterior pair deep, com
plete, 2nd short, diagonal, anterior pair very faint:
eye ridges faint, preglabellar field very narrow,
anterior border furrow deep at sides, obsolete at
center, anterior border of medium width, down
sloping; fixigenae with posterior areas unknown.
Pygidium transverse elliptical, sides curving
abruptly backward, posterior margin nearly
straight with slight median inward bend; axis
convex, wider than pleural fields, tapering 0.6 of
its length, with narrow post-axial ridge extending
nearly to margin, 3 axial rings and terminal with
1 or 2 faint rings; pleural fields low, merging

into medium-width concave border, 3 pairs of
intcrplcural grooves and parallel shallow pleural
furrows. Surface granulose. U.Cam.(Fengs!tan.),
NE.Asia.--FIG. 239,5. '"L. onigawal"a, China
(Shansi); 5a,b, cran., pyg., X 1.5 (a,419; b,478).

Prosaukia ULRICH & RESSER, 1933 ['"Dikelocephailis
misa HALL, 1863J [=Stenosaukia RAYMOND,

1938 J. Glabella low, quadrate to rectangular, sides
converging slightly, front nearly straight, with 2
pairs of distinct lateral furrows, posterior pair
complete; occipital spine may be present; eye
ridges faint, preglabellar field present, narrow
anterior border furrow distinct, anterior border
narrow, fixigenae with posterior areas almost 0.5
of length of occipital ring; librigenae with me-
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dium-Iength genal spines, posterior border fur
rows running into spine bases, not meeting lateral
furrows. Pygidium transverse elliptical, lateral
margins curving abruptly backward, posterior
margin slightly curved with median flattening;
axis convex, slightly wider than pleural fields,
tapering 0.75 of length, with narrow postaxial
ridge extending to margin, 3 or 4 axial rings and
terminal with one faint ring; pleural fields low,
merging into concave border of variable width, 4
(rarely 5) pairs of interpleural grooves and 5
parallel, evenly spaced pleural furrows crossing
border nearly to margin. Surface smooth or granu
lose. U.Cam.(Francon.-Trempeal.) , N.Am.-NE.
Asia.--FIG. 239,4. "P. misa (HALL), Francon.,
Wis.; 4a,b, ceph., pyg., X I.3 (461 mod.; 487
mod.)

Saukiella ULRICH & RESSER, 1933 [*Dikelocephalus
pepinensis OWEN, 1852 (=Saukiella typicalis UL
RICH & RESSER, 1933]. Glabella low, rectangular,
sides diverging slightly forward, front straight,
posterior pair of lateral furrows complete, 2nd
pair strong and complete to obsolete; preglabellar
field extremely narrow, anterior border furrow
distinct, anterior border medium in width; fixi
genae with posterior areas about 0.5 of length of
occipital ring; librigenae with continuous lateral
and posterior border furrows and long slender
genal spines. Pygidium ovoid to circular; axis
convex, wider than pleural fields, tapering 0.7 of
length, with short postaxial ridge, 4 axial rings
and terminal with one faint axial ring; pleural
fields low, curving down to narrow flat border,
4 pairs of narrow shallow interpleural grooves and
5 pairs of deep parallel pleural furrows. Surface
finely granulose. U.Cam.(Francon-Trempeal.), N.
Am.-NE.Asia. -- FIG. 239,3. ·S. pepinensis
(OWEN), TrempeaI., Wis.; 3a,b, ceph., pyg., XI
(461 mod.; 487 mod.).

Tellerina ULRICH & RESSER, 1933 ['"Dikellocephalus
crassimarginatus WHITFIELD, 1882J. Glabella low,
rectangular, front nearly straight, posterior gla
bellar furrow complete, 2nd pair short, faint; no
preglabellar field, anterior border furrow shallow,
occurring only at sides and slanting backward to
corners of glabella, anterior border medium in
width; fixigenae with posterior areas 0.7 of
length (tr.) of occipital ring; librigenae with
united lateral and posterior border furrows run
ning into bases of short broad genal spines. Pygi
dium subcircular; axis convex, wider than pleural
fields, tapering 0.7 of length, with short, broad
postaxial ridge, 4 to 5 axial rings and terminal
with 1 faint ring; pleural fields low, merging into
broad flat border, 4 pairs of interpleural grooves
curving on to border, 5 pairs of pleural furrows,
anterior on segments, fading out on edge of bor
der. Surface finely granulose. U.Cam.(Trem
peal.), N.Am.-NE.Asia.--FIG. 239,6. "T. crassi
marginatus (WHITFIELD), Wis.; 6a, exoskeI.,
XO.7; 6b, hypostoma, Xl (487,488).

Family EUREKIIDAE Hupe, 1953
[=Maladiinae HUPE, 1953]

Exoskeleton opisthoparian, heteropygous.
Glab~lla truncate-tapering to quadrate, with
2 pairS of lateral furrows; eye ridges pres
ent or obsolete, palpebral rims and palpe
bral furrows usually well developed, eyes
about medium in size, position variable,
preglabellar field may be very narrow or
restricted; fixigenae horizontal, with palpe
bral areas of variable width, posterior areas
triangular to straplike; librigenae quad
rangular, with short blunt genal spines.
Pygidium transverse to semicircular; axis
convex, tapered nearly full length, 1 to 5
~xial rings and terminal; 3 or 4 pleurae,
lnterpleural grooves or pleural furrows or
both may be present; border furrow obso
lete, border ill-defined, narrow, with 4 or 5
pairs of short marginal spines. Surface
granulose or smooth. Derived from Con
aspis-Wuhuia stock. V.Cam.
Eurekia WALCOTT, 1924 ["E. granulosaJ. Glabella

moderately convex, subquadrate, anterior corners
rounded, with deep arcuate lateral furrows; eye
ridges obsolete, eyes of medium size, opposite
posterior 0.3 of glabella; preglabellar field very
narrow or at sides only, anterior border furrow
curved, anterior border rimlike; fixigenae very
narrow, with arcuate palpebral areas 0.2 of gla
bellar width, posterior areas very narrow (exsag.) ,
of medium length (tr.). Pygidium transverse; axis
and pleural fields about same in width, with 3
wide axial rings and terminal; 4 pleurae sep
arated by faint interpleural grooves and crossed
by broad pleural furrows, 5 pairs of stout mar
ginal spines. Outer surface coarsely granular (321).
U.Cam.(Trempeal.}, C.USA-W.USA.--FIG. 240,
3. • E. granulosa, Nev.; ceph., X 1.5 (411).

Bayfieldia T. H. CLARK, 1924 [·B. tumifronsJ.
Glabella moderately convex, truncate-tapering,
lateral furrows very faint, arcuate; preglabellar
field narrow to absent, anterior border furrow
narrow, anterior border rimlike; eye ridges obso
lete, eyes just below medium size, slightly be
hind mid-length of glabella; fixigenae very narrow,
with arcuate palpebral areas 0.12 of glabellar
width, posterior areas very narrow (exsag.) , of
medium length (tr.). Pygidium narrowly trans
verse; axis wider than pleural fields, with 2 wide
axial rings and terminal; 3 pleurae separated by
faint interpleural grooves and crossed by broad
pleural furrows, 4 pairs of small marginal spines.
Surface densely granulose (188, 189). U.Cam.
(Trempeal.) , E.Can.--FIG. 240,5. *B. tumi
frons, Que.; Sa, cran., X2; 5b, pyg., X2.7 (188).

Corbinia WALCOTT, 1924 [·C. horatioJ. Glabella
low, narrow, truncate tapering, lateral furrows
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FIG. 240. Eurekiidae (p. 0325-0326).

very shallow; preglabellar field narrow (sag.),
anterior border furrow curved, anterior border
narrow, flattened; eye ridges obsolete, eyes below
medium size, opposite center of glabella; fixigenae
very narrow, with palpebral areas 0.12 of glabellar
width, posterior areas wide (exsag.) , triangular,
of medium length (tr.). Pygidium narrowly trans
verse; axis and pleural fields of same width, 1
an terior axial ring and terminal with several very
faint rings; 4 pleurae, interpleural grooves obso
lete, 4 pleural furrows, posterior pairs very faint, 4
or 5 pairs of small marginal spines. Surface finel y
granulose (321). U.Cam.(Trempeal.), C.N.Am.
W.N.Am.--FIG. 240,4. "'C. horatio, Alba.; 4a,b,
ceph., pyg., X2 (488).

Maladia WALCOTT, 1924 [*M. americana]. Gla
bella moderately convex, truncate-tapering, an
terior corners rounded, lateral furrows shallow,
arcuate; eyes about medium in size, slightly in
front of mid-length of glabella; preglabellar field
present; narrow eye ridges distinct; fixigenae with
arcuate palpebral areas about 0.3 of glabellar
width, posterior areas wide (exsag.) , triangular,
of medium length (tr.). Pygidium transverse;
axis narrower than pleural fields, with 3 axial
rings and long terminal; 5 pleurae, interpleural
grooves very broad, deep, may have coalesced

pleural furrows, 5 pairs of stout marginal spines.
Outer surface very finely granulose (321). V.
Cam. (Francon.-Trempeal.) , W.N.Am. -- FIG.
240,1. *M. americana, Idaho; 1a,b, ceph., pyg.,
Xl (488).

Tostonia WALCOTT, 1924 ["'Dicellocephalus iole
WALCOTT, 1884]. Glabella moderately convex,
broad, subquadrate, with long deep diagonal
lateral furrows; eyes below medium size, slightly
behind mid-length of glabella, preglabellar field
narrow; eye ridges faint; fixigenae with palpebral
areas about 0.3 of glabellar width, posterior areas
straplike, of medium length (tr.). Pygidium
semicircular; axis narrower than pleural fields,
with 5 axial rings and pointed terminal; 5 pleurae
separated by narrow interpleural grooves, pleural
furrows obsolete, 5 pairs of small marginal
spines. Surface may be smooth (321). V.Cam.,
W.N.Am.--FIG. 240,2. *T. iole (WALCOTT),
Nev.; 2a,b, cran., pyg., X4 (488).

Superfamily REMOPLEURIDACEA
Hawle & Corda, 1847

[nom. tran/I. RICHTER, 1933, herein (ex Remopleurides
HAWLE & CORDA. 1847) I

Exoskeleton opisthoparian, medium-sized.
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Characters displayed by many genera in
clude tapering glabella with 3 or fewer
pairs of lateral furrows not reaching axial
furrows; short to long (sag.) frontal area
crossed by radiating ridges; occipital ring
distinct; eye lobes close to glabella; facial
sutures opisthoparian, with widely divergent
anterior sections. Thorax of 9 to 12 seg
ments, pleurae with diagonal furrows.
Pygidium with short axis, pleural fields fur
rowed, margins spinose. In some genera
(Remopleuridinae) glabella occupies entire
area between eye lobes and extends forward
as tongue, frontal area being short or ab
sent; median suture crossing anterior dou
blure; in Loganellidae this median suture is
lacking and margins of the pygidium are
smooth. U.Cam.-U.Ord.

Family REMOPLEURIDIDAE Hawle &
Corda,1847

[nom. corr~ct. RICHTER, 1933 (ex Remopleurides HAWLE &
CORDA, 1817) (emend. HUPE, 1955; WHITTINGTON, herein)]

Eye lobes long, curved, with extremities
adjacent to axial furrows and posterior mar
gins at or near posterior border furrows;
facial sutures opisthoparian, median suture
across anterior doublure; eye lobes may in
close narrow (tr.) palpebral lobes, or gla
bella may occupy entire space between eye
lobes, in front of which glabella narrow; up
to 3 pairs of lateral glabellar furrows;
frontal area present or absent; librigenae
commonly narrow (tr.), genal spines orig
inating at variable points on lateral margins.
Thorax of 9 to 12 segments; axis convex,
pleural furrows diagonal, pleural tips pointed
and directed backward. Pygidium with
axis not extending full length; pleural
fields flattened, furrowed; margin com
monly spinose. Doublure of thorax and
pygidium extends inward almost to axial
furrow; doublure of cephalon may be nar
row or extended to full width of librigenae.
Outer surface of exoskeleton (including
doublure) with raised anastomosing lines
or rarely tubercles. U.Cam.-U.Ord.

Subfamily REMOPLEURIDINAE Hawle & Corda,
1847

[nom. transl. et correct. WHI17INGTON, herein (ex
Remopleurides HAWLE & CORDA, 1847) I

Median part of glabella occupying entire
area between eye lobes, glabellar tongue
varying in length (sag.) and convexity;
frontal area short (sag.) or absent (26, 258,
350,351). L.Ord.-U.Ord.

Remopleurides PORTLOCK, 1843 ["R. colbii; SD
S. A. MILLER, 1889]. Glabellar tongue short (sag.),
narrow (tr.), bent vertically down; 2 faint pairs
of lateral furrows present; librigenae triangular
in outline, with bases of long genal spines
opposite broad (tr.), occipital ring. Doublure broad
anteriorly, narrower laterally. Hypostoma trans
versely rectangular, borders convex, with diagonal
ly directed paired oval areas on middle body.
Thorax with II segments, axis wide (tr.), pleurae
narrow (tr.), with prominent articulating boss and
socket immediately outside axial furrows; longer
pleural spines on 7th segment and backwardly
directed axial spine on 8th segment may be pres
ent. Pygidium small, triangular, margin of pleural
fields with 2 pairs of spines. M.Ord., Norway
Swed.-Ire.-Scot.-Va.-Asia. -- FIG. 241,1. "R.
c~lbii, Ire.; la, exoskel. (reconstr.), X2; Ib, hypo
stoma (exterior), X3 (496).

Amphytrion HAWLE & CORDA, 1847 [pro Caphyra
BARRANDE, 1846 (non Caphyra GUERIN, 1832)]
[OCaphyra radians BARRANDE, 1846 (=A. mur
chisonii HAWLE & CORDA, 1847)] [=Brachypleura
ANGELIN, 1854]. Like Remopleurides but cepha
Ion with broad, flat border in front of eyes and
glabellar tongue, border continuous laterally with
broad genal spines; glabeIla with 3 pairs of lat
eral furrows, tongue extremely narrow (tr.) and
short (sag.); anterior sections of facial sutures
uniting just before reaching anterior margin of
border. Hypostoma subsquare in outline, with
oval areas on posterolateral parts of middle body.
Thorax with relatively wide (tr.) pleurae drawn
out into long spines; median axial spine on 8th
segment. Pygidium with short axis and long
(sag., exsag.) pleural fields, 2 pairs of spines on
posterior margin. U.Ord., Boh.-Swed.--FIG. 242,
1. 0 A. radians (BARRANDE), Boh.; exoskel. (re
constr.), XO.8 (79).

Hypodicranotus WHITTINGTON, 1952 ("Remopleur
ides striatulus WALCOTT, 1875]. Like Remo
pleurides but glabeIlar tongue projects farther in
front of eye lobes, 3 pairs of lateral glabellar
furrows present; with broad lateral cephalic spines
in addition to short genal spines. Hypostoma very
long, deeply forked, without borders. M.Ord., N.
Am.--FIG. 241,2. "H. striatulus (WALCOTT);
N.Y.-Ont.; 2a,b, lateral and ventral view of exo
skel. (outline of pygidium restored), X3 (351").

Remopleuridiella Ross, 1951 ["R. caudilimbata].
Like Remopleurides but posterior sections of facial
sutures more divergent; narrow, convex cephalic
border extending around glabeIlar tongue; genal
spines arising far forward. Pygidium with 4 or 5
pairs of spinose pleurae. L.Ord., Utah.--FIG.
242,2. OR. caudilimbata; 2a-c, cran. (profile), libri
gena, pyg., X4 (463").

Robergia WIMAN, 1905 [ORemopleurides micro
pthalmllS LINNARSSON, 1875]. Length of eye lobes
(exsag.) less than 0.5 of cephalon (sag.) .. gla-
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bella narrow posteriorly, expanding between eye
lobes, glabellar tongue long (sag.) and broad
(transv.); 3 pairs of deep lateral furrows pres-

Remopleurides

3

Robergia

em; with narrow cephalic border and doublure
anteriorly and laterally; genal spines originating
opposite mid-point of eye lobes; posterior sections

Hypodicronotus

~v~v
4c

T erotorhynchus

FIG. 241. Remopleurididae (p. 0327-0329).
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of facial sutures running out to posterolateral cor
ners of fixigenae. Thorax of II segments; pleurae
transversely directed, terminating in small pos
teriorly directed spines, with deep diagonal pleural
furrows. Pygidium with length about equal to
width; axis extending close to posterior margin;
pleural fields flat, with 3 pairs of pleural fur
rows and posterior spines. M.Ord., Norway-Swed.
Scot.-Va.-Ala.-Okla.-Manch. -- FIG. 241,3. R.
deckeri B. N. COOPER, Okla.; exoskel (reconstr.),
X4 (496n).

Teratorhynchus REED, 1903 [·Remopleurides (T.)
bicornis]. Maximum width of glabella almost
twice length; glabellar tongue subcylindrical,
tapering and rounded anteriorly, length 1.5 to
3 times posterior part of glabella so that it pro
jects in front of rest of cephalon; glabellar tongue
with 2 anterior median spines, one directed for
ward, the other curving upward and backward;
with shallow longitudinal depressions bending
across glabella between extremities of eye lobes,
and within these depressions 2 pairs of lateral
glabellar furrows, posterior the longer; librigenae
narrow (tr.) , genal spines originating opposite
anterior ends of eye lobes. Width of each thoracic
pleura about equal to width of axis. Pygidium
with 2 pairs of spines on posterior margin. Sur
face tuberculate. M.Ord., Scot.--FIG. 241,4. ·T.
bicornis; 4a,b, ceph., dorsal and right lateral; 4c,
pyg.; all X2 (496).

Subfamily RICHARDSONELLINAE Raymond,
1924

[emend. WHITTINGTON, herein] I=Kainellidae ULJ.ICH &
RESSER, 1930; Macropygidae KOBAYASHI, 1937]

Anterior sections of facial sutures widely
divergent; frontal area long (sag.), may in
clude preglabellar field, which may bear
radiating ridges, pits in anterior border fur
row. U.Cam.-M.Ord.

Richardsonella RAYMOND, 1924 [·Dikelocephalus
megalops BILLINGS, 1860] (=Protapatokepha[us
RAYMOND, 1937]. Like Kainella but glabella taper
ing slightly forward, reaching only slightly in
front of eye lobes, which are longer (exsag.) ,
equalling 05 or more of length of cephalon
(sag.); with 2 pairs of lateral furrows or none;
anterior sections of facial sutures less strongly
divergent, posterior sections extending far out,
parallel to and just in front of posterior border
furrows. Pygidium relatively shorter, pleurae less
strongly curved and pleural furrows shallow
(188). V.Cam., Que.-Vt.--FIG. 242,3. ·R.
megalops (BILLINGS), Que.; 3a,b, cran. (Iibrigena
partially reconstr.), pyg., X2.5 (79).

Apatokephalus BROGGER, 1896 ["'Trilobites serratus
BOECK, 1838; SD BASSLER, 1915] (=Diplapato
kephalus RAYMOND, 1937]. Glabella convex, broad
where it occupies entire space between palpebral
furrows, narrower and rounded where it projects

a short distance in front of eye lobes, with 3 pairs
of lateral furrows; short preglabellar area
(sag.); anterior border convex; large, deep pits
in anterior border furrow; librigena narrow (tr.),
with long, slender genal spines originating at
posterolateral corners. Thorax of 12 segments;
long median axial spine on 8th segment; deep
diagonal pleural furrows, pleural tips long,
pointed. Pygidium with convex axis; pleural fields
with 5 pairs of spinose pleurae, curving out
ward-backward. Surface of glabella and pygidial
axis tuberculate (281). L.Ord., S.Am.-N.Am.
Eng.-Norway-Swed.-Ger.--FIG. 243,2. ·A. ser
ratus (BOECK), Swed.; 2a,b, ceph., pyg., X2
(496n).

Eorobergia COOPER, 1953 (·Robergia marginalis
RAYMOND, 1925]. Cranidium like Robergia except
that anterior sections of facial sutures apparently
diverge and palpebral rims are longer, broader,
and sharply curved posteriorly; anterior border
broad (sag.), convex, deep border furrow with
pits. Pygidium like Apatokephalus, with 4 long,
paired spines on margins. Surface with fine ridges
in Bertillon pattern and small tubercles (26). M.
Ord., Tenn.--FIG. 242,5. *E. marginalis (RAY
MOND); 5a, cran., X2.7; 5b, pyg., X2 (26·).

Kainella WALCOTT, 1925 (·Hungaia billingsi WAL
COTT, 1924]. Glabella subparallel-sided or taper
ing slightly forward, with 2 or 3 pairs of diagon
ally directed lateral furrows; long (sag.) frontal
area; genal regions broad (tr.); cephalon with
wide convex border and long genal spines arising
at posterolateral corners; eye lobes (exsag.) about
0.3 of length of cephalon, with broad palpebral
rim; posterior sections of facial sutures running
outward-backward to reach posterior margins at
about 05 of width of posterior borders; anterior
border furrow with close-spaced pits; radiating,
anastomosing ridges crossing preglabellar field and
reaching furrow between these pits. Pygidium with
length about equal to width; axis with about 6
rings; 3 pleural furrows in pleural fields directed
backward and slightly inward; 3 pairs of spines
on posterior margin (321). L.Ord., N.Am.-S.Am.
--FIG. 243,3. K. meridionalis KOBAYASHI, Arg.;
3a,b, ceph., pyg., Xl (496,n).

Maeropyge STUBBLEFIELD in STUBBLEFIELD & BUL
MAN, 1927 [*M. chermi] (=Gladiatoria Hup:£,
1955]. Glabella narrowing forward, deep basal
lateral furrows isolating triangular basal lobe, 2
further faintly defined lateral glabellar furrows;
frontal area including only narrow (sag.) anterior
border; genal spines arising at posterolateral corners
of wide (tr.) genae; long eye lobes; anterior sec
tions of facial sutures only moderately divergent.
Thorax of 9 segments. Pygidium with relatively
short axis; pleural fields prolonged back to form
long, broad terminal spine; 1st 2 pleural furrows
present (114). L.Ord., Br.I.-Utah.--FIG. 243,1.
·M. chermi, Tremadoc., Br.I.; exoskel., Xl
(496, n).
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FIG. 242. Remopleurididae (p. 0327-0330).

Menoparia Ross, 1951 [*M. gena//lnata]. Like
Apatokepha/IIS but small crescentic area between
lateral margins of glabella and palpebral furrows;
2 pairs of lateral furrows; no preglabellar field
in mid-line, short (exsag.) laterally; genal spines
originating on lateral margins opposite mid-point
of eye lobes. Axis of pygidium with fewer rings;
pleural fields with 4 pairs of marginal spines,
inner pair minute (258). L.Ord., Utah.--FIG.
242,4. *M. genalIl1Iata; 4a, cran., X8; 4b, pyg.,
X6; 4e, librigena, X8 (258*).

Pseudokainella HARRINGTON, 1938 [*P. keide/i]
[=Parakaine/la KOBAYASHI, 1953]. Like Kaine/la
but glabella tapering markedly forward; anterior
sections of facial sutures less divergent; preglabel
lar field shorter (sag.). Thorax of 12 segments,
long median axial spine on 8th segment; deep
diagonal pleural furrows. Pygidium like that of
ApatokephalllS, wider than long, 4 pairs of spinose
pleurae, directed diagonally outward and back-

ward (55). L.Ord., Arg.-Korea.--FIG. 244. *P.
I(eideli, Tremadoc., S.Am.; exoskel., X 13.5 (59*).

Scinocephalus Ross, 1951 [*5. soliteeti]. Like
Apatokeplza//ls but anteromedian part of glabella
strongly inflated, posterolateral part outside pos
terior lateral furrows depressed, extending out
to palpebral furrows, median and anterior glabel
lar furrows short, shallow; librigenae broad, genal
spines originating opposite anterior end of eye
lobes, doublure extending in to margin of eye
lobes. Pygidium with short, convex axis, long
pleural fields with 3 pairs of backwardly q.IrV

ing spinose pleurae, minute median marginal
spine (258). L.Ord., Utah.--FIG. 242,6. *5.
soliteeti; 6a, eran., X8; 6b, librigena, X4; 6e,
pyg., X4 (258*).

Tramoria REED, 1899 [*T. pltlletata]. Only erani
dium known, apparently like Apatokephal/ls but
glabella with posterior pair of furrows only and
part in front of eye lobes shorter; anterior sections
of facial sutures less divergent. ?L.Ord., Ire.
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Apatokepha Ius

Macropyge

2b 3b

Kainella

FIG. 243. Remopleurididae (p. 0329).

Lingukainella KOBAYASHI, 1953 ["L. robusta].
Doubtful value, based on single pygidium of
Kainella type bearing 2 pairs of pleural spines and
median posterior spine. ?L.Ord., B.C.

Hukasawaia KOBAYASHI, 1953 ["Richardsonella
(H.) cylindn·ca]. Based on cranidium said to be
like Richardsonella but lacking preglabellar field;
cranidium resembles that of Menoparia. L.Ord.,
Korea.

?Lichapyge CALLAWAY, 1877 ["L. cuspidata]. Only
pygidium known, in type species Ys inch long;
outline subtriangular, length of axis about 0.5 of
total pygidial length, continued to margin by
postaxial ridge; 1st 2 pleural furrows and inter
pleural grooves subparallel, curving to point back
ward, tips of 1st 2 pleurae pointed; other furrows
on remainder of pleural regions. L.Ord.(Trema
doc.). Eng.-Ger.

Subfamily UNCERTAIN

Apatokephalina SIVOV, 1955 [*A. brutal. U.Cam.,
W.Sib. [Author's assignment to family.]

Artokephalus SIVOV & JEGOROVA, 1955 ["A. mini
mus SIVOV, 1955]. U.Cam., W.Sib. [Author's as
signment to family.]

Portentosus JEGOROVA, 1955 ["P. brevis]. U.Cam.,
W.Sib. [Author's assignment to family.]

Family LOGANELLIDAE Rasetti, nov.
Exoskeleton opisthoparian subisopygous

to micropygous. Glabella subrectangular,

occipital ring simple; glabellar furrows
unconnected with axial furrows; frontal
area short to long (sag.); border furrow
present or obsolete; eyes small to medium
sized, close to glabella, median or posterior
in position; anterior facial sutures strongly
divergent, frontal portion dorsal-intramar
ginal; librigenae wide, fused together
through doublure. Thorax of 11 or 12 seg
ments; macropleural segments may be pres
ent. Pygidium wide and short; margin en
tire; axis elevated, of 5 to 7 rings; pleural
fields furrowed; border flat or concave.
Probably derived from ptychopariids
through Wilbernia or similar forms; also
closely related to early Remopleurididae
(Richardsonella) (188, 189). V.Cam.
Loganellus DEVINE, 1863 ["L. quebeansis (=Ole-

nl/.f? logani DEVINE, 1863)] [=Highgatea RAY
MOND, 1937]. Glabella convex, tapered; preglabel
lar field short (sag.) or absent; border elevated;
eyes small, at level of glabellar mid-point; eye
ridges distinct. Thorax of liar 12 segments, one
of which macropleural; pleurae extended into
spines. Pygidium subtriangular, with narrow bor
der. U.Cam.(Trempeal.), N.Am.--FIG. 245,1.
"L. logani (DEVINE), Que.; exoskel., X2 (448n).

Lauzonella RASETTI, 1944 ["Dikelocephalus plani
frons BILLINGS, 1860]. Glabella flat, subrectangu-
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FIG. 244. *Pseudokainella keideli HARRINGTO)l (Remopleurididae), L.Ord., Arg.; exoskel., X 13.5 (59·).

lar, frontal area long (sag.) and wide, lacking
border; eyes medium-sized, close to dorsal furrow,
posterior in position. V.Cam.(Trempeal.), N.Am.
--FIG. 245,2. "L. planijrons (BILLINGS), Que.;
2a,b, cran., pyg., X 1.5 (448n).

Levisella ULRICH in RASETTI, 1944 ["Dike/acephalus
oweni BILLINGS, 1860]. Glabella subrectangular,
of low convexity; preglabellar field of medium
length (sag.), border convex, wider mesially; eyes
as in Lauzonella. Thorax of 11 segments; 5th
macropleural (L. brevij,·ons RASETTI). V.Cam.
(Trempeal.) , N.Am.--FIG. 246, "L. oweni
(BILLINGS), Que.; a-c, cran., pyg., united libri
genae, X2 (448n).

Family HUNGAIIDAE Raymond, 1924
[nom. Iransl. KOBAYASHI, 1935 (ex Hungiinae RAYMOND,

1924) ]

Exoskeleton opisthoparian, subisopygous.

Glabella tapering with rounded front; eye
ridges may be present; palpebral rims and
palpebral furrows narrow; eyes about me
dium in size, behind center of glabella;
frontal area of variable width, consisting of
wide flat or concave anterior border furrow
and narrow anterior border; fixigenae up
sloping, narrow, with palpebral areas arcu
ate and posterior areas narrow (exsag.) ,
long, with a pair of faint posterior alae
present in some; librigenae wide, flat or
concave, with narrow convex border and
short genal spine. Hypostoma rounded,
with short anterior wings, globose central
lobe, and pair of deep pits in posterior ma~
ginal furrow. Pygidium subquadrate; aXIS
narrow, convex, short, with postaxial ridge,
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Logonellus

Lou%onello

FIG. 245. Loganellidae (p. 0331).

axial rings 3 or 4; pleural fields wider than
axis, pleurae and pleural furrows curved
abruptly backward, ending in prominent
spines on posterior margin, lacking border
furrow and border. Surface finely granu
lose; a few genal caeca prominent on
cephalon. U.Cam.

Hungaia WALCOTT, 1914 ("'Dikelocephalus magnj
ficus BILLINGS, 1865]. Glabella convex, broad
based tapering, with 3 pairs of faint lateral

Q

b

FIG. 246. "'Levisella oweni (BILLINGS) (Loganelli
dae), U.Cam.(Trempeal.), Que.; a-c, cran., united

librigenae, pyg., X 1.5 (448n).

furrows, posterior pair complete, shallow axial
furrows obsolete posteriorly; eye ridges faint, eyes
below medium size, opposite posterior 0.3 of
glabella; frontal area concave, 0.40 of length
(sag.) of cranidium; fixigenae with palpebral
areas less than 0.3 of glabellar width, posterior
areas very narrow (exsag.), 0.7 of length (tr.) of
occipital ring, posterior alae weak or absent; libri
genae wide, concave, lateral marginal furrow obso
lete, with short blunt genal spines. Thoracic seg
ments geniculate, with broad deep pleural fur
rows running to flat-spaced ends. Pygidium with
convex axis, tapered 0.40 of its length to rounded
end, with postaxial ridge extending 0.40 or more
of length, with 3 axial rings and terminal; pleurae
4, with broad shallow pleural furrows extending
into base of posterior spines, 3 or all 4 of pleurae
in some forms ending in flat-pointed spines along
posterior margin (188). U.Cam.(Trempeal.), W.
N.Am.-E.N.Am.-S.Am.--FIG. 247. "'H. mag
nifica (BILLINGS), Que.; a,b, ceph., pyg., XO.6
(79,288).
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b

FIG. 247. "'Hungaia magnifica (BILLINGS) (Hungaii
dae), U.Cam.(Trempeal.), Que.; a,b, ceph., pyg.,

XO.7 (79).

Superfamily UNCERTAIN
Family DICERATOCEPHALIDAE Lu,

1954
Anterior corners of cranidium with prom

inent spines, as long as main part of crani
dium, and curving almost to meet in front;
glabella tapering forward; occipital ring
with long, mesial spine; fixigenae about as
wide as glabella; eyes small, opposite pos
terior half of glabella; librigenae narrow,
with long genal spines. Pygidium wider
than long, with poorly defined axial fur
rows, and with ridge parallel to posterior
margin, separating wide border with ter
race lines from remainder of pygidium. U.
Cam.

Diceratocephalus Lu, 1954 ["'D. armatus]. Char
acters of family. V.Cam., S.Manch.--FIG. 405,
2. "'D. armatus; cran., X2 (406n).

Suborder ASAPHINA Salter, 1864
[nom. transl. HARRINGTON & LEANZA, 1957 (ex Asaphini

SALTER, 1864») [Type-Asaphus BRONGNIART, 1822)

Exoskeleton opisthoparian, subisopygous.
Librigenae separated anteriorly by me
dian suture or fused; doublure broad; gla
bella with faint lateral glabellar furrows
or smooth, commonly with glabellar tu
bercle; eye ridges rarely present, faint.
Thorax with 6 to 9 segments. Pygidium
more or less equal to cephalon in size.
Tuberculate ornamentation rare. Up.M.
Cam.-U.Ord.

Superfamily ASAPHACEA
Burmeister, 1843

[nom. transl. HENNINC.MOEN, 1951 (ex Asaphidae BURMEISTER
1843» ,

Thoracic segments generally 8 (in a few
genera 7). Eyes commonly more or less
c?nical, short o! moderate in length; eye
rIdges present III a few genera, faint or
scarcely discernible. Pygidium rounded or
with terminal spine (in Taihungshaniidae
with pair of spines). U.Cam.-U.Ord.

Family ASAPHIDAE Burmeister, 1843
Librigenae separated anteriorly by a

median suture; glabella well defined to
obsolete, considerably longer than frontal
area; lateral glabellar furrows mostly weak
or absent; most genera with distinct glabel
lar tubercle; eyes generally somewhat dis
tant from axial furrows; faint, almost obso
lete eye ridges known only in 2 genera.
Doublure commonly broad; posterior mar
gin of hypostoma varying from pointed to
deeply notched. Thorax of 8 segments;
pleural furrows generally diagonal, if pres
ent. Panderian organs developed as notches
or separate openings, but absent in some
(Ogygiocaridinae, Symphysurininae). Ex
ternal margin of pygidium varying from
rounded to pointed, in some genera with
terminal spine; paired pygidial spines pres
ent only in single genus of uncertain affin
ities. Dorsal surface of carapace with small
pits, terrace lines, or both; no tuberculate or
granulose ornamentation. Family tends to
ward loss of apparent segmentation of
cephalon and pygidium, obsolescence of
axial furrows, and deep notching of pos
terior margin of hypostoma. U.Cam.-U.Ord.

Subfamily ASAPHINAE Burmeister, 1843
[nom. transl. M'Coy, 1850 (ex Asaphidae BURMEISTER, 1843)]

Glabella commonly expanded in front of
eyes; posterior lateral glabellar furrows com
monly strong, obliquely directed, mostly
deeper than part of axial furrows laterally
delimiting posterior lateral glabellar lobe;
glabellar tubercle situated immediately in
front of occipital furrow or of area corre
sponding to this furrow; posterior border
furrow generally distinct. Panderian or~ans

developed as notches or separate opelllngs.
Anterior wings of hypostoma broad (tr.) ,
more or less quadrangular in outline; pos
terior margin of hypostoma with deep
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notch (except Aulacoparia). Pygidium with
ribs of pleural fields unfurrowed, if pres
ent, or rarely with faint furrows; posterior
margin rounded, without spine. L.Ord.(U.
Tremadoc.).-U.Ord.

Asaphus BRONGNIART in BRONGNIART & DES"AREST,

1822 [11011 Asap/ws BRONGNIART in DES"AREST,

1817 (suppressed, ICZN Opinion 510)] [4Ento
mostracites expallSllS W AHLENBERG, 1821 (=Ento
molit/ws paradox/ls a expansus LINNE, 1768,
suppressed, ICZN opinion 296)]. Cephalon and

2b
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Aulocoporio
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Neoosophus
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30

Bosilicus
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FIG. 248. Asaphidae (Asaphinae) (p. 0336).
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pygidium without any trace of border. Glabella
long, reaching external cephalic margin, frontal
area absent or very narrow; posterior margin of
librigenae typically convex, genal angles rounded
or (rarely) pointed (adult specimens only in 1 or
2 species with genal spines). Lateral corners of
hypostoma more or less protruding. Librigenal
panderian organs developed as notches. pygidial
axis long, prominent; pleural fields smooth or very
faintly ribbed; pygidial doublure moderately
broad. L.Ord.(U.Arenig.)-M.Ord., NW.Eu.
A. (Asaphus) [=Sehizophorus BALASCHOVA,

1953]. Panderian organs on thoracic pleurae de
veloped as notches. Eyes relatively small, length
approximately equal to distance between eyes
and posterior margin of cephalon. Cephalic
doublure without median hook and vincular fur
row. L.Ord.(U.Arenig.-L.LlantJirn.), Balt.-
FIG. 248,la. "'A. (A.) expansus (WAHLENBERG),
Swed.; exoskel., X1.5 (414n).--FIG. 248,lb.
A. (A.) lallax ANGELIN; ceph., ventral, showing
doublure and hypostoma, Xl.5 (414n).

A. (Onchometopus) FR. SCHMIDT, 1898 ["'A. (0.)
tJolborthi]. Like A. (Asaphus) but with median
hook on cephalic doublure and vincular furrow
along whole extension of cephalic doublure. L.
Ord. (U.Arenig.), Ingermanland (USSR).

A. (Neoasaphus) JAANUSSON, 1953 (Aug.)
(=Trematophorus BALASCHOVA, 1953 (Dec.)].
("'Asaphus ludibundus TORNQUIST, 1884]. Pan
derian organ on thoracic pleurae developed as
separate opening. Inner margin of thoracic pleural
doublure concave. Eyes relatively large, their
length considerably exceeding distance between
eyes and posterior margin of cephalon. L.Ord.
(UantJirn.)-M.Ord., Balt.--FIG. 248,2. "'A.
(N.) ludibundus (TORNQUIST), 2a-c, ceph., hypo·
stoma, pyg., Xl (414).

Aulacoparia HINTZE & }AANUSSON, 1956 ("'Asaphel
Ius? tJenta HINTZE, 1953]. Frontal area mod
erately long; cephalic axis well defined, with
occipital furrow in all known species; eyes me
dium in size, situated at about transverse mid
line of cephalon or slightly behind it; genal angles
produced into spines. Panderian organs developed
as broad notches on librigenae (only known genus
of Asaphinae with rounded posterior margin of
hypostoma). Thorax unknown. Pygidial axis long,
prominent; pleural fields smooth, with mere
traces of ribs. L.Ord.(M.Canad.) , N.Am.(Utah).
A. (Aulacoparia). Cephalon and pygidium with-
out concave border. Pygidium with short post
axial field, doublure narrow, its inner margin
concave on both sides ofaxis.--FIG. 248,4.
"'A. (A.) tJenta (HINTZE); 4a,b, cran., librigena,
X4; 4c, hypostoma, X5; 4d, pyg., X1.5 (407).

A. (Aulacoparina) HINTZE & JAANUSSON, 1956
('"Asaphellus? quadrata HINTZE, 1953]. Cepha
Ion and pygidium with more or less distinct
concave border; postaxial field of pygidium mod-

erately long; pygidial doublure fairly broad, with
inner margin on both sides of axis straight or
feebly convex.

Basilicus SALTER, 1849 ('"Asaphus tyrannus MURCH
ISON, 1839]. Only known genus of Asaphinae
with marginal position of facial suture in front
of glabella. Cephalon surrounded by convex rim;
glabella long; preglabellar field narrow; eyes
rather large, situated slightly behind transverse
mid-line of cranidium; genal angles with spines.
Lateral margin of the hypostoma broadly rounded,
posterior margin deeply notched. Pygidium with
well-defined concave border; inner part of the
pygidial pleural fields with strong, rounded ribs;
pygidial doublure moderately broad, as in
Asaphus. L.Ord.-M.Ord., N.Am.-Eu.
B. (Basilicus). Pygidium long, with subparabolic

outline; postaxial field short. Cephalic border
rounded. M.Ord.(Uandeil.), Wales.--FIG. 248,
3. "'B. (B.) tyrannus (MURCHISON); 3a, ceph.,
XO.7; 3b, hypostoma, Xl; 3e, pyg., showing at
right shape of inner margin of doublure, XO.7
(466).

B. (Basiliella) KOBAYASHI, 1934 ("'Asaphus bar
randei HALL, 1851]. Pygidium with more or
less subcircular outline; postaxial field moder
ately long. Cephalic border angular. M.Ord.
(Blackriver). E.C.USA., L.Ord.(U.Tremadoc.),
?Arg.--FIG. 249,3. "'B. (8.) barrandei (HALL);
la-d, cran., librigena, hypostoma, pyg., Xl
(414n).

Eoisotelus WANG, 1938 ["'E. orientalis]. Glabella
long, almost reaching margin of cephalon; genal
angles produced into spines in the type species;
librigenae more or less evenly convex; eyes rela·
tively small. Pygidium with pleural fields smooth
or very faintly ribbed, and broad, deeply concave
border. L.Ord., China.

Ogmasaphus }AANUSSON, 1953 ['"Asaphus praetextus
TORNQUIST, 1884]. Like Pseudoasaphus but cepha
Ion with considerably narrower frontal area and
pygidium with distinct ftattened border and mod
erately strong ribs on inner part of pleural fields.
Panderian organs of type species notchlike on
librigenae and developed as separate openings on
thoracic pleurae; inner margin of the thoracic
pleural doublure straight. pygidial doublure mod
erately broad (broader than in Asaphus, narrower
than in Pseudoasaphus). M.Ord. Scand.--FIG.
249,2. "'0. praetextus (TORNQUIST); 2a, ceph.,
X2; 2b, pyg. showing at left shape of inner
margin of doublure, X 1.5 (414n).

Plectasaphus JAANUSSON, 1953 ("'Asaphus plicicostis
TORNQUIST, 1884). Glabella and frontal area much
as in Ogmasaphus; cephalon and pygidium with
out border; librigenae with straight to faintly
concave posterior margin, genal angles pointed.
Panderian organs on thoracic pleurae and inner
margin of thoracic doublure as in Asaphus (Neo
asaphus). Hypostoma as in Asaphus. Pygidial pleu-
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ral regions evenly convex, their inner part with 3
or 4 conspicuous short (tr.) rounded ribs; pygidial
doublure broad. M.Ord.(Uandeil.), Swed.--FIG.
249,1. *P. plicicoslis (TORNQUIST); carapace, X2
(414n).

Pseudoasaphus FR. SCHMIDT, 1904 [*Ptychopyge

Plectasaphus

Basiliella

globifrons EICHWALD, 1857; SD REED, 1930]
[=Pseudasaphus FR. SCHM lOT, 1904, 110m. m,ll.].
Cephalon and pygidium with more or less dis
tinct (in some species poorly defined), concave
border. Frontal area moderately long; eyes large,
as in Asap/zus (Neoasap/zus); genal angles pointed

Ogmasaphus

Pseudaasaphus

FIG. 249. Asaphidae (Asaphinae) (p. 0336-0337).
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or with genal spines. Hypostoma as in Asap/ills.
l'anderian organs developed as notches or separate
openings on librigenae and as separate openings
on thoracic pleurae. Inner margin of the thoracic
pleural doublure slightly to moderately convex.
Pygidium with pleural fields smooth or bearing
faint ribs on inner parts, doublure broad, anel
outer surface generally with strong ornamentation
of terrace lines. L.Ord.(Uallt'im.)-M.Ord., Balto
scandia.--Flc. 249,4. ·P. globifrOlls (EICH
WALD); 4a, ceph., Xl.5; 4b, pyg., showing at left

shape of inner margin of doublure, X I.S (468).
Pseudobasilicus REED, 1931 [·Ptychopyg~ laturOl//i

FR. SCHMIDT, 1898]. Exoskeleton rather flattened.
cephalon and pygidium with a broad flattened
border. Frontal area moderately long; eyes large,
as in Asap/lUs (N~oasaphtls)" librigenae broad,
with genal spines. Lateral terminations of thoracic
pleurae, unlike all other Asaphinae, pointed and
curved backward, resembling shon spines. Pan
e1erian organs and inner margin of thoracic pleural
doublure as in Ptychopyg~. Inner pan of pygidial

Ib

- --

2e

Ptyehopyge

20

2b

Xenosophus

Pseudomego 10sp is

3b

Pseudobosi Iieus

2d

FIC.250. Asaphidae (Asaphinae) (p.0338-0339).
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pleural fields with conspicuous rounded ribs that
reach border (one species without ribs); pygidial
doublure very broad, as in Ptychopyge. M.Ord.,
Baltoscandia.--FIG. 250,3. ·P. lawrowi (FR.
SCHMIDT); 3a, ceph.; 3b, parts of 2 hindmost
thoracic segments and pygidium showing at left
shape of pygidial doublure, Xl (468). [Pseudo
basilicus REED, 1930 (nom. nud.), did not include
Ptychopyge lawrowi as species assigned to genus.
-C.].S.]

Pseudomegalaspis ]AANUSSON, 1953 [·Megalaspis
formosa TORNQUIST, 1884]. Cephalon and pygi
dium without trace of concave border. Genal
angles produced into spines. Hypostoma as a
whole as in Asaphus. Posterior lateral glabellar
furrows poorly developed; eyes large, as in Asa
phus (Neoasaphus). Thoracic axis narrow, its
width considerably less than 0.3 of total width
of thorax. Panderian organs on thoracic pleurae
and inner margins of thoracic pleural doublure,
as in A. (Neoasaphus) , their development on
librigenae unknown. Pygidium with axis rather
flattened; inner part of pleural fields with faint,
slightly furrowed ribs; doublure narrow, its inner
margin more or less parallel to outer margin of
pygidium. M.Ord.(Uandeil.), Scand.--FIG. 250,
I. *P. formosa (TORNQUIST); a,b, ceph., pyg.,
Xl (414).

Ptychopyge ANGELlN, 1854 [.Asaphus angustifrons
DALMAN, 1827; SD proposed ]AANUSSON, 1956
(ICZN pend.)]. Cephalon and pygidium with
flattened border. Glabella con;lparatively narrow;
frontal area long to moderately long; eyes rela
tively small, generally as in Asaphus (Asaphus);
characteristic nodes typically developed behind
eyes (may be present also in Pseudoasaphus); pos
terior margins of librigenae concave, genal angles
produced into spines. Hypostoma with compara
tively short (tr.) notch in posterior margin, lat
eral margin more or less evenly rounded, without
a distinct protruding corner. Thoracic axis nar
row, its width considerably less than 0.3 of total
width of thorax; lateral terminations of thoracic
pleurae straight. Panderian organs developed as
separate openings on librigenae and thoracic seg
ments. Inner margin of thoracic pleural doublure
strongly convex. Inner part of the pygidial pleural
fields with faint, rounded, unfurrowed ribs; pygi
dial doublure very broad. L.Ord.(Arenig.-L.
Llanvirn.). Baltoscandia.--FIG. 250,2. ·P. an
gustifrons (DALMAN); 2a, ceph., Xl; 2b, pyg.,
Xl (414n); 2c, hypostoma, X1.5 (424); U,
pyg., ventral view showing shape of doublure
(414n).

Xenasaphus ]AANUSSON, 1953 [·Asaphus devexus
EICHWALD, 1840]. Cephalon without trace of
border; frontal area very short; eyes relatively
small, as in Asaphus (Asaphus); posterior mar
gin of librigenae convex, genal angles rounded or
faintly pointed. Hypostoma essentially as in

Asaphus. Thorax with long and deep articulating
furrows. Panderian organs developed as broad
notches on librigenae and as separate openings on
thoracic pleurae. Pygidium with broad, deeply
concave border; postaxial field moderately long;
inner part of pygidial pleural fields smooth or
with very faint traces of unfurrowed ribs; doub
lure moderately broad, as in Asaphus. M.Ord.
(Llandeil.) , Est., Ingermanland (Leningrad dis
trict) .--FIG. 250,4. •X. devexus (EICHWALD);
4a, ceph. (reconstr.), XI (414); 4b, pyg., Xl
(468) .

Subfamily ISOTELINAE Angelin, 1854
[nom. transl. JAANUSSON, herein (ex Isotelidae ANGUIN,

1854) I

Glabella, if defined, slightly tapering for
ward, parallel-sided, or somewhat expand
ing in front of eyes; glabellar tubercle im
mediately in front of or at some distance
from occipital furrow or of area correspond
ing to it, distance between this tubercle and
occipital furrow (with some exceptions)
smaller than length (sag.) of occipital ring.
Anterior wings of hypostoma more or less
triangular. Panderian organs generally de
veloped as separate openings. Ornamenta
tion of terrace lines mostly poorly developed
or absent. [The tendency toward obsoles
cence of axial furrows is more common in
this subfamily than in others. The tribes
here distinguished may not represent nat
ural units.] L.Ord.(Arenig.)-Up.U.Ord.

Group A

Posterior margin of hypostoma strongly
concave to deeply notched (including gen
era in which hypostoma is still unknown,
but which probably have similar shape of
hypostomal posterior margin). L.Ord.
(Arenig.)-Up.U.Ord.
Isotelus DEKAY, 1824 [·1. gigas]. Cephalon and

pygidium mostly with poorly defined flattened
border. Frontal area moderately long, cephalic
axis ill defined, almost obsolete in several species,
slightly expanding in front of medium-size eyes
situated somewhat behind transverse mid-line of
cranidium; no posterior border furrow; genal
angles rounded, pointed, or with short genal
spines. Hypostoma almost parallel-sided, posterior
margin with broad (tr.) , deep notch; anterior
lobe short. Thoracic axis considerably broader
than pleurae. pygidial axis broad, poorly defined,
almost obsolete in several species; pleural fields
smooth or very faintly ribbed. M.Ord.-U.Ord. N.
Am.-Sib.-N.Eu.-Greenl.--FIG. 251,2. ·1. gigas;
2a, carapace, Xl (496); 2b, hypostoma, XO.7
(414n).
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Anataphrus WHITTINGTON, 1954 [·A. borraeus).
No border on cephalon or pygidium, axial fur
rows obsolete; foremost portions of facial sutures
very close to external cephalic margins; eyes large,
their mid-point slightly behind the transverse
mid-line of cephalon; no posterior border furrow;

genal angles rounded. Thoracic axis considerably
broader than pleural regions; pleural furrows ab
sent. Pygidium smooth, axis completely obsolete.
U.Ord., N.Am.-Greenl.-Baflin I.--FIG. 251,4. •A.
borrot'lts; 4a,b, ceph., 8th thoracic segment and
pyg., X3 (496).

/'

3

\

10

Isoteloides
Isotelus Homotelus

40

4b

Anotophrus

Lochnostomo

FIG. 251. Asaphidae (Isotelinae) (p.0339-0340).
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Ectenaspis RAYMOND, 1920 [·Megalaspis hecken
SLOCUM, 1913]. Anterior part of cephalon pro
duced into long, tonguelike process; cephalic axis
not distinguished; no distinct cephalic border or
posterior border furrow; eyes on long stalks; genal
corners rounded. Hypostoma unknown. Thoracic
axis well defined, considerably broader than
pleurae. Pygidium triangular, with faint narrow
flattened border posteriorly; axis well defined, tri
angular. U.Ord.(Maquoketa). USA(lowa).-
FIG. 252,4. ·E. heckeri (SLOCUM); carapace, Xl
(496n).

Homalopyge JAANUSSON, 1956 [·Asaphus stacyi FR.
SCHMIDT, 1898]. Cephalon and pygidium with
out trace of border and axial furrows on dorsal
surface of carapace; eyes small, considerably be
hind transverse mid-line of cranidium; no pos
terior border furrow; librigenae relatively narrow,
genal angles rounded; foremost portions of facial
sutures at some distance from external cephalic
margins. Thorax and hypostoma unknown. Pygi
dial doublure moderately broad. L.Ord.(Uan
virn.). Baltoscandia.--FIG. 252,3. ·H. stacyi
(FR. SCHMIDT); 3a, ceph., XO.7; 3b, pyg., show
ing at left shape of inner margin of doublure,
XO.7 (414).

Homotelus RAYMOND, 1925 [·H. ulrichi]
[=Homotelus RAYMOND, 1920, nom. nud. (no
fig. of type species)]. Cephalon without trace of
border; cephalic axis poorly defined, expanding
in front of eyes; no frontal area, glabella reach
ing cephalic margin; eyes of moderate size, slight
ly in front of transverse mid-line of cranidium;
no posterior border furrow; genal angles pointed
in type species. Hypostoma as in Isotelus. Thoracic
axis about twice width of pleurae in dorsal view.
Pygidium with narrow, poorly defined, flattened
border; axis wide (tr.) anteriorly, comparatively
well defined, pleural fields smooth. U.Ord.(Eden.).
N.Arn.(Ohio).--FIG. 251,3. ·H. ulrichi; cara
pace, Xl.5 (496).

Isoteloides RAYMOND, 1910 [·1. whitfieldi]. Cepha
Ion and pygidium with well-defined, flattened
border; frontal area moderately long, in type
species slightly shorter than 0.25 of total length
of cephalon; glabella rather well defined, slightly
expanding in front of moderately large eyes sit
uated at about transverse mid-line of cephalon;
faint posterior border furrow may be present;
genal angles produced into spines. Hypostoma in
type species with broadly rounded lateral margin
and broad (tr.) notch in posterior margin. Thor
acic axis about as broad as pleurae. pygidial axis
rather well defined, moderately broad; pleural
fields in tYPe species with faint ribs. L.Ord.(U.
Canad.), N.Am.-Greenl.--FIG. 251,1. ·1. whit
fieldi; la, carapace (reconstr.), X2 (414n); Ih,
hypostoma, X2 (414n).

Lachnostoma Ross, 1951 [.L. latucelsumJ. Frontal
area moderately long, cephalic axis rather poorly

defined, slightly expanding in front of eyes, which
are small, situated well behind transverse mid
line of cephalon; no posterior border furrow;
librigenae broad, with poorly defined flattened
border and relatively long genal spines; librigenal
doublure with conspicuous furrow. Hypostoma
with rather broad lateral border, pointed lateral
corner, short and narrow (tr.) notch in posterior
margin, and short pointed process between notch
and lateral corner. Thoracic axis distinctly nar
rower than corresponding pleurae; pleural fur
rows absent. Pygidium with well-defined flattened
border and equally well-defined relatively narrow
axis; pleural fields very faintly ribbed to smooth;
doublure narrow, with inner margin on both
sides of axis parallel to external margin of pygi
dium. L.Ord.(U.Canad.). USA(Utah).-FIG.
251,5. ·L. latucelsum; 5a, cran., X2; 5b,c, libri
gena, dorsal, ventral, X 1.5; 5d, hypostoma, X2;
5e, pyg., X 1.5 (407).

Lannacus TJERNVIK, 1956 [·Megalaspides neri
ciensis WIMAN, 1905]. Like Megalaspides but with
broad flattened pygidial border. L.Ord. (Arenig.) ,
Swed.--FIG. 252,2.•L. nericiensis (WIMAN);
carapace (reconstr.), Xl (414n).

Megalaspides BR¢GGER, 1886 [·Megalaspis dalecarli
cus HOLM, 1882]. Cephalon with distinct flattened
border; frontal area moderately long (in type
species 0.16 of total length of cephalon); glabella
fairly distinct, more or less parallel-sided; eyeS
moderately large, at or slightly behind mid-line
of cranidium; posterior border furrow absent or
faint; genal angles produced into spines. Lateral
margin of hypostoma evenly rounded, posterior
margin with broad (tr.) , short notch. Thoracic
axis considerably narrower than pleurae. Pygidium
with axis commonly flattened and rather poorl)'
defined; without border; pleural fields smooth;
doublure narrow, with inner margin on both
sides of axis more or less parallel to external mar
gin. L.Ord.(Arenig.), Baltoscandia.--FIG. 252,
1. ·M. dalecarlicus (HOLM); la, carapace (re
constr.), Xl (414n); Ib, hypostoma, X2 (484a).

Nileoides RAYMOND, 1920 [·Nileus perkinsi RAY
MOND, 1910]. Cephalon without trace of border;
cephalic and pygidial axial furrows completely
obsolete, those of thorax very faint; eyes large,
close to posterior cephalic margin; foremost por
tions of facial sutures very close to external
cephalic margins and nearly parallel to them; no
posterior border furrow. Thoracic axis much
broader (tr.) than pleurae; pleural furrows ab
sent; shape of genal angles and hypostoma un
known. Pygidium incompletely known. M.Ord.
(Chazy.). USA. (Vt.-N.Y.).--FIG. 253,3. ·N.
perkinsi (RAYMOND), ceph., Xl (414n).

Ogygitoides KOBAYASHI, 1934 [·0. raymondi].
Cephalon and pygidium with poorly defined con
cave border; preglabellar field fairly long, 0.20 to
0.25 of total length of cranidium; cephalic axis
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comparatively narrow, fairly well-defined, parallel
sided or slightly tapering forward; eyes moderate
ly large, at about transverse mid-line of cranidium;
no posterior border furrow; genal spines long and
anteriorly rather broad. Hypostoma unknown.
Thoracic axis considerably narrower than pleurae.

Pygidial axis well-defined, narrow, pygidial pleu
ral fields smooth. M.Ord., S.Korea.--FIG. 253,1.
*0. mymondi; 1a,b, ceph., 2 hindmost thoracic
segments and pyg., XI (414n).

Parabasilicus KOBAYASHI, 1934 [*P. typicalis]. Type
species poorly known. M.Ord., S.Korea.

2

5d

Lonnocus

Mi.!:
..~."., ..,.J'
Jo:."~

lb

Megolospides

10

30

Homolopyge
Ectenospis

Presbyni leus

FIG. 252. Asaphidae (Isotelinae) (p. 0341-0343).
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Presbynileus HINTZE, 1954 [pro Paranileus HINTZE,
1953 (non KOBAYASHI, 1951)] [·Paranileus ibexen
sis HINTZE, 1953]. Cephalon and pygidium with
out trace of border and with almost completely
obsolete axial furrows; foremost portions of facial
sutures close to external cephalic margins and
nearly parallel to them; eyes of moderate size, at
transverse mid-line of cranidium; no posterior
border furrow; genal angles rounded. Thorax un
known. Pygidial pleural regions smooth, doublure
moderately broad. L.Ord. (M.Canad.-U.Canad.) ,
N.Am.
P. (Presbynileus). Carapace rather strongly convex.

Hypostoma with deeply notched posterior mar
gin and short, pointed median spine; lateral
corners slightly protruding, broadly rounded. L.
Ord.(M.Canad.-U.Canad.), N.Am. (Utah). -
FIG. 252,5. ·P. (P.) ibexensis (HINTZE); 5a,
cran., X3.5; 5b,c, librigena, hypostoma, X4;
5d, pyg., X2 (407).

P. (Protopresbynileus) HINTZE, 1954 [pro Pseudo
nileus HINTZE, 1953 (non KOBAYASHI, 1951]
[·Pseudonileus willdeni HINTZE, 1953]. Exo
skeleton moderately convex. Posterior margin of
hypostoma slightly notched, posterior and lat
eral furrows well developed, middle furrow ab
sent. L.Ord.(M.Canad.), N.Am. (Utah).--FIG.
254,1. ·P. (P.) willdeni (HINTZE); la, cran.,
Xl.5; 1b,c, librigena, hypostoma, X3; ld, pyg.
showing at right shape of inner margin of
doublure, X6 (407).

Pseudogygites KOBAYASHI, 1934 [·Asaphus canaden
sis CHAPMAN, 1856]. Cephalon and pygidium
with well-defined flattened border; preglabellar
field long, slightly less than 0.25 of total length
of cephalon; cephalic axis distinctly defined, ex
panding in front of eyes, which are comparatively
small, situated well behind transverse mid-line of
cranidium, their length about equal to distance
between eyes and posterior cephalic margin; pos
terior border furrows rather distinct; genal angles
produced into spines. Thoracic axis moderately
broad, about same in width as pleurae. Pygidium
with prominent axis, pleural fields with numerous
strong unfurrowed ribs that almost reach external
margin; doublure apparently narrow. [May not
belong to this subfamily.] M.Ord. or U.Ord.
(Utica), Can.--FIG. 253,5. ·P. canadensis
(CHAPMAN);5a,ceph., Xl;5b,pyg., XO.7 (449).

Ptyocephalus WHITTINGTON, 1948 [·P. vigilans]
[=Kirkella KOBAYASHI, 1942 (non GUNNELL,
1933) ]. Cephalic outline more or less pentagonal;
preglabellar field moderately long, 0.15 to 0.2 of
total length of cephalon; cephalic axis rather poor
ly defined, nearly parallel-sided; eyes of moderate
size, slightly behind transverse mid-line of crani
dium; no posterior border furrow; librigenae nar
row, genal angles rounded; all species with con
spicuous furrow on librigenal doublure. Hypo
stoma of peculiar shape, widest (tr.) near anterior

end of comparatively very broad lateral border,
notch in posterior margin relatively narrow (tr.)
and short; no middle furrow. Pygidium more or
less pentagonal in outline, with wide, flattened
border which is broadest (tr.) anteriorly and de
creases in width posteromedially; axis poorly de
fined, wide (tr.), facets narrow (tr.) and long;
doublure broad. [May not belong to this sub
family.] L.Ord.(U.Canad.). N.Am.--FIG. 253,
4. P. yersini (HINTZE), Utah; 4a, cran., X4; 4b,c,
librigena, hypostoma, X3; 4d,e, pyg., dorsal, ven
tral, X2 (407).

Stenorhachis HINTZE & JAANUSSON, 1956 [·lsotel
aides? genalticurvatus HINTZE, 1953]. Preglabellar
field long, slightly more than 0.5 of length ()f
cephalic axis, which is narrow, flattened, almost
parallel-sided or slightly tapering forward; eyes
small, far from axial furrows and well behind
transverse mid-line of cephalon; faint posterior
border furrow present; librigenae broad, with
shallow, poorly defined concave border and long
genal spines. Hypostoma and thorax unknown.
Pygidium comparatively broad, with distinct con
cave border; axis narrow, fairly prominent; pleu
ral fields with mere traces of ribs; doublure
moderately broad. L.Ord.(U.Canad.) , USA.
(Utah).--FIG. 253,2. ·S. genalticurvata
(HINTZE); 2a, cran., X2; 2b,c, librigena; pyg.,
showing at right shape of inner margin of
doublure, X4 (407).

Trigonocerca Ross, 1951 [·T. typica]. Preglabellar
field narrow, cephalic axis poorly defined, slightly
expanding in front of eyes, which are moderately
large, situated slightly behind Iransverse mid-line
of cranidium; no posterior border furrow; libri
genae with poorly defined flattened border and
genal spines. Hypostoma with concave posterior
margin and short pointed median spine; lateral
corners pointed, protruding; posterior furrow dis
tinct, no middle furrow. Thorax unknown. Pygid
ium triangular, with short terminal spine and
narrow border; axis rather poorly defined; pleural
fields smooth or very faintly ribbed; doublure nar
row, with inner margin parallel to external mar
gin. L.Ord.(U.Canad.), N.Am.--FIG. 254,3. T.
pioc/lt:nsis (HINTZE), Utah; 3a, cran., X4; 3b,c,
librigena, hypostoma, X2; 3d,e, pyg., dorsal,
ventral, X25 (407).

Trigonocercella HINTZE, 1953 [·T. acuta]. Cepha
Ion strongly elongated, cephalic axis poorly de
fined; eyes comparatively small, slightly behind
transverse mid-line of cranidium; foremost part of
facial sutures close to external cephalic margins
and almost parallel to them; librigenae without
trace of border and with genal spines. No posterior
border furrow. Hypostoma with deeply notched
posterior margin and strongly protruding lateral
cornets; no posterior furrow, middle furrow partly
obsolete. Thorax unknown. Pygidium without
border, with poorly defined axis and compara-
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tively long terminal spine; pleural fields smooth.
L.Ord.(U.Canad.), N.Am.(Utah).--FIG. 254,2.
*T. acuta; 2a, cran., X3; 2b,c, librigena, hypo
stoma, X4; 2d, pyg., X3 (407).

Vogdesia RAYMOND, 1910 [*Isotelus? bearsi RAY

MOND, 1905]. Cephalic axis long, almost reaching

anterior margin, cephalic axial furrows poorly de
fined; eyes rather large, situated at about trans
verse mid-line of cranidium, stalked on type spe
cies; no posterior border furrow; librigena with
poorly defined, slightly concave border and
rounded genal corners. Hypostoma and thorax un-

2c
Stenorhachis

4c

3 Nileoides

Ib

Ogygitoides

Ptyocephalus Pseudogygi tes

FIG. 253. Asaphidae (Isotelinae) (p. 0341-0344).
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T rigonocercella

6a

Hunnebergia

c/~!c=:;t~:~
6bAsaphellus

&J2c

4c
Megistaspis

T rigonocerca

3c

Protopresbyni leus

FIG. 254. Asaphidae (Isotelinae) (p. 0343-0347).
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FIG. 255. "'Asaphellus homfrayi (SALTER) (Asaphi
dae), L.Ord.(Tremadoc.), Eng.; carapace (re

constr.), X 1.5 (414).

known. Pygidium with faintly concave border;
axis flattened, broad, triangular; pleural fields
smooth. M.Ord.( Chazy.), N.Am.--FIG. 253,6.
"'V. bearsi (RAYMOND); pyg., Xl.5 (414n).

Group B

Posterior margin of hypostoma pointed,
rounded, straight, or only faintly concave.
L.Ord.(Tremadoc.-Llanvirn.}.
Asaphellus CALLAWAY, 1877 ("'Asaphus homfrayi

SALTER, 1866] (=Hemigyraspis RAYMOND, 1910].
Cephalon and pygidium with concave border;
frontal area moderately broad (in type species
about 0.13 of total length of cranidium); cephalic
axis flattened, mostly poorly defined; eyes small,
slightly in front of transverse mid-line of crani
dium; posterior border furrow distinct; genal
angles produced into spines. Hypostoma with
slightly concave to rounded posterior margin.
Thoracic axis considerably narrower than pleurae.
Pygidium fairly broad, flattened, with narrow
well-defined axis, pleural fields with very faint to
obsolete ribs; doublure narrow, as in Megistaspis.
L.Ord.(Tremadoc.), Eng.-Wales-E.N.Am.-?N.Arg.
--FIGS. 254,5; 255. "'A. homfrayi (SALTER),
Eng.; 254,5, hypostoma, X1.5 (421); 255, cara
pace (reconstr.), Xl.5 (414n).

Hoekaspis KOBAYASHI, 1937 ("'Megalaspis metacen
sis HOEK, 1912]. Cephalon and pygidium with
flattened border; frontal area narrow; glabella

slightly expanding in front of eyes; facial sutures
intramarginal in front of glabella; glabellar tu
bercle situated immediately in front of area cor
responding to occipital furrow; eyes moderately
large, slightly in front of transverse mid-line of
cranidium; genal spines long. Hypostoma with
slightly acuminate posterior margin. Thorax with
axis somewhat narrower than pleurae. Pygidium
with prominent axis; pleural fields with faint ribs.
border well distinguished; doublure narrow, as in
Megistaspis. Development of panderian organs
unknown. (May not belong to this subfamily.] L.
O,·d. (Llanvirn.) , N.Arg.-Bol.--FIG. 256. H.
1IIegacantha (LEANZA); carapace (reconstr.), X 1.4
(59"') .

Hunnebergia TJERNVIK, 1956 ("'H. ,·etusa]. Cepha
Ion and pygidium with wide, flattened border;
frontal area broad, 0.25 to 0.3 of total length· of
cranidium; glabella slightly tapering forward;
eyes moderately large, somewhat behind trans
verse mid-line of cranidium; posterior border fur
row distinct; genal angles produced into spines.
Hypostoma poorly known, apparently with round
ed posterior margin. Thoracic axis comparatively
very narrow, pleural terminations pointed. Pygid
ium flattened, axis narrow, inner part of pleural
fields with faint ribs, postaxial field moderately

FIG. 256. "'Hoekaspis megacant!lO (LEANZA) (Asa
phidae), L.Ord.(Llanvirn.), Arg.; carapace (re

constr.), X 1.4 (59"').
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N.Arg.--FIG. 258. ·M. (K.) asaphelloides
(HARRINGTON), carapace (reconstr.), X 1.8
(59·) .

Megistaspis JAANUSSON, 1956 [pro Megalaspis AN
GELIN, June 1851 (noll BLEEKER, May 1851)]
[·Trilobites limbauis BOECK, 1838J [=Rhillaspis
REMELE, 1885, 110m. ,wd. (noll PERTY, 1830»).
Cephalon and pygidium with concave border,
distinct in most species, weak to obsolete in
some large species; frontal area 0.25 or more of
total length of cranidium; eyes mostly small;
occipital furrow and posterior border furrow dis
tinct in some species, obsolete in others; cephalic
axis well defined, slightly tapering forward or
parallel-sided; genal angles produced into spines.
Hypo'toma with strongly convex anterior body
and broad lateral margin that protrudes slightly
laterally, posterior body triangular or trapezoidal,
posterior margin concave, rounded, or with a short
terminal spine. Thoracic axis narrow. Ribs on
pygidial pleural fields, if developed, with distinct
longitudinal furrow; pygidial doublure narrow.
L.Ord.(Arenig.-Llanvil'l1.) , Baltoscandia.
M. (Megistaspis). Cephalic outline more or less

triangular. Posterior margin of hypostoma faintly
concave. Thoracic axial rings strongly convex,
articulating furrow deep. All known species lack-

FIG. 257. ·Megalaspidella (Megalaspidella) kayseri
KOBAYASHI (Asaphidae), L.Ord.(Arenig.), Arg.;
carapace lacking librigenae (reconstr.), X 1.7 (59·).

long; doublure wide. Development of panderian
organs unknown. [May not belong to this sub
family; represents an early member of Asaphinae.J
L.Ord.( L.Arenig.) , Swed.--FIG. 254,6. ·H. re
fl/sa; 6a-c, cran., thoracic segment, pyg., X I
(484a).

Megalaspidella KOBAYASHI, 1937 [·M. kayseriJ.
Like Megisfaspis, but with considerably shorter
frontal area, occupying 0.12 to 0.16 of total length
of cranidium; posterior border furrow generally
well defined. Lateral margin of hypostoma evenly
rounded, posterior margin rounded or faintly
pointed. [Subgeneric classification somewhat un
certain at present. J
M. (Megalaspidella) [=?Plesiomegalaspis THORAL,

1946; ?Ogygitella HARRINGTON & LEANZA, 1957J.
Glabella parallel-sided or faintly tapering for
ward; posterior margin of pygidium rounded.
L.Ord. (Arenig.), N. Arg.-?Fr.- ?N.Afr. -- FIG.
257. ·M. (M.) kayseri, Arg.; carapace lacking
librigenae (reconstr.), X 1.7 (59·).

M. (Kayseraspis) HARRINGTON, 1938 [.K. asa
phelloides J. Glabella strongly tapering forward,
pygidium with terminal spine. L.Ord.( Arenig.),

..

FIG. 258. ·Megalaspidella (Kayseraspis) asaphell
oides (HARRINGTON) (Asaphidae), L.Ord. (Arenig.),

Arg.; carapace (reconstr.), X 1.8 (59·).
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ing terminal pygidial spine. L.Ord.(U.Arenig.).
--FIG. 254,4a,b. M. (M.) sp. d. M. (M.)
elongala (FR. SCHMIDT); 4a, ceph., XI; 4b,
hypostoma, X1.5 (414).--FIG. 254,4c. ·M.
(M.) limbata (BOECK); pyg. showing at right

shape of inner margin of doublure, XO.7 (414).
M. (Megistaspidella) JAANUSSON, 1956 [.Entomos.

tracites extenuatus WAHLENBERG, 1821]. Anterior
part of cephalon produced into an elongate,
tonguelike process. Posterior body of hypostoma

2c

Niobe

Bohemopyge

Megistospidello

40

Lopidorio

Ekerospis

4b

3b

FIG. 259. Asaphidae (Isotelinae, Niobinae) (p. 0349-0350).
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FIG. 260. ·Niobides armatlfS HARRI"GTON & LEANZA
(Asaphidae), L.Ord.(Arenig.), Arg.; carapace (re

constr.), X 1.2 (59·).

triangular, mostly with short terminal spine.
Thoracic axial rings mouerately convex, articulat
ing furrow mouerately deep or shallow. Pygidial
outline triangular to parabolic, in some species
with terminal spine. L.Ord.(U.Arenig.-Llan
"irn.).--FIG. 259,3. ·M. (M.) extenllata
(WAHLENBERG); 3a, ceph., Xl; 3b, hypostoma,
X2; 3e, pyg., Xl (414).

M. (Ekeraspis) TJ ERNVIK, 1956 [·Plesiomegalas
pis (Ekeraspis) armata]. Cephalic outline more
or less semicircular; eyes moderately large. Pygid
ium with terminal spine. Posterior margin of
hypostoma straight to faintly convex. [Sub
generic classification of species resembling M.
(E.) armata but lacking the terminal pygidial
spine is still uncertain.] L.Ord.(L.Arenig.)-
FIG. 259,1. ·M. (E.) armata (TJERNVIK); eran.,
Iibrigena, pyg., Xl (484a).

Niobides HARRINGTON & LEANZA, 1957 [·N. arma
IUS]. Cephalon and pygidium with flattened bor
der, narrow on cephalon, moderately wide and
well defined on pygidium; facial sutures marginal
in front of glabella; cephalic axis more or less
parallel-sided, frontal area narrow; eyes of mod
erate size, somewhat in front of transverse mid
line of eranidium; glabellar tub~rcle not recog
nizable, its location unknown; posterior border
furrow distinct; genal angles produced into spines.
Hypostoma with entire posterior margin. Thoracic
axis moderately broad. Pygidium with long strong
ly tapering axis; pleural fields with faint ribs.
Development of the panderian organs unknown.

[May not belong to this subfamily.] L.Ord.
(Arenig.), N.Arg.--FIG. 260. ·N. armatlls:
carapace (reconstr.), X 1.2 (59·).

Notopeltis HARRINGTON & LEANZA, 1957 [·Megal
aspidella ort/lOlIletopa HARRI!'lGTON, 1938]. An
teri"r part of cephalon with distinct border;
frontal area narrow; facial sutures intramarginal
in front of glabella, which is long, almost parallel
sided or slii;htly tapering forward; eyes of mod
erate size, in front of transverse mid-line of
cranidium; posterior border furrow distinct; genal
angles produced into spines. Posterior margin of
hypu,toma entire, acuminate. Pygidium without
flattened border, axis lung, prominent, postaxial
held narrow; pleural fields with weak to al
most obsolete furrowed ribs. L.Ord.(U.Trema
doc.), N.Arg.--FIG. 261. ·N. orthometopa
(HARRI"GTON); carapace (reconstr.), X2.8 (59·).

Paramegalaspis THORAL in JAANUSSON, 1956 [·Me
galas pis (Paramegalaspis) immargi/lata THORAL,
1935] [=Megalaspis (Paramegalaspis) THORAL,
1935 (/lom. /llld.: no type species); Dolerasap/ltIs
HARRINGTON & LEANZA, 1957]. Cephalon and
pygidium without border; frontal area moderately
long, 0.20 to 0.25 of total length of cephalon;
eyes of moderate size, situated at about transverse
mid-line of the cranidium; cephalic axis more or
Jess parallel-sided; posterior border furrow fairly
distinct; genal angles produced into spines. Pos
terior margin of hypostoma rounded. Pygidium

FIG. 261. ·Notopeltis or/hometopa (HARRINGTON)
(Asaphidae), L.Ord.(U.Tremadoc.), Arg.; carapace

(reconstr.), X2.8 (59·).
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with Aattened axis, pleural fields with weak to
obsolete furrowed ribs, doublure narrow, as in
Megistaspis. L.Ord.(Tremadoe.) , Fr.-N.Arg.

Subfamily NIOBINAE Jaanusson, nov.

Cephalic axis prominent, tapering for
ward in early species, parallel-sided or ex
panded in front of eyes in late species; dis
tance between glabellar tubercle and occi
pital furrow on area corresponding to it
mostly equal to or longer than length of the
occipital ring; librigenae mostly very broad
(tr.), larger than in any other asaphid
group; posterior border furrow generally
distinct. Posterior margin of hypostoma
rounded, straight, or with short narrow
ftr.) notch; in late representatives hypo
stomal outline is characteristically somewhat
trapezoidal, being widest (tr.) close to its
posterior margin; anterior wings fairly
broad (tr.), triangular. Panderian organs
developed as separate openings, except for
some Upper Cambrian species, which have
a narrow doublure and apparently no pan
derian organs. Thorax without macropleu
rae. External pygidial margin rounded. U.
Cam.-L.Ord.

Niobe ANGELlN, 1851 ['"Asaphus frontalis DALMAN,
1827; SO VOGDES, 1890]. Cephalic outline com
monly somewhat trapezoidal; axis long, frontal
area short; eyes of moderate size, situated at trans
verse mid-line of cranidium close to glabella;
genal angles rounded. Pygidial doublure generally
rather wide, pleural ribs extending beyond inner
margin of doublure, their well-defined termina
tions bulging outward; pygidial border distinct,
Aattened or concave. Early members with slightly
tapering to parallel-sided glabella and rounded to
more or less straight posterior margin of hypo
stoma; evolution tends toward widening of gla
bella in front of eyes and formation of triangular
notch in posterior margin of hypostoma. L.Ord.
(Tremadoe.-UantJirn.) , Eu.--FIG. 259,2. ·N.
frontalis (DALMAN); 2a, ceph. (reconstr.), X 1.5;
2b, hypostoma, Xl; 2e, pyg., X1.5 (414n).

Bohemopyge PRIBYL, 1950 [·Ogygia disereta BAR
RANDE, 1872] [=Ptyehoeheilus NOVAK, 1883 (non
AGASSIZ, 1855; nee BOETTGER, 1880)]. Cephalon
with faint concave border; glabella slightly taper
ing forward, frontal area short; glabellar tubercle
fairly close to occipital furrow; eyes fairly large,
at about transverse mid-line of cranidium mod
erately distant from axial furrows; genal angles
produced into spines. Hypostoma broadest pos
teriorly, with short trapezoidal notch. Pygidium
without border; axis prominent, long; pleural
fields with Aattened ribs, separated by distinct

furrows that almost reach external margin. [May
not belong to this subfamily.] L.Ord., Boh.-
FIG. 259,5. '"B. disereta (BARRANDE); Sa, ceph.,
X2; 5b,e, hypostoma, pyg., XO.7 (437).

Lapidaria TJERNVIK, 1956 [·L. tenetla]. Eyes large;
glabella expanded in front of eyes, frontal area
short; librigenae with broad, convex posterior areas
(alae) and Aattened borders; genal angles rounded.
Hypostoma and thorax unknown. Pygidium with
distinct, wide, concave border; long, prominent
axis; almost smooth pleural fields. L.Ord.
{Arenig.}, Swed.--FIG. 259,4.•L. tenella; 4a-e,
cran., librigena, pyg., X3 (484a).

Niobella REED, 1931 [·Niobe homfrayi SALTER,
1866]. Like Niobe but pygidial doublure narrow
in early species and moderately wide in latest
species; pygidial pleural ribs (if developed) Aatten
ed, merging smoothly into outer part of pygidial
surface or at slightly outside line corresponding to
inner margin of doublure; ribs mostly with shal
low pleural furrow. Evolutionary trend as in
Niobe. V.Cam.-L.Ord., Eu.-?N.Am.(Newf.}.-
FIG. 262,7. N. homfrayi smithi STUBBLEFIELD;
7a,b, ceph., pyg., XU (421).

Niobina LAKE, 1946 ['"N. datJidis]. Resembling
Niobe but pygidial pleural fields with pleural and
interpleural furrows about equal in distinctness;
occipital ring, occipital furrow, and posterior bor
der furrow narrow, distinct; position of glabellar
tubercle and development of panderian organs
unknown. Hypostoma with pointed terminal end.
L.Ord.{V.Tremadoe.), Eng.-Swed.-N.Arg.

Norinia TROEDSSON, 1937 [·N. eontJexa]. Only
cranidia known with certainty. Like Niobe or
Niobella but with more lateral position of eyes.
L.Ord., Asia(E.T'ienShan}.--FIG. 262,2. '"N.
eontJexa; cran., X2 (486a).

Yuepingia Lv, 1956 ['"Yo niobiformis]. Like Nio
bella but with larger eyes and with genal spines.
Only cranidia, librigenae, and pygidia known.
V.Cam., SW.China. [Published as Yiipengia.]

Subfamily OGYGIOCARIDINAE Raymond, 1937
(nom. correct. jAANuSSON, herein (ex Ogygiocarinae RAYMOND,

1937J [=Ogygiinae RAYMOND, 1913; invalid as based on
junior homonym.]

Glabella prominent, slightly tapering for
ward, parallel-sided, or expanded in front
of eyes; occipital ring or area corresponding
to it considerably constricted in middle;
glabellar tubercle immediately in front of
occipital ring; posterior border furrow gen
erally distinct. Hypostoma with rounded or
pointed posterior margin and narrow (tr.)
triangular anterior wings. Type genus ap
parently without panderian organs, in other
genera presence or absence of these or
gans unknown. Posterior margin of pygid
ium rounded. L.Ord.(Llantlirn.}-M.Ord.
( Llandeil.).
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Porobellefontio

0351

FIG. 262. Asaphidae (Niobinae, Ogygiocaridinae, Promegalaspidinae, Symphysurininae) (p. 0350-0353).
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Ogygiocaris ANGELlN, 1854 [nom. conser/I., pro
posed HENNINGSMOEN, JAANUSSON, RILEY & STUB
BLEFIELD, 1956 (ICZN pend.)] [*Tl'ilobus dilata
tus BRUNNICH, 1789]. Facial sutures intramarginal

Ogygiocaris

FIG. 263. Asaphidae (Ogygiocaridinae, Promegalas
pidinae (p. 0352-0353).

in front of glabella; frontal area narrow; glabella
slightly expanding in front of eyes. Posterior mar
gin of hypostoma pointed. Pygidial pleural fields
with flattened, unfurrowed ribs that continue on
inner part of faint, flattened border. L.Ord.
(Llal1Virn.)-M.Ord.(Uandeil.), N.Eu., N.Arg.-
FIG. 263,2. O. sarsi ANGELIN; 2a, carapace, XO.7
(473); 2b, hypostoma, XI.5 (414n).

Homalopteon SALTER, 1866 ["'Oxygia portlocki
SALTER, 1849; SD VOGDES, 1925]. Frontal area
very short; glabella strongly expanded in front of
eyes; facial sutures ?marginal in front of glabella;
eyes somewhat in front of transverse mid-line of
cranidium. Inner part of pygidial pleural fields
with distinct pleural and interpleural furrows.
[May not belong to this subfamily.] M.Ord.
(Llandeil.), Ire.

Ogyginus RAYMOND, 1912 ["'Asaphus corndensis
MURCHISON, 1839]. Frontal area short; glabella
moderately expanding in front of eyes; facial su
tures intramarginal in front of glabella. Pygidium
with distinct, narrow, concave border; pleural
fields with 7 to 9 strong, rounded, unfurrowed
ribs that reach border. L.Ord.(Llanvirn.), Eng.
--FIG. 262,6. "'0. comdensis (MURCHISON);
6a,b, ceph. (reconstr.), thoracic segment and pyg.
showing at left shape of doublure, X 0.7 (414n).

Ogygiocarella HARRINGTON & LEANzA, 1957 ["'Asa
phw debt/chii BRONGNIART in BRONGNIART & DEs
MAREST, 1822 (non Asaphus debuchianus BRONG
NIART in DEsMAREsT, 1817; suppression proposed
HENNINGSMOEN, ]AANUSSON, RILEY & STUBBLE
FIELD, 1956, lCZN pend.)]. Like Ogygiocaris but
facial sutures marginal in front of glabella; pleural
ribs of pygidium with distinct pleural furrows.
M.Ord.( Llandeil.) , Eng.

Ogygites TROMELIN & LEBESCONTE, 1876 [*Ogygia
desmaresti BRONGNIART in BRONGNIART & DESMAR
EST, 1822] [pro Ogygia BRONGNIART in BRONGNIART
& DEsMAREsT, 1822 (non Ogygia BRONGNIART in
DESMAREST, 1817, suppression proposed HENNINGS
MOEN, JAANUSSON, RILEY & STUBBLEFIELD, 1956,
ICZN pend.; non Ogygia HUBNER, 1821)]. Type
species poorly known. Differs from other Ogygio
caridinae in having only 4 or 5 rounded, unfur
rowed ribs on pygidial pleural fields. [May not
belong to this subfamily.] M.Ord.(Llandeil.), Fr.

Subfamily PROMEGALASPIDINAE ]aanusson,
nov.

Cephalic axis more or less parallel-sided
or expanding in front of eyes; position of
glabellar tubercle as in Niobinae; fixigenae
with alae narrow to obsolete; posterior bor
der furrow distinct. Posterior margin of
hypostoma generally with broad notc~,
which is short in early species and long III

late species. Panderian organs developed as
short (tr.) notches in early species and as
separate openings in late species. Outer part
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of pleurae of 8th thora~ic segmen.t produced
into long, backward-directed spmes, form
ing macropleurae. External pygidial margin
rounded. U.Cam.-L.Ord.(Arelllg.).

Promegalaspides WESTERGARD, 1939 (·P. kinne-
kllllellsis]. Glabella parallel-sided or slightly taper
ing forward. Notch in posterior margin of hypo
stoma short. Thoracic and pygidial axis mod
erately broad. V.Cam., Swed.--FIG. 262,-1. ·P.
kil1lJekllllensis; 4a-c, ceph., hypostoma, pyg. with
2 last thoracic segments, X 1.5 (414n, 49Ia).

Borogothus TJ ERNVIK, 1956 ('Megalaspis slel1O
rhachis ANGELlN, 1851]. Glabella expanded in
front of eyes. Notch in the posterior margin of
hypostoma long. Thoracic and pygidial axis nar
row. L.Ord.( Arenig.), Scandinavia-Fr.--FIG.
263,1. • B. slel10rhaclzis (ANGELlN); 1a-d, eran.,
librigena, 8th thoracic segment, pyg., X 1.5
(484a).

Subfamily SYMPHYSURININAE Kobayashi, 1955

Cephalic axis, if defined, parallel-sided or
expanding in front of eyes; generally with
glabellar tubercle between eyes. No notches
or openings of panderian organs known.
Anterior wings of hypostoma quadrangular
in genera where known. L.Ord.
Symphysurina ULRICH in WALCOTT, 1924 (·S.

woosleri] (=Symphymrina WALCOTT, 1923, nom.
nlld.; Symphymril1ella RAYMOND, 1937; ?Sym
plzYSllroides RAYMOND, 1937]. Facial sutures mar
ginal in front of glabella, running in front of
narrow rim that forms anterior margin of crani
dium; cephalic axis long, flattened, mostly nearly
obsolete; palpebral lobes large, at transverse mid
line of eranidium or somewhat behind it; no pos
terior border furrow; librigenae with or without
depressed border; genal angles rounded, acuminate,
or produced into spines. Librigenal doublures with
5 to 9 characteristic pits. Posterior end of pygidium
rounded, acuminate, or with terminal spine; pygi
dial axis long; pleural regions smooth or with
some faint ribs anteriorly, and with or without a
flattened border; pygidial doublure fairly broad.
L.Ord.( L.Canad.) , N.Am.-Greenl.- ?Swed.--FIG.
262,1. S. IIncaspicala HINTZE, Utah; la-d, eran.,
librigena, dorsal and ventral, pyg., X3 (407).

Bellefontia ULRICH in WALCOTT, 1924 ('Hemigyr
aspis collieana RAYMOND, 1910]. Cephalic axis
flattened, more or less parallel-sided or expanding
in front of eyes; facial sutures intra marginal ;
palpebral lobes large, almost at transverse mid
line of eranidium or slight!y behind it, their
length generally exceeding distance between pos
terior end of lobes and the posterior border fur
rows; genal angles produced into spines. Pygidium
with well distinguished, fairly broad flattened
border; pleural fields smooth or with faint ribs.
L.Ord.( L.Callad.). N.Am.

B. (Bellefontia). Frontal area narrow; posterior
end of the J'\'gidium rounded. L.Ord.( L.Callad.).
N.Am.--FIG. 262,3. B. (B.) clzamberlailli
CLARK; 3a, eran., X 1.5; 3b-d, Iibrigena, hypo
stoma, pyg., X2 (407).

B. (Xenostegium) WALCOTT, 1924 (·lI1egalaspi.<
heleml1l1l'11s WHITE, 1871; SD by suspension of
Rub. proposed. Ross. 1956 (lCZN pend.)].
Like B. (Belle/onlia) but with a longer frontal
area. and terminal spine on pygidium. L.Ord.
(L.Cal1ad.). N.Am.

Kobayashia HARRINGTO:-i. 1938 (.XClloslegill1ll
IIIItrllS WALCOTT; 1921]. Only eranidia and pygi
dia known. Differs from Bellc/ol1lia in longer
frontal area, narrower glabella in front of eyes.
stronger bteral gbbelbr furrows, and presence of
few comparatively 'tron;: ribs on inner part of
pygidial pleural field,. Size of the palpebral lobes
unknown. glabellar tubercle as in other Sym
physurininae. L.Ord.( L.Callad.) , W.Can.(B.C.).

Parabellefontia HINTZE, 1953 [. P. cOllcilllla]. Dif
fers from Belle/olllia in almost complete obsole
,(ence of cephalic and pygidial axis, absence of
po,terior border furr(lws, and narrower pygidial
border; genal angles rounded in adull specimens
of type species; anteriur border furrow poorly
defined to obsolete. HI'I)ostoma and thorax un-

PIG. 261. 'Thvsallopyge argelllilla KAYSER (Asaphi
dae). L.Ord.(Arenig.). Arg.; carapace (reconstr.),

XO.6 (59').
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Vorvio

20

~~2c

Chorchoqio Eoosophus

FIG. 265. Asaphidae (Symphysurininae, Subfamily Uncertain) (p. 0354-0355).

known. L.Ord.(L.Canad.) , USA(Utah).--FIG.
262,5. "P. concinna; 5a-c, cran., librigena, pyg.,
X3 (407).

Varvia TJERNVIK, 1956 ["Symphysurtls breviceps
ANGELlN, 1854 J. Facial sutures marginal in front
of glabella; eyes fairly large, about at transverse
mid-line of cranidium; cephalic axis long, parallel
sided to somewhat expanding in front of eyes; no
frontal area; anterior margin of the cranidium
without distinct border; posterior border furrow
distinct; librigenae narrow, without border; genal
angles rounded. Hypostoma resembling that of
SymphySlirus, with broad lateral border and
faintly concave posterior margin. Pygidium broad,
with short axis and faint, depressed border. L.
Ord.(V.Tremadoc.-L.A'·enig.), Scand.--FIG. 265,
2. V. b"eviceps (AXGELIN); 2a-c, cran., librigena,
pyg., X2.5 (484a).

Subfamily THYSANOPYGINAE ]aanusson, nov.

Similar to early Isotelinae but pygidium
with numerous marginal spines; glabella
slightly tapering forward to parallel-sided;
glabellar tubercle immediately in front of
occipital furrow. Development of panderian
organs unknown. Posterior margin of hypo
stoma entire. Ribs on pygidial pleural re
gions without furrows. L.Ord.(Arenig.).
Thysanopyge KAYSER, 1898 ["T. argentina] [=8a-

silicoides HARRINGTON, 1937 (non MA, 1938)J.
Eyes small, somewhat in front of transverse mid
line of cranidium. Pygidium with about 8 pairs
of lateral spines and long terminal spine. L.Ord.
(Arenig.), N.Arg.-Bol.--FIG. 264. "T. argentina;
carapace (reconstr.), XO.6 (59").

Australopyge HARRINGTON & LEANZA, 1957 ["A.
acanthantll'aJ. Only hindmost thoracic segments

and pygidium known. Pygidium differs from that
of Thysanopyge mainly in absence of terminal
spine. L.Ord.(Arenig.), N.Arg.

Zuninaspis HARRINGTON & LEANZA, 1957 ["2.
acumillata]. Only cranidia known. Differs from
Thysallopyge mainly in presence of faint preglabel
lar ridge and more posteriorly situated eyes. L.
Ord.(Arenig.), N.Arg.

Subfamily UNCERTAIN

Charchaqia TROEDSSON, 1937 ["C. norini] [=Char
cllaquia KOBAYASHI, 1944, nom. null.]. Anterior
sections of facial sutures running more or less in
exsagittal direction to external cephalic margin,
their continmtion along which or on doublure
being unknown (?marginal); cephalon with nar
row, deeply concave border; cephalic axis more
or less parallel-sided, smooth, prominent, without
glabellar tubercle; frontal area moderately broad;
eyes small, well in front of transverse mid-line of
cranidium, posterior border furrow distinct; genal
angles produced into spines. Hypostoma unknown.
Thoracic axis narrow, prominent. Pygidium with
out border, with narrow, prominent, long axis;
pleural fields with distinct interpleural and faint
pleural furrows. [May be an early member of
Isotelinae. ] V.Cam., C.Asia(E.T'ienShan)- ?China.
--FIG. 265,1. "C. norini; la,b, ceph., pyg.,
X3 (414n).

Dolerobasilicus HARRINGTON & LEANZA, 1942 [pro
Basilicoides MA, 1938 (non HARRINGTON, 1937)]
["Basiliclls yokusensis KOBAYASHI, 1937]. Type
species poorly known. Posterior margin of hypo
stoma with notch. Pygidium elongate; axis narrow,
prominent; pleural fields with numerous distinct
unfurrowed ribs that reach narrow, well-defined,
concave border; postaxial field short. M.Ord.,
Korea.
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Eoasaphus KOBAYASHI, 1936 (March) [*Liostracus?
superstes LINNARSSON, 1875] [=Anorina WHITE
HOUSE, April, 1936 (obj.)]. Only one specimen
(exoskeleton without librigenae) known. Facial
sutures probably intramarginal in front of glabella;
cephalic axis tapering forward, prominent, with
out glabellar tubercle; frontal area moderatel}'
broad; palpebral lobes narrow, at about transverse
mid-line of cranidium; posterior border furrow
distinct. Thoracic axis narrow. Pygidium with
narrow, flattened border; axis moderately long,
prominent; pleural fields with faint flattened ribs.
V.Cam., Swed.--FIG. 265,3. "'E. superstes
(LINNARSSON); 3a,b, cran., pyg., X3 (414n).

UNRECOGNIZABLE ASAPHID GENERA

Asaphelloides KOBAYASHI, 1937 ["'Megalaspis?
americana HOEK, 1912]. Type species, nom. du
bitlm. L.Ord., Bol.

Brachyaspis SALTER, 1866 [*lsoteltts rectitrons
PORTLOCK, 1843; SD BASSLER, 1915]. May not be
an asaphid since presence of median suture is
questionable. Ord., Ire.- ?Swed.

Columbicephalus KOBAYASHI, 1955 [*C. macrops].
Only cranidia known. Ord., W.Can.(B.C.).

Gerasaphes CLARKE, 1897 [*G. ulrichana] [=Ge
rasap.~tls VOGDES, 1925, nom. null.]. Erected on
small, immature specimens; genus cannot be de
fined at present. Ord., USA.

Metoptogyrus RAYMOND, 1937 ["'M. grandgei].
Type species very poorly known. L.Ord., E.USA.
(Vt.).

Family T AIHUNGSHANIIDAE Sun,
1931

[nom. correct. HENNINGSMOEN, 1951 (ex Taihungshanidae
SUN, 1931) 1

Carapace as in Asaphidae but with pair
of broad, prominent pygidial spines. Libri
genae separated anteriorly by median su
ture; glabellar tubercle in at least one genus
(Asaphellina); no eye ridges; known gen
era with short frontal area. Posterior mar
gin of hypostoma entire. Thorax with 8 seg
ments. Panderian organs not known but in

Toihungshonio

Omeipsis

Tsinonio

Dictyites

Asophellino

404b

FIG. 266. Taihungshaniidae, Tsinaniidae (p. 0356).
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some genera they seem to be absent, judg
ing from published figures. [May belong
as subfamily of Asaphidae.] L.Ord.
(Tremadoc.-Llanvirn.).
Taihungshania SUN, 1931 ["T. sllt/i] [=Miquelina

THORAL, 1935]. Facial sutures marginal in front
of glabella; eyes comparatively small, in front
of transverse mid-line of cranidium; glabella more
or less trapezoidal in outline, expanding in front
of eyes. Lateral terminations of thoracic pleurae
pointed and curved posterolaterally. Inner por
tion of pygidial pleurae with numerous strong
ribs; pygidium without border, posterior margin
strongly convex between pair of long spines; L.
o,·d. (Tremadoc. - Llanvirn.), Fr.-China. -- FIG.
266,3. "T. simi, China; 2 hindmost thoracic seg
ments and pyg., Xl.5 (478).

Asaphellina MUNIER-CHALMAS & BERGERON in
BE.RGERON, 1889 ["A. barrohi]. Facial sutures in
tramarginal; eyes moderately large, at about trans
verse mid-line of cranidium; glabella more or less
parallel-sided, with small tubercle in posterior
part. Lateral terminations of thoracic pleurae
straight. Pygidium with poorly defined flattened
border and generally straight posterior margin
between pygidial spines, which are short to mod
erately long and posteromedially directed; inner
part of pygidial pleurae with faint to moderately
strong, unfurrowed ribs. L.Ord.(Tremadoc.), Fr.
?USA.(Utah).--FIG. 266,1. "A. barroisi; 1a,b,
ceph., hypostoma, Xl; 1c, pyg., X 0.7 (483).

Omeipsis KOBAYASHI, 195 I ["Acidaspis huangi SUN,
1931]. Facial sutures apparently marginal; eyes
small, in front of transverse mid-line of cranidium;
glabella parallel-sided or slightly tapering for
ward. Lateral ends of the thoracic pleurae pro
duced into posteriorly directed, broad spines.
Pygidium without bonIer; inner part of pleural
fields with few distinct ribs; postaxial field
rather long; posterior margin between main pygi
dial spines produced into 2 short additional
pointed spines. L.Ord.(Llant)irn.), China.--FIG.
266,5. "0. Ill/angi (SUN); 2 hindmost thoracic
segments and pyg. (reconstr.), X? (419).

Tungtzuella SHEl''G in Lu, 1957 ["T. kueichowen
sis]. Poorly known. L.Ord., C. and SW. China.

Family TSINANIIDAE Kobayashi, 1933
[nom. corr~ct. HENNINGSMOEN, 1951 (ex Tsinanidae

KOBA\'ASHl, 1933) J

Exoskeleton opisthoparian, isopyg~)Us.

Glabella low, sides subparallel or tapering,
front rounded; frontal area present, all fur
rows faint or obsolete; eyes of medium size
slightly behind center of cranidium; fixi
genae downsloping, with palpebral areas
slightly more than 0.5 of glabellar width,
posterior areas short; librigenae with wide
doublure and long genal spines. Thoracic

segments with deep narrow furrow and
broadly falcate ends, small paired anterior
projection, number unknown. Pygidium
subtriangular, axis low, long, and narrow,
with 7 to 9 axial rings; pleural fields wider
than axis, with 7 to 9 pleurae; border nar
row. Surface smooth. Derived from
Asaphiscidae. V.Cam.
Tsinania WALCOTT, 1914 ["lllaenurus canens WAL

COTT, 1905] [=Tsinain SUN, 1935; Tsinavia
KOBAYASHI, 1935; Tsiania KOBAYASHI, 1942].
Cranidium subquadrate, all furrows obsolete. Pygi
dium rarely with pair of minute anterolateral
spines; only axial furrows visible externally but
9 faint furrows on axis and pleural regions seen
on interior (107). V.Cam.(Fengshan.), NE.Asia.
--FIG. 266,2. "T. canens (WALCOTT), China
(Shantung); 2a, cran. and librigena, dorsal (ex
terior); 2b, eran., profile; 2c,d, pyg., ventral (in
terior), profile; all Xl (107,315).

Dictyites KOBAYASHI, 1936 [pro Dictya KOBAYASHI,
1933 (non MEIGEN, 1803; nee AGASSIZ, 1846; nee
DE CHAUDOIR, 1871)] ["lllaenurlts dictys WAL
COTT, 1905]. Cranidium subquadrate, preglabeJlar
field and anterior border separated by shallow
anterior border furrow on exterior, axial furrows
present on exterior. Pygidium with axial and
border furrows exteriorly, up to 9 furrows on axis
and pleural fields interiorly (95, 107). V.Cam.
(Fengsllanian), NE.Asia.--FIG. 266,4. "D.
dictys (WALCOTT), China(Shantung); 4a,b, cran.,
dorsal, profile (exterior); 4c, pyg., ventral (in
terior); 4d, pyg., profile; all X 1.5 (95).

Family NILEIDAE Angelin, 1854
[=Symphysuridae POULSEN, 1927]

Exoskeleton opisthoparian, almost isopyg
ous. Glabella very wide, usually unfur
rowed, with eyes closely adjoining; libr,i
genae united into a single piece; cephaltc
doublure continuous. Thorax of 7 or 8
segments. Pygidium smooth or indistinctly
segmented, with indistinct border of me
dium width. Hypostoma wide, wit~ broad
ly ovate middle body and very Wide, Bat
lateral border. L.Ord.(Tremadoc.}.-V.Ord.
Nileus DALMAN, 1827 ["Asaphus (Nilelts) arma-

dillo 1. Dorsal exoskeleton strictly parallel-sided,
evenl y rounded at both ends, strongly and almost
evenly convex transversely. Cephalon subreniform,
evenly convex, with indistinctly defined, narrow,
threadlike border, occipital furrow effaced; gla
bella slightly convex, almost parallel-sided, indis
tinctly defined anteriorly; anterior and posterior
areas of fixigenae extremely narrow; eyes large,
'emicircular; librigenae narrow, with rounded,
,pinelcss genal angles. Thorax of 8 segments,
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with wide, parallel-sided, slightly convex axis and
rounded pleural extremities. Pygidium approxi
mately semicircular, with effaced or indistinct
axis and unfurrowed pleural fields. Surface ap
parently smooth but under a strong lens appears

minutely pitted (1, 18, 62, 151). L.Ord.(Trema
doc.}-U.Ord., Eu.-E.N.Am.-E.Asia.--FIG. 267,1.
·N. armadillo, Swed.; la, ceph., ventral showing
hypostoma, Xl (62); 1b, exoskel., Xl (1).

Barrandia M'Coy, 1849 [non HALL, 1860) [.B.

Borthospis

Symphysurus

Bumostides

Kodymospis

50

II10enopsis

Borthospidello

10

20

Hemiborrondio

Nileus

60

~

Borrondio Poroborrondio

fk 267. Nileidae (p. 0356-0358).
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cordaiJ. Differs from Nileus in having semi-oval
or parabolic cephalon, clavate glabella, smaller
eyes, thorax with tapering axis and obliquely
truncated pleural extremities, and pygidium with
well-defined axis (180). L.Ord.(Tremadoc.)-M.
Ord., Eu.
B. (Barrandia). Cephalon semioval, gently con

vex; glabella moderately convex; occipital fur
row shallow; posterior area of fixigcnae wide;
eyes fairly large, moderately curved; librigenae
with pointed genal angle; axis slightly less than
0.3 of total thoracic width. Pygidium with in
distinct concave border zone (180). M.Ord., Br.1.
--FIG. 267,9. *B. (B.) cordai. Wales; exoske!.,
X2 (180).

B. (Parabarrandia) PRANTL & PRIBYL, 1948 [*B.
bohemica NOVAK, 1884 J. Differs from B. (BaI'
randia) in its parabolic convex cephalon; promi
nent glabella; narrow posterior areas of fixigenae;
rounded, spineless genal angles or librigenae
gradually produced into broad genal spines;
small eyes; wider thoracic axis; and pygidium
with wide, flat, well-defined border (180). L.Ord.
(Tremadoc.}-M.Ord., Czech.--FIG. 267,10. *8.
(P.) bohemica (NOVAK), M.Ord., Czech.; ceph.,
Xl (180).

?Borthaspidella RASETTI, 1954 [*B. gaspensisJ. Dif
fers from B01·thaspis in having well-impressed
axial furrows delimiting a better-defined glabella
with strongly expanded anterior third (202). L.
Ord. (Tremadoc.) , E.N.Am., ?C.Asia. -- FIG.
267,2. *B. gaspensis, Can.; 2a,b, cran., pyg. (re
constr.), X3 (202).

?Borthaspis STUBBLEFIELD, 1951 [pro Psilocephalus
SALTER, 1866 (non SWAINSON, 1839) J [*Psilo
cephalzlS innotatus SALTER, 1866 J [=Psilocephal
ina STUBBLEFIELD, 1951 (non Hsii, 1948)J. Dif
fers from Platypeltoides in having very small eyes
placed far forward and 8 thoracic segments;
cephalic doublure and hypostoma unknown (114).
L.Ord.(Tremadoc.). Wales.--FIG. 267,4. *8. in
notata (SALTER), Wales; exoske!., Xl (466).

Bumastides WEBER, 1948 [*8. bedpakensisJ. Dif
fers from Nileus in having wider cephalon with
out discernible glabella; less curved eyes; ver
tically standing librigenae; and strongly projecting
median posterior extension of doublure (259).
Ord., USSR.--FIG. 267,5. *B. bedpakensis; 5a-c.
ceph., dorsal, frontal, lateral, X2; 5d, cephalic
doublure, X2 (259).

?Hemibarrandia PRANTL & PRIBYL, 1950 [*Nileus
/lOlollbkoz'ensis RUZICKA, 1926J. Differs from
typical Nileidae in having extremely wide cepha
Ion with wide, raised lateral border becoming
indistinct in front of glabella; anterior sections
of facial sutures running outward from eyes to
meet lateral margins nearly opposite anterior end of
palpebral lobes. Surface coarsely granulose.
Cephalic doublure and hypostoma unknown
(182). L.Ord.(Tremadoc.}, Czech.--FIG. 267,6.

*H. holollbkovensis (RUZICKA); 6a, ceph., XO.5;
6b. pyg., XO.5 (182). [=Pselldonilells KOBAYASHI,
1951 (obj.).J

?I1Iaenopsis SALTER, 1866 [*lllaenus (lllaenopsis)
thomsoni]. Differs from Borthaspis in having
glabella well defined throughout by distinct axial
furrows, anterior portion of glabella strengl\' ex
panded; much wider posterior areas of fixigenae;
minute eyes very close to anterior cephalic mar
gin; extremely narrow librigenae; thorax of 7 seg
ments; pygidium with narrow well-defined bor
der (268). L.Ord., Br.I.-Arg.--FIG. 267.7. I.
stenorhachis (HARRINGTON), L.Ord.(Tremadoc.),
Arg.; exoskel., X3.5 (59*).

?Lakaspis KOBAYASHI, 1937 [*SymphysuYIIs apolo
nista LAKE, 1906]. Differs from Symphysurus
(SymphysuYIIs) in having deeply impressed occi
pital furrow, anterior half of glabella somewhat
constricted, wider posterior area of fixigenae, and
much smaller eyes (113). Ord., Bo!'

?Platypeltoides PRIBYL, 1949 [pro Platypeltis CAL
LAWAY, 1877 (non FITZINGER, 1835)] ['Platy
peltis ero/tii CALLAWAY, 1877J. Differs from Sym
physll1'US (Symphysurtls) in having eyes of me
dium size, posterior sections of facial sutures run
ning outward and backward in sigmoid curve
delimiting relatively wide posterior areas of fixi
genae and meeting posterior margins almost at
right angles; thorax of 7 segments; cephalic
doublure and hypostoma unknown (114). L.Ord.
(T1·emadoc.}-M.Ord., Br.I.-Czech.

?Psilocephalina Hsii, 1948 [*P. lubricaJ. Differs
from Borthaspis in having genal spines and wider
axis of pygidium (76). L.Ord.(Tremadoc.) , C.
China.

Symphysurus GOLDFUSS, 1843 [*Asaphus palpe
brosus DALMAN, 1827; SD BARRANDE, 1852]. Dif
fers from Nilells in having semicircular to para
bolic cephalon; strongly convex glabella, defined
by well-impressed axial furrows; narrower, more
convex, tapering thoracic axis; and more evenly
convex pygidium, without border and with dis
tinct axis. It differs from Barrandia in its nar
rower exoskeleton, and pygidium shorter than
thorax; surface usually covered with fine, raised,
inosculating lines (18, 114, 153, 182,294). L.Ord.
(Tremadoc.}-M.Ord., Eu.-N.Am.-S.Am.
S. (Symphysurus) [=Paraniletls KOBAYASHI, 1951

(non HINTZE, 1953) J. Cephalon short, semi
circular, transversely convex, with broadly quad
rangular glabella delimited by straight axial fur
rows, effaced occipital furrow, small librigenae
with rounded, spineless genal angle, and fur
rowed thoracic pleurae with rounded extremities
(182). L.Ord.(Tl'emadoc.}-M.Ord., Eu.-N.Am.
S.Am.--FIG. 267,8. *S. (S.) palpebrosus (DAL
MAN), M.Ord., Swed.; exoskel., X 1 (modified
from I).

S. (Kodymaspis) PRANTL & PRIBYL, 1950 [*lllae
nils pller BARRANDE, 1872J. Differs from S.
(Symp/zys1J1't1S) in having parabolic cephalon,
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glabella delimited by undulating axial furrows,
well-marked occipital furrow, fairly large libri
genae gradually passing into broad, rapidly taper
ing genal spines, and unfurrowed thoracic pleurae
with obliquely backward-curved, pointed extrem
ities (182). L.Ord.(Tremadoc.)-M.Ord., Eu.-
FIG. 267,3. ·S. (K.) PUeI' (BARRANDE), M.Ord.,
Czech.; ceph., Xl (182).

Family DIKELOKEPHALINIDAE
Kobayashi, 1936

Exoskeleton opisthoparian, isopygous.
Glabella tapering with 1 to 4 pairs of usual
ly deep slitlike lateral furrows, not reach
ing axial furrows, eye ridges strong, palpe
bral rims prominent and palpebral furrows
well defined, frontal area of variable length
(sag.), anterior furrow obsolete or very
shallow; eyes of medium size to large, be
hind center of glabella; fixigenae upsloping,
of medium width, with arcuate palpebral
areas and pair of alae usually present oppo
site rear part of glabella; librigenae quad
rate, with genal spines of variable length.
Thorax with at least 8 segments; axis con
vex; pleurae twice length (tr.) of axis, with
short pointed ends. Pygidium subcircular to
subquadrate; axis extending 0.75 or more of
length, with 6 to 8 axial rings; pleural fields
usually wider than axis, with 6 to 8 pleurae
merging into narrow border, pleural fur
rows and border furrow obsolete; posterior
margin smoothly curved or with 1 or 2
pairs of prominent flat spines. Surface
smooth or finely granulose. Bertillon pat
tern strong on doublures. L.Ord.
Dikelokephalina BRI2lGGER, 1896 [·Centropletlm? di-
craeura ANGELlN, 1854; SD VOGDES, 1925). Gla
bella convex, tapering, with 3 pairs of deep, slitlike
lateral furrows; frontal area 0.3 to 0.5 length
of cranidium; eyes of medium size to large, be
hind center of glabella; fixigenae with palpebral
areas slightly more than 0.5 of glabellar width,
posterior areas very long (tr.). Pygidium sub
quadrate; axis convex, narrow, tapered 0.75 or
more of length to narrow pointed end, with 7 or
8 axial rings and long terminal; pleural fields
twice width of axis, with 7 pleurae separated by
backward-curved interpleural grooves; medium
width border, posterior margin with short, back
ward-directed spine on each side of median line
(96). L.Ord., W.Eu.-E.Asia.--FIG. 268,3c,d.
·D. dicraeura (ANGELlN), Scandinavia; 3c,d,
cran., pyg., X 1.--FIG. 268,3a,b. D. asiatica
KOBAYASHI, Korea; 3a,b, cran., pyg., Xl (419).

Asaphopsis MANSUY, 1920 [*A. jacobi). Glabella
moderately convex, broadly tapering, front
rounded, with 3 pairs of short, pitlike lateral

furrows; eyes of medium size, slightly behind
center of glabella; frontal area slightly more than
0.3 of length (sag.) of cranidium; fixigenae with
palpebral areas slightly less than 0.5 of glabellar
width, posterior areas of medium width (exsag.).
0.75 of length (tr.) of occipital ring. Pygidium
subquadrate; axis convex, narrow, tapering 0.83
of length to narrow pointed end, with 7 or 8 axial
rings and terminal; pleural fields twice width of
axis, with 6 or 7 pleurae separated by backward
curved interpleural grooves running nearly to
margin; border narrow, flat or concave, with pair
of medium-length spines at posterolateral corners,
posterior margin straight. L.Ord., E.Asia-Tasm.
--FIG. 268,2. A. nakamurai KOBAYASHI, Korea;
la,b, cran., pyg., Xl (419).

Asaphopsoides HUPE, 1955 [.Dicellocephaills?
villebruni BERGERON, 1895). Glabella broadly
tapering, front somewhat pointed, with 3 pairs
of short slitlike lateral furrows; frontal area 0.3
of length (sag.) of cranidium; eyes large, oppo
site posterior 0.3 of glabella; fixigenae with palpe
bral areas 0.5 of glabellar width, length of pos
terior areas unknown. Pygidium subcircular; axis
convex, narrow, tapered 0.75 of length to nar
row pointed end, with 7 or 8 axial rings and
long terminal; pleural fields twice width of axis,
with 7 or 8 pleurae separated by well-defined
curved interpleural grooves; medium-width bor
der, posterior margin broadly curved with short
spine at each posterolateral corner. L.Ord. W.Eu.
--FIG. 268,6. ·A. villebruni (BERGERON), Fr.;
6a,b, cran., pyg., Xl (377).

Birmanites SHENG, 1934 [·Ogygites birmanicus
REED, 1915). Glabella convex, urceolate tapering,
with anterior pair of short oblique lateral furrows
and 2 slitlike posterior pairs (latter pairs not shown
in figure); frontal area almost 0.5 of length (sag.)
of cranidium; eyes large, slightly posterior to center
of glabella; fixigenae with palpebral areas 0.7 of
glabellar width, posterior areas narrow (exsag.) ,
same in length (n'.) as occipital ring, no alae ob
served; librigenae with short flat genal spines,
Thorax with 8 segments. Pygidium subcircular;
axis convex, narrow, tapered 0.83 of length to
narrow pointed end, with 7 or 8 axial rings and
terminal with 1 faint ring; pleural fields twice
width of axis, merging into narrow border, with
7 or 8 pleurae separated by broad shallow inter
pleural grooves running to edge of border; pos
terior margin smoothly curved, Caecal folds
prominent on cephalon, L.Ord., E.Asia.--FIG.
268,7. "B. birmaniclls (REED), Tremadoc., Burma;
exoskel. (reconstr.), X I (419),

Dactylocephalus Hsu, 1948 [·D. dac·tyloides). Gla
bella moderately convex, tapering, front narrow
rounded, with 2 pairs of arcuate lateral fur
rows; eyes large, opposite Jlosterior 0.3 of gla
bella; frontal area about 0.25 of length (sag.) of
cranidium, with very shallow anterior furrow
near front; fixigenae with palpebral areas about
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0.7 of glabellar width, posterior areas narrow
(exsag.) , same in length (tr.) as occipital ring,
posterior border furrow nearly obsolete; libri
genae with shallow lateral border furrow an
teriorly and long slender genal spines. Pygidium
subquadrate; axis convex, medium-width, tapered

0.8 of length to narrow rounded end, with 6
axial rings and terminal; pleural fields about same
in width as axis, sloping into very narrow border,
with 6 pleurae separated by backward-curved
interpleural grooves running nearly to margin,
short backward-directed spine on each side of

Dikelokephalina

5 Leimnitzia

Asaphopsis

Hungioides

Ib

Dactylocephalus

3c

Dikelokephalina

Asaphopsoides Birmanites

FIG. 268. Dikelokephalinidae (p. 0359-0361).
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large,
large,
Ellip-

median line. Concentric wrinkles on cephalon.
L.Ord., E.Asia.--FIG. 268,1. 'OD. dactyloides,
Tremadoc., China(W.Hupeh); 1a,b, ceph., pyg.,
Xl (419).

Dikelocephalopsis POLETAEVA, 1955 ['OD. amzassen
sis]. Resembles Leimitzia. L.Ord.(U.Tremadoc.},
USSR (HE).

Hungioides KOBAYASHI, 1936 ['ODicellocephalina
bohemica J. PERNER, 1918]. Glabella moderately
convex, tapering with narrow rounded front and
4 pairs of slitlike glabellar furrows; eye ridges
narrow, eyes of medium size, opposite posterior
0.3 of glabella; frontal area about 0.25 length
(sag.) of cranidium; fixigenae with palpebral
areas almost 0.5 of glabellar width, posterior areas
not quite equal in length (tr.) to occipital ring.
Pygidium subcircular; axis convex, narrow, tapered
0.8 of length to narrow rounded end, with 1I
axial rings and terminal with I or 2 faint rings;
pleural fields twice width of axis, with 10 pleurae
separated by backward-curved interpleural
grooves; medium-width border extended into 2
pairs of very broad, flat, posterior marginal spines
(64). L.Ord., C.Eu.--FtG. 268,4. 'OR. bohemica
(PERNER), Czech.; 4a,b, cran., pyg., Xl (442).
[Authorship of type species should be cited as J.
PERNER in NovAK & PERNER, 1918.]

Leimitzia SDZUY, 1955 ["Conocephalites bavaricus
BARRANDE, 1868]. Glabella low, tapering, with 3
pairs of deep, slitlike lateral furrows; frontal
area 0.3 of length of cranidium, anterior border
furrow distinct, with prominent median posterior
curve; eyes large, about opposite center of gla
bella; fixigenae with palpebral areas slightly more
than 0.5 of glabellar width, posterior areas of
medium width, about same in length (tr.) as
occipital ring. Pygidium subcircular; axis convex,
narrow, tapered 0.75 of length to narrow rounded
end, with 5 or 6 axial rings and long terminal;
pleural fields slightly wider than axis, with 6
pleurae separated by backward-curved interpleural
grooves running on to moderately wide, flat bor
der; posterior margin with median inward bend.
Outer surface very finely granulose (272). L.Ord.
(Tremadoc.), Eu.--FIG. 268,5. "L. bavarica
(BARRANDE), Tremadoc., Ger.; cran., XI (272).

Temnoura RESSER & ENDO, in ENDO & RESSER, 1937
[·T. grallosa] [=Temnura, Temllurus KOBAYASHI,
1935]. Single pygidium in drift block. L.Ord.,
Manch.

Superfamily CYCLOPYGACEA
Raymond, 1925

[lJfJm. 'ransl. RICHTER & RICHTER. herein (ex Cyclopygidae
RAYMOND, 1925) 1

Exoskeleton gibbous. Cephalon
without marginal border; glabella
fused with occipital ring (?except

sotaphrus); fixigenae reduced to minute
band, palpebral lobes not defined; facial su
tures cutting posterior margin close to axial
furrows, not withdrawing from them along
whole contour of glabella; librigenae in
most genera reduced, angles rounded,
united ventrally by doublure; eyes hyper
trophied, visual areas very convex, occupy
ing nearly whole librigenae, continuing to
ventral side where they may remain sep
arated or unite (in some species this trend
being advanced to different degrees within
same genus), with 750 to 3,500 biconvex
lenses in each eye. Hypostoma incomplete
ly known; no connective sutures or rostral
plate. Thorax with 5 or 6 segments; sides
parallel or diverging backward; axis broad,
at least anteriorly; pleurae grooved, increas
ing backward in width (tr.). Pygidium of
moderate size to large; axis with few rings
(up to 5); pleural fields with few ribs, gen
erally no more than 1 or 2 distinct. Surface
smooth or with fine striae, few species
granulose. Most species small, a few up to
14 em. in length (3,4,211,218,255,343).
Ord.(U.Tremadoc.-Ashgill.}.

Family CYCLOPYGIDAE Raymond, 1925
[nom. conserv. RICHTER & RICHTER proposed 1955 pro

Aeglinidae PICTET. 1854 (ICZN pend.) 1
Characters of superfamily. Ord.(U.Tre

madoc.-Ashgill.}.
Cyclopyge HAWLE & CORDA, 1847 [nom. subst. pro

Egle BARRANDE, 1846 (non DESVOIDY, 1830)]
["Egle redillilla BARRANDE, 1846] (=Selellopty
chus HAWLE & CORDA, 1847; Aeglina BARRANDE,
1852 (obj.); Phylacops COOPER & KINDLE, 1936].
Glabella broad, sides straight, converging forward;
with single pair of lateral furrows, directed back
ward; eyes covering much of ventral surface, sep
arated by 0.3 or less of cephalon width or meet·
ing. Thorax with 6 segments; sides diverging and
axis strongly tapering backward. Pygidium large,
semicircular; axis narrow, short; pleural regions
large; marginal border absent or faint. Ord., Eu.
E.N.Am.--FIG. 269,2. 'OC. redilliva (BARRANDE),
"d epsilon" Zone, Czech.; exoskeI., X 1.5 (3, 4).

Aspidaeglina HOLUB, 19I1 [·A. miranda]. Cepha
Ion imperfectly known, with pair of pits in pos
terior region of glabella. Thorax as in Cyclopyge
but axis moderately tapering backward. Pygidium
with short triangular axis; scarcely segmented;
border depressed. with median border spine. L.
Ord., Eu.--FIG. 270,2. "A. miranda, "d beta"
Zone, Czech.; thorax and pyg., X 1.5 (67).

EIlipsotaphrus WHITTARD, 1952 (.Aeglina monoph
thalma KLOUCEK, 1917]. Glabella short, narrow-
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Superfamily CERATOPYGACEA
Linnarsson, 1869

[nom. Iran.d. POULSEN, herein «('x Ceratopygidae LINNARSSON,

1869) I

Opisthoparian, ovate, slightly convex exo
skeleton, heteropygous to almost isopygous.
Cephalon approximately semicircular; gla
bella clavate to tapering forward, with me
dian tubercle on posterior part; preglabellar
field well developed, cephalic border fur
row strongly impressed, adjoining narrow,
convex border; librigenae fairly wide, with
slender genal spines in direct continuation
of lateral border or nearly so. Thorax of 6
to 9 segments (as far as known). Pygidium
semicircular to subtriangular, with 1 or 2
pairs of bteral spines originating from an·

Glabella with straight sides or somewhat con
vergent forward, without furrows; eyes barely
continuing to ventral side or not at all. Thorax
with 5 or 6 segments; axis very broad, scarcely
tapering backward. Pygidium semicircular; seg
mentation faint; axis triangular, anteriorly very
broad; border faint or absent. Ord" C.Eu,-W.Eu.
E.N,Am.--FIG. 269,3. 'M. speeiosa, "d epsilon"
Zone, Czech.; exoskel., Xl (3,4).

Pricyclopyge RICHTER & RICHTER, 1954 ['A eglzl1a
prisca BARRANDE, 1872]. Glabella pear-shaped,
with 2 centrally located pits; eyes covering much
of ventral wrface, separated by approximately 0.25
width of cephalon. Thorax with 6 segments; axis
strongly tapering backward; 6th segment with
pleural spines. Pygidium triangular; axis narrow,
1J.7 of length of pygidium, few rings; ribs faint;
with marginal border. Ord., C.Eu.-W.Eu.--FIG.
269,1. 'P. prisca (BARRANDE),"d gamma I" Zone,
Czech.; 1a,b, exoskel., dorsal, profile; Ie, ceph.,
ventral; all X I (4).

Psilacella WHITTARD, 1952 ['Po trimgata]. Imper
fectly known. Glabella nearly parallel-sided, front
broadly rounded, with 3 pairs of pronounced fur
rows; eyes presumed to coalesce. Pygidium semi
circular; axis triangular, 0.5 of pygidial length, with
few rings and ribs. Ord., Scot.-Czech.--FIG. 270,
3. 'I'. trimgata WHITTARD, Ashgillian, Scot.; gla
bella, X3 (343).

Symphysops RA HIOND, 1925 ['Aeglzl1a armata
BARRANDE, 1872]. Glabella with greatest wiuth at
mid-length, pruuuceu into frontal spine, with 2
pairs of transverse furrows; eyes coalescent ven
trall\'; posterior region of free cheeks developed
as a rather broau band. Pygidium rather small,
semicircular; axis of moderate length; few rings
and ribs; marginal border narrow. M.Ord.-U.Ord.,
Eu.-E.N.Am.--FIG. 269,4. 'S. armattlS (BAR
HANDEl, "d zeta I" Zone, Czech.; 4a-e, ceph.,
dorsal, side, anterior; 4d, pyg., all XI (4).

Cyclopyge

Pricyclopyge

Ie

10

Ing backward, front broadly rounded, with 2 en
tire furrows (posterior regarded as occipital fur
row) and anterior pair of discontinuous furrows;
posterior region of genae considerably elongated;
facial sutures uniting dorsally; eyes separating
glabella from anterior border, coalesced. Thorax
and p"gidium imperfectly knc)\vn. L.Ord., Czech.
Eng.-Wales.--FIG. 270,1. 'E. m0l1ophtha/111/1S
(KLOUCEK), "d gamma 2" Zone, Czech.; 6a,b.
ceph., dorsal, lateral, X4 (94).

Microparia HAWLE & CORDA, 1847 ['M. speciosa].

Symphysops

FIG. 269. Cyclopygidae (p. 0361-0362).
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Ib

Aspidaeglina

Ellipsotaphrus

Psilacella

FIG. 270. Cyc10pygidae (p. 0361-0362).

la

(Tremadoc.), Arg.--FlG. 272,1. "D. pasqua/i,
Salta; cran. and 3 thoracic segments; X6.5 (58).

Dipleuropyge LERMONTOVA, 1951 ["D. striata] .
Pygidium rather similar to that of Onychopyge.
V.Cam., Kazakhstan (HE).

Hysterolenus MOBERG, 1898 ["H. tiirnquisti]. Dif
fers from Ceratopyge in having parallel-sided gla
bella with rounded front, 4 pairs of distinctly
marked lateral glabellar furrows, and larger, sub
triangular pygidium with about 10 axial rings,
at least 6 defined segments in pleural fields, con
cave border, and 2nd segment produced into
pleural spines (153). L.Ord.(Tremadoc.}, Eu.
?C.Asia.--FIG. 271,4. *H. toernquisti, Swed.;
4a,b, ceph., pyg., X 1.5; 4c, hypostoma, X 1.3
(153).

Kogenium KOBAYASHI, 1935 ["K. rotundumJ.
Pygidium like that of Proceratopyge; associated
cranidium differing from those of typical Cera
topygidae in being strongly convex and having
wider palpebral regions of fixigenae and more
rapidly tapering, considerably sloping lateral ex
tremities of posterior areas (97). M.Cam., E.Asia.

terior segments. Cephalic doublure, ventral
sutures, and hypostoma imperfectly known;
doublures of librigenae apparently separated
by median suture in Proceratopyge, and
hypostoma probably fused with rostral plate
in Hysterolenus. Up.M.Cam.-L.Ord.

Family CERATOPYGIDAE Linnarsson,
1869

Characters of superfamily. Up.M.Cam.-L.
Ord.
Ceratopyge HAWLE & CORDA, 1847 [*Olenus forfi
cula SARS, 1835]. Cephalon slightly less than 0.5
of total length; cranidium narrow; glabella slen
der, slightly expanding forward, truncate in front;
occipital furrow strongly impressed; preoccipital
lateral glabellar furrows pit-shaped, strongly im
pressed, other glabellar furrows shallow, almost
effaced; palpebral region of fixigenae narrow;
palpebral lobes short, strongly curved, situated a
little posterior to glabellar center; anterior sections
of facial sutures strongly diverging between eyes
and anterior border, forming angles of about 90 0

with posterior sections. Thorax of 6 segments with
narrow axis; straight, deeply furrowed pleurae
with pointed, outward-directed ends. Pygidium
semicircular, somewhat smaller than cephalon,
with very narrow, slightly convex border, 5 or 6
axial rings, 2 anterior segments perceptible in
pleural fields, and a pair of backward-directed,
gently curved spines formed by coalescence of
distal parts of 1st and 2nd segment (153). L.Ord.
(Tremadoc.), Norway-Swed.-Arg.--FlG. 271,1.
*C. forficula (SARS), Swed.; 1a,b, ceph., pyg.,
X2.8 (153).

Boschchekulia LERMONTOVA, 1951 ["B. lata]. V.
Cam., NE.Kazakhstan.

Diceratopyge TROEDSSON, 1937 ["D. mobergi]. Dif
fers from Ceratopyge in having parallel-sided gla
bella without glabellar furrows and with rounded
front, and more slender pygidial spines originating
from posterior pleural band of 2nd segment (301).
V.Cam., C.Asia.--FIG. 272,2. "D. mobergi, U.
Cam., China(T'ien-Shan); pyg., X3 (301).

?Diche1epyge HARRINGTON & LEANZA, 1952 ["D.
pasqua/i]. Differs from Ceratopyge in having
wider cranidium, tapering glabella with 3 pairs of
well-defined lateral furrows, anterior region of
fixigenae crossed by corner furrow in continuation
of preglabellar furrow, wider posterior region of
fixigenae, palpebral lobes slightly in front of gla
bellar center, less diverging anterior sections of
facial sutures; thoracic segments with extremely
oblique proximal part of pleural furrows and long
pleural spines; pygidium with concave border,
strongly marked segmentation throughout, and
1st and 2nd segment terminating in obliquely
backward-directed pleural spines (58). L.Ord.

© 2009 University of Kansas Paleontological Institute



0364 Trilobitomorpha-Trilobita

lb

Cerotopyge

4b

Procerotopyge

Procerotopyge Hysterolenus

FIG. 271. Ceratopygidae (p. 0363-0364).

Mansuyella ENDO, in ENDO & RESSER, 1937 [*Coosia
tokunagai KOBAYASHI, 1931]. Differs from Pro
ceratopyge in wider, more rapidly tapering, more
or less truncated glabella and longer preglabellar
field (37). V.Cam., E.Asia.

Onychopyge HARRINGTON, 1938 [*0. riojana]
[=Prionopyge HARRINGTON & LEANZA, 1942
(obj.)]. Cephalon differing from that of Cera
topyge in having larger eyes, less diverging an
terior sections of facial sutures, and glabella
indistinctly defined anteriorly. Pygidium differ
ing from that of Proceratopyge in having in
distinct segmentation of pleural fields behind 1st
pleura, and much wider border (59). L.Ord.
(Tremadoc.), Arg.--FIG. 273. "0. riojana; a,
cran. and librigena, X2; b, pyg. (holotype)
(reconstr.), X 1.8 (59*).

Proceratopyge WALLERIUS, 1895 [*P. coni/rons]
[=Lopnorites TROEDSSON, 1937]. Differs from
Ceratopyge in having cephalon about 0.3 of total

length of exoskeleton, wider, tapering to almost
parallel-sided glabella, palpebral lobes situated
opposite glabellar center, slightly diverging or al
most parallel courses of anterior sections of facial
sutures between eyes and anterior border; thorax
of 9 segments with obliquely backward-directed
pleural spines; and larger pygidium with 3 to II
axial rings, well-segmented pleural fields, con
cave border, and 1st segment terminating in
pleural spines (335, 336). Vp.M.Cam., Swed.-Asia
Austral. ?L.Ord.(Tremadoc.), Arg.--FIG. 271,3.
*P. coni/rons, M.Cam., Swed.; 3a,b, ceph., pyg.,
X3 (336).--FIG. 271,2. P. magnicauda WES

TERGARD, M.Cam., Swed.; incomplete thorax with
pyg., X3 (336).

Pseudohysterolenus HARRINGTON & LEANZA, 1957
[*P. infidus]. Differs from Hysterolenus in having
wider, anteriorly subtruncate glabella, very small
posterior areas of fixigenae, and short, semi
elliptical pygidium with much wider, strongly
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Dichelepyge

2

Dicerotopyge

FIG. 272. Ceratopygidae (p. 0363).

tapering axis of 5 rings and short terminal por
tion, and pleural fields divided into 3 indistinctly
defined pleurae, apparently without spines (59).
L.Ord.(Tremadoc.) , Arg.--FIG. 274. "'P. in
fidus; a, cran. (holotype) (reconstr.), X6.6; h,
pyg. (exfoliated), X9.2 (59"').

FIG. 273. "'Onychopyge riofana HARRINGTON (Cera
topygidae), L.Ord.(Tremadoc.), Arg.; a, eran.,
X 10; b, librigena, X2; c, pyg. (reconstr.), X 1.8

(59*).

FIG. 274. "'Pseudohysterolenus infidus HARRINGTON
& LEANZA (Ceratopygidae), L.Ord.(Tremadoc.),
Arg.; a, eran. (reconstr.), X6.6; b, pyg. (ex-

foliated), X 9.2 (59*).

Suborder ILLAENINA
Jaanusson, nov.

[Typ~IlIaenus DALMAN, 1827)

Opisthoparian trilobites with large or
moderately large rostral shield separated by
sutures; one family includes, in current
delimitation, some genera with anteriorly
fused librigenae. Lateral glabellar furrows
commonly faint or absent. Doublure broad.
Thoracic segments 6 to 10. Pygidium about
equal in size to cephalon or somewhat smal
ler. Tuberculae ornamentation rare. All
typical forms lack eye ridges. Ord.-M.Perm.

Superfamily ILLAENACEA
Hawle & Corda, 1847

[nom. torrett. HARRINGTON 6< LUNZA, 1957 (pro Ill.enie.e
WHITTINGTON, 1953, nom. transl. ex Ill.enides HAWLE 6<

COPJ)A, 1847») [=Scutelloid.e HUPE, 1953)

Exoskeleton of moderate size. Glabella
expanding anteriorly, alae commonly well
defined, at least on ventral face of cepha
Ion. Thoracic segments 8 to 10; pleural
furrows, if present, approximately parallel
to margins of segments. Ord.-Sil.

Family STYGINIDAE Vogdes, 1890
Cephalon and pygidium moderately con

vex, subequal in size, outline semicircular,
genal regions prolonged behind rest of
cephalan as broad-based spines. Glabella
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FIG. 275. ·Stygina latifrons (PORTLOCK) (Stygini
dae), M.Ord.-U.Ord., NW.Eu.; a,b, exoskel., dorsal
(reconstr.), and ceph., ventral (reconstr.), X2

(496n).

narrowest just in front of occipital ring, ex
panding forward, defined by faint to well
marked axial and preglabellar furrows; occi
pital furrow moderately deep; 4 lateral gla
bellar furrows may be present, posterior 2
converging to meet just inside axial fur
rows, anterior 2 short, ovate; preglabellar
field short (sag.) or absent; genal regions
divided into inner convex portion and outer

flattened region, with distinct change of
slope or faint furrow between them; narrow
posterior border may be developed; eye
lobes situated close to posterior margins of
inner part of genal regions, at varying dis
tance from axial furrows; faint eye ridges
may run inward-forward. Sutures opistho
parian, anterior sections divergent, joined
along anterior margin by rostral suture.
Doublure broad, rostral plate isolated by
backwardly convergent connective sutures.
Hypostoma shield-shaped, with undivided
convex middle body, lateral and posterior
borders flattened. Thorax of 7 to 9 seg
ments; fulcrum of pleurae at 0.5 to 0.7 of
width from axial furrows, outer parts bent
down and faceted. Pygidium with well-de
fined axis, continued rearward by more or
less well-defined postaxial ridge; pleural
fields with well-marked facet and shallow
furrow behind it. Broad doublure reach
ing in to tip of axis, border not defined by
furrow, but may be gently concave. Surface
smooth or with terrace lines, latter char
acteristic of doublure (278, 350). L.Ord.
U.Ord.
Stygina SALTER, 1853 [.Asaphus latifrons PORT

LOCK, 1843; SD VOGDES, 1890]. Four glabellar
furrows in some species; no preglabellar furrow;
anterior pit situated in axial furrows at distance
from anterior margin slightly greater than width
of doublure; eye lobes small, elevated, close to
rear part of glabella; posterior border faint or ab
sent, genal spines short. Rostral plate subtrapezoid ;
hypostoma nearly triangular in outline. Thorax
with 9 segments; no pleural furrows. Pygidium
with axial ring faint or absent, no pleural fur
rows, broad concave border. M.Ord.-U.Ord., Ire.
Scot.-Wales-Swed.-Norway-Est.--FlG. 275. 'Os.
latifrons (PORTLOCK); a,b, exoskeI., dorsal (re
constr.), ceph., ventral (reconstr.), X2 (496n).

Bronteopsis NICHOLSON & ETHERIDGE, 1879
[.Ogygia? concentrica LINNARSSON, 1869 (=B.
scotica NICHOLSON & ETHERIDGE, 1879)] [Homo
glossa RAYMOND, 1912]. Four pairs glabellar fur
rows visible; preglabellar field absent; genal spines
broader (tr.) at base and longer than those of
Stygitla. Thorax with 8 segments; pleurae with
shallow pleural furrows extending beyond ful
crum, low ridge immediately posterior to furrow.
narrow anterior and posterior bands. Pygidium
with 7 or 8 axial rings, tip of axis unfurrowed;
pleural fields with broad, gently concave border,
7 pairs of shallow pleural furrows separated by
low broad ridges, directed progressively more
strongly backward. Dorsal external surface with
terrace lines. M.Ord., Scot.-Norway-Swed.-Est.
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FIG. 277. -Raymandaspis limbata (ANGELIN) (Sty
ginidae), M.Ord., Norway; a,c, cran., pyg., X3; b,

librigena, X 4 (278).

Pygidium with axis narrower posteriorly, well
marked postaxial ridge, no border or narrow,
faintly concave border. Dorsal external surface
with terrace lines (26). L.Ord.-M.Ord., Norway
Swed.-Scot.-E.N.Am.--FIG. 277. -R. limbalus
(ANGELIN), L.Ord., Norway; a,c, cran., pyg., X4;
b, librigena, X5 (278-).

Family THYSANOPELTIDAE Hawle &
Corda, 1847

[nom. correct. MOORE, herein (pro Thysanopeltides HAWLE &
CORDA, 1847) 1 [=Bront<ida< HAWLE & CORDA, 1847 (nom.
correct. ANGELIN I 1854, pro Bronteides HAWLE & CORDA, 1847) j

Goldiidae RAYMOND, 1913; Scutellidae RICHTER & RICHTER,
1925 (non GRAY, 1825); Eobront<idae SINCLAIR, 1949; Scutd
luidae RICHTER & RICHTER, 1955] [Acceptable designation of
this family assemblage offers vexatious problems that arise
mainly from homonymy and synonymy of names applied to
one of the genera elected as type of the family, as wdl as
homonymy and synonymy of published family-group names
lhemselves. HAWLE & CORDA first used Bronteides and Thy~

sanopehides as family-group names based on genera now
recognized as belonging together in lhis family assemblage.
Bronteides was based on Bron/eas GOLDFUSS, 1843 (=Brontes
GOLDFUSS, 1839, non FABRICIUS, 1801) (==Scu/ellum PUSCH,
1833; Goldills DEKoNINCK, 1841); Thysanope1tid" was bas<d
on Thysanopeltis HAWLE & CORDA, 1847. ANGELIN'S Bronteidac
(1854), whether construed merely as a correction in form of
HAWLE & CORDA'S Bronteides, or as a new family~group name
introduced by ANGELIN, has priority over mher names based
on the same genus (Goldiidae, Scutellidae, Scutelluidae) and
according to the Copenhagen Decisions, 1953, par. 54(1)
(a) is valid even though almost universally discarded in
paleontological lileratur<: during many decades. Surely it is
very undesirable to revive Bronteidae, especially in view of
widesprtdd Opposilion to the Copenhagen Decision providing
for retention of family-group names based on junior syn
onyms: appeal is made for rescission of this rule at the 1958
Zoological Congress in London. Such rescission would make
Scutellidae RICHTER & RICHTER, 1925, eligible for acceptance,
if this name were not itself a homonym of Scutellidae GRAY,
1825 (bas<d on Sell/ella LAMARCK, 1816, an <chinoid). Th<
proposal of RICHTER. & RICHTER (1955) to subslitute thf:
arbilrarily modified spelling of Scu(elluidae, under proposed
appeal to ICZN for exercise of Plenary Powers, is far less
accep(able as a solution than recogni(ion of Thysanopehidae
HAWLE & CORDA, 1847, which is emirely eligihle, and, more~

over, is an unclouded family~group name having priority
equal (Q (hat of Bronteidae HAWLE & CORDA, 1847. Records
published in (he Bulletin 0/ Zoological Nomenclature do not
reveal that (he RICHTERS' intended applic3lion has been filed,
and in any case, approval of it is opposed.-Ed.]

a

---FIG. 276. -E. cancentrica (LINNARSSON),
Swed.; a,b, ceph., dorsal, ventral; c, pyg.; all
Xl.5 (360-, 496n).

Protostygina PRANTL & PRIBYL, 1948 [-Waenus
bahemicus BARRANDE, 1872]. Like Slygina but
posterior part of glabella parallel-sided, anterior
part only slightly expanded; eye lobes farther out;
genal spines broad (tr.) and long. Pygidium
shorter (sag.). M.Ord., Boh.

Raymondaspis PRIBYL, 1948 [pra Halamelapus
ANGELIN, 1854 (nan MILNE EDWARDS, 1853)]
[-Halametapus limbatlls ANGELIN, 1854; SD MIL
LER, 1889] (=Warbu"gella RAYMOND, 1937 (nan
REED, 1931)]. Like Stygina but posIerior part of
glabella subparallel-sided and anterior lobe more
convex and separated by sharp change in slope
from narrow (sag., exsag.) preglabellar field; eye
lobes larger; genal spines broader (tr.) at base,
short. Thorax with 7 segments (R. tennesseensis).

FIG. 276. - Eranteapsis concentrica (LINNARSSON)
(Styginidae), M.Ord., NW.Eu.; a,b, ceph., dorsal,

ventral, X 1.5 (350,- 496n).
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Exoskeleton broadly oval in outline, with
length ranging from 1.5 to 25 cm. Cepha
Ion large; glabella very large, widening for
ward, with 3 pairs of lateral furrows that
generally are dissimilar (1P furrows trans
verse or curved forward so that 1p lobes
coalesce with posterior part of glabella),
axial furrows moderately well impressed,
diverging forward and backward from
base of glabella; occipital furrow generally
broad (sag.), occipital ring prominent,
rather broad; fixigenae commonly with cir
cumscribed small areas adjoining axial fur
rows opposite position of eyes, palpebral
lobes semicircular, small; posterior border
furrows short, not continuing onto libri
genae; posterior borders very narrow; facial
sutures curving strongly around eye lobes,
with anterior sections crossing front margin
so as to run closely parallel to it on under
side to point of junction with rostral suture;
librigenae very large, triangular, bearing'
sharp genal angles or spines; eyes small,:
near posterior margin of cephalon, with
ring-shaped holochroal visual areas con
taining 1,000 to 4,000 lenses. Connective
sutures long, converging backward; rostral
plate conspicuous, crescentic; hypostoma
subrectangular, with well-developed wings,
convex central body and crescentic posterior
body that bears pronounced maculae, pos
terior margin rounded or pointed. Thorax
with 10 segments of approximately uniform
width; pleurae ridged, without furrows
(rarely with furrows very indistinctly
marked), with narrow anterior and pos
terior flanges (Fig. 278,3a-c) but no facets,
ends of pleurae pointed. Pygidium very
large, longer than cephalon and commonly
equal to 0.5 of length of body, semicircular
to semielliptical in outline (except Koliha
peltis); axis very short (sag.), subtriangular,
with no axial rings (or at most only faint
indication of segments), commonly trilo
bate owing to presence of 2 longitudinal
furrows; articulating half-rings and furrows
pronounced, but no articulating half-ribs or
facets; pleural fields with 6, 7, or 8 radiating
lateral ribs that represent simple pleurae
(Fig. 278,2) and long, simple or bifurcate
median rib; pygidial doublure expanded.
Surface with irregular terrace lines, punc
tate or tuberculate. [Extreme width of doub
lure, extending 0.7 of length of pygidium,

generally is associated with thin-shelled flat
pygidia bearing strong ribs (paliferum type,
FIg. 279,ld,e), whereas moderate width of
doublure (0.3 to 0.5 of length of pygidium)
commonly occurs in thick-shelled highly
vaulted pygidia with faint ribs (campani-

Id
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FIG. 278. Thysanopeltidae.--la-d, ·Eobronteus
laticauda (WAHLENBERG), V.Ord., Swed.--2, Left
anterior part of thysanopeltid pygidium with an
terior flange, instead of articulating half-rib and
facet (1-4, outermost 4 pleurae, interpleural sutures
presumed to lie along narrow furrow between pos
terior side of main ribs and adjacent small inter
costal ribs), diagrammatic (46In).--3a-c, Ridged
thoracic pleurae bearing anterior and posterior
flanges; 3a, Scutellum (Scutellum) flabelli/erum
(GOLDFUSS), M.Dev., Ger.; 3b, ·E. laticauda;
3c, ·S. (Planiscutellum) planum (HAWLE & CORDA),

Sil., Czech.; all XIO (46In).
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ferum type, Fig. 279,3, 280,3c,d); statistic
ally determined combinations of characters
have taxonomic significance.] M.Ord.-Low.
UDev.
Scutellum PUSCH, 1833 [.S. costatum] [=Brontes

GOLDFUSS, 1839; Goldius DEKoNINCK, 1841; Bron
teus GOLDFUSS, 1843]. Glabella gradually expand
ing forward; occipital furrow commonly with
tumor-like swelling at each end; anterior areas of
Ilxigenae narrowing forward; posterior sections of
facial sutures parallel and close to posterior mar
gin, reaching it by abrupt inward bending (ex
cept Planiscutellum), anterior sections of sutures
approaching axial furrows forward; oblique eye
ridges commonly present. Thoracic axis narrower
than pleurae (except Parale;urus). Pygidium with
7 lateral ribs, median rib simple or bifurcate. Sur..
face may bear tubercles on glabella, occi
pital ring, palpebral lobes, and axis of thorax and
pygidium. Sil.-V.Dev., cosmop.

S. (Scutellum) [=Dicranactis HAWLE & CORDA,
1847]. Cephalon flat or only moderately convex;
frontal area narrow or absent; lateral furrows
differentiated (1 p curving forward to join 2p
furrows in manner reducing 2p lobes to small
tubercles, 3p furrows not distinctly limited ad
axially, supplementary groove between 2p and 3p
furrows commonly present). Pygidium rather flat,
commonly with central elevated platform sur
rounded by flat or concave zone; ribs well de
veloped; doublure extremely broad. Shell thin.
Sil.-V.Dev.(Adorfian-I), cosmop.--FIG. 279,
la,b. ·S. (S.) costatum, M.Dev.(Givet.), Ger.
(Iserlohn); Ia,b, exoskeI. (reconstr.), rostral
plate, Xl (257).--FIG. 279,Ic-f. S. (S.) pali
ferum (BURICH), L.Dev.(Koneprusy Ls.),
Czech.; Ie, ceph.; Id,e, pyg., dorsal, profile; If,
hypostoma; all Xl (3, 257) .--FIGs. 278,3a;
279,lg. S. (S.) flabelliferum (GoLDFUSS), M.Dev.
(Couvin.), Ger. (Eifel) ; 278,3a, ridged thoracic
pleura with anterior and posterior flanges, X 1.5 ;
279,Ig, exoskeI. (reconstr.), profile, XI (243,
257).

S. (Kolihapeltis) PRANTL & PRIBYL, 1947 (·Bron
teus parabolinus BARRANDE, 1882] . Pygidium
narrow, tongue-shaped or lanceolate, maximum
width about 0.5 of length, rather flat; anterior
margin short (tr.) , mostly occupied by broad
axis, with angular anterolateral wings; lateral
ribs diverging very slightly, nearly parallel to
median rib, outermost ribs angulated, follow
ing anterior margin and coalescing with axis so
as to cut off ribs 2 and 3 (counting inward).
Cephalon and thorax poorly knQwn. L.DetJ.-M.
Dev., C.Eu.--FIG. 280,4. S. (K.) parabolinum
(BARRANDE), M.Dev.(g alpha), Czech. (Mahi
Chuchle); pyg., Xl.5 (159, 177,257).

S. (Parale;urus) HAWLE & CORDA, 1847 [·Bronteus
campanifer BEYRICH, 1845; SD RUD. RICHTER,

1923] [=Holomeris HAWLE & CORDA, 1847;
Parale;ulus PRANTL & PRIBYL, 1947]. Exoskeleton
vaulted. Lateral glabellar furrows and lobes
absent or faint; librigenae smaller than in S.
(Scutellum), with sharp but not pointed genal
angles; occipital furrow and ring very broad
(tr.). Rostral plate large, very convex. Thoracic
axis much broader than pleurae. Pygidium bell
shaped; axis mostly indistinct, without triloba
tion or observable segmentation; ribs broad, flat,
only outermost pair strikingly convex and sep
arated by broad furrow, other intercostal fur
rows merely thin lines that are proximally in
distinct. Doublure moderately broad. Shell thick.
L.DetJ.-M.Dev., Eu.-N.Afr.--FIG. 280,3. ·S.
(P.) campaniferum (BEYRICH), L.Dev.(Kone
prusy Ls.), Czech.; 3a,b, ceph., dorsal, profile;
3c,d, pyg., dorsal, long. sec.; 3e, rostral plate
(RS, rostral suture; CS, connective suture) all
XO.7 (3, 257).-FIGs. 278,3c, 279,3. S. (P.)
brongniarti (BARRANDE), M.Dev., Czech.; 278,3c,
ridged thoracic pleurae with anterior and posterior
flanges, X2.5; 279,3, exoskeI. (reconstr.), profile,
Xl (243, 257).

S. (Planiscutdlum) RICHTER & RICHTER, 1956
[·Bronteus planus HAWLE & CoRDA, 1847].
Cephalon very flat; frontal area broad; lateral
furrows primitive (1p directed slightly forward,
2p and 3p transverse, all isolated), glabellar lobes
not limited adaxially, no supplementary grooves;
eyes not so far backward as in other subgenera;
posterior sections of facial sutures oblique. Pygi
dium very flat; median rib simple, broadening
strongly backward; lateral ribs broad, flat, inter
costal furrows narrow. Doublure broad. Shell
thin. Sil., Eu.-N.Am.--FIG. 279,2. ·S. (P.)
planum (HAWLE & CORDA), Czech. (Sedlec);
2a-c, ceph., pyg., hypostoma, XI.5 (3, 257).

S. (Scabriscutellum) RICHTER & RICHTER, 1956
[ •Bronteus scaber GOLDFUSS, 1843]. Exoskeleton
resembling that of S. (Thysanopeltis) but pygid
ium without marginal spines. L.DetJ.-M.DetJ.,
N.Hemis.--FIG. 280,2. ·S. (S.) scabrum
(GOLDFUSS), M.Dev.(Couvin.), Ger.(Eifel); 2a,b,
ceph., pyg., X2 (257).

s. (Thysanopeltis) HAWLE & CORDA, 1847 [·Thy
sanopeltis speciosa]. Glabella small at base, with
lateral furrows lp-3p connected by longitudi
nal furrow, lateral 3p lobe being distinctly cir
cumscribed and extended exsagittally, 2p lobe
a minute tubercle, no supplementary grooves.
Thoracic axis very much narrower than pleurae.
Axis of pygidium trilobate; lateral ribs appear
as narrow prominent ridges, median rib scarcely
broader than others, mostly bifurcate distally; in
tercostal furrows broad, with flat or evenly
convex bottom (so-called intercostal ribs); mar
gin with spines. L.DetJ.-M.DetJ., N.Hemis.-
FIG. 280,1. ·S. (T.) speciosum (HAWLE &.
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CORDA), M.Dev.(Couvin.), Ger.(Wildungen);
exoskel. (reconstr.), XI (257).

Eobronteus REED, 1928 ["Entomostracites laticauda
WAHLENBERG, 1821]. Glabella mushroom-like,
anterior portion (consisting only of frontal lobe)

3c

short, abruptly expanded, posterior portion very
long, parallel-sided, with 3 pairs of little-differ
entiated lateral furrows, directed transversely,
isolated from one another and deepening inward,
3p furrow at base of anterior expansion of glabella;

Scabriscutellum

Kolihapeltis

3b

FIG. 280. Thysanopeltidae (p. 0369, 0372).
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FIG. 281. "'Weberopeltis aeuleata (WEBER) (Thy
sanopeltidae), U.Sil., USSR; a,b, ceph., pyg., XO.7,

X 1.3 (490, 1945).

fixigenae of considerable and equal breadth, di
vided by furrows that start from lateral 3p
furrows curving backward; anterior sections of
facial sutures parallel to axial furrows, therefore
diverging strongly forward. Pygidium slightly
elongate semicircular; with 6 broad flattened lat
eral ribs, median rib much broader than others,
only faintly bifurcated or not at all; intercostal
furrows linear (350). U.Sil.-M.Ord., Eu.-N.Am.
FIG. 278,1,3b. "'E. latieauda (WAHLENBERG), U.
Ord.(Leptaena Ls.), Swed.; la, cran. with libri
gena, Xl; 1b, pyg., X1.4; Ie, section of tall
pygidium, XO.75; ld, hypostoma, XO.75; 3b,
ridged thoracic pleurae with anterior and posterior
flanges, X 1.3 (257).

Weberopeltis MAKSIMOVA, 1957 ["'Bronteus aeulea
tus WEBER, 1945]. Cephalon short and wide,
glabella narrow, posteriorly rectangular; fixigenae
broad, produced backward into stout spines. Pygi
dium with broad ribs between narrow furrows;
marginal spines strongly developed as prolonga
tions of ribs; middle rib divided distally in some.
Sil.-M.Dev., Eu.--FIG. 281. "'W. aeuleata
(WEBER), U.Sil., USSR(N.Urals); a, ceph., Xl;
b,pyg., X1.7 (490).

Octobronteus WEBER, 1945 ["'0. khodalevitehi]
[=Stoermeria PRANTL lit PRIBYL, 1946; Stoer
meraspis PRANTL lit PRIBYL, 1947]. Supposed
cephalon rather similar to that of Eobronteus.
Thorax unknown. Pygidium semicircular, with
broad concave limb; 8 slightly raised lateral ribs;

median rib much broader than laterals, not bi
furcate; intercostal furrows scarcely 0.5 of width
of ribs. Ord.-Sil., C.Eu.-USSR(Urals)-N.Am.__
FIG. 280,5. O. franeonieus (GUMBEL), Sil., Ger.;
pyg., X3 (257).

Family ILLAENIDAE Hawle & Corda,
1847

[nom. correct. ANCELlN, 1854 (ex l1laenides HAWLE & CoMA
1847) J '

Axial region of cephalon smooth, merg
ing forward into frontal area without
boundary; instead of glabellar and occipital
furrows, 4 pairs of muscle scars can be ob
served in well-preserved specimens; facial
sutures opisthoparian. Rostral shield broad
(tr.); posterior margin of hypostoma
rounded. Thorax with 8 to 10 segments;
pleurae without pleural furrows or excep
tionally with faint transverse furrows. Axis
and pleural fields of pygidium smooth or
with very faint traces of unfurrowed ribs.
Surface ornamented with terrace lines or
small pits, or both, no tuberculate or granu
lose ornamentation. L.Ord.(Arenig.)-Sil.
(Ludlov.).

Subfamily ILLAENINAE Hawle lit Corda, 1847
[nom. transl. GURleH, 1908 (ex ItIaenides HAWLE & CORDA,

1847)]

Eyes well developed; glabella club-shaped
or ovoid where indicated, commonly ex
panding in front of eyes and narrowing
close to anterior cephalic margin. Rostral
shield with more or less convex posterior
margin in ventral view and rostral flange.
Thorax with 8 to 10 segments, axial fur
rows generally well defined. L.Ord.
(Arenig.)-Sil.(Wenlock.)·
IlIaenus DALMAN, 1827 ["'Entomostracites crassi

eauda WAHLENBERG, "1818" (=1821); SD MIL
LER, 1889] [non Cryptonymus EICHWALD, 1825
(suppressed, ICZN opinion 508)] [=Deucalion
STSCHEGLOFF, 1827; ActinolobU!, Aetinobolus
EICHWALD, 1860 (non MORCH, 1853); ?Svoboda
peltis SNAJDR, 1957]. Thorax with 10 segments.
Eyes of moderate size. Rostral flange long, hour
glass-shaped. Anterior wings of hypostoma broad
(tr.) , quadrangular. Pygidium about as large as
cephalon or slightly smaller; axis short, narrow
ing toward rear. Ord.(Arenig.-Uanvirn.-Ashgill.) ,
cosmop.--FIG. 282,la-e. "'I. crassicauda (WAH
LENBERG); la,b, ceph., dorsal, ventral, X 1.5;
Ie, pyg., X1.5 (414).--FIG. 282,ld. 1. sarn
JAANUSSON; hypostoma, X2 (414).

Cekovia SNAJDR, 1956 [*'Illaenus transfuga BAR
RANDE, 1852]. Like Illaenus but with smaller eyes.
Poorly known; rostral shield and hypostoma un
known. M.Ord.-U.Ord. Boh.-Eng.
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Nanillaenus ]AANUSSON, 1954 ["lllaenus conradi
BILLINGS, 1859]. Thorax with 8 segments. Pygi
dium considerably smaller than cephalon, axis well
defined, longer than postaxial field. Eyes of mod
erate size; posterior parts of cephalic axial fur
rows converging forward. Rostral shield and

hypostoma unknown. M.Ord., N.Am.-?S.Am.
SCOt.--FIG. 282,3. "N. conradi (BILLINGS); a,b,
ceph., thorax am] pyg., X2 (414).

Octillaenus SALTER, 1867 [" lllaenus hisingeri BAR
RANDE, 1846] [=?Alceste HAWLE & CORDA, 1847
(based on larval specimen); Octoillaenus BIGSBY,

Ponderio

Nonilloenus

5

3b

70

Ectilloenus

Octi Iloenus

2

Ilioenus

60

10

Stenoporeio Tholeops

FIG. 282. IIIaenidae (lIIaeninae) (p. 0372-0374).
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1868 (nom. null.)]. Thorax with 8 segments; 1st
extended into spinelike process (macropleura).
Eyes moderately large. Pygidial axis short, poorly
defined. Rostral shield and hypostoma unknown.
U.Ord., Czech.-S.Swed.--FIG. 282,2. *0. hi
singeri (BARRANDE); exoskel., Xl (414).

Panderia VOLBORTH, 1863 [*P. triquetra; SD
VOGDES, 1890] [=Rhodope ANGELlN, 1854 (non
KOLLIKER, 1847)]. Thorax with 8 segments. Pos
terior parts of cephalic axial furrows diverging
forward; eres long, narrow. Pygidium considerably
smaller than cephalon; axis well defined, consid·
erably longer than postaxial field. Hrpostoma un
known. L.Ord.(Uanl,irn.)·U.Ord., Eu.--FIG.
282,5. *P. triquetra; exoskel. (reconstr.) (414).

Stenopareia HOL~'I, 1886 [*lllaenllS linnarssonii
HODI, 1882]. Thorax with 9 segments. Eyes small,
visual surface strongly convex. Rostral flange
short, connecting sutures converging until they
reach inner margin of cephalic doublure. Hypo·
stoma short, subquadrate, anterior wings narrow
(tr.), triangular. Pygidium slightly smaller than
cephalon; axis short, poorly defined. M.Ord.-Sil.
(Wenlock,), Eu.-Asia-N.Am.(Que.).--FIG. 282,
6. *S. linnarssonii (HOLM); 6a,b, ceph. dorsal,
ventral, Xl; 6c, hypostoma, Xl; 6d, pyg., Xl
(414n).

Tha1eops CONRAD, 1843 [*T. ovata] [=Hydro·
laenus SALTER, 1867]. Thorax with 10 segments.
Eyes of moderate size, comparatively high. Pygid
ium much smaller than cephalon, with axis well
defined, much longer than postaxial field. Rostral
shield and hypostoma unknown. M.Ord., N.Am.
Greenl.--FIG. 282,7. 'T. ot'ata; 7a,b, ceph., en
rolled exoskel., X 2 (414).

Subfamily BUMASTINAE Raymond, 1916

Foremost portions of cephalic axial fur
rows in front of eyes, when present, diverg
ing forward. No rostral flange. M.Ord.-Sil.
Bumastus MURCHISON, 1839 [*B. barriensis].

Thorax with 8 to 10 segments; axis very broad,
axial furrows poorly defined. Pygidial axial fur
rows generally not developed. M.Ord.-Sil., cosmop.
B. (Bumastus). Thorax with 10 segments. Eyes

large; at least posterior part of cephalic axial
furrows distinct. Rostral plate convex, strongly
narrowing (tr.) toward inner margin of cephalic
doublure; anterior wings of hypostoma triangu
lar. U.Ord.-Sil.( LudlotJ.) , cosmop.--FIG. 283,
3a. 'B. (8.) barriensis; exoskel., XO.5 (466).
--FIG. 283,3b. B. (B.) d. sp., B. (B.) bar/·ien
sis; hypostoma, X4 (424).

B. (Bumastoides) WHITTINGTON, 1954 [*lllaenus
milleri BILLINGS, 1859]. Thorax with 8 to 10
segments. Cephalic axial furrows very faint, in
most species developed as pair of oblong im
pressions; eyes of moderate size. Rostral shield
and hypostoma unknown. M.Ord.-U.Ord., N.
Eu.-N.Am.-Greenl.--FIG. 283,6. B. (B.) belle-

t'illensis RAYMOND & NARRAWAY; ceph., X2
(451 ).

Dysplanus BURMEISTER, 1843 ['Asap/HIs (l/laenw)
eentrottls DALMAN, 1827] [=Zetillaenus SNAJDR,
1957]. Thorax with 9 segments. Eyes small;
posterolateral corners of librigenae pointed or with
genal spines. Rostral shield faintly convex, wide
at posterior margin; anterior wings of hypo
stoma broad (tr.), lateral part elongated into hol
low tube at least in early species. Thoracic axial
furrows well defined, axis moderately broad (tr').
Pygidium about equal in size to cephalon, with
short axis. L.Ord.(Arenig.)-U.OI·d.; Baltoscandia
Boh.·Kazakh.--FIG. 283,7. 'D. eentro!tls (DAL
MAN); 7a·b, ceph., dorsal, ventral; 7e, hypostoma,
XI; 7d,pyg., X1.5 (414).

IIIaenoides WELLER, 1907 ['I. triloba]. Cephalic
axial furrows long, well defined; distinct posterior
border furrow present. Rostral shield, hypostoma,
and thorax unknown. Pygidium without trace of
axis; with well·developed concave border.
I. (Illaenoides). Palpebral lobes narrow, short, at

about transverse mid-line of cranidium or slight
ly in front of it. ?U.Ord., L.Sil., N.Am.--FIG.
283,2. I. (I.) triloba; 2a,b, cran., pyg., Xl
(491 ).

I. (Goldillaenus) SCHINDEWOLF, 1924 [*Trinu·
deus? nilsoni MUNSTER, 1840]. Palpebral lobes
moderately long, behind transverse mid-line of
cranidium. Sil., Eu.-N.Am.--FIG. 283,4. 'I.
(G.) nilsoni (MUNSTER); 4a,b, cran., pyg., X3,
X2 (414n).

Platillaenus JAANUSSON, 1954 [*/llaenus ladogensis
Houl, 1886]. Thorax with 10 segments. Eyes of
moderate size; cephalic axial furrows long, con
tinuing laterally in shallow but distinct anterior
border furrow; genal corners rounded. Rostral
shield, hypostoma, thoracic axis, and pygidium
generally as in Dysplallt/s. L.Ord.(llanvirn.),
Baltoscandia. -- FIG. 283,1. *P. ladogensis
(HOLM); 1a,b, ceph., dorsal, ventral; Ie, hypo
stoma (414); 1d, pyg. (409); all Xl.5.

Thomastus OPIK, 1953 [*T. thomasttls]. Similar to
Bumastus (Bumastus) but without eyes. L.stt.,
Austral.

Subfamily ECTILLAENINAE Jaanusson, nov.

Eyes very small or absent; outline of gla
bella club-shaped, as in lllaenus, r.Qstral
shield trapezoidal, with straight or shghtly
concave posterior margin and without ros
tral flange. Thorax with 9 or 10 seg
ments; axis moderately broad to narrow,
well defined. L.Ord.(Llanvirn.)-U.Ord.
Ectillaenus SALTER, 1867 [*/llaeI7I1S perovalis

MURCHISON, 18.39] [=Wossekia RAYMOND, 1916].
Thoracic segments 10. Eyes very small, commonly
at about tr~nsverse mid-line of cephalon, or ab-

o 's of,ent; genal corners rounded. Antenor wlllg
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the hypostoma broad (11'.), quadrangular. Pygi
dium about equal in size to cephalon; semi
circular to suhtriangular outline, as in lllaenlls.
Ol·d.(Llanvirn.-Asl1gill.), Boh.-Pol.-Bornholm-S.
Swed.-Eng.--FIG. 282,4. E. kalzeri (BARRANDE),
XO.7 (414).

Zbirovia SNAJDR, 1956 [*Illaenus Ql'alus BARRANDE,
1872]. Thoracic segments 10. Pygidium smaller

than the cephalon, pentangular in outline, with
narrow (Ir.) JonI' facets. Eyes lacking; facial su
tures crossing ccphalon almost in straight line;
genal corners rounded. Hypostoma unknown. M.
Ord. (Llandeil.-L.Caradoc.). Boh.

Zdicella SNAJDR, 1957 [*lllaentts zeidleri BAR
IlA~DF, 1872]. Thoracic segments 10. Pygidium
somewhat smaller than the cephalon. Cephalic

30

Bumostus

M\t, ()j
..... ...-7e ....._....

Goldi Iloenus

lbV;)
\,::::. :.::l":
\" ....'Ie /

10

Plotilloenus

ld

6
Theomotospis Bumostoides Dysplonus

FIG. 283. Illaenidae (Bumastinae, Theamataspidinae) (p.0374-0376).
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axis narrow, almost parallel-sided; eyes lacking,
anterior portion of librigenae small, posterior por
tion elongated into long and fairly broad genal
spines which reach pygidium. Hypostoma gen
erally as in Ectillaenus. Thoracic axis narrow. U.
Ord.(Ashgill.), Boh.

?Subfamily THEAMATASPIDINAE Hupe, 1953
[nom. transl. JAANUSSON, herein (ex Theamataspididae, nom.
correct. JAANUSSON, herein ex Theamataspidae HUPE, 1953)]

Characters of Theamataspis. M.Ord.-U.
Ord.

Theamataspis QpIK, 1937 ["T. illaenoides]. Only
cranidia known with certainty; palpebral lobes
long; cephalic axial furrows long, their rear por
tions diverging backward and front portions con
verging forward; strong occipital furrow present.
[Cranidium similar to Panderia except for strong
ly d~veloped occipital furrow, unknown in illae
nids proper. Taxonomic position of genus not
determinable without knowledge of other parts of
exoskeleton.]. M.O,·d.-U.Ord., Baltoscandia.-
FIG. 283,5. "T. illaenoides; 5a,b, cran., dorsal
(XI2), anterior (XIO) (439).

Subfamily UNCERTAIN

Hyboaspis RAYMOND, 1925 ["H. shuleri) [=Hy
boaspis RAYMOND, 1920 (nom. nt/d., no figs.»).
Only pygidia known. Axis short, well defined;
postaxial field very long. [May be synonym of
lllaentls or Platillaenus, both of which include
species with similar pygidium.] Ord.(Chazy.), N.
Am.(Va.-N.Y.).

Superfamily BATHYURACEA
Walcott, 1886

[nom. traT1.'/. WHITTINGTON, herein (ex Bathyuridae WALCOT1',

1886) ]

Exoskeleton opisthoparian, heteropygous
to subisopygous. Cephalon large, convex,
with distinct border that may be broad and
concave (Bathyuridae) or narrow (Lecano
pygidae); glabella well defined, parallel
sided or with anterior part widened or nar
rowed, lateral glabellar furrows 3 or fewer,
mostly faint. Occipital ring well defined;
eye lobes close to glabella, opposite or be
hind its mid-length; librigenal spines short
(Lecanopygidae) to long (Bathyuridae).
Thorax (where known) with 9 or 10 seg
ments, pleurae with distinct furrows. Pygid
ium gently convex, with short or long axis
that may be prolonged into axial spine;
pleural fields not delimited by border fur
row. U.Cam.-M.Ord.

Family BATHYURIDAE Walcott, 1886
[emend. WHITTINGTON, 1953]

Cephalon subsemicircular or nasute in
outline, moderately to strongly convex, with
long, broad genal spines in some; well
marked occipital furrow; glabella expand
ing forward or subparallel-sided, 3 or fewer
faint lateral furrows; eye lobes large, sit
uated far back and generally close to gla
bella, eyes with many minute facets; opis
thoparian facial sutures, anterior sections
widely or slightly divergent; rostral suture
marginal and rostral plate with lateral mar
gins convexly incurved. Hypostoma (where
known) with short middle furrow and
crescentic convex posterior lobe of middle
body. Thorax of 9 or 10 segments, common
ly deep pleural furrows but no long pleural
spines. Pygidium of 5 or 6 segments; back·
ward-directed axial or terminal-axial spine
may be present (354). L.Ord.-M.Ord.
Bathyurus BILLINGS, 1859 [*Asaphus? extans HALL,

1847). Glabella with expanded frontal lobe and
2 pairs of lateral furrows; genal spines curved,
long. Hypostoma with short deep furrows in
middle body opposite inflated lateral borders.
Thorax with 9 segments. Pygidium triangular,
axis with prominent termination. M.Ord., N.Am.
--FIG. 284,1. "B. extans (HALL), Blackriv.,
KY.-Ont.; exoskel., X1.5 (496n).

?Agerina TJERNVIK, 1956 ["A. erratica). Subrec
tangular glabella with 3 pairs of lateral furrows;
rostral plate triangular; genal spines short. Thorax
of 8 segments (species from USSR). Pygidium
short, with 3 or 4 axial rings. L.Ord., Eu.(Swed.
USSR).

Bathyurellus BILLINGS, 1865 ["B. abmptus; SD
RAYMOND, 1905). Like Uromystrum but cephalon
lower; glabella shorter and parallel-sided; anterior
sections of sutures less divergent; with broad con
cave cephalic border. Outer parts of thoracic
pleurae bent downward. Pygidium with pleural
regions sloping gently outward. L.Ord.-Low.M.
Ord., N.Am.-Greenl.-Ire.--FIG. 284,4. B. niti
dus (BILLINGS), Low.M.Ord., New£.; 4a,b, exo
skel., dorsal, lateral, X4 (354").

Bathyurina POULSEN, 1937 ["B. megalops]. Crani
dium with convex glabella expanding slightly for
ward, with 3 or ?4 pairs of faint lateral furrows;
short (sag.) st~ep preglabellar field; large strongly
curved eye lobes. Other parts of exoskeleton not
certainly known. L.Ord.(U.Canad.), Green\., ?N.
Am.

Bolbocephalus WHITFIELD, 1890 ["Bathyurus seelyi
WHITFIELD, 1886). Cephalon convex; glabella
narrowing in front of occipital ring, then expand-
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ing forward and projecting beyond anterior bor
der, without lateral furrows; eye lobes small, sit
uated at cephalic mid-length; genal spines short.
Thorax unknown. Associated pygidium semicircu
lar, with 4 axial rings and terminal; pleurae with

oblique furrows. Surface with raised lines. L.Ord.
(M.-U.Canad.), N.Am.-Greenl.---FIG. 285,1. "'B.
seelyi (WHITFIELD), U.Canad., Vt.; la,b, ceph.,
lateral, dorsal, X I; Ie, associated pyg., Xl
(354"').

3

4b

Eleutherocentrus

2b

40

,.
\:. /· ,,/, ,·,·'.'

I

20

Bothyurus

Uromystrum Bothyurellus

FIG. 284. Bathyuridae (p. 0376-0380).
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Eleutherocentrus CLARK, 1935 [*E. petersoni].
Axis relatively narrow; glabella narrowest at half
cephalic length between small eye lobes. Hypo
stoma as in Goniotelina but with broader anterior

Ie

Bolboeephalus

/

wings and short posterolateral spines. Number of
thoracic segments unknown. Pygidium large, sub
triangular, with long, slim terminal axial spine.
Low.M.O/·d., Utah.--FIG. 284,3. *E. petersoni;

Goniotelus

FIG. 285. Bathyuridae (p. 0376, 0379).
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(sag.) preglabellar field; anterior sections of facial
sutures slightly divergent; genal spines short.
Thor:lx unknown. Pygidium with bro:ld sl1100th
border. Surface tuberculate. L.Ord.(M.Callad.-U.
Callad.) , N.Am.--FIG. 285,2. *P. pellabella
(Ross), U.Canad., Utah; 2a,b, ceph., lateral, dor
sal. X2; le, pyg., X2 (496n).

Petigurus RAnlOND, 1913 (* BalhYllms nero BIL
Lll<eS, 1865]. Like BolboeephalllS but glabella
parallel-sided. Associated pygidium with 4 broad
deep pleur:ll furrows. Surface tuberculate. L.Ord.
(U.Call.), N.Am.-Grcenl-Scot.--FIG. 285,5. *P.
lIero (BILLINGS), Newf.; Sa, ceph., X 1.5; 5b,
pyg., X 1.25 (354*).

Platyantyx WHITTlI<GTO"", 1953 (*BalhYllrt/s arella
IllS BILLINGS, 1865]. Glabella expanding forward,
anterior lobe bluntly pointed and o\'erhanging an
terior border, single pair of faint lateral furrows;
eye lobes large, curved, well out from glabella;
anterior sections or facial sutures curving inw:lrd;
flat cephalic border continuous with bro:ld falcate
genal spine. Thorax with 9 segments, pleurae fur
rowed. Pygidium small, tri:lngular, with long
thick termin:l!-:lxi:ll spine. Surbce or gbbel!:I and
genae tuberculate, remainder smooth. Low.H.Ord.,
Que.--FIG. 285.4. *P. arCllalUS (BILLINGS);
exoskel. (reconstr.), X2.3 (-196n).

Rananasus CCLLlSO~, 19-14 (*R. eOl1ieus]. Like
Boll'oeephalus but glabella relat.i,·e1y larger and
projecting brthcr beyond :lnterior border. Asso
ci'llcd p,·gidiull1 with rew faint pleural furrows.
L.Ord.(M.Cal1ad.) , Mo.-Tex.

1b

0379

- -

20

Goniotelino

FIG. 286. Bathyuridae (p. 0379).

2b

10

Licnocepholo 2c

Ptyehopariida-Illaenina-Bathyuraeea

incomp!. exoske!. (reconstr.), connective sutures,
hypostoma, inner edge of doublure, part of thor
acic axis shown by broken lines, XO.7 (354*).

Goniotelina WHITTINGTON & Ross in WHITTINGTON,
1953 (*Elelltllerocenlrt/s williamsi Ross, 1951]
(?=Aeidiphol'lls RAYMOND, 1925]. Like Gonio
lelllS but glabella parallel-sided, not overhanging
anterior border, without lateral furrows; short
(sag.) preglabellar field; eye lobes br back and
more strongly curved; genal spines variable. Hypo
stoma oval, with short diagonal furrow on middle
body and long straplike anterior wing. Number
of thoracic segments unknown. Pygidium with
deep axial and 4 pleural furrows, variable ter
minal-axial spine. Surface tuberculate. L.Ord.(U.
Canad.) , N.Am.-Green!.--FIG. 286,1. *G. wil
liamsi (Ross), Utah; la, cran., X6; 1b, pyg.,
X5 (258*).

Goniotelus ULRICH, 1927 (* Balhytlrw perspiealor
BILLINGS, 1865] (pro Gonitlrus RAYMOND, 1913
non HUBNER, 1819] (=GoI20IelllS STRAND, 1932;
?Acidip/lOrus RAYMOND, 1925]. Glabella large,
subrectangular, overhanging preglabellar furrow,
widest in front of mid-point, wtih 2 pairs of lat
eral furrows faint on external surface; genal re
gions small; eye lobes large, curved, long; an
terior sections of facial sutures curving inward to
narrow (11'.) convex rostral plate; genal spines
short. Thorax of 10 segments; pleural furrows
deep; outer parts of pleurae falcate. Pygidium
small, triangular, with thick terminal-axial spine.
Surface with raised anastomosing lines, genae
tuberculate. Low.M.Ord., Que.-Newf. -- FIG.
285,3. *G. perspiealor (BILLINGS), Que.; exoske!.
(reconstr.), X4.7 (496n).

Jeffersonia POULSEN, 1927 (*1. eXlerminala]. Only
pygidium known. L.Ord.(U.Canad.), Green!.

Licn.ocephala Ross, 1951 (*L. bieornula]. Like
Balhylll'elillS, but convexity of cephalon low and
cephalic border narrow; glabella varying in length
and convexity, narrowing slightly forward, weak
ly or clearly outlined by furrows. Hypostoma sub
circular in outline, anterior part of middle body
prolonged in vertical direction, with short middle
furrow; lateral border broad, posterior narrower;
long, slender anterior wing directed upward, short
posterior wing. Pygidium with well-marked axis
and ring furrows, short pleural furrows and longer
interpleural grooves on inner part of pleural re
gion, broad outer part Aattened and smooth; broad
doublure. L.Ord.(U.Canad.), USA (Utah-Nev.).
--FIG. 286,2. *L. bieo1'1111/a, Utah; 2a,b, cran.,
librigena, X 5; 2e, pyg. (tentatively assigned to
species), X6 (258*).

Lutesvillia CULLISON, 1944 (*L. bispinosa]. Like
Pellabellia but cephalon gently convex. Pygidium
with p:lir of backward-directed spines on border.
External surbce ?smooth. L.Ord.(M.Callad.), Mo.

Peltabellia WHITTII<GTON, 1953 (* Icffersollia pella
hella Ross, 1951]. Cephalon strongly convex; gla
bella parallel-sided, without !:Iteral furrows; long
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Leconopyge

Ib
Leconopyge

Ie

40

Rasettio

Resserospis

3c
3b

~
3e

Plotydiamesus

FIG. 287. Lecanopygidae (p. 0380·0381).

Raymondites SINCLAIR, 1944 ["Bathyut"tls ingallt
RAYMOND, 1913]. Like Bath)'lfrt/S but with frontal
glabellar lobe less inflated and with single pair of
lateral glabellar furrows; eye lobes farther back;
anterior sections of facial sutures diverging for
ward; border of cephalon and pygidium broad.
Surface with tubercles; axial spines may occur
on occipital ring and pygidium. M.Ord.( Blac!(rit"
Trenton.), N.Am.

Uromystrum WHITTINGTO:-l, 1953 ["Bathyurellus
l'alidlfs BILLINGS, 1865]. Cephalon high; genal
spines broad, long; glabella long (sag.), expand
ing slightly forward, without furrows; anterior

-sections of facial sutures widely divergent. Thorax
with 9 segments, tips of pleurae upturned. Pygid
ium with pleural regions concave faintly fur
rowed. Surface with raised lines. Low.M.Ord., N.
Am.-Greenl.--FIG. 284,2. "U. t'alidum (BIL
LINGS), Newf.; 2a,b, exoskel. (reconstr.), dorsal,
lateral, XU, XI.5 (354", 496n).

Gonioteloides KOBAYASHI, 1955 ["G. monoceros]. L.
Ord., W.Can.(B.C.).

Family LECANOPYGIDAE Lochman,
1953

Exoskeleton opisthoparian, subisopygous.
Glabella broadly tapering to subquadrate,
all furrows narrow and shallow; occipital
node may be present; preglabellar field pres
ent or absent; eyes of medium size, usually
opposite center of glabella; fixigenae with
very narrow palpebral areas, posterior areas
straplike; librigenae with short slender
genal spines. Thorax unknown. Pygidium

semicircular; axis wider or narrower than
pleural fields, length variable, commonly
with low postaxial ridge, usually 3 axial
rings; no border furrow, other furrows may
be present, border medium in width. Sur
face smooth. Derived from Asaphiscidae.
V.Carn.-L.Ord.
Lecanopyge RAYMOND, 1937 ["L. expansa]. Gla

bella low, broadly tapering, front broadly curved,
with 3 pairs of short faint lateral furrows; short
(sag.) preglabellar field may be present, axial and
anterior border furrows faint and shallow; fixi
genae horizontal. Pygidium with axis wider than
pleural fields, extending more than 0.5 of pygidial
length, with 3 axial rings and terminal with low
short postaxial ridge; 3 broad pleurae, pleural fur
rows shallow or obsolete (188). U.Cam.(Trem
peal.), E.USA.--FIG. 287,1a. "L. expansa, Vt.;
la, cran., XO.75 (I 88).--FIG. 287,lb-d. L.
prolifica RASETTI, Que.; lb,c, cran., pyg., XO.75;
Id, !ibrigena, X I (I88).

Platydiamesus RAYMOND, 1937 ["P. depressus].
Glabella convex, tapering without lateral fur
rows; preglabellar field present; occipital furrow
faint or obsolete, other furrows shallow; eyes
slightly in front of center of glabella; fixigenae
upsloping. Pygidium with axis narrower than
pleural fields, 0.5 or less of pygidial length,
with 2 or 3 faint axial rings and terminal with low
short postaxial ridge; pleural fields with furrows
and grooves faint or obsolete border con
cave (189). U.Cam.(Trempeal.) , E.USA.--FIG.
287,3. "P. depresstls, Vt.; 3a,b, cran., X3, X2;
3c, !ibrigena, X3; 3d,e, pyg., X3, X2 (189).

Rasettia LaCHMAN, 1953 [pro Platycolpus RAY-
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FIG. 288. "Strigigenalis cassinensis WHITTINGTON
(Lecanopygidae), L.Ord.(Canad.), Vt.; a-c, ceph.,

dorsal, anterior, side, X2 (496).

MOND, 1913 (non DONALD, 1901)] ["Bathyllnu
capax BILLINGS, 1860]. Glabella low, subquadrate,
front rounded or nearly straight, without glabellar
furrows; preglabellar field may be present, border
cJownsloping, crossed by ridges, furrows shallow;
eyes slighrly behind center of glabella; fixigenae
upsloping; librigenae with short genal spines and
ridged border; median facial sutures on doublure
fused. Pygidium with axis narrower than pleural
fields, slighrly more than 0.5 of pygidial length.
with 2 or 3 faint axial rings and terminal; pleural
fields with single anterior interpleural groove; no
border furrow (188). U.Gam.(Trempeal.), N.Am.
S.Am.--FIG. 287,2. OR. capax (BILLINGS), Que.;
2a, ceph., XI; 2b, pyg., XO.5 (188).

Resseraspis RASETTI, 1945 ["R. cQI'inata]. Glabella
low, tapering, front nearly straight, without lat
eral furrows; preglabellar field present, all fur
rows shallow, small occipital node present; (ixi
genae upsloping. Pygidium with axis wider than
pleural fields, extending more than 0.5 of pygidial
length, with 3 axial rings and terminal with promi
nent postaxial ridge extending to margin; 2 or 3
broad pleurae; no border furrow, border concave
(189). U.Gam.(Trempeal.), E.Can.--FIG. 287,4.
"R. carinata, Que.; 4a,b, cran., pyg., XI (189).

Strigigenalis WHITTINGTON & Ross, 1953 ["S. cas
sinensis WHITTINGTON in WHITTINGTON & Ross,
1953], Glabella low, subquadrate, front rounded,
no lateral furrows; preglabellar field of medium
width (sag.), anterior border narrow, dying out
laterally; eyes slightly above medium size, a little
behind center of glabella; fixigenae horizontal,
with arcuate, palpebral areas almost 0.5 of width
of glabella, posterior areas narrow (exsag.) , of
medium length (tr.) .. rostrum broadly triangular,
undercurved; librigenae elongate, with short genal
spines or rounded genal angles. Thoracic pleurae
with broad furrows, tips pointed, with wide
doublure. Pygidium with axis narrower than
pleural fields, tapered 0.5 of length, with 5 faint
to obsolete axial rings; pleural fields with several

interpleural grooves anteriorly; no border furrow.
Outer surface smooth, with narrow ridges on bor
der and doublure (354). L.Ord.(Ganad.), N.Am.
--FIG. 288. "S. cassinensis, Vt.; a-c, ceph.,
dorsal, anterior, side, X2 (354).

Superfamily HOLOTRACHELA
CEA Warburg, 1925

[nom. trans/. jAANUSSON, herein (.:-x Holotrachelidae WARBURG 1

1925) I
Cephalon large, surrounded by distinct

border; cephalic axis long, rather strongly
convex, narrowing forward, smooth, with-

FIG. 289. "Holotradle/lIS plITlctilloStlS (TORNQUIST)
(Holotrachelidae), U.Ord., Swed.; a,c, ceph., dorsal,
ventral, X1.5; b, pyg., X4.5; d, hypostoma, X1.5

(489) .
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out glabellar or occipital furrows; facial su
tures opisthoparian. Rostral shield wide
(tr.) anteriorly, strongly narrowing back
ward, hindmost part forming a very short
rostral doublure; hypostoma with strong
lateral and middle furrows, posterior lobe
with prominent rounded boss, anterior
wings triangular. Thorax with 8 segments
(in type genus); pleurae with distinct di
agonal pleural furrows and well-developed
facets. Pygidium (in type genus) with gent
ly convex axis, composed of 3 rings and
terminal; pleural fields without border,
bearing 4 pairs of flattened tergites, anterior
pairs carrying pleural furrows, boundaries
between pygidial tergites sharp and suture
like. Surface ornamented by terrace lines
and small pits. [Assignment to Illaenina is
very uncertain.] U.Ord.

Family HOLOTRACHELIDAE Warburg,
1925

Characters of superfamily. U.Ord.

Holotrachelus LINNARSSON in TORNQUIST, 1919
[OHoma!o120ttlS punetillosus TORNQUIST, 1884].
U.Ord., N. Eu. (Ire.-Eng.-Swed.)-Sib. (Kuznetsk
Kirghiz)-N.Am.(Que.).--FIG. 289. °H. pune
til/oStls (TORNQUIST); a,e, ceph., dorsal, ventral,
XI.5; b, 8th thoracic seg. and pyg., X4.5; d,
hypostoma, XI.5 (489).

Superfamily PROETACEA Salter,
1864

[nom. Iransi. KOBAYASHI, 1935 <ex Proetid.e SALTER, 1864) I
[=Proetoidae HUPE. 1953J [Alilhorship.-Diagnosis of super
family hy RICHTER & RiCHTER wilh additions by W. STRUVE]

Exoskeleton opisthoparian, small to mod
erately large (average length 1 to 4 em.,
exceptional maximum about 12 em.).
Cephalon semicircular, semielliptical, para
bolic, or ogival in outline, but not rectangu
lar or trapezoidal; cephalic border well de
veloped in most genera (in plan view some
what overlapped by glabella in some Otar
ionidae, Celmus, some Proetinae, sup
pressed by frontal lobe in several Phillipsii
dae); preglabellar field narrow to very
large (sag.); glabella semielliptical, conical,
ogival, pear-, egg-, club-, or fiddle-shaped,
with more or less enlarged frontal lobe
(Phillipsinella, Phillipsiidae), front gen
erally rounded. exceptionally truncated
(Plethopeltis, Celmus, few Proetidae), with
1 to 4 pairs of lateral glabellar furrows that
are parallel, or in many genera, increasingly

oblique in posteromesial direction from 4p
to 1p, 4p furrows present only exceptionally,
3p and 2p tending to disappear and Ip to
fuse with occipital furrow so that 1p lateral
lobes are detached; all furrows obsolete in
Plethopeltidae, most Dimeropygidae, Phil
lipsinella, few Proetidae; holochroal eyes of
considerable size in most genera (OJ to
more than 0.5 of glabellar length), close to
glabella and behind mid-length of cephalon
(except for Plethopeltidae, Celmus, Otar
ionidae with small eyes and reduced-eyed
or blind Proetidae, e.g., Drevermannia, Yy
phloproetus, Pteroparia), no eye ridges (ex
cept in Cyphaspides and a few Proetidae);
posterior sections of facial sutures generally
shorter than anterior sections and diverg
ing more obliquely than anterior sections,
which are notably distant from each other
at anterior margin, as especially in Ptero
paria (sutures ankylosed in Brachymetopi
dae and few Proetidae); librigenae gen
erally larger than fixigenae; genal spines
mostly well developed. Thorax with 6 to
17 segments (average about 10); pleurae
furrowed. Pygidium transversely to longi
tudinally semielliptical in outline, length OJ
to slightly more than equal that of cepha
Ion; segmentation typically well developed
with about 4 to 10 pairs of ribs (many more
in some Phillipsiidae). U.Carn.-M.Perm.

The Cambrian family Plethopeltidae and
the Ordovician families Celmidae and Phil
lipsinellidae differ so much from other
Proetacea that they should be regarded only
as an annex to this superfamily. Very closely
allied are the Proetidae and Phillipsiidae,
next to them the Brachymetopidae; some
what more distant are the Dimeropygidae
and Otarionidae.

Family PROETIDAE Salter, 1864
[=Prionurides HAWLE & CORDA, 1847 <invalid name; ba~ed
on iunior homonym); Proetiden HAWLE & CORDA, 1847 (tn
valid vernacular name)] rAuthorslJip.-Generic diag.noses by
RICHHR & RICHTER with additions by W. STRt:VE; assignments

of genera to subfamilies mainly hy STRUVE]

Exoskeleton elongate elliptical (l to 12
em. in length). Cephalon semicircular t?
parabolic; glabella tapering to inverse pyn
form, mostly suboval, with 3 or 4 pairs of
lateral furrows, indistinct in some, 1p
furrows tending to develop an adaxial
branch that causes basal deterioration
("basisolution") of glabella in some late
genera, increased width of furrows in basal
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part of glabella leading ultimately to their
coalescence, with development of small rem·
nant separated lobes (Fig. 290,E,E',F,F');
occipital ring defined, commonly with lobes;
facial sutures opisthoparian; eyes close to
glabella, opposite or behind its mid-length;
fixigenae narrow, in some genera of Cyrto
symbolinae with disappearance of sutures
over eyes (allowing them to migrate out·
ward, Fig. 291); visual areas ring-shiped,
holochroal, with prismatic lenses, proxi-

maIIy convex; librigenae broad (except nar
row in eyeless Cyrtosymbolinae), genal
angles mostly with spine, seldom rounded.
Rostral plate narrow, transversely extended,
rostral suture long, parallel to frontal mar
gin, connective sutures short, slightly con
verging (Fig. 292A); hypostoma subrec
tangular, elongate, with conspicuous wings,
posterior margin mostly with paired teeth,
central body vaulted. Thorax with 8 to 10
segments (typically 10), pleurae with

E

C

A

E'

C'

A'

F

D

B

F'

D'

B'

FIG. 290. Deterioration ("basisolution") of basal part of glabella in Proetidae and Phacopidae. The dia
grams show homologous evolutionary changes but arrangement of the illustrated forms indicating neither
chronologie nor phylogenetic sequences; furrows in front part of glabella omitted (461n).
A-F, PHACOPIDAE.--A, U.Dev., furrows (pI) in front of occipital furrow short slits ending blind.--B,

Phacops confluens, Up.L.Dev., transglabellar furrow in front of occipital furrow.--C, T,.imero
cephalus caecus, U.Dev., linkage of furrows at and near base of glabella with development of small lobes
circumscribed by furrows.--D, Phacops granlllatus, U.Dev., pattern of furrows related to both Band C.
--E, P. paptllatlls, M.Dev., like D but with widened furrows isolating 3 small lobes.--F, P. accipi
trintls, U.Dev., like E but showing coalescence of furrows through disappearance of median small lobe.

A'-F', PROETIDAE.--A' ProetttS (Proetlls) Cl/vieri, M.Dev., with short oblique furrows in front of occipital
furrow.--B', Cyrtosymbole gotica, U.Dev., short glabellar furrows inwardly forked but separate.-
C', SchizoproettlS celechol'icensis, M.Dev., posterior branch of glabellar furrows extended to occipital fur
row.--D', Phillipsia sp., Low.U.Carb.(Namur.), like C' but with furrows widened and extended.-
E', Puudophillipsia stlmatrensis, Carb., like D' but with marked enlargement of furrows leaving 3 small
lobes as isolated remnants of basal glabellar ring.--F', Ditomopyge QI·tinskiensis, M.Perm.(Artinsk.),
like E' but with only median small lobe remaining in broad coalesced groove area.
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FIG. 291. Migration of facial sutures in relation to degeneration of eyes in Proetidae and Phacopidae,
illustrated by Upper Devonian species (461n).
A-F, PHACOPIDAE (Ductina series), showing progressive straightening of facial sutures.--A, Phacops

circumspectans, eyes and palpebral lobes large.--B, P. wedekindi, eyes reduced in size, palpebral lobes
flattened.-C, Cryp/zops? ensae, smal1 eyes with el1iptical visual area, palpebral lobes vanished (cryptoph
thalmus pattern).--D, Trimerocephalus mastophthalmus, eyes lacking, course of facial sutures close
to border.--E, Dianops limbatus, like D but sutures nearly marginal throughout.--F, Dtlctina ducti
frons, like E but sutures entirely marginal.

G-I, PROETIDAE (Dret'ermannia series), showing tendency toward straightened facial sutures.--G, Cyrto
symbole (Waribole) warsteinensis, eyes large, palpebral lobes prominent, facial sutures strongly sinuous.
--H, Drevermannia (Palpebralia) palpebralis, eyes lost, palpebral lobes much reduced, facial sutures
somewhat straight.--I, D. (Dret'ermannia) schmidti, like H but palpebral lobes disappeared and su
tures very straight.

G,J,K, PROETIDAE (Pteropm'ia series), showing accentuation in curvature of facial sutures.--G, as in
Drevermannia series.--J, TypMoproetus subcarintiacus, lacking palpebral lobes and eyes, anterior
segments of facial sutures deflected so as to approach border c1osely.--K, Pteroparia columbel/a, like
J except for marked change in course of facial sutures, with anterior segments intersecting cephalic mar
gin far back of frontal extremity.

pleural furrows; mesotergite in many gen
era bipartite, with praeannulus and post
annulus (Fig. 292B). Pygidium mostly
semicircular, with few segments, but in
some late genera long, parabolic, with up
to 28 segments. M.Ord.-L.Carb.(Miss.)

Subfamily PROETINAE Salter, 1864
[nom. transl. PA'BYL, 1947 <ex Proetidae SALTER, 1864) I
Cephalon vaulted; exterior border con

vex, border furrow sharp; no preglabellar
field; glabella large, suboval to rectangular,
glabellar region in front of 3p furrows
short, similar to length of 1p glabellar lobes;
anterior sections of facial sutures slightly
diverging; librigenae with genal angles
rounded or with short spines. Thorax with

10 segments, ends truncate, axis as wide or
wider than pleurae. Pygidium vaulted,
semicircular, entire; axis broad, with 6 to 9
rings; 5 to 7 ribs, nearly parallel, slightly
curved backward, segmental bands little
different in size, pleural and interpleural
furrows merely incised lines. M.Ord.-M.Dev.

Proetus STEININGER, 1831 [*Calymene concinna
DALMAN, 1827] [=Aeonia BURMEISTER, 1843
(obj.); Gaastos GOLDFUSS, 1843; Forbesia M'Cov,
1846; Trigonaspis SANDBERGER & SANDBERGER,
1850]. Glabella touching border furrow, glabellar
furrows 1p more or less distinct; occipital ring not
narrowed laterally but may have lobes lateral1y.
Ord.-M.Det'., cosmop.
P. (Proetus) [=P. (Euproetus) RUD. RICHTER,

1913]. Cephalon strongly vaulted; glabellar fur-
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rows faint or missing; occipital ring with or with
out lobes; genal angles rounded or with short
spine. Hypostoma with median spine on central
body (FIG. 293,lh). Ord.M.Dev., cosmop.-
FIG. 293,la-e. '"P. (P.) concinnus (DALMAN), Sil.,
God.; la-c, ceph.; ld, pyg; Ie, hypostoma; all
X3.5 (46l).--FIG. 293,lf,g. P. (P.) bohemicus
HAWLE & CORDA, L.Dev., Czech. (Koneprusy
Ls.); If,g, ceph., pyg., X4 (3).--FIG.
293,1 h. P. (P') cuvieri STEININGER, M.Dev., Ger.,:
hypostoma from side, X4 (460).

P. (Cyphoproetus) KEGEL, 1927 ['"Cyphaspis de
pressa BARRANDE, 1846; SD PRIBYL, 19461.
Cephalon vaulted; border furrow broadened in
front of glabella; lateral furrows lp pronounced,
separating lateral lobes I p; with occipital lobes;
librigenae with genal spines. Pygidium moder
ately vaulted; axis with 6 to 8 rings; pleural
fields with 3 to 6 ribs. Sil., Eu.--FIG. 293,3.
'"P. (C.) depressus (BARRANDE), Czech.; exoskel.,
X2 (3).

?Crassiproetus STUMM, 1953 ['"Proetus (Crassiproe
tus) traversensis STUMM, 1953]. Highly vaulted
cephalon typical of Proetinae combined with pygid
ium of type characteristic of Dechenellinae; gla
bella quadrate, lateral furrows obsolete; occi
pital lobes developed; anterior sections of facial
sutures scarcely diverging, short; genal angles
rounded. Pygidium as long as wide, highly con
vex; axis broad and long; segmentation weakly
defined, with 14 to 16 rings; pleural fields with 9
to 12 ribs. M.Dev., N.Am.--PIG. 293,5. C.
traversensis (STUMM), Mich.; 5a,b, small ceph.,
large pyg., X2, Xl (476).

?Isbergia WARBURG, 1925 ['"I. planifrons]. Cephalon
(length 1.5 to 3 mm.) like that of Proetus but
with long preglabellar field bent vertically down
ward and genae steeply inclined; occipital ring
narrowed laterally; posterior sections of facial
sutures directed sharply outward as straight line
from eyes to points on posterior margins just
inside genal angles; no genal spines. Thorax and
pygidium unknown. Ot·d.( Ashgill.), Swed.-Ire.
--FIG. 293,2. '"I. planifrons, Swed.(Dalarne);
2a,b, ceph., X6 (323).

?Unguliproetus ERBEN, 1951 ['"hoetus unguloides
BARRANDE, 1846]. Cephalon with somewhat ogival
outline; border wide, convex, preglabellar field
of same width (sag.); glabella slender, tapering
to narrow front; anterior sections of facial sutures
moderately long, diverging, posterior sections
short; librigenae narrow, with long genal spines.
Thorax with 10 segments rounded at ends. Pygi
dium 0.5 as long as broad, truncated, depressed;
axis narrow, without axial ridge, rings 7 or more;
pleural fields with faint ribs, segmental bands
equally developed; pleural and interpleural fur
rows very narrow, faint. L.Dev.-M.Dev., Eu.-
FIC. 293,4. '"U. unguloides (BARRANDE), L.Dev.,
Czech.; 4a,b, ceph., thorax and pyg., X3, X4.5
(3) .

o~r~1pr~
jfA·d

po/

FtG. 292. Proetus (Proetus) Cttvieri, M.Dev., show
ing (A) rostral plate (stippled) in situ, X6, and
(B) mesotergite with bipartite axial ring or annulus,
XI0 (ahr, articulating half-ring; af, articulating
furrow; if, intra-annular furrow; po, postannulus;

pr, pre-annulus; d, doublure) (461n).

Subfamily CORNUPROETINAE Richter & Richter,
1956

Exoskeleton depressed. Cephalon with
moderate-sized preglabellar field or none;
glabella scarcely tapering, with broad front
and restricted sides, 3 faint lateral fur
rows or obsolete; occipital ring remarkable
in width (tr.), not narrowed (sag.) lateral
ly; anterior sections of facial sutures slightly
diverging; librigenae broad, extended into
long, furrowed genal spines. Hypostoma
without spine on central body. Thorax with
10 (seldom 9) segments, ending in obtuse
or sharp points; axis as wide or wider than
pleurae, which are flat. Pygidium wide
(tr'), short, entire, without distinct border
or border furrow; axis short, wide, with
blunt end, remarkably elevated above flat
pleural fields, showing 4 to 6 rings; pleural
fields with 4 to 6 nearly parallel straight
ribs, curved backward only near ends. Ord.
UDev.
Cornuproetus RICHTER & RICHTER, 1919 ['"Proetus

cornutus GOLDFUSS, 1843]. Cephalon with eX
terior border demarcated by sharp border furrow;
preglabellar field minute or lacking; occipital
ring without lobes. Hypostoma without spine on
central body. Thorax with 9 or 10 segments; axis
scarcely narrowing backward. Pygidium shorter
than semicircle; axis nearly reaching posterior
margin, no axial ridge. Sil.-U.Dev., Eu.-N.Afr.-N.
Am.
C. (Cornuproetus) [=P. (Sculptoproetus) ERBEN,

1951]. Glabella nearly rectangular, somewhat
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FIG. 293. Proetidae (Proetinae) (p. 0384-0385).

fiddle-shaped; palpebral lobes nearly reaching
posterior border furrow; librigenae uniformly and
moderately vaulted. Sil.-U.Dev., Eu.-N.Afr.-N.
Am.--FIG. 294,1. "C. (C.) co,.nutus (GOLD
FUSS), M.Dev., Ger.(Gerolstein); lap, exoskel.,
hypostoma, X1.5 (461).

C. (Piriproetus) ERBEN, 1952 ["Pmetus (Pi,.ip,.oe
tus) pi,·us]. Glabella tapering slightly, though
with broad front, palpebral lobes distant from
posterior border furrow. Thorax and pygidium
unknown. Up.L.Del,.-Low.M.Dev., C.Eu.--FIG.
294,2. "C. (P.) pims (ERBEN), LDev., Ger.
(Harz); cran., X 16 (397, mod.).

C. (Lepidoproetus) ERBEN, 1951 ["p,.oetus lepidus
BARRANDE, 1846]. Like C. (Comup,.oetus) but

with concave preglabellar field; no demarcated
border or sharp border furrow in front; libri
genae steeply sloping to flat border. Sil.-M.Dev.,
C.Eu.--FIG. 295,4. "C. (L.) lepidus (BAR
RANDE), Sil. (e gamma Zone), Czech.; exoskel.,
X3 (3).

Phaetonellus NOVAK, 1890 ["Phaeton planicauda
BARRANDE, 1846; SD VOGDES, 1925]. Cephalon
with narrow exterior border and incised border
furrow, preglabellar field short; glabella rectangu
lar, sides well marked. Thorax with 10 distally
pointed segments, posterior ones with spined ends.
P)'gidium semicircular; axis with 5 rings; pleural
fields with 2 to 4 pleurae that continue into spines.
Ord.-M.Del'" Eu.--FIG. 295,2. P. rhenanus
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Cornuproetus

Piriproetus

FIG. 294. Proetidae (Cornuproetinae) (p. 0385
0386).

--FIG. 296,1. *P. marginattls (MUNSTER), Up.
U.Dev., Ger. (Warstein) ; 1a-d, cran., librigena,
pyg., hypostoma, all X3 (461, mod.).

Subfamily DECHENELLINAE Pribyl, 1946

Glabella tapering, pear-shaped or sub
trapezoidal, with 3 or 4 pairs of mostly deep
lateral furrows, Ip with adaxial branch;
occipital lobes developed; anterior sections
of facial sutures long, markedly diverging;
eyes large, crescentic close to axial fur
rows, palpebral lobes large; librigenae with
strong genal spines. Thorax with 10 seg
ments. Pygidium large, elongate; border
distinct, at least marked by abrupt disap
pearance of segmentation of pleural fields;
axis long, narrow, with 12 to 19 rings, no
axial ridge; pleural fields with 7 to 14 ribs.
Up.L.Dev.-UDev.
DecheneUa KAYSER, 1880 [*Phillipsia verneuili

BARRANDE, 1852; SD VOGDES, 1890]. Glabella
with 3 or 4 distinct, mostly deep lateral fur-

2

NOVAK, M.Dev., Ger. (Bicken) ; 2a,b, exoskeI.,
Xl.8, with detail of sculpture, enlarged (437).

Xiphogonium HAWLE & CORDA, 1847 [*Proetus
loveni BARRANDE, 1846; SD VOGDES, 1893]. Ce
phalon with broad flat anterior border and very
broad anterior border furrow, preglabellar field
moderate in size; glabella rectangular. Thorax
with 10 segments; axis anteriorly broad, narrow
ing backward; pleurae flat, heteromeric, nos. 1
to 6 pointed, 7 to 10 with spines. Pygidium
shorter than semicircle, no border. M.Dev., C.Eu.
--FIG. 295,3. *x. loveni (BARRANDE), g alpha
Z., Czech. (Hostin) ; exoskeI., X2 (3).

?Eremiproetus RICHTER & RICHTER, 1919 [*Proetus
eremita BARRANDE, 1852]. Glabella approximately
rectangular, nearly reaching convex frontal border;
occipital ring directed laterally forward, presence
of lobes indicated. Thorax with 10 segments like
those of Cornuproetus. Pygidium depressed, semi
circular in outline or shorter, anterior margin
straight, outer edge sharp, entire; axis short,
prominent, with 4 to 6 rings that bear recurved
median tubercles, succeeded by long axial ridge;
pleural fields slightly concave near margin; with
3 or 4 distant ribs consisting only of anterior
straight segmental bands, that bend abruptly back
ward distally. [This genus combines cephalic and
thoracic features of Cornuproetinae with pygidial
characters of Tropidocoryphinae and thus pre
sumably is the root of these subfamilies.] Sil.·M.
Dev., Eu.--FIG. 295,5. *E. eremita (BARRANDE),
L.Dev.-M.Dev. near boundary; 5a, ceph., Ger.
(Greifenstein), Xl (437); 5b, pyg., Czech.
(Kont;prusy Ls.), X2 (3).

?Pribylia ERBEN, 1951 [pro Pribylia] [*Proetus in
aequicostatus BARRANDE, 1846]. Pygidium lenticu
lar, anterior and posterior margins curved simi
larly, uniting in sharp angular corners, without
distinct border; axis somewhat wider than pleural
fields, with 7 rings followed by stout short axial
ridge; pleural fields with anterior and posterior
segmental bands developed as 4 or 5 strong semi
pleural ribs of nearly equal size, pleural and
interpleural furrows equally distinct. L.Dev., C.
Eu.--FIG. 295,1. *P. inaequicostata (BARRANDE),
Czech.(Koneprusy Ls.); pyg., X3 (3).

?Perliproetus RICHTER & RICHTER, 1926 [*Calymene
marginata MUNSTER, 1842]. Late genus with some
features of PhiIlipsiinae. CephaloD with concave
outer border; glabella long, scarcely tapering, re
gion in front of 3p lateral furrows long, 1p-3p
glabellar furrows sharp, 1p with separate adaxial
branch, lp glabellar lobes separated; occipital ring
narrowing laterally; palpebral lobes far removed
from posterior border furrow; anterior sections of
facial sutures scarcely diverging; genal spines stout,
short. Hypostoma like that of Cornuproettls. Pygid
ium with 6 to 9 rings and 6 or 7 strong ribs
with posterior segmental bands longer and higher
than anterior, border very narrow. V.Dev., C.Eu.
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FIG. 295. Proetidae (Cornuproetinae) (p. 0386-0387).

rows; anterior sections of facial sutures angulated
at border furrow; librigenae with Aat, convex, or
keeled platforms. HI'j)",toma elongate, with long,
oval anterior lobe that is sharply defined anteriorly,
equally convex and without spine, with middle
furrow, posterior margin bearing pair of points.
Pygidium very elongate; anterior part of axis
more tapering than posterior. Up.L.Dev.-M.Dev.,
N.Hemis.
D. (Deehenella) [=D. (Eudechenella) RUD.

RICHTER, 1912 (obj.)]. Cephalon with convex ex
terior border and distinct border furrow, lacking
preglabellar field; glabella pear-shaped, with 1p
lobes projecting, frontal region narrower, lateral
furrows very deeply incised; occipital lobes
separated; genal platforms convex or keeled.
Pygidium long, strongly segmented; axis with
H to 19 rings; pleural fields with 10 to 14 sig
moidal ribs. M.Dcl'., N.Hemis.--FIG. 297,1.
*D. (D.) I'ernellili (BARIlANDE), Ger.(Gerol
stein); exoskel., X2 (460n).--FlG. 297,6. D.
(D.) burmeisteri (RuD. RICHTER), Ger.(Hagen);
6a,b, ceph., pyg., X2 (~60).

D. (Basidechenella) RUD. RICHTER, 1912 [*D.
(Rasidechel1clla) kayseri; SD VOGDES, 1925].
Glabelb tapering rather gradually, lateral fur
rows bint; occipital lobes not separated; genal

platforms pbne. Pygidium moderately elongate;
axis with 12 or 13 rings: pleural fields with about
8 ribs. Up.L.DCII., ?Af.Dell., Eu.-N.Am.--FIG.
297.3. *D. (B.) kayseri, L.Dev., Ger.(Eifel);
3a-d, cra!l., librigena, pyg., internal mold of
pygidial axis, X4 (460n).

D. (Monodechenella) STUMM, 1953 [*Proettls
macrocephalllS HALL, 1861]. Glabella semioval,
barely tapering, moderately to highly convex, lp
lateral furrows deeply incised, 2p and 3p faint
or obsolete, 1p lateral lobes separated; occipital
lobes isolated. Pygidium similar to that of D.
(Dechcl1e/la), large, vaulted. M.Dev., N.Am.-
FIG. 297,2. *D. (M.) macrocephala (HALL),
Mich.; exoskel. lacking librigenae, XI (476).

D. (Praedechenella) MAKSIMOVA, 1952 [*--
---]. M.Dev., Sib.(Altai).

Paradechenella RUD. RICHTER, 1912 [*Decile/lelia
ISc!lel'llyschewi RUD. RICHTER, 1909]. Preglabellar
field minute; glabella long, sides nearly straight,
with 3 lateral furrows similar to those of D.
(Dechel1ella), occipital lobes present; anterior sec
tions of facial sutures sigmoidal; fixigenae very
convex and librigenae equally globose. Pygidium
as in D. (Dec!lel1ellaj but with stout terminal
spine projecting from distinct, convex border;
axis with 13 to 17 rings; pleural fields with 7 to
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2

Semiproetus

II ribs. M.Dev.(Givet.), USSR (Urals).--FIG.
297,5. ·P. tschernyschewi (RUD. RICHTER); 5a-c,
cran., librigena, pyg., X3.3 (141,460 mod.).

Schizoproetus RUD. RICHTER, 1912 (·Proetlls cele
cllovicensis SMYCKA, 1895]. Glabella parallel-sided
to tapering, anterior end broadly rounded, with
4 pairs of sharp lateral furrows, 1p lobes sep
arated; occipital ring broad, narrowing laterally,
with very distinct lobes; posterior sections of facial
sutures long, located near glabella; librigenae
broad, with angulated keel and small genal spines.
Pygidium very convex; axis strongly raised, reach
ing border, with 13 or 14 rings; pleural fields
with 7 to 9 prominent ribs separated by sharp
pleural furrows. M.Dev., Eu.--FIG. 297,4. ·5.
celechovicensis (SMYCKA), Czech.; 4a,b, ceph.,
pyg., X2.7 (460n).

Subfamily CYRTOSYMBOLINAE Hupe, 1953
[nom. Iransl. RICHTER & RICHTER, h(:re:in ((X Cyrtosymbolidae

HUPE, 1953) J

Exoskeleton mostly minute; glabella long,
tapering, in some late genera becoming
nearly rectangular, with 3 or 4 pairs of dis
tinct to fading lateral furrows, without
basal deterioration ("basisolution"); occi
pital ring typically narrowing laterally,
without lobes; eyes degenerating in some
groups, giving way to straightening of facial
sutures so as to migrate outward or coalesce.
Thorax with 8 or 9 segments. Pygidium
generally not longer than semicircle; with
few segments, axis having at most 6 to 11
rings and pleural fields 4 to 10 (or? 11) ribs.
[The Cyrtosymbolinae contain homeomor
phic genera of perhaps different origin and
others with trend toward Tropidocoryphi
nae and Phillipsiinae, from which they are
distinguished mainly by features of the
pygidium.] L.Dev.-L.Carb.

Cyrtosymbole RUD. RICHTER, 1913 [·Dechenella
/!Scoli KOENEN, 1886]. Exoskeleton of moderate
size, some species minute. Cephalon without dis
tinct frontal border, preglabellar field more or
less developed, concave; glabella tapering, with
3 pairs of generally pronounced lateral fur
rows; occipital ring narrowing laterally, occipital
lobes not present; anterior sections of facial su
tures long, diverging; eyes not far from axial
furrows, palpebral lobes distinctly curved; Iibri
genae broad, with genal spines. Thorax with 8 to

10 segments. Pygidium semicircular to slightly
elongate, with few segments; pleural fields with
5 (seldom 9) transversely directed ribs, segmental
bands not very different in width (exsag.) and
height, pleural and interpleural furrows distinct;
doublure convex upwards. M.Dev.-L.Carb., Eu.

lb

Ie

Perl iproetus

FIG. 296. Proetidae (Cornuproetinae, Cyrtosym
bolinae) (p. 0387, 0392).
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FIG. 297. Proetidae (Dechenellinae) (p. 0388-0389).

C. (Cyrtosymbole). Glabella moderately slender;
occipital ring narrowing strongly toward sides;
palpebral lobes somewhat distant from posterior
border furrow; facial sutures mainly near axial
furrows but anterior sections strongly diverging
forward, posterior sections diverging only slightly
for short distance behind eyes but then turning
abruptly outward in border furrow. Pygidium
semicircular, border and doublure rather narrow.
U.Dev., Eu.--FIG. 298,1. "C. (C.) escoti
(KOENEN), Fr.(Cabrieres); la, cran., X8; 1b,
pyg., X4 (460, mod.).

C. (Calybole) RICHTER & RICHTER, 1926 ['"Cyrto
symbole calymmene Run. RICHTER, 1913]. Gla
bella slender, with deep lateral furrows; palpe
bral lobes in type species elevated above ap
parently coalesced genae. Pygidium with very
pronounced ribs; border not differentiated from
pleural fields; doublure narrow. U.Dev., Eu.-
FIG. 298,2. '"C. (C.) calymmene (Run. RICHTER),

Ger.(Oberscheld); 2a,b, incompl. ceph., pyg.,
X8 (460, mod.).

C. (Cyrtodechenella) RICHTER & RICHTER, 1950
['"C. (Cyrtodechenella) cyrto]. Cephalon with
broad (sag.) preglabellar field, frontal border
missing or very narrow rim present; 2p and 3p
lateral furrows indistinct; occipital ring
abruptly narrowing toward sides and then ex
panding near ends; palpebral lobes extending
far backward with anterior ends rather distant
from glabella; posterior sections of facial su
tures close to glabella and then turning out
ward nearly at right angles; librigenae slightly
vaulted. Pygidium relatively long, with broad
steeply sloping border that is not delimited from
pleural fields by furrow; axis with 10 or 11
rings; pleural fields with 7 distinct ribs. M.Dev.
Low.U.Dev., Eu.--FIG. 298,10. '"C. (C.) cyrto,
M.Dev.(Givet.), Ger. (Eifel) ; lOa-c, cran., libri
gena, pyg., X6 (474n).
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C. (Macrobole) RICHTER & RICHTER, 1951 [*Cy,'
tosymbole (Macrobole) drewerensis). Glabella
moderately tapering, with obtuse front; palpe
bral lobes at mid-length of cephalon, narrow,
moderately curved; anterior sections of facial
sutures moderately divergent, posterior sections
long, parallel to axial furrows behind eyes,
turned abruptly outward in border furrow.
Pygidium somewhat broader than long, with in
distinct border and long axis that bears 9 rings;
pleural fields with 10 ribs, posterior segmental
bands predominating. Low.L.Carb., Ger.--FIG.
299,1. ·C. (M.) drewerensis, Ger.(Sauerland);
cran., X3.3 (461, mod.).

C, (Semiproetus) REED, 1943 [*Proetus (Semi
proetus) twistonensis). Cephalon with distinct
border, preglabellar field moderately broad (sag.),
concave; glabella well defined, slightly pear
shaped, lateral furrows 3p and lp moderately
distinct, lateral lobes Ip slightly detached from
central area; occipital ring broad (sag.), with
lateral parts indistinctly detached from middle
part and somewhat broader (sag.), 'median occi
pital node present; palpebral lobes well devel
oped, opposite lateral lobes 3p and 2p; an
terior sections of facial sutures moderately di
verging; eyes well developed on swelling of
librigenae; border furrows broadly concave; long
genal spines. Pygidium semielliptical, broader
than long; axis prominent, broad, tapering back
ward; with about 13 flat rings, posterior margins
of which curve backward mesially; with post
axial ridge; pleural lobes gently vaulted; 7 to 9
pairs of broad (sag.), flat ribs that show slight
swelling where they begin to slope down to
border; interpleural furrows faint; border flatly
padded; no border furrow. L.Carb., Eng.-?Ger.
--FIG. 296,2. *C. (S.) twistonensis (REED),
Lancs.; fragments, X 4 (drawn by W. STRUVE
from cast of type material, courtesy of A. G.
BRIGHTON).

C. (Waribole) RICHTER & RICHTER, 1926 [*Cyrto
symbole (Waribole) warsteinensis). Glabella
moderately tapering, with obtuse front; occipital
ring narrowing laterally from middle but with
broad ends, wider (tr.) than glabella; palpebral
lobes reaching far backward; facial sutures close
to axial furrows just in front and behind eyes,
thence rather strongly diverging sideward. Pygi
dium with broad indistinct border; doublure
broad, very convex upward. U.Dev.-L.Ca,-b., Eu.
--FIG. 299,5. *C. (W.) warsteinensis, L.Carb.,
Ger.(Warstein); 5a, cran. and librigenae, X4;
5b, pyg., X4.5 (461, mod.).

Archegonus BURMEtSTER, 1843 [*Calymene?
aequalis MEYER, 1831; SD HAWLE & CORDA, 1847)
[=Cy/indraspis SANDBERGER, 1850 (non FITZ
INGER, 1836»). Cephalon moderately vaulted;
frontal border a narrow rim; glabella slender,
tapering, not rounded anteriorly or reaching the
distinct but rather narrow anterior border fur-

row; occipital ring maintammg width (sag.)
laterally or slightly broadening; palpebral lobes
distinct, slightly behind mid-length of glabella;
anterior sections of facial sutures moderately
divergent, posterior sections directed postero
laterally; librigenae with short, sharply pointed
genal spines. Pygidium rather flat, slightly longer
than semicircle; axis slender, well above pleural
fields, with 8 or 9 distinct rings; abaxial part of
pleural fields gently sloping, with 5 to 9 flat ribs
consisting of nearly balanced anterior and pos
terior segmental bands, pleural furrows narrow,
distinct, passing onto indistinct border, inter
pleural furrows visible only in anterolateral part
of pleural fields; no border furrow. L.Carb., Ger.
--FIG. 299,9. *A. aequalis (MEYER), Culm
(III), Herborn; 9a,b, cran., librigena, X4 (461,
mod.).

Phillibole RtCHTER & RICHTER, 1937 [·P. aprathen
sis]. Glabella slightly pear-shaped to tapering;
occipital ring with broad ends, lacking lobes;
palpebral lobes opposite mid-length of glabella
with anterior ends nearest to glabella; anterior
sections of facial sutures moderately long and di
vergent, posterior sections long, close and subparal
lel to axial furrows; posterior part of fixigenae nar
row; librigenae with genal spines present or ab
sent. Thorax with 9 segments. Pygidium semi
circular or slightly elongate, without border;
pleural fields with 11 or more segments. [Like
Liobole, related to Phillipsiinae.) L.Carb., Eu.-
FIG. 299,4. *P. aprathensis, Ger. (Aprath) ; cran.,
X2 (461, mod.).

Liobole RICHTER & RICHTER, 1949 [*Phi//ipsia
glabra HOLZAPFEL, 1889). Glabella with sub
parallel sides; ends of occipital ring very wide,
occipital lobes present but not separated; palpe
bral lobes in front of mid-length of eranidium,
very short and narrow, with margins only slightly
curved and anterior ends nearest to glabella;
anterior sections of facial sutures short, little
divergent, posterior sections very long, strongly
divergent; posterior part of fixigenae long, broad
ening uniformly to posterior margin. [Liobole
combines pygidial features of the Cyrtosymbolinae
with cephalic characters of the Phillipsiinae.) L.
Carb., Eu.--FIG. 299,2.•L. glabra (HOLZAP
FEL), Ger.; cran., X2 (461, mod.).

Liobolina RICHTER & RICHTER, 1951 [*L. nebu
losa]. Glabella subparallel-sided; ends of occipital
ring slightly narrowed, not vaulted, without lobes;
palpebral lobes very indistinct, nearly at mid-length
of cranidium, with anterior ends nearest to gla
bella; anterior sections of facial sutures nearly
parallel, posterior sections long, subparallel near
palpebral lobes, then strongly divergent toward
posterior margin; posterior part of fixigenae
narrow, with long prolongation on posterior
border. [Relations to PhilIipsiinae like Liobole.)
L.Carb., Eu.--FIG. 299,3.•L. nebulosa, Ger.
(Sauerland); cran., X2.7 (461, mod.).
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Drevermannia Run. RICHTER, 1909 [*Dreverman
nia schmidti Run. RICHTER, 1913]. Glabella taper
ing, anterior part in some species finger-shaped;
occipital ring narrowing laterally, without lobes;

facial sutures distant from glabella, nearly straight;
without palpebral lobes (except indicated in some
Palpebralia), no visual area; librigenae moderately
vaulted, pointeu or spine-bearing. Thorax (as far
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FIG. 299. Proetidae (Cyrtosymbolinae) (p.0392-0395).
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as known) with 8 segments, ends pointed. Pygi
dium semicircular; axis with 5 to 11 rings; pleural
fields with 6 to 10 ribs, pleural and interpleural
furrows distinct. Up.L.DelJ.-L.Carb., Eu.
D. (Drevermannia). Preglabellar field minute.
Pygidium with narrow convex border. Up.U.DelJ.-

L.Carb., Eu.--FIG. 299,10. D. (D.) prulJosti
RICHTER & RICHTER, L.Carb., Menorca; exoskel.,
X 4 (461).

D. (Eodrevermannia) PRIBYL, 1946 [·D. (Eodre
l'ermannia) bOllll(ai]. Cephalon with distinct
narrow anterior border; preglabellar field broad,
moderately convex; fixigenae very broad; genal
angles pointed. Pygidium with slightly concave
margin; axis short, with 6 to 11 rings; pleural
fields wide, with 6 to 10 distinct ribs. Up.L.Dev.
LOllJ.M.Del'" Czech.--FIG. 298,8. ·D. (E.)
bOllskai; 8a,b, cran., thorax and pyg., X 7 (445a,
mod.).

D. (Formonia) RICHTER & RICHTER, 1927 [·D.
formosa RUD. RICHTER, 1913]. Cephalon with
distinct convex border; glabella narrow, appear
ing plunged into strongly vaulted fixigenae.
Pygidium with narrow convex border; axis with
5 or 6 rings; pleural fields with 4 to 6 ribs.
U.Del'., Eu.--FIG. 298,7. ·D. (F.) formosa,
(RuD. RICHTER), Ger. (Oberscheld) ; 7a-c, libri
gena, cran., pyg., X8 (461n).

D. (Palpebralia) RICHTER & RICHTER, 1927 [·D.
palpebralis RICHTER & RICHTER, 1926]. Cephalon
without distinct border; glabella rather stout;
mostly with vestiges of eye ridges, some also
showing indications of palpebral lobes. Pygid
ium with convex border, segmentation indis
tinct. M.Dev.-U.Dev., Eu.-Afr.--FIG. 298,3.
·D. (P.) palpebralis RICHTER & RICHTER, Low.
V.Dev., Ger.(Langenaubach); 3a,b, cran. with
librigenae, dorsal, side, X5 (461).

Chaunoproetus RICHTER & RICHTER, 1919 [.Proe
tus palemis RUD. RICHTER, 1913]. [=Dreverman
nia ( Camicia) RICHTER & RICHTER, 1927] .
Cephalon highly vaulted, with anterior border
concave, erect; no preglabellar field; glabella
stout, anterior end broadly rounded, with 4 pairs
of lateral furrows; occipital ring broad, nar
rowing laterally, no lobes; facial sutures nearly
straight, coalesced, crossing posterior border fur
rowan ridge; no palpebral lobes or eyes; genal
angles rounded. Pygidium vaulteo, laterally and
posteriorly down curveo steeply to margin, with
out border or border furrow; axis short, no axial
ridge; segmentation fading on posterior region;
doublure parallel to very convex upper test. U.
Del'" Eu.--Fw. 298,4. ·C. palmsis (RuD. RICH
TER). Ger.(Ebersdorf); 4a,b, pyg., X6 (461).-
FIG. 300,2. C. camiclls (RuD. RICHTER), Austr.
(Carnic Alps); 2a,b, ceph., X4 (460).

Skemmatopyge RICHTER & RICHTER, 1919 [·S.
lietzei]. Pygidium triangular. prolonged backward
into point, very convex. without boroer or border
furrow; axis short; with few rings; pleural fields

with few broad low ribs. U.DelJ., C.Eu.--FIG.
298,6. ·S. tietzei, Ger.(Ebersdorf); 6a,b, pyg.,
X6 (461).

Skemmatocare RICHTER & RICHTER, 1927 ['Otm'ion
elegans MUNSTER, 1842]. Cephalon (possibly be
longing to pygidium named S!(emmatopyge) nar
row, with flat boroer bearing frontal spine; pre
glabellar field broad (sag.), anterior part concave,
sharply defined from convex posterior part; gla
bella slenoer triangular, with pair of ovoid sep
arated 1p lateral lobes; occipital ring with nar
rowed ends, without lobes; posterior sections of
facial sutures long, directed outward, forming
sharp angle with anterior sections. U.Dev., C.Eu.
--FIG. 298,9. ·S. elegans (MUNSTER), Ger.
(Wiloungen); cran., X6.5 (461n).

Cystispina RICHTER & RICHTER, 1939 ['Phillibole?
(Cystispina) cystispina RICHTER & RICHTER,
1939]. Cephalon with narrow preglabellar field;
glabella tapering with broad front; no occipital
I(,bes; palpebral lobes slightly curved or absent;
facial sutures curved, anterior sections divergent;
eyes very narrow or visual area missing; fixigenae
with broad posterior areas; inflated genal spines.
Pygidium with narrow, slightly tapering axis,
distant from posterior margin; border not
separated. L.Carb., Eu.--FIG. 298,5. ·C. cysti
spina (RICHTER & RICHTER), Ger.(Frankenau);
ceph., X5 (461).

?Carbonocoryphe RICHTER & RICHTER, 1950 ['Car
bonocoryphe bindemanni]. Cephalon with broad
preglabellar field, concave, without border, mar
gin sharp; glabella tapering gently, with rather
long glabellar region in front of 3p furrows;
occipital ring not narrowed laterally, no lobes;
palpebral lobes distant from posterior border fur
row; anterior sections of facial sutures strongly
divergent, posterior sections long, increasingly
divergent; librigenae broad, flat, continuing grad
ually into broad, sickle-shaped genal spines.
Thoracic segments (number unknown) with
sickle-shaped ends. Pygidium large, without border
or boroer furrow; axis rather long, narrow, with
12 rings and axial ridge; pleural fields with 9 or
10 ribs that (unlike Tropioocoryphinae) consist
predominantly of posterior segmental bands,
higher than anterior; interpleural furrows distinct.
Doublure extremely broao. [Carbonocoryphe pos
sesses some characters of genera assigned to Tropi
docoryphinae and Phillipsiinae.] L.Carb., Ger.
--FIG. 299,6. ·C. billdemanlli, Herborn; 6a-c,
librigena, cran., pyg., X2 (461).

?Diacoryphe RICHTER & RICHTER, 1951 [·Dia
coryphe pfeitJeri]. Cephalon with very broad
slightly concave preglabellar fielo, no border;
glabella tapering. glabellar region in front of
(only inoicated) pair of Jp furrows long; axial
furrows obsolete; occipital ring narrowed laterallY,
confluent with glabella and fixigenae; anterior sec
tions of facial sutures strongly divergent, palpe
bral lobes and eyes minute or lacking; genal
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FIG. 300. Proetidae (Cyrtosymbolinae) (p. 0394
0395).

Astroproetus BEGG, 1939 [.Astroproetus reediJ.
Cephalon with preglabellar field scarcely 0.7 of
length of glabella; glabella trapezoidal, gently
tapering; eyes long, strongly arcuate. Thorax with
10 segments (length 16 mm.). U.Ord.(Ashgill.} ,
G.Brit.--FIG. 301,4. ·A. "eedi, Scot.(Girvan);
exoskel., X 1.5 (375).

Clypoproetus BEGG, 1939 [·Clypoproettls aster
oideus]. Cephalon with preglabellar field nearly
0.7 of length of broadly subtriangular glabella,
which has 1p lobes separated. Thorax with 9 seg
ments (length 8 mm.). Pygidium with axis con
taining 6 rings; pleural fields with 6 ribs. U.Ord.
(Ashgill.), G.Brit.--FIG. 301,5. ·C. asteroideus,
Scot.(Girvan); exoskel., X2.2 (375).

Paryfenus HADDING, 1913 [pro Colymbus HADDING,
1913 (non LINNE, 1758, nec PAETEL, 1875J
[·Colymbus lovisae HADDlNG, 1913J. Glabella
finger-shaped, reaching close to broad anterior
border; 1p lateral glabellar lobes egg-shaped, de
tached, about 0.125 of glabellar length (exsag.);
palpebral lobes semicircular, 0.2 of glabellar
length, close to glabella and posterior border fur
row; anterior sections of facial sutures strongly
divergent. Low.M.Ord., Swed.

Prantlia PRIBYL, 1946 [·Proetus longulus HAWLE
&. CORDA, 1847J. Cephalon and thorax like those
of C!ypoproetus; lobes of occipital ring distinct,
long (tr.). Pygidium very large, considerably
longer than semicircle; tapered axis long and nar
row, with 11 distinct rings, axial ridge short;
pleural fields with 6 or 7 ribs with narrow low
anterior segmental bands and high posterior ones,
broadening outward. U.Sil., Eu.--FIG. 301,6.

2bChaunoproetus

Typhloproetus

2a

spines long. Pygidium shorter than semicircle;
axis narrow, short, with 8 barely discernible rings,
axial ridge present; pleural fields with 3 faint ribs
(in space for 7), broadening outward, anterior
segmental bands somewhat broader than posterior.
[Some features correspond to Pteroparia. J Low.L.
Carb., Ger.--FIG. 299,8.•D. pfeifferi, Saalfeld;
8a, ceph.; 8b, cran., side; 8c,d, pyg., dorsal, post.;
all X4 (461n).

?Typhloproetus RUD. RICHTER, 1913 [·T. micro
discus J [=Helioproetus RICHTER &. RICHTER,
1918 J. Cephalon forming high uniform vault that
includes glabella and genae; border furrow incised;
glabella reaching border, long, slender; glabellar
region in front of Jp furrows long; axial furrows
generally obsolete; occipital ring narrowed lat
erally, no lobes; facial sutures coalesced, anterior
sections divergent, supramarginal nearly through
out; palpebral lobes and eyes vestigial or entirely
vanished; with genal spines. Pygidium elongate
semicircular, vaulted, without distinct border; axis
short, slender, with about 8 rings, axial ridge
present; pleural fields with 6 to 10 radiating ribs,
anterior segmental bands broader than posterior,
pleural and interpleural furrows equally distinct.
Up.U.Dev.-L.Carb., Eu.--FIG. 300,1. ·T. micro
discus, V.Dev., Austr.(Carn.Alps); 1a-c, ceph.,
X4 (460).--FIG. 299,7. T. mbcarintiacus (RUD.
RICHTER), V.Dev., Ger. (Sauerland) ;7a-c, ceph.,
pyg., X4 (461).

Subfamily PROETIDELLINAE Hupt', 1953

Exoskeleton depressed, 8 to 20 mm. in
length. Cephalon with broad (sag.) pre
glabellar field; glabella tapering forward,
suboval or trapezoidal, 1p lateral furrows
distinct; anterior sections of facial sutures
long, strongly divergent; eyes large, re
stricted to posterior half-length of cephalon,
tending to be strongly crescentic; librigenae
broad, slightly vaulted uniformly, extended
into broad genal spines. Thorax with 9 or
10 segments. Pygidium rather long, nearly
semicircular, entire; axis narrow, long, with
6 to 11 rings; pleural fields with 4 to 7 ribs,
radiating, broadening outward, segmental
bands and furrows diverging. M.Ord.-M.
Dev.

Proetidella BANCROFT, 1949 [·Proetidella fearn
sidesiJ. Cephalon with moderately broad pre
glabellar field, anterior part ascending; glabella
short, with subangular front; occipital ring broad,
lobes indicated. Thorax with 10 segments (20
mm. long.), ends sharply pointed. Pygidium with
axis having 10 rings; pleural fields with about 6
ribs curved backward. M.Ord.( Caradoc.}, Eng.
--FIG. 301,1. P. fearnsidesi, Shrops.; exoskel.,
X2 (2).
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FIG. 301. Proetidae (Proetidellinae) (p. 0395-0396).

·P. longllia (HAWLE & CORDA), Czech.; exoskel.,
X2.7 (445a).

?Prionopeltis HAWLE & CORDA, 1847 [pro P!laeton
BARRANDE, 1846 (non LINNE, 1758] (·Phaeton
archiaci BARRANDE, 1846; SD VOGDES, 1925]
(=PriollllrllS HAWLE & CORDA, 1847, p. 288 (noli
LAcEPEDE, 1804; nOll RAFINESQUE, 1815; non
HHIPRICH & EHRENBERG, 1829); P!wetollides
ANGELlN, 1854]. Cephalon with outer border
rather narrow, border furrow distinct and pre
glabellar field conspicuous; glabella short, scarce
ly tapering, with broad rounded front, 1p lat
eral lobes separated; anterior sections of facial
sutures long, strongly divergent; librigenae broad,
continuing into long furrowed genal spines; visual
surface of eyes large but short. Thorax with 10
segments, pleurae with pointed ends. Pygidiuffi
large; axis long and narrow, with 9 or 10 rings;
pleural fields with 4 to 7 pleurae that continue
into marginal spines; no border or border furrow.
Sil.-M.Dell., Eu.--FIG. 301,2. ·P. archiaci (BAR
RANDE), Sil. (e beta Zone), Czech.; exoskel.,
X 1.5 (3).

?Pseudoproetus POULSEN, 1934 [.Proettls (Pseudo
proetllS) I'egalis]. Cephalon with narrow border
and distinct border furrow, preglabellar field
long (sag.) .. glabella short, semioval, glabellar re
gion in front of 2p furrows short; occipital ring
not narrowed laterally, lobes distinct; palpebral
lobes short, eye ridges distinct; anterior sections
of facial sutures almost straight and subparallel;
librigenae moderately convex, genal spines fur
rowed. Pygidium longer than semicircle; axis nar
row, touching narrow convex border, with 12 or
l3 rings; pleural fields with 10 faint furrowed
ribs. Sil.( Llandoll.) , Greenl.--FIG. 302,2. "P.
regalis (POULSEN); 2a-c, cran., librigena, pyg.,
X2 (445).

?Warburgaspis PRIBYL, 1946 (·Proetlls modes/lls
TORNQUIST, 1884]. Cephalon as in Proe/tls
(PI'OetllS) , but Iibrigenae and pygidium as in
Proetidella. Thorax with 10 segments (total length
14 mm.). Ol'd.(Ashgill.) , Swed.

?Warburgella REED, 1931 (·Asaphus stokesii MUR
CHISON, 1839]. Cephalon as in ProetllS (Cypho
proetllS) but with narrow convex preglabellar

© 2009 University of Kansas Paleontological Institute



Ptychopariida-Illaenina-Proetacea 0397

licll\. Thorax with 10 segments (length 13 mm.).
Pygidium like that of Proeliddla. Sil.( WeI/lock·).
Eng.--FIG. 30 I,3. ·W. Slokt!sii (MURCHISON).

Dudle~'; exoske\., X2 (495).

Subfamily TROPIDOCORYPHINAE Pribyl, 1946

Cephalon with large preglabellar field
marked by narrow ridge (tropidia) con
centric to border; glabella short (0.5 to 0.7
length of cephalon), narrow, tapering, front
rounded to truncate; glabellar region in
front of 3p furrows very short, 1p lateral
lobes not separated; occipital ring not nar
rowed laterally, without lobes; genal spines

furroweu. Thorax with 9 or 10 segments,
ends sickle-shaped. Pygidium entire; slen
der tapering axis with 6 to 9 rings, axial
ridge present; pleural fields with 5 to 7 ribs
developed as sharp, wide-spaced ridges con
sisting only of anterior segmental bands,
pleural furrows broad, interpleural furrows
faint. Shell thin, doublure broad. Sil.-LotIJ.
UDev.
Tropidocoryphe NOVAK, 1890 [·T. filicoSiala; SD

VOGDES. 1925]. Cephal"n depressed, margin sharp,
without border or rim; glabella about 0.5 of
length of cephalon; anterior sections of facial su-

Decoroproetus

5
Pteroporio

2c

lb

Pseudoproetus

4b

6,I. .:;

,:"\~
. ':'-:~j.

-..:-" -,:.::.,;.

20

Ic

Denemarkia

T ropidocoryphe

FIG. 302. Proetidae (Proetidellinae, Tropidocoryphinae) (p.0396-0398).
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FIG. 304. "'Phyl/aspis ranieeps REINH. RICHTER
(Proetidae), M.Dev., Ger.; incompl. cran., X2

(461,1919).

Phyllospis

divergent, posterior sections long, parallel to axial
furrows; eyes small; librigenae continuing grad
ually into broad genal horns. Thorax with 10
segments, ends pointed. Pygidium similar to that
of Tropidocoryphe but with broader and longer
axis bearing 7 rings; pleural fields with 5 ribs.
L.Dev., Czech. -- FIG. 302,1. -D. frontalis
(HAWLE & CoRDA) Kon~prusy Ls., 1a,b, ceph.,
X7; 1e, pyg., XI0 (445a).

?Phyllaspis REINH. RICHTER, 1863 ["'P. raniceps].
Cephalon ogival, flat; genal regions and pre·
glabellar fidd very large; marginal part of cephalic
border bent slightly upward, accompanied inward
by 2 faint, flat, parallel swellings; glabella small,
slender, flat, axial furrows distinct; lateral fur
rows faint, directed obliquely backward. [Poorly
known genus established on a single, fragmentary
cranidium that shows similarities to Pteroparia
and Astycoryphe. Whether outline of postero
lateral margin of figured fragment represents a
facial suture or merely a fracture is uncertain.]
M.Dev., Ger.--FIG. 304. -P. ranieeps, Tenta
culiten-Schiefer, Thuringia; cephalon(incompl.),
X2 (459).

Pteroparia RUD. RICHTER, 1913 ["'P. eolumbella].
Cephalon moderately vaulted; outer border con·
vex, border furrow incised, without tropidia, pre·
glabellar field broad; glabella tapering; occipital
ring not narrowed laterally, no lobes; anterior sec
tion of facial sutures curved backward; palpebral
lobes and eyes minute or missing; genal spines
long. Pygidium resembling that of Astycoryphe.
Low.U.Dev., Eu.-Austral.--FIG. 302,5. "'P. eol
umbel/a, Ger.(Oberscheld); exoskel., X6 (460n).

....

tures strongly divergent, marginal in front; genae
commonly with radiating "vascular" ridges, genal
spines prominent, stout. Thorax with 9 seg
ments. Pygidium large, length equaling thorax,
margin sharp without border; axis short; pleural
region large, flat. M.Dev., Ger.--FIG. 302,4b,c.
-T. filicostata, Bicken; 4b,c, ceph., pyg., X2
461, mod.).--FIG. 302,4a. T. barroisi (MAIL
L1EUX), Gerolstein; exoskd., X2.7 (474n).

Astycoryphe RICHTER & RICHTER, 1919 [-Asty
coryphe senckenbergiana]. Cephalon moderatdy
vaulted with convex border and distinct border
furrow; glabella about 0.7 of length of cephalon;
anterior sections of facial sutures moderately di
vergent. Thorax with 10 segments. Pygidium
vaulted, 0.5 of length of thorax; axis moderately
long. M.Dev., Ger.--FIG. 303. *A. sencken
bergiana, Gerolstein; exoskel., X 6 (461).

?Decoroproetus PRIBYL, 1946 [-Proetus deeorus
BARRANDE, 1846]. Cephalon depressed, with nar
row rim; preglabellar fidd broad (sag.), distally
concave, proximally convex; glabella nearly rec
tangular; occipital ring, genae and genal spines
resembling those of Astyeoryphe. Thorax with 10
segments, ends pointed. Pygidium like that of
Tropidoeoryphe. Sil.-M.Dev., Eu.--FIG. 302,3.
"'D. deeorus (BARRANDE), Sil., Czech.; x2.4 (3).

Denemarkia PRIBYL, 1946 [-Proetus frontalis
HAWLE & CORDA, 1847]. Cephalon va,ulted, with
narrow anterior rim, tropidia present; glabella
long, scarcely tapering; 1p and 2p lateral furrows
distinct; occipital ring narrowing laterally, no
lobes; anterior sections of facial sutures strongly

FIG. 303. Astycoryphe senckenbergiana RICHTER &
RICHTER (Proetidae), M.Dev., Ger.; exoskel., X 4

(461,1919).
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Family PHILLIPSIIDAE Oehlert, 1886
[emend. HUPE, 1953]

Small (2 em. maximum width); isopyg
ous. Glabella long, generally expanded in
front, generally reaching to or beyond an
terior border furrow; lateral preoccipital
lobes invariably present, lateral glabellar
furrows 3 or 4, 1Pdistinct, others commonly
indistinct; occipital ring normally without
lobes. Thorax with 9 segments. Pygidium
generally long, multisegmented (7 to 33
axial rings, 6 to 14 pleural ribs). Surface
generally bearing granules, tubercles, or
very short spines. L.Carb.(Miss.)-M.Perm.

Most phillipsiids are small trilobites
(width 15 mm. or less). A few from Lower
Mississippian strata have 10 thoracic seg
ments, but all others, so far as known, have
9. All are distinguished by a comparatively
large glabella that reaches to the anterior
border furrow or even overhangs the frontal
margin; none has a preglabellar field.
Strength of the glabellar furrows varies
greatly and their number seems not to be a
character of generic significance. Likewise,
the presence or length of genal spines is not
a generic character. Segmentation of the
pygidium varies between wide limits. In
several phyletic lines segmentation increases
in stratigraphically younger forms. Axial
segments usually are more numerous than
pleural segments and numerical discrepancy
increases upward stratigraphically. Intra
pleural furrows generally are distinguish
able at least on anterior segments but com
monly they have not been described and
they are not visible in most published fig
ures. The pygidial axis of most Lower
Carboniferous (Mississippian) forms is
rather uniformly arched transversely, in
later ones sides of the axis tend to become
flattened and more and more steeply in
clined posteriorly. The pygidial border is not
well defined in some Lower Mississippian
forms, but in later ones it is generally de
marked clearly and tends to be flattened,
particularly anteriorly. In some Permian
genera it becomes steeper behind and may
be overturned behind the axis. Most forms
have a prominent tubercle at the center of
the occipital ring and most are ornamented
with granules that are coarsest on the cen
tral and posterior parts of the glabella and

occipital ring. Segments of the thorax and
pygidium commonly bear a row of granules
along the posterior borders. A few Lower
Mississippian forms have granules accen
tuated as short spines.

Phillipsia PORTLOCK, 18~3 [emend. J. M. WELLER,
1936] [.P. /iellii (?='"Asaplzus gemml/litems
PHILLIPS, 1836); SO VOGDES, 1890]. Glabella
parallel-sided or slightly tapering forward, ending
at anterior border furrow. Pygidium slightly wider
than long, with axis uniformly arched transversely
without sharply demarked border. L.Miss.-M.Miss.,
N.Am.; L.Carb., Eu.--FIG. 305,3. P. gemml//i
tera (PHILLIPS), L.Carb., Eng.; exoskel. (re
constr.), X3.5 (498).

Griffithides PORTLOCK, 1843 [emend. WELLER.
1936] [·G. longiceps; SO VOGDES, 1890]
[=Metap/lillipsia REED, 1943]. Cephalon semi
oval, eyes small, central or slightly posterior; like
Pltillipsia but glabella expanding forward, reach·
ing or nearly reaching anterior margin, basal lobes
of glabella long. Pygidium as in Phillipsia but
with fewer segments. L.Miss.-M.Miss., N.Am.:
L.Carb., Eu.--FIG. 306,1. ·G. /ongiceps, L.Carb.,
Eng.; a,b, ceph., pyg., X3.5 (498).--FIG. 306.
-I. G. seminiferttS (PHILLIPS), type species of
Metaphillipsia, L.Carb., Eng.; exoskel. (reconstr.),
X I.7 (498).

Eocyphinium REED, 1942 ['"E. elit/leroense].
Cephalon subtriangular in outline, rounded in
front, glabella nearly reaching anterior margin,
contracted at mid-length, with indistinct median
preoccipital lobe between lateral preoccipital
lobes; occipital ring narrowed laterally; eyes pos
terior. Pygidium unknown. Surface coarsely pustu
lose. L.Carb.; G.Brit.--FIG. 305,7. '"E. elither
oense, Eng.; ceph., X2.7 (452).

Bollandia REED, 1943 [.Asap/illS g/obiceps PHIL
LIPS, 1836]. Resembles Griffitltides but cephalon
distinctly subtriangular; glabella parallel-sided,
overhanging front margin, with very large lateral
preoccipital lobes; palpebral lobes extending well
above eyes. Pygidium with broad axis: no well
defined border. L.Carb., G.Brit.--FIG. 305,-1.
·B. globiceps (PHILLIPS), Eng.; exoskel. (re
constr.), X2 (498).

Exochops WELLER, 1936 ['"P/llllipsia (GrifJitlzides)
portlocki MEEK & WORTHEN, 1873]. Resembles
Bollandia but relatively small eyes not covered by
palpebral lobes. Pygidium with high, strongly
tapering axis; without distinct border. Low.At.
Miss., C.USA.--FIG. 306,5. *E. portlocki (MEEK
& WORTHEN), Il1.; 5a,b, ceph., pyg., X2 (491).

Kaskia WELLER, 1936 [*K. chesterensis WELLER &

WELLER in ]. M. WELLER, 1936]. Glabella nearly
parallel-sided, with large lateral preoccipital lobes;
eyes medium-sized, central. Resembles Griffitltides
but pygidium has well-defined border and more
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FIG. 305. Phillipsiidae (p. 0399-0401).
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prominent axis that tapers less strongly. M.Miss.
L.Penn., USA.; Low.V.Carb., Eu.--FIG. 305,1.
~K. chesterensis; U.Miss.(Chester.), Ill.-Ky.; la,b,
ceph., pyg., X3.3 (491).

HUlllilogriffithides INAI, 1936 [.H. divinopleurus).
Like Kaskia but glabella more expanded in front,
eyes farther back, and occipital ring much nar
rower (sag.). Pygidium with more regularly
tapered axis. V.Carb., S.Manch.--FIG. 305,5.
~H. divinopleurus; exoskel. (reconstr.), X3
(412).

Neogriffithides TOUMANSKY, 1935 [~N. gemmel
laroi]. Like Kaskia but eyes smaller, farther for
ward, entirely in front of lateral preoccipital lobes
of glabella. Pygidium with longer, more regularly
tapered axis, and more numerous axial rings.
M.Perm., Crimea-Sicily.--FIG. 306,6. ·N. gem
mellaroi, Crimea; exoskel. (reconstr.), X2.6
(485).

Paragriffithides REED, 1943 [·Phillipsia carinata
SALTER in WOODWARD, 1884]. Cephalon unknown.
Pygidium like that of Kaskia but axis triangular in
cross section. L.Carb., G.Brit.--FIG. 305,2. ·P.
carinatus (SALTER); pyg., X3 (498).

Paladin WELLER, 1936 [~Griffithides morrowensis
MATHER, 1915]. Like Kaskia but glabella only
slightly expanded in front, encroaching on an
terior border but not reaching anterior margin,
slightly contracted opposite eyes, which are large
and posterior in location. Pygidium with well
defined border. M.Miss.-L.Perm., USA.; Low.L.
Carbo Eu.--FIG. 306,3. ·P. mo"owensis
(MATHER), L.Penn., Ark.; 3a,b, ceph., pyg.,
X3.8 (491).

Weberides REED, 1942 [~Phillipsia mucronata
M'Coy, 1844]. Like Paladin but glabella strongly
expanded in front; eyes large, posterior. Pygidium
with distinct border and commonly bearing ter
minal spine. Surface smooth except for rows of
tubercles on occipital ring and axial rings of
thorax and pygidium. L.Carb.-Low.V.Carb., Eu.
E.N.Am.--FIG. 306,2. ~w. mucronatus
(M'Coy), Eng.; exoskel. (reconstr.), X2.8 (498).

Ditomopyge NEWELL, 1931 [·D. lansingensis]
[=Cyphinium WEBER, 1933, ·Phillipsia (Griffith
ides) scitula MEEK & WORTHEN, 1865; Neophil·
lipsia GHEYSELINCK, 1937, ~Phillipsia (N.) de
curtata GHEYSELlNCK]. Like Kaskia but glabella
broad, with median and lateral preoccipital lobes.
Pygidium with broad axis flattened on top and
strongly geniculate pleural fields; young stages
with posterior pair of spines. Penn.·L.Perm., cos
mop.--FIG. 307,5a,b. D. scitula (MEEK &
WORTHEN), Penn., Ill.; 5a,b, ceph., pyg., X4
(491).--FIG. 307,5c. ·D. lansingensis, U.Penn.,
Kans.; juvenile pyg., X22 (436).

Delaria WELLER, 1944 [·Anisopyge? antiqua
GIRTY, 1908). Like Ditomopyge but glabella nar
rower, expanded in front, reaching anterior mar
gin, distinctly contracted opposite eyes with smal-

ler median and lateral preoccipital lobes and
with lateral glabellar lobes appearing as small
rounded protuberances. Pygidial axis narrowly
arched to subtriangular in cross section. L.Perm.
M.Perm., SW.USA.--FIG. 305,6. ·D. antiqua
(GIRTY), Tex.; 6a,b, ceph., pyg., X3.5 (491).

Cyphinioides REED, 1942 [·C. ash/ellensis]. Like
Ditomopyge but glabella greatly expanded in
front, reaching anterior margin; occipital ring
wide (sag.) but much less than 0.3 of cephalic
width; eyes posterior. Pygidial axis narrow, taper
ing; border distinct. L.Carb., Eng.--FIG. 308,
1. ~C. ash/ellensis; la,b, ceph., pyg., X3 (452).

Permoproetus TOUMANSKY, 1935 [*P. teschi; SD
J. M. WELLER, 1944]. Cephalon poorly known,
probably similar to Ditomopyge but eyes smaller,
more posterior; preoccipital glabellar lobes well
defined. Pygidium very broad. M.Perm., Crimea.
--FIG. 308,6. ·P. teschi; exoskd. (reconstr.),
X3 (485).

Ameura WELLER, 1936 [·Phillipsia (Griffithides)
sangamonensis MEEK & WORTHEN, 1865]. Glabella
not reaching anterior margin, widest between the
large strongly crescentic eyes; lateral preoccipital
lobes large but no median lobe. Pygidium elon·
gate subtriangular; axis with flattened sides and
gently arched crest; border progressively wider
and flatter toward rear. Surface smooth. Penn.-L.
Perm., USA.--FIG. 308,3. ~A. sangamonensis
(MEEK & WORTHEN), Penn., Ill.; 3a,b, ceph., pyg.,
X2 (404).

Sevillia WELLER, 1936 [·S. sevillensis]. Like
Ameura but glabella narrower, with median pre
occipital lobe; eyes large, semicircular. Pygidium
with prominent axis characterized by flat sides
and gently arched crest; border distinct. Surface
finely granulose. L.Penn., USA.--FIG. 308,5. ~s.

sevillensis, Ill.; 5a,b, ceph., pyg., X2.5 (491).
Cummingella REED, 1942 [~PhI1Iipsia jonesii PORT

LOCK, 1843; ICZN Opinion 352]. Glabella broad,
reaching anterior margin, narrowest between front
ends of large, reniform eyes; fixigenae extremely
narrow (tr.). Pygidium with intrapleural fur
rows that cross onto border anteriorly. Surface
smooth or with small pits. L.Carb., Eu.--FIG.
308,4. "C. jones;; (PORTLOCK), Eng.; exoskel.
(reconstr.), X3.5 (498).

Linguaphillipsia STUBBLEFIELD, 1948 [~L. terapai
ensis]. Like Cummingella but glabella narrower
anteriorly, not reaching front border; eyes long,
relatively narrow (tr.). Pygidium with border. L.
Carb., Malaya.--FIG. 307,1. ~1. terapaiensis;
la,b, ceph., pyg., X3.2 (475).

Paraphillipsia TOUMANSKY, 1935 [·P. karpinskyi].
Like Kaskia but glabella very wide, eyes central.
Pygidium short, wide. M.Perm., Crimea-C.Hima
laya.--FIG. 308,2. "P. karpinskyi, Crimea; exo
skel. (reconstr.), X6 (485).

Neoproetus TESCH, 1923 ["N. indicus). Cephalon
subtriangular, anterior part of glabella swollen;
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FIG. 306. Phillipsiidae (p. 0399-0401).

Paladin

Neogriffithides

[*Phillipsia
Paladin but

tending to overhand anterior margin. Pygidium
short, with few segments. M.Perm., E.Indies-SE.
Asia-Crimea-Sicily.--FIG. 307,3. *N. indicus,
Timor; 3a,b, ceph., pyg., X2.5 (480).

Anisopyge GIRTY, 1908 [.Phillipsia perannlliata
SHUMARD, 1858]. Resembles Ditomopyge but
pygidium subtriangular, with strongly elevated
axis extending to rear margin, axial rings very
numerous; posterior border vertical or overturned,
pleural segments equal in width. Eyes long; me-

dian preoccipital lobe of glabella large, lateral
preoccipital lobes very small. M.Perm., SW.USA.
--FIG. 307,6. *A. perannulata (SHUMARD),
Tex.; 6a,b, ceph., pyg., X3.5 (491).

Vidria WELLER, 1944 [*V. t1espa]. Pygiclium semi
oval, with terminal spine in young stages. Cepha
Ion unknown. M.Pel'm., SW.USA.--FIG. 307,2.
*v. vespa, Tex.; pyg., X2 (491).

Pseudophillipsia GEMMELLARO, 1892
sumatrensis ROEMER, 1880]. Like
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with depressed area between lateral preoccipital
glabellar lobes, glabella expanded in front, not
reaching anterior margin. Pygidium longer and
more segmented; border distinct. M.Perm., Sicily
Crimea-SE.Asia-E.Indies-Calif.--FIG. 307,4. "P.
sumatrensis (ROEMER), Sumatra; exoske!. (re
constr.), X2 (462).

Family OTARIONIDAE Richter &
Richter, 1926

[=Cyphaspidae SALTER, 1864]

Exoskeleton opisthoparian, of small to
medium in size. Cephalon conspicuously

vaulted, with genal spines; preglabellar field
narrow to moderately broad or absent, con
vex; glabella more or less inflated, with
single pair of distinct glabellar furrows (1p)
reaching occipital furrow and separating a
pair of basal lobes; 1 or 2 other pairs of
glabellar furrows may be present; glabella
surrounded by deep axial and preglabellar
furrows; genae convex to inflated or even
conical; eyes small to medium in size, sub
circular in outline; anterior sections of
facial sutures divergent forward, subparallel,
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Cyphinioides

6

Ameuro

Cummingello Sevi II io Permoproetus

FIG. 308. Phillipsiidae (p. 0401).

Subfamily OTARIONINAE Richter & Richter,
1926

narrow to
field; gla-

[nom. transl. P'kIBYL, 1947 (ex Otarionidae RICHTER &
RICHTER, 1926) J

semicircular, with
broad preglabellar

Cephalon
moderately

or somewhat convergent; posterior sections
strongly divergent, reaching posterior mar
gin near genal angles. Thorax with 11 to 17
segments. Pygidium small, with few seg
ments (247). M.Ol·d.-U.Carb.
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FIG, 309. Otarionidae, Aulacopleuridae (p. 0405-0406).

bella with pair of broad, deep lateral fur
rows (1p) completely separating strongly
developed basal lobes; no eye ridges. Thorax
with 11 to 17 segments, outer ends rounded.
Pygidium small, short, with even margin.
M.Ord.-U.Carb.

Otarion ZENKER, 1833 ["0. diUractum] [=Cypll
aspis BURMEISTER, 1846 (non BURMEISTER, 1843);
Conoparia HAWLE & CORDA, 1847; ?Goniopleura
HAWLE & CORDA, 1847 (non WESTWOOD, 1832);
?Hal'pidella M'CoY, 1849; Novdkaspis PRIBYL,
1946]. Cephalon with narrow border and distinct
border furrow; genal spines long; anterior and
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lateral margins even. Sixth ring of thoracic axis
in almost all species stronger than others bearing
long backward-curved spine. Pygidial axis with
5 to 7 rings. Hypostoma resembling that of Proe
tidae but with complete median furrow separat
ing anterior and posterior lobes; anterior border
furrow reduced. Surface granulose. M.Ord.-U.Dev.,
cosmop.--FIG. 309,4a. *0. difJractum, Sil. (e
Zone), Czech.; exoske!., X2 (3).--FIG. 309,
4b-d. O. ceratophthalmus (GOLDFUSS), M.Dev.,
Ger.(Eifel); 4b, exoskel. (reconstr.), X 1.7; 4c,d,
hypostoma, ventral, lateral, X 8 (460*).

Coignouina REED, 1943 [*Cyphaspis acanthina
COIGNOU, 1890]. Cephalon as in Olarion; anterior
and lateral margins with row of radiating spines;
2nd pair of glabellar furrows weakly developed
(type species); anterior and lateral borders flat,
without distinct border furrow. L.Dev.-M.Dev.
(Czech.-Ger.) - U.Dev.(N.Am.) - U.Carb.(Eng.).
--FIG. 309,lb. *C. acanthina (COIGNOU), Eng.
(Yorks.); ceph., X6 (389).--FIG. 309,la. C.
coronala (BARRANDE), M.Dev., Czech.; ceph., X3
(445a*).

Tschernyschewiella TOLL, 1899 [nom. subst. pro
Schmidtella CHERNYSHEV, 1893 (non ULRICH,
1892)] [*Schmidtella ttralica CHERNYSHEV, 1893].
Cephalon resembling Otarion, strongly convex
transversely; genae divided into 3 parts by furrows
originating at axial furrows near anterior part of
glabella, curving backward and running nearly
parallel to lateral border, then bifurcating, with
branches running to posterior and lateral borders.
L.Dev., USSR(Urals).--FIG. 309,3. *T. uralica
(CHERNYSHEV), cephalon, X3 (383).

Subfamily CYPHASPIDINAE Pribyl, 1947
[=Cyphaspidedinae PRANTL & PiURYL, 1950 (invalid nom.

correct. pro Cyphaspidinae Pl\.IBYL, 1947)]

Cephalon low-arched, with 1 to 3 rows of
short spines on anterior and lateral mar
gins; preglabellar field narrow or absent;
glabella with small basal lobes; eye ridges
present. Thorax with 11 or 12 segments;
pleurae bent downward in knee shape, pro
longed into spines. Pygidium nearly trape
zoidal; axis roof-shaped, with rings strongly
curved forward; pleural fields with ribs
bent backward-downward in knee shape,
and produced marginally into short spines,
outer (1st) pair of ribs forming acute
angles, others obtuse angles. Hypostoma
rounded-triangular; with anterior border
furrow faint or absent, posterior and es
pecially lateral border furrows deep, pos
terior lobe lower than anterior, with pair
of maculae, separated from anterior lobe
by shallow furrow. L.Dev.-MDev.
Cyphaspides NOVAK, 1890 [*C. sctllicallda; SD

VOGDES, 1925]. Characters of subfamily, L.Dev.-

../
--_..~~

FIG. 309A. *Aulacopleurina peltala (NOVAK), M.
Dev., Ger.; a,b, ceph., dorsal, profile, x9 (SCHMIDT,

n).

M.Dev.--FIG. 309,2d. *C. sculicauda, M.Dev.,
Ger.(Greifenstein); pyg., X4 (437).--FIG. 309,
2a-c. C. cerberus (BARRANDE), L.Dev., Vinal'ice
(Czech.); ceph., dorsal, lateral, frontal, X? (*3).
--FIG. 309,2e. C. holinensis RUZICKA, M.Dev.,
Czech.; hypostoma, X5 (445a).

Family AULACOPLEURIDAE Angelin,
1854

Cephalon slightly to moderately convex
and with relatively long (sag.) preglabellar
field; glabella with 2 or 3 pairs of later~l

furrows, posterior pair curved to reach OCCI

pital furrow; axial furrows with or without
pits; eyes sessile; distinct eye ridges present.
Thorax with 12 to 22 segments, pleural ends
rounded. Pygidium small, without spines.
Surface of genae and preglabellar field
pitted. M.Ord.-MDev.
Aulacopleura HAWLE & CORDA, 1847 [*Arelhusa
koninckii BARRANDE, 1846] [pro Arethusa BAR
RANDE, 1846 (non DF. MONTFORT, 1808; nec OKEN,
1815; nec BONAPARTE, 1838; nec DUMERIL & BIB
RON, 184 I)] [=Aretlltlsina BARRANDE, 1852, obj.
(P,.o A,.elhusa BARRANDE, 1846)]. Pygidium with
6 or 7 axial rings. M.O,.d.-M.Dev., Eu.-Morocco
Green!'
A. (Aulacopleura). Eyes opposite anterior part of
glabella. Sil.-M.Del'., Eu.-Mowc.-Greenl.--FIG.
3U9.7. *A. koninckii konind(ii (BARRA:<DE), Sil ..
Czech.; exoskel., X2 (370).

A. (Paraaulacopleura) CHAUBET, 1937 [*A. (P.)
,.oqllemaillerensis]. Like A. (Aulacopleu,.a) but
with eyes opposite middle part of glabella, short~r

preglabellar field, and relatively fewer thoraCIC

© 2009 University of Kansas Paleontological Institute



Brochymetopino

Cheiropyge

Ptychopariida-Illaenina-Proetacea

2b

Brochymetopus

Cordonio

FIG. 310. Brachymetopidae (p. 0407-0408).

Nomuropyge

0407

and more pygidial segments. M.Ord.-M.Dev., Eu.
--FIG. 309,6. A. (P.) beyrichi NOVAK, M.Dev.,
Ger.; exoskeI., X2 (\84).

?Aulacopleurina PRIBYL, 1949 [0Arethusina peltala
NOVAK, 1890]. Cephalon semicircular, high; pre
glabellar field long (sag.); inner parts of genae
vaulted, outer parts sloping steeply, flattened near
border; glabella rounded-triangular, bounded by
deep axial furrows without pits, preglabellar fur
row nearly obsolete, 3 pairs of lateral glabellar fur
rows and lobes present, all lobes moderately well
separated from central area of glabella; eyes, eye
ridges, and facial sutures lacking. Thorax with 8
segments. Pygidium with 14 to 16 axial rings.
M.Dell ., Eu.--FIGs. 309,5, 309A. °A. peltata
(NovAK); 309,5, pyg., Czech., X4 (181); 309A,
ceph., dorsal and profile views, Gel. (Ballersbach),
X9 (SCHMIDT, n).

Family BRACHYMETOPIDAE Prantl &
PHbyl,1950

[nom. lronsl. HUPE, 1955 (ex Brachymetopinae PlANTL &
l'lnaYL, 1950)]

Exoskeleton opisthoparian. Cephalon semi
circular or semielliptical, convex border dis
tinct, posterolaterally produced into genal
spines; glabella short, moderately convex,
tapering forward, with 1 or 2 pairs of
lateral furrows, basal glabellar lobes al-

most completely isolated by glabellar fur
row 1p; eyes medium-sized; facial sutures
not discernible; preglabellar field broad.
Thorax with ?10 segments. Pygidium para
bolic to semicircular, abundantly segmented
(up to 17 axial rings); margin even or
spined. Surface with tubercles of various
size. LDev.-U.Carb.
Brachymetopus M'Coy, 1847 [08, strzeleckii; SD

REED, 1903]. Cephalon with raised border and
distinct border furrow; genal spines not longer
than 0.5 of length of cephalon; glabella parallel
sided or subtriangular, with single pair of lateral
furrows; eyes reniform, situated far backward.
Pygidium half-circle or longer; axis about 0.3 of
width of pygidium, with 9 to 17 rings; pleurae
gently curved backward, divided by longitudinal
furrows into a narrow anterior strip and a raised.
broader posterior ridge. U.Dev.(Eu.)-L.Carb.(N.
Am.-Asia-Austral.) .

IAccording to GOLDRINC & STUBBLEFIELD (CeoJ. Mag., v. 94,
p. 421·424, 1957) no type species was indicated for
Brachym~IOpttJ by M'CoY and this, b~ca.me establi,shed when
VOCDES (1890) validly n"med Phzllz(",o maccoy, l'oln.oCK
(1843) as type species of this genus.. It. would then follow
that Brachymetopinl1 REED IS an ohJective }umor s.ynonym
of BrochymelOpuJ, hecause RICHTER & .RICHTER 10 1926
designated Phillipsia maceD)'i 3S type species of lJrad1yml'/ow
pina. In the opinion of SCHMIDT (Senckenherglana, v. 39.
p. 153·156, 1958) M'CoY did adtt]uately indi~"te Brochy.
me/opus slrzd~ckjj M'CoY~ 1847~ as type species and prow
poses application to ICZN for dedsion.-HEftTA SCHMIDT.)
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B. (Brachymetopus). Axis of pygidium with 9 to
10 segments; posterior ridges of pygidial pleurae
prolonged beyond thickened border into spines
curved backward and bearing large tubercle
where they crosS border. V.Dev.(Eu.)-L.Carb.(N.
Am.- Austral.-Eu.-Kazakhstan).--FIG. 310,2.
·B. (B.) strzeleckii, Carb., (Dunvegan) N.S.
W.; 2a,b, ceph., pyg., X8 (452).

B. (Brachymetopina) REED, 1903 [·Phillipsia
maccoyi PORTLOCK, 1843; SD RICHTER & RICH
TER, 1926]. Pygidium with larger number (up
to 17) of segments than in B. (Brachymetopus);
margin even, no distinct border nor spines. L.
Carb., N.Am.-Asia-Eu.--FIG. 310,1.•B. (B.)
maccoyi (PORTLOCK), Ire. (Limerick); la,b,
ceph., pyg., X3 (498).

Cordania CLARKE, 1892 [·Phaetonides eyclurus
HALL, 1888]. Cephalon with elevated margin and
short genal spines; preglabellar field and sides of
cephalon concave; glabella short, ovoid, with 2
pairs of lateral furrows and lobes, basal lobes
conspicuous and completely separated from gla
bella. Thorax with not more than 10 segments.
Pygidium relatively large; axis with 6 to 12 rings;
6 to 8 pleural fields with ribs divided into sub
equal bands. Surface with tubercles irregularly
scattered on cephalon, in regular rows on pygi
dium; in some species tubercles prolonged into
spines extending beyond margin of pygidium.
L.Dev.-M.Dell., N.Am.--FIG. 310,5. ·C. cyclurus
(HALL), L.Helderberg, N.Y. (Clarksville); 5a,b,
ceph., pyg., X3 (404).

?Cheiropyge DIENER, 1897 [·C. himalayensis].
Pygidium nearly as long as broad, moderately
vaulted; axis with 15 segments; lateral lobes
abruptly bent down toward margin; 6 pleurae,
defined by deep depressions; originate as sharp
ridges and broaden towards margin, tapered ends
extending beyond margin; posterior pleurae
broader than anterior ones, not distinctly carinate;
posterior termination of axis surrounded by axial
lappet exceeding pleurae in width. Surface granu
lose. Permocarbonijerous, Himalaya.--FIG. 310,
4. ·C. himalayensis, Chitichun; pyg., ?X I (316).

?Namuropyge RICHTER & RICHTER, 1939 [·N. de
maneti]. Pygidium short, semicircular; border
narrow, convex; axis reaching nearly to border,
with 9 rings (6 distinct, 3 faint); pleural fields
with 4 (4.5) segments, anterior band of seg
ments low, posterior much higher; posterior band
of 4th segment by far largest and highest, pro
longed beyond border into long spine; 2 small
spines at posterior end of pygidium. Surface with
granules distributed in longitudinal and trans
verse rows. V.Carb, Belg.--FIG. 310,3. ·N. de
maneti, Belg.(Bioul); 3a,b, pyg., dorsal, posterior,
X8 (461).

?Panarchaegonus OPIK, 1937 [·P. parvus]. Cepha
Ion subsemicircular; glabella acute-ovoid, with 3
pairs of lateral furrows, 1p very shallow, reach
ing to occipital furrow, separating pair of tri-

lb

Phillipsinella

FIG. 311. Brachymetopidae, Phillipsinellidae (p.
0408-0409) .

angular basal furrows, anterior 2 pairs only
slightly indicated; axial furrows shallow; palpe
bral lobes long, crescentic, eye ridges may be
present; anterior sections of facial sutures sigmoid,
posterior sections strongly divergent, crossing
middle of posterior border; preglabellar field
gently sloping; occipital ring widest at mid-line.
M.Ord., ?L.Sil., Eu.(Est.-?Swed.).--FIG. 311,1.
·P. parvus, Kukruse (Kuckers) Shale (C2), Est.;
la, ceph., lb, cran., lateral; X? (439).
[Non..-According to present view of HERTA SCHMIDT,
Panarclla~gontU should be classed as incertae sedis, rather
thon included doubtfully in the Brachymetopidae-Ed·1

Family PHILLIPSINELLIDAE
Whittington, 1950

Cephalon as long (sag.) as wide, moder
ately convex; glabella defined by broad,
shallow furrows, narrowest between eye
lobes, widest across frontal lobe, no glabel
lar furrows; eye lobes large; facial sutures
opisthoparian, anterior sections divergi~g

forward, curving to meet along antenor
margin; genal spines long; rostral plate and
hypostoma elongate (sag.). Thorax of. 6
segments, pleural furrows shallow. Pyg~d
ium with axial and pleural furrows famt
or absent. Surface of dorsal exoskeleton
smooth, doublure with anastomosing raised
lines (350). U.Ord.
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FIG. 312. "C~lmlls granulatus ANGELIN (Celmidae),
L.Ord.(LIanvirn.), Baltoscandia; a,b, hypostoma,

pyg., X5.3; c,d, ceph., dorsal, front, X4 (414n).

Phillipsinella NovAK, 1886 ["Phacops parabola
BARRANDE, 1846] [=Phillips~lla OEHLERT, 1886,
suppressed, ICZN opinion 476]_ Characters of
family. U.Ord., Br.I.-Swed.-Czech.--FIG. 311,2.
"P. parabola (BARRANDE); 2a,b, exoskel., ceph.
(ventral, showing rostral plate, hypostoma, and
cephalic doublure), both reconstr., X3.3 (496n).

Family CELMIDAE Jaanusson, 1956
Exoskeleton small, opisthoparian. Cepha

Ion surrounded by distinct border; glabella
slightly narrowing forward, with 2 or 3
pairs of lateral glabellar furrows, lateral pre
occipital glabellar lobe comparatively long;
occipital furrow present. Rostral plate nar
row (tr'), short, trapezoidal; hypostoma
with comparatively strong lateral furrows,
posterior lobe rather convex, anterior wings
apparently narrow (tr'), triangular. Thorax
with 12 segments (type genus); pleurae of
ridged type, without pleural furrows or
facets. Pygidium very small, trapezoidal,
apparently consisting of single tergite only;
no axis, 2 crescent-shaped elevations near
the anterior margin. L.Ord.
Celmus ANGELlN, 1854 ["C. granulatus] [=Cro
talttrllS VOLBORTH, 1858]. L.Ord.(Llant'irn.}, Bal-

toscandia.--FIG. 312. "C. granlliatus; a,b, ceph.,
dorsal, anterior, X4; c,d, hypostoma, pyg., x5.3
(414n).

Family PLETHOPELTIDAE Raymond,
1925

Exoskeleton opisthoparian, micropygous.
Glabella tapering to rectangular, with con
vex frontal area, all furrows faint or obso
lete on exterior and interior, occipital and
posterior border furrows most persistent,
occipital spine or node may occur; eyes of
medium size or absent, placed near an·
terior 3rd of glabella; fixigenae with nar·
row palpebral areas, posterior areas triangu.
lar; librigenae unfurrowed, with genal
spines or rounded genal angles. Thorax
with up to 10 segments; axis tending to be
wider than pleurae; pleural furrows faint
to obsolete, pleural ends blunt. Pygidium
narrow-transverse; axis long, bluntly
rounded, about same in width as pleural
regions, with up to 6 axial rings, furrows
variable in strength. Surface smooth, with
transverse ridges on borders, rarely pitted.
Derived from Ptychopariidae. V.Carn.-L.
Ord.
Plethopeltis RAYMOND, 1913 [.Agraulos saratog~n

sis WALCOTT, 1890]. Cranitlium elongate, with
convex glabella having subparallel sides, and
roundetl front, lateral furrows faint to obsolete
on exterior. faint on interior; frontal area 0.25 to
0.3 of glabellar length, axial furrows on exterior,
with occipital spine or node; lixigenae upsloping
slightly; librigenae broad, with short genal spines.
Thorax unknown. Pygidium with convex axis
and 3 axial rings; pleural regions narrower, 3
pleurae with short pleural furrows, no border
furrow (303). U.Cam.(Tr~mpeal.}, Sib.-N.Am.
?S.Am.--FIG. 313,1. "P. saratog~nsis (WAL
cOTr), N.Y.; 1a-c, cran., dorsal, side, front, X2;
Jd,~, pyg., dorsal, rear; X2 (16).

Arapahoia B. M. MILLER, 1936 ["A. typal [=Hes
peraspis STaYANow, 1936]. Cranidium narrow
elongate; glabella low, tapering, front rounded,
all furrows except posterior border furrow very
faint or obsolete on exterior, faint on interior,
occipital spine usually present; fixigenae hori
zontal or upsloping; librigenae elongate, with
short genal spine. Thorax unknown. Pygidium
with convex axis and 2 to 4 poorly defined axial
rings; pleural regions about equal to axis in
wid th, with 2 to 4 broad pleurae; faint border
furrow, narrow border (132). U.Cam.(Dresbac!I.} ,
N.Am.--FIG. 313,2. "A. typa, Wyo.; 2a-c, cran.,
Ilyg.. librigena, Xl, X2, Xl (472).

Leiocoryphe T. H. CLARK, 1924 ["L. gemma 1·
Cephalon hemispherical, glabella seemingly broad
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FIG. 313. Plethopeltidae (p. 0409-0412).

but shape unknown, without lateral, axial, or
border furrows, faint occipital furrow may occur;
frontal area continuous with glabella; eyes absent;
facial sutures faint; fixigenae downsloping; libri
genae with blunt genal spines. Thorax with 8
segments; axis very wide, low; axial furrows shal
low; pleurae much narrower than axis, un
furrowed. Pygidium very narrow, unfurrowed,
or with very faint axial furrows. Outer surface
may be pitted (190). U.Cam.(Trempeal.), N.Am.
--FIG. 313,3a. '"L. gemma, Que.; exoskel., X4
(385).--FIG. 313,3b,c. L. transversa RASETTI.
Que.; 3b,c, ceph., X3 (190).

Paraplethopeltis BRIDGE & CLOUD, 1947 lOp. obesa].
Cranidium elongate, with convex, tapering gla
bella, no lateral furrows; fron tal area 0.5 of
glabellar length, axial furrows distinct, occipital
and posterior border furrows faint on exterior,
anterior border furrow visible on interior only;
fixigenae downsloping, with posterior areas shorter
than usual; librigenae unknown. Thorax un
known. Pygidium with wide convex axis with
end merging into posterior margin, with 5 axial

rings; pleural regions convex, with 3 or 4 broad
pleurae; faint border furrow, very narrow border
(16). L.Ord. (Gasconad.), N.Am.--FIG. 313,4.
op. obesa, Tex.; 4a-c, cran., dorsal, side, front,
X2, Xl, Xl; 4d,e, pyg., dorsal, rear, X2 (16).

Plethometopus ULRICH in BRIDGE, 1930 [OBathyurus
annatus BILLINGS, 1860] [=Enontioura RESSER,
1942]. Cranidium with low subrectangular gla
bella, no laleral furrows; frontal area continu
ous with glabella, axial and anterior border fur
rows obsolete on exterior, very faint on interior;
with short occipital spine or node; eyes below
medium size; fixigenae horizontal; librigenae un
furrowed, with rounded genal angles or short
genal spines. Thorax with 10 segments; axis con
vex, twice width of pleurae, which bear dis
tinct pleural furrows. Pygidium with strongl)'
convex axis, up to 3 axial rings, axial furrows
faint, all other furrows faint to obsolete; narrow
rimlike border (239, 303). U.Cam.(Francon.
Trempeal.), N.Am.-S.Am.--FIG. 315,5a. '"P.
annaltts (BILLINGS), Que.; cran., X I (207).-
FIG. 313,5b,c. P. sp., Mo.; 5b,c, exoskel., X3
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FIG. 314. Dimeropygidae (p. 0412).
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(425).--FIG. 313,5d,e. P. dubius (RASETTI),
Que.; 5d,e, pyg., X5 (189).

Stenopilus RAYMOND, 1924 ["S. pronusJ. Cephalon
ovate, strongly convex with low, apparently sub
quadrate glabella; frontal area continuous with
glabella, all furrows obsolete on exterior, faint
posterior half of axial furrow visible on interior;
eyes small; fixigenae downsloping; librigenae with
blunt genal angles. Thorax with 10 segments;
axis convex, twice width of unfurrowed pleurae.
Pygidium spade-shaped, inclined at 90° to
thorax, axial furrows appearing only as pair of
short depressions at anterior margin, no other
furrows. Surface covered with irregular narrow
ridges (190). U.Cam.(Trempeal.) , N.Am.-NE.
Asia.--FIG. 313,6. S. elongatus RASETTI, Que.;
6a-c, exoskel., dorsal, thorax, side, 6d, pyg., and
last thoracic segment; all X 6 (190).

StrotocephaJa RAYMOND, 1937 ["S. howelli]. U.
Cam.(Trempeal.), Vt.

Family DIMEROPYGIDAE Hupe, 1953
[,m,na. WHITTINGTON lit EVITT. 1954]

Exoskeleton about I em. or less in length.
Cephalon gently to strongly convex, cephalic
border convex; glabella ovate convex, sub
parallel-sided or narrowing forward, with 3
or fewer pairs of lateral glabellar furrows,
never deeply impressed; preglabellar field
short to long (sag.), steeply sloping; median
pit may occur in preglabellar furrow; facial
sutures opisthoparian, with anterior sections
running directly forward to anterior border,
then inward along edge of border; connec
tive sutures may isolate narrow rostral plate
or be absent. Thorax of few segments (8 in
Dimeropyge); V-shaped panderian open
ings in pleural doublure. Pygidium mod
erately convex, 3 to 6 segments, axis char
acteristically with median longitudinal de
pression (360). L.Ord.-U.Ord.
Dimeropyge OPIK, 1937 ["Sphaerexochus minuttJs

NIESZKOWSKI, 1857] [=Haploconus RAYMOND,
1913 (non CoPE, 1882)]. Cephalon subsemi
circular, with long genal spines hooked slightly at
tips; with narrow, steeply sloping preglabellar
field and broad convex border; glabella parallel
sided, rounded anteriorly, with 2 or 3 pairs of
lateral glabellar furrows represented by ovate
smooth areas adjacent to axial furrows; eye lobes
small, far out on genae. Rostral plate T-shaped,
hypostoma subquadrate in outline, with gently
convex middle body. Thorax with shallow axial
furrows; one segment (probably 5th) bears stout
backwardly directed median spine; outer parts of
pleurae bent strongly downward. Pygidium with
3 or 4 segments, longitudinal depression in pos
terior part of axis, steeply sloping border beneath
pleural spines. External surface of exoskeleton

b
FIG. 315. "Mesotaphraspis parva WHITTINGTON &
EVITT (Dimeropygidae), M.Ord., Va.; a,b, incompl.

exoskel. (reconstr.), ceph., front, X 10 (360).

with numerous short spines, groups on pleural
terminations characteristically arranged. M.Ord.
U.Ord., N.Am.-Swed.-Est.--FIG. 314,la,b. D.
virginiensis WHITTINGTON & EVITT, M.Ord., Va.;
la,b, incompl. exoskel. (reconstr.), dorsal, side,
X20 (360").--FIG. 314,le-e. "D. minufa
(NIESZKOWSKI), M.Ord. (Kuckers Sh.), Est.; Ie,
ceph. (incompl.), XU; ld, librigena, XU; Ie,
pyg., X13 (e,d, 439; e, 461n).

Chomatopyge WHITTINGTON & EVITT, 1953 ["C.
faleata J. Like Mesotaphraspis but without lateral
glabellar furrows, with longer, steeper preglabellar
field lacking sagittal furrow, deep median pit in
preglabellar furrow. Pygidium with short axis,
indistinct axial rings, less prominent sagittal de
pression, and pleural fields with outer parts
steeply sloping. M.Ord., Va.--FIG. 314,2. "C.
faleata; 2a-c, ceph., dorsal, front, side (reconstr.),
X 8 (360").

Dimeropygiella Ross, 1951 ["D. eaudanodosa]. Like
Dimeropyge but cephalon nasute; glabella sub
oval, preglabellar field short or absent at mid-line;
genal spines represented by tubercle or absent.
Pygidium with 3 to 5 axial rings, pair of pustules
behind axis; pleural fields strongly ribbed. Sur-
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Toernquistio

Dimeropygiello

FIG. 316. Dimeropygidae (p. 0412-0413).

Palaeophillipsia SUGIYAMA & OKANO, 1944 [*P.
japoniea]. Cephalon subtriangular; glabella nar
rower than genae, widest at basal lobes; preglabel
lar field present; eyes long, posterior; pygidium of
uncertain character. Up.U.Dev., Japan.--FIG.
318,3. *P. japonica; 3a,b, ceph., pyg., X2.8 (477).

Perunaspis PRIBYL, 1949 [*Pertlnaspis longispintls].
Cephalon and thorax unknown. Pygidium small,
moderately convex; axis strongly tapering, with

3b Schoryio

FIG. 317. Proetacea (Family Uncertain) (p. 0413,
0415).

Perunospis

Proetino

2

face coarsely to finely tuberculate or smooth, no
groups of spines on pleural terminations (258). L.
Ord., Utah-Nev.--FIG. 316,2. *D. catldanodosa;
ceph., front, X 14 (258).

Mesotaphraspis WHITTINGTON & EVITT, 1953 [*M.
parva]. Glabella narrowing forward, with 1 or 2
pairs of shallow, lateral glabellar furrows; pre
glabellar field with sagittal furrow; eye lobes long,
curved; anterior sections of facial sutures united
along anterior margin, no median or connective
sutures; genal spines long. One thoracic segment
with median spine. Pygidium with sagittal de
pression in axis, pleural regions furrowed. Surface
smooth or finely granulose, lines of paired tu

bercles on cephalon. M.Ord., Va.--FIG. 315. *M.
parva; a, incompI. exoskel. (reconstr.); b, ceph.,
front; both X 10 (360*).

Toernquistia REED, 1896 [pro T ornqtlistia
(ICZN Op. 367)] [*Cyphaspis (Tornqtlistia)
nicholsoni] Like Dimel'opyge but less completely
known, with glabella narrowing forward, deep
median pit in preglabellar furrow, pair of faint
furrows running from anterolateral margins of
glabella outward and forward to anterior corners
of large ?eye lobes; rostral plate may be wider
(tr.). M. Ord.-L.Sil., Eng.-Scot.-Swed. -- FIG.
361,1. *T. nicllOlsoni (REED), Keisley Ls., Eng.;
eran., X9 (360*).

Family UNCERTAIN
[~uthorJhip.-Diagnoses by RICHTER & RICHTER with addi
tions by W. STRUVE, except Cyrloproetus and PalaeoplJillipiitl

by J. M. WELLER]

Cyrtoproetus REED, 1943 [*Phillipsia cfacoensis
REED, 1899]. Glabella tapering slightly forward;
lateral occipital lobes present behind basal 10bes~

eyes long, median; pygidium with poorly defined
border. L.Carb., G.Brit.--FlG. 318,1. *C. C1'a
eoensis (REED); la,b, ceph., pyg., X3.3 (452).
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Proetides

FIG. 318. Proetacea (Family Uncertain) (p. 0413-0414).

6 or 7 rings, postaxial ridge present; pleural fields
with 6 pairs of long, ensiform ribs that become
free spines in their distal halves, posterior 4 or 5
pairs ending in nearly straight transverse line. M.
Dell., Czech.--FIG. 317,2. "P. longispinus; pyg.,
X12 (445a).

Proetides O. T. WALTER, 1924 [*Phillipsia insignis
WINCHELL, 1863]. Cephalon elongate (sag.) semi
elliptical; cephalic border distinct; preglabellar
field large, deeply concave; glabella tapering, lat
eral furrows fairly distinct, connected by trans
glabellar depressions that divide posterior part of

glabella in 3 transverse stripes, each with row of
very coarse nodes; anterior part of glabella coarse
ly granulose; 1p lobes ("basal lobes") detached;
eyes close to glabella and posterior border fur
rows; anterior sections of facial sutures distinctly
divergent; long genal spines. Pygidium short,
strongly vaulted; axis broad, elevated, not reach
ing posterior border; about 11 rings, each with
single row of tubercles; 10 pairs of broad ribs,
last pair converging behind axis; anterior pleural
bands progressively reduced adaxially, none in
posterior ribs; border narrow, indistinctly de-
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tached. L.Miss., USA.--FIG. 318,2. *P. insignis
(WINCHELL), U.Kinderhookian, Iowa: 2a-d, speci
mens "better-preserved than types," drawn by
J. M. WELLER, X2.7 (2a,b, long. and transv. pro
files, pyg.: 2c, dorsal, pyg.; 2d, dorsal, ceph.);
2e-k, syntype specimens, courtesy of G. M. EHLERS,
drawn by W. STRUVE (2e, cran.,X2.7: 2j,g, lecto
type cran., X2.7-here designated by STRUVE;
2h, pyg., axis X2.7; 2i,j, pyg., X2.7: 2k, libri
gena, X 1.4).

Proetina PRIBYL, 1946 [*Proetina latimargo].
Cephalon an elongate paraboloid; preglabellar
field broad (sag.), with anterior concavity; slightly
convex rounded ridge parallel to cephalic border
surrounding glabella and eyes; glabella narrow,
gently tapering, with broad rounded front, gla
bellar region in front of 3p furrows short, 1p
with separate adaxial branch, 1p lateral lobes
not separated; occipital ring broad, not narrowed
laterally, without lobes; anterior sections of facial
sutures long, gently curved sigmoidally; eyes large;
genal spines long. Thorax with unknown number
of segments, ends rounded. Pygidium unknown.
[Cephalon combines features of several proetid
subfamilies.] L.Dev., Czech.--FIG. 317,1. *P.
latimargo, Koneprusy Ls.; X3 (445a).

Scharyia PRIBYL, 1946 [*Proetus micropygus HAWLE
& CORDA, 1847]. Small (5 mm. long). Cepha
Ion semicircular, with slightly convex border, pre
glabellar field rather broad (sag.); glabella taper
ing; no occipital lobes; palpebral lobe strongly
curved, moderately distant from axial furrows;
anterior sections of facial sutures divergent, pos
terior sections running laterally considerably in
front of posterior border furrow, describing arc
that ends close to genal spines. Thorax with 6 seg
ments having pointed ends. Pygidium semicircu
lar, relatively large, slightly convex, with distinctly
separated broad border; axis rapidly tapering, not
reaching border, with 6 to 9 rings; pleural fields
with 5 ribs. [Shape of posterior section of facial
sutures and small number of thoracic segments
are unique in Proetacea. Scharyia may represent
larval stages of one or more other proetid gen
era.] Sil.-M.Dev., Czech.-Pol.--FIG. 317,3. *S.
micropyga (HAWLE & CORDA), Sil., Lodenice; 3a,
ceph., X12; 3b,pyg., XIO (445a).

Suborder HARPINA Whittington,
nov.

[=Superfamily Harpedacea KOBAYASHI, 1935; Harpoidae
Hu.i, 1953 (nom. transl .. ex Harpedacea KOBAYASHI, 1935) I

(Type-Harpes GOLDFUSS, 18391

Cephalon subsemicircular to ovate in out
line, with long genal prolongations or
spines. Glabella convex, narrowing forward,
with 1 to 3 pairs of lateral glabellar fur
rows, preoccipital pair isolating triangular
lateral lobes; occipital ring convex; genae

convex; preglabellar field sloping outward
and downward to flat or upwardly concave
fringe or bilaminar border; alae may be
present; prominent eye lobes or tubercles
centrally located on genae, with strong eye
ridges and in some forms with genal ridges
also; sutures marginal except on dorsal side
at genal angles, and (in genera with eye
lobes) where sections of sutures run inward
close together. Thorax with 12 or more seg
ments; axis convex; pleurae flat, with broad
pleural furrows. Pygidium short, subtriangu
lar or elongate, with convex axis. Radiating,
anastomosing genal caecae commonly pres
ent on genae and preglabellar field, and ex
tending onto fringe; external surface of
cephalon may be tuberculate or granulose
(78, 79, 355). U.Cam.-U.Dcv.

Family HARPIDAE Hawle & Corda, 1847
[nom. correct. MILLER. 1889 (ex Harpides HAWLE & COlmA,
1847) 1 [emend. WHITTINGTON, 19501 [=Arraphidae ANGEJ.JN,

1854; Harpedidae (HAWLE & CORDA, 1847) RAYMOND, 1913]

Eye tubercles each with 2 lenses; semi
circular alae adjacent to posterior glabellar
lobes; bilaminar fringe with opposed pits in
outer surfaces, genal rolls steeply sloping,
brim gently sloping, with stout girder on
lower lamella separating these 2 parts, pro
longations of fringe varying in length;
cephalic suture traverses marginal band of
fringe. Hypostoma pear-shaped in outline,
with ovate middle body, large anterior,
small posterior, and wings. Thorax with
12 to 29 segments, pleurae bent down at
tips. Pygidium small, short (sag.), triangu
lar, with few segments. External surface of
glabella and genae with raised ridges in
reticulate pattern, tuberculate, or smooth;
minute tubercles on fringe between pits and
marginal band, on internal rim, and else
where (183, 348). L.Ord.-UDcv.
Harpes GOLDFUSS, 1839 [.H. macrocephalus].

Cephalic outline inverted U-shape, length of pro
longations equaling length of cephalon along
mid-line; height of cephalon about 0.5 of median
length; glabella with ovate anterior lateral lobes
larger than posterior: alae extending across genae,
each subdivided into 2 crescentic portions; genal
roll broad, with inner margin lying against an
terior margin of glabella and eye tubercles; girder
meeting internal rim; rows of large pits in front
of glabella, on each side of girder, on genal roll
prolongations, and adjacent to margin of fringe,
with quincunxially arranged small pits between
these rows. Thorax with 29 segments. External
surface of glabella and genae tuberculate (242).
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FIG. 319. Harpidae (p. 0415-0418).

M.Del'., Eu.-N.Afr.-?Asia-?Austral.--FIG. 319,1.
*H. macrocephalus, Ger.; la, exoskel. (reconstr.),
XU (496n); lb, same, lateral, Xl (242*).

Aristoharpes WHITTINGTON, 1950 [*A. rvillsil
[?=Scolaharpes LAMONT, 1948]. Like Selena
harpes but cephalon oval in outline; alae small;
fringe with external surfaces of upper and lower

lamellae traversed by narrow, ramifying, raised
ridges, small pits between the ridges. Thorax with
at least 16 segments. Pygidium with strongly
curved rib furrows. L.Sil., Eng.--FIG. 319".
*A. willsi; 3a,b, ceph., dorsal, lateral, X2 (348*).

Arraphus ANGELlN, 1854 [*A. carniclIlallls]. Na
ture and affinities uncertain. Brim unknown. U.
Ord., Swed. (HE).

© 2009 University of Kansas Paleontological Institute



Ptychoparuda--llarpina 0417

Selenohorpes

3b

Porohorpes

Dolichohorpes

4 Eohorpes

FIG. 320. Harpidae (p. 0417-0418).

Australoharpes HARRINGTON & LEANZA, 1957 (.A.
depresstts] Cephalon oval in outline, of low con
vexity. Small posterior lateral glabellar lobes. Alae
faint, eye tubercles opposite preglabellar furrow,
preglabellar field elevated, laterally outlined by
furrows which diverge forward. Fringe with gir
der extending to tips of prolongations, genal roll
narrow, brim broad, flattened; pits small, closely
and irregularly distributed. L.Ord.(Tremadoc.), S.
Am.---FIG. 319,4. ·A. depressus, Arg.; ceph.,
X3.5 (59·).

Dolichoharpes WHITTINGTON, 1949 (·Eolzarpes uni
serialis RAYMOND, 1925]. Cephalon ovate in out
line, strongly convex; glabella strongly convex,
with short median and anterior lateral glabellar

furrows; alae depressed below rest of genae;
fringe with deep girder extending to tips of pro
longations, genal roll and prolongation broad and
vertical, brim narrow, with flat lower and con
cave upper lamellae; pits large, irregularly and
closely spaced, with tendency to radial arrange
ment in brim; coarse reticulate ornament on ex
ternal surface of glabella and genae (except pos
terior lobes and alae), merging into fringe; curved
ridge on posterior glabellar lobes, smooth paired
oval area between posterior and median lateral
glabella furrows. Hypostoma as in Liolzarpes but
with deeper and more oblique middle furrow and
more pointed posterior ring. Pygidium short, wide
(tr.), with 3 or 4 distinct segments (42). M.Ord.,
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N.Am.-Ire.--FIG. 320,1. "'D. uniserialis (RAY
MOND), Mo.; 1a,b, ceph., dorsal, lateral, X2
(348").

Dubhglasina LAMONT, 1948 ["'D. aldonensis]. Na
ture and affinities uncertain. M.Ord., Scot.

Eoharpes RAYMOND, 1905 [pro Harpina NovAK,
1885 (non Harpina BOECK, 1871; nec DEJEAN in
BURMEISTER, 1844] ["Harpes primus BARRANDE,
1872; SD BASSLER, 1915]. Cephalon subcircular
in outline, convex; anterior part of glabella de
pressed below genae, posterior lateral glabellar
lobes small; alae small, faint, depressed; genal
roll prolongation broad (tr.), with bluntly rounded
tip, girder extending to tips of prolongations,
brim flat with low anterior fold, pits of medium
size, irregularly spaced. Thorax with 12 to 15
segments. External surface of glabella and genae
apparently smooth but inner surface of genae im
pressed with pattern of radiating, anastomosing
ridges and lines of pits between them. M.Ord.,
Boh.--FIG. 320,4. E. benignensis (BARRANDE);
exoskel. (reconstr.), X2.7 (496n).

Hibbertia JONES & WOODWARD, 1898 ["Harpes
flanagani PORTLOCK, 1843 (=Hibbertia orbicu
laris JONES & WOODWARD, 1898)] [=Platyharpes
WHITTINGTON, 1950 (obj.)]. Like Paraharpes but
outline of cephalon subcircular, fringe with nar
rower genal roll and broader brim, pits smaller,
thorax with few more than 10 segments. M.Ord..
Scot.-Ire:

Lioharpes WHIWINGTON, 1950 ["'Harpes venulosus
HAWLE & CORDA, 1847]. Like Harpes but alae nar
rower (tr.), no conspicuous rows of large pits
flanking girder or at external margin; radiating
ridges prominent on inner part of brim, faint on
genal roll. M.Dev., Boh.-?Fr.-?Sp.--FIG. 319,2.
"L. venuloms (HAWLE & CORDA), Boh.; 2a-c,
hypostoma, left side, ventral (exterior), posterior,
X2.5 (348").

Metaharpes LAMONT, 1948 ["'M. amibouei]. Only
brim known. L.Sil., Scot.

Paraharpes • WHITTINGTON, 1950 ["'Harpes (Eo
harpes) hornei REED, 1914]. Outline of cephalon
oval; glabella convex, carinate; alae large, not de
pressed; fringe with girder extending to tips of
prolongations, brim flat, large pits in rows flank
ing the girder, along external margin, and on
prolongations. Thorax with 23 to 25 segments.
External surface of genae (not alae) with raised,
radiating, reticulate pattern of ridges. M.Ord.-U.
Ord., Eng.-Scot.-?Ala.--FIG. 320,3. "'P. hornei
(REED), U.Ord., Scot.; 3a,b, ceph., dorsal, side,
X 1.5 (348"').

Selenoharpes WHITTINGTON, 1950 ["'Harpes (Eo
harpes) youngi REED, 1914]. Cephalon subcircu
lar in outline; genal ridges faint, alae large, de
pressed below level of genae; fringe with girder
curving in behind genal angles to meet internal
rim, broad genal roll and brim, latter with out
ward-sloping prolongation, pits. tiny and close
spaced, larger ones flanking girder and at external

margin. External surface of genae with radiating
ridges that continue inward to genal roll only. Hy
postoma, thorax, and pygidium unknown. L.Ord.
M.Ord., Eu.--FIG. 320,2. "'S. youngi (REED),
M.Ord., Scot.; ceph., X9 (348"').

Family HARPIDIDAE Whittington, 1950
[=Loganope1tidae HUPE, 1955]

Cephalic border not sharply set off from
convex genae and preglabellar field' alae
small; semicircular; facial sutures ma;ginal,
or WIth parallel anterior and posterior sec
tions running close to each other and di
rected anterolaterally from eye tubercles to
margin; genal caeca radiating over cheek
lobes and in some extending onto cephalic
border. Hypostoma subrectangular (Har
pides), length (sag.) equal to that of gla
be~la. Thorax with 20 or more segments;
aXIs narrow; long (tr.) pleurae curving
back at outer part may be extended into
spines, with deep pleural furrows and con
vex posterior bands. U.Cam.-L.Ord' J Vt.
Que.-Newf.-S. Am.-Eu.-C. Asia (105, 117,
194, 249, 348, 349).
Harpides BEYRICH, 1846 ["'H. hospes] [=?Dictyo
cephalites BERGERON, 1895]. Glabella 0.3 of length
(sag.) of cephalon, with prominent posterior lat
eral lobes; eye tubercles opposite anterior margin
of glabella, eye ridges directed slightly backward;
alae depressed below level of genae; genal caeca
strong, anastomosing, extending to narrow, convex,
marginal rim, irregularly spaced tiny pits between
caeca on concave cephalic border. Probably
cephalic doublure of same width as border (with
out opposing pits?), with genal spines borne by
such doublure. Pygidium unknown (348). L.Ord.,
Vt.-Que.-Eu.-Arg.-C.Asia.--FIG. 321,3a. H. ru
goms (SARS & BOECK), Norway-Swed.; cran., Xl
(444).--FIG. 321,3b. H. grimmi (BARRANDE),
Czech.; incomplete cran. and thorax, XO.7 (370"').

Fissocephalus LERMONTOVA, 1951 ["'F. expansus].
Resembles Loganopeltoides. U.Cam., NE.Kazakh
stan (HE).

Loganopeltis RASETTI, 1943 ["'L. depressa]. Gla
bella short, subconical, elevated above fixed cheeks,
not sunk in depression; eyes disconnected from
facial sutures, which are marginal. Thorax of 20
01' more segments. Pygidium elongate, with short
axis, pleurae converging backward and termin
ating in pair of flat spines. L.Ord., N.Am.-
FIG. 321,2. "'L. depressa, Que.; 2a, incompl. exo
skel. (ho!otype), X3; 2b, cran., oblique lateral,
X3; 2c, pyg., X4 (448n).

Loganopeltoides RASETTI, 1945 ["'Conocephalites
zenkeri BILLINGS, 1860]. Like Loganopeltis but
both sections of facial sutures running outward
and forward from eyes close together but sep-
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FIG. 321. Harpididae (p. 0418).

arately (L. kindlei) or merged into one (L.
zenkeri). U.Cam.(Trempeal.), N.Am.--FIG.
321,la,b. *L. zenkeri (BILLINGS), Que.; la, cran.,
X1.5; lb, pyg., X3 (448n).--FIG. 321,lc. L.
kindlei RASETTI, Newf.; cran., X 4 (448n).

Family ENTOMASPIDIDAE Ulrich in
Bridge, 1930

[nom. CQrrect. HENNINGSMOEN, 1951 (pro Entomaspidae
V,.R'CH in BRIDGE, 1930) ]

Exoskeleton small. Cephalon semicircu
lar, characterized by anterior and posterior
sections of facial sutures close to each other,
both directed outward-backward; librigenae
fused together through doublure, dorsally
consisting of narrow strips connecting eyes
to margin and genal spines. V.Carn.-L.Ord.
Entomaspis ULRICH in BRIDGE, 1930 ["E. radiatus].
Glabella tapering, truncate, less than 0.5 of length
of cephalon; fixigenae convex; border wide, radial
ly striateJ; eyes small, at level of glabellar mid
point; eye ridges strong, oblique; posterior areas
slenJer, curving backward. PygiJium widely tri
angular; axis prominent, with several segments;
pleural fields flat, with downturned margin.
U.Cam.(Trempeal.), N.Am.--FIG. 322,2. "E.
radiatt/s, Mo.; 2a-c, cran., pyg., librigenae, X7.5
(448n).

Hypothetica Ross, 1951 ["H. rawi]. CraniJium
weakly convex; glabella short, subovate; eye riJges
thick, directed transversely. L.Ord., N.Am.-
FIG. 322,1. *H. rawi, Utah; cran., X 15 (258).

Suborder TRINUCLEINA
Swinnerton, 1915

[nom. correct. WHITTINGTON herein (pro Trinucleida SWIN

"-ERTON, 1915) J [=Ampycini SALTER, 1864; superfamily
CrYPlolilhidea RICHTER, 1933; Trinuc1eacea. KOBAY.ASHI, 193~,
Raphiophorace:a HENNINGSMOEN, 1951j Tnnudeoldae HUPE,

1953J [Type-Trinucleu; MURCHISON, 1839]

Cephalon subsemicircular to triangular in
outline; glabella convex, subquadrate to
clavate, with 3 or fewer pairs of lateral
furrows and oval lateral lobes in some,
median tubercle or glabellar spine in some
genera; occipital ring short, narr0':'V; al~e

characteristic of young stages, retamed m
some adults; genae convex, eye lobes absent
or represented by tubercles, genal ridges
present in some genera; cephalic border
narrow, rolled, or comprising broad, bilami
nar fringe with opposed pits; long genal
spines; facial sutures opisthoparian, submar
ginal or marginal anteriorly and anterolat
erally, becoming dorsal posterolaterally near
or at genal angles. Thorax generally with
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FIG. 322. Entomaspididae (p. 0419).

5 to 7 segments (but as many as 30 in
Seleneceme); axis narrow; pleurae broad
(tr.), Bat, with deep pleural furrows. Pygid
ium subsemicircular or subtriangular in out
line; narrow axis reaching posterior margin;
commonly with many rings and furrows or
double rows of muscle scars; pleural fields
Bat, margin broad. Surface smooth or with
raised ridges generally in reticulate pattern

but tending to anastomosed radial arrange
ment on genae. L.Ord.-M.Sil.

Family TRINUCLEIDAE Hawle & Corda,
1847

[nom. corrut. (ex Trinucleides HAWLE & CORDA, 1847· ICZN
Opinion 505) I [=:Trinucleen EMMRlCH, 1844 (inv~lid

vernacular name) l

Cephalic fringe broad, sloping outward,
bilaminar, with numerous opposed pits on
external surfaces, extending posterolaterally
somewhat behind rest of cephalon; convex
occipital ring commonly with backward
directed spine, occipital furrow with deep
apodemal pit; glabella expanding forward,
reaching to inner margin of fringe, deep an
terior pits at extremities of axial furrows;
genae subtriangular in outline, with or
without eye tubercles and faint eye ridges;
lower lamellae of fringe bearing genal
spines. Thorax with 6 segments; convex
axial rings, with deep apodemal pits
in articulating furrows; pleurae with broad
diagonal pleural furrows, pleural tips bent
down. Pygidium triangular, length (sag.)
0.25 to 0.5 of width (tr.); axis with many
rings; pleural fields with shallow pleural
furrows. Surface of glabella and genae may
bear reticulate pattern of raised ridges, mar
gin of fringe and pygidial border with ter
raced lines (2, 78, 79, 344, 346). L.Ord.-U.
Ord.

Subfamily TRlNUCLElNAE Hawle & Corda, 1847
[nom. transl. & correct. WHITTINGTON, 1941 (ex Trinudeides

HAWLE & CORDA, 1847) I

Glabella with convex frontal lobe, 3 pairs
of short, deep, lateral glabellar furrows; pits
in upper lamella of fringe deeply sunk in
radial sulci anteriorly and laterally. L.Ord.
M.Ord.

Trinucleus MURCHISON, 1839 [non LINK, 1807
(ICZN Op. 505) J [·T. fimbriatus; SO VoGDES,
1890J [=Edgellia SHAW, 1950 (obj.); Botrioides
STETSON, 1927J. Median and posterior glabellar
furrows deepest and longest. Pygidium strongly
transverse, with breadth 3 or 4 times length
(sag.). L.Ord.-M.Ord., Br.I.-Norway-Swed.--
FIG. 323,5. ·T. fimbriatus, M.Ord., Wales; exo
skel., X2.7 (496n).

Paratrinucleus WHITTINGTON, 1941 [·Trinucleus
acervulosus RAYMOND, 1920J. Like Trinucleus but
median and posterior glabellar furrows isolating
pair of triangular lateral lobes. Pygidium wiIh
width about twice length (sag.), many segments.
M.Ord., Va.
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Subfamily TRETASPIDINAE Whittington, 1941
{nom. corrt!ct. WHITTINGTON, herein (pro Tretaspinac

WHITTINGTON, 1941) 1
Glabella with prominent frontal lobe, 3

pairs of lateral glabellar furrows; fringe

divided into convex genal roll and concave
brim, former commonly with concentric
ridges between pits, latter with pits in deep
radial sulci anteriorly. M.Ord.-U.Ord.

2

Tretaspis

Novaspis

6

L1oydolithus

lb

Cryptol i thus

5

Trinucleus
_~.""-"'''''''''''''''''''i

FIG. 323. Trinucleidae (Trinucleinae, Cryptolithinae, Novaspidinae) (p. 0420-0424).
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FIG. 324. ·Guandacolithus jurquei HARRINGTON &
LEANZA (Trinucleidae), U.Ord., NW.Arg.; ceph.,

X5 (59·).

Tretaspis M'Coy, 1849 [non Tretaspis MURCHISON,
18351 (ICZN Op. 505)] [.Asaphus seticornis
HISINGER, 1840; SD BASSLER, 1915]. Frontal gla
bellar lobe subcircular in outline, posterior part of
glabella with median posterior glabellar furrows
converging inward; 2 rows of pits external to

girder, in some species fusing anteriorly into
single row; no median occipital spine. M.Ord.
U.Ord., E. N. Am.-Br. I.-Norway-Swed.-Boh.-
FIG 323,2. ·T. seticornis (HISINGER), Up.M.Ord.
U.Ord., Br.L-N.Eu.; exoskel., X2 (473·).

Reedolithus BANCROFT, 1929 [·Trinuclew subradia
tus REED, 1903]. Glabella carinate, lateral glabel
lar furrows short; with median occipital spine;
eye tubercles and eye ridges present; fringe with
single row of large external pits, 5 or more rows
of smaller pits internally, arranged concentrically
and radially. M.Ord., Scot.-Norway-Swed.-Que.

?Guandacolithus HARRINGTON & LEANZA, 1957 [·G.
ttlrqllei]. Glabella pyriform, with 3 pairs of lat
eral glabellar furrows; eye tubercles and eye
ridges present; fringe broad laterally, narrow an
teriorly, position of girder unknown; 4 complete
rows of pits, outermost of which are large, with
21 or 22 pits on each side in concentric and
curved-radial arrangement, also inside innermost
complete row, 2 additional rows bordering genae
and laterally 3 incomplete rows outside outermost
complete row of large pits, incomplete rows be
ing arranged concentrically and radially with
respect to complete rows. M.Ord.( Caradoc.), S.
Am.--FIG. 324. ·G. jurqllei, NW.Arg.; ceph.,
X 10 (59·).

Subfamily CRYPTOLITHINAE Angelin, 1854
[nom. transl. BANCROFT, 1933 kx Cryptolithidac ANGELIN,

1854)]

Glabella clavate to carinate, with single
pair of short lateral glabellar furrows; eye
tubercles and eye ridges usually absent. L.
Ord.-U.Ord.

Cryptolithus GREEN, 1832 [.c. tesse/atus]. Fringe
with concentric rows of pits that show radial
arrangement also anteriorly, characteristically with
raised radial ridges between outer row or rows
and concentric ridges between inner rows, one
row of pits external to girder. L.Ord.-U.Ord., N.
Am.-Br.L--FIG. 323,1. ·C. tesse/attlS, M.Ord.,
E.N.Am.; la, exoskel., dorsal, with left half of up
per lamella of fringe removed; 1b, same, lateral;
both X2.7 (496n).

Onnia BANCROFT, 1933 [non Tetrapsellitlm HAWLE
& CORDA, 1847, ICZN pend.] [·Cryptolithus super
bus BANCROFT, 1929]. Upper lamella of fringe
convex, with 2 complete rows external to girder
and 2 internal in concentric arrangement, rows
on each side of girder larger, outermost row of
many small pits; bordering genae additional rows,
depressed or with marked radial arrangement.
M.Ord.-U.Ord., Eng.-Boh.-Fr.-Port.-N.Afr.-Venez.
--FIG. 325,1. ·0. SIIperba (BANCROFT), U.Ord.,
Eng.; ceph., X2 (422·).

Broeggerolithus BANCROFT in LAMONT, 1935 [pro
Broeggeria BANCROFT, 1933, non Broeggeria WAL
COTT, 1903] [·Cryptolithus broeggeri BANCROFT,
1929] [?=Ulricholithus BANCROFT, 1949]. Fringe
with 4 rows of pits in concentric and radial ar
rangement, 2 external; additional pits postero!at
erally, 1 or 2 pits intercalated in external row in
front of glabella. M.Ord., Eng.-Wales.

Cryptolithoides WHITTINGTON, 1941 [·C. ulrichi J.
Anterolateral cephalic margin angulate; fringe
with numerous small pits, single regular external
row, Ist internal row in radial concentric arrange
ment with it, inside this row pits irregularly ar
ranged. M.Ord., Okla.-Tex.--FIG. 325,2. ·C.
ulrichi, Okla.; exoskel. (paratype), X2.5 (496·).

Reuscholithus BANCROFT, 1929 [.R. reusehi].
Fringe with 4 continuous rows of pits, 2 of which
form narrow zone external to girder, 4 additional
rows laterally; pits irregular in size and distribu
tion. M.Ord., Eng.
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Salterolithus BANCROFT, 1929 [*Trinucleus caractaci
MURCHISON, 1839]. Fringe with 3 or 4 rows of
pits outside girder, 2 complete rows inside, addi
tional rows laterally; arrangement in concentric
tows adjacent to girder. M.Ord., Eng.

Marrolithus BANCROFT, 1929 [*Trinucleus ornatus
var. favus SALTER, 1848]. Fringe with angulate
margin anterolaterally, pits in radial and con
centric arrangement, variable area of upper lamel
la inflated anterolaterally. M.Ord., Wales-Eng.-Fr.
Port.-N.Afr.--FIG. 323,4. *M. favus (SALTER),
M.Ord., Wales; ceph., Xl.5 (361*).

Marrolithoides A. WILLIAMS, 1948 [*M. simplex].
Pits in simple radial arrangement, anterolateral
inflation of upper lamella rare or absent. M.Ord.,
Eng.

Talaeomarrolithus A. WILLIAMS, 1948 [*Trinucleus
radiattls MURCHISON, 1839]. Glabella with poorly
developed frontal lobe, fringe with pits in radiating
sulci that bifurcate anterolaterally. M.Ord., Eng.
Wales.

L1oydolithus BANCROFT, 1933 [*Trinucleus lloydi
MURCHISON, 1839]. Pygidium with posterolateral
margins in smooth arc; outer parts of pleural fur
rows curving sharply back; small convex alae at
base of glabella; fringe with pits in concentric
rows, strong radial arrangement anteriorly, irregu
lar posterolaterally, 2 rows external to girder. M.
Ord., Eng.-Wales.--FIG. 323,6. *L. lloydi (MUR
CHISON); exoskel. (reconstr.), with right half of
upper lamella of fringe removed, X2.7 (496n).

Protolloydolithus A. WILLIAMS, 1948 [*Trilluclet/s
ramsayi HICKS, 1875]. Glabella with 2 pairs of
glabellar furrows; fringe with single row of pits
external to girder, inside girder numerous small
pits, radial arrangement anteriorly, elsewhere
irregular; otherwise like Uoydolitht/s (352, 361).
M.Ord.(Llanvirn.), Eng.-Wales.

Eirelithus LAMONT, 1941 [*Trint/cleus thersites
SALTER, 1853]. Triangular depressed regions bor
dering posterior part of glabella; fringe narrow,
with 2 rows of pits external to girder, some addi
tional pits anterolaterally, 1st internal row com
plete, few additional pits anterolaterally; eye
tubercles and eye ridges present (115). M.Ord.,
Ire.

Famatinolithus HARRINGTON & LEANZA, 1957 [*F.
1l0/iCIlS]. Fringe narrow, outer surface of upper
lamella deeply concave, broad rim and deep girder
forming rolled outer edge of fringe; 2 rows of
pits, outer large, inner incomplete only in front
of glabella, additional pits anterolaterally between
these 2 rows. M.Ord.( Llanvirn.), S.Am.--FIG.
326. *F. noticus, NW.Arg.; exoskel. (reconstr.),
X4.5 (59*).

Myttonia WHITTARD, 1955 [*M. contllSa]. L.Ord.
(Arellig.) , Eng.

Bergamia WHITTARD, 1955 [*B. rhodesi]. L.Ord.
M.Ord., Eng.

10

Onnio

2

Cryptol ithoides

FIG. 325. Trinucleidae (Cryptolithinae) (p. 0422).

Incaia WHITTARD, 1955 [*Trinlldet/s nordenskioldi
BULMAN, 1931]. M.Ord.(Llanvirn.}, Peru.

Stapeleyella WHITTARD, 1955 [*S. illcollS/alls]. M.
Ord.( Llanvirn.}, Eng.

Bettonia WHITTARD, 1956 [*B. froll/alis). M.Ord.,
Eng.

Hangchungolithus Lu, 1956 [*Cryptoli/!ws tIllllti
seria/IIS ENDO, 1932]. Like Myffollia. L.Ord., W.
Tapashan, China.

Ningkianolithus Lu, 1956 [*Cryptolitlllls wellert'
ENDO, 1932]. Like Pl'%lloydolitiJ/ls. L.Ord., W.
Tapashan, China.

Nankinolithus Lu, 1957 [*N. Ilallkillensis]. Fringe
like Broeggeroli/!ws, external pits in deep radial
sulci, all pits in such sulci anteriorly; laterally in
ternal pits irregulary arranged. U.Ol'd., Tangshan,
China.
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FIG. 326. ·Famatinolithus noticus HARRINGTON &
LEANZA (Trinucleidae), M.Ord., NW.Arg.; exoskel.

(reconstr.), X4.5 (59·).

Subfamily NOVASPIDINAE Whittington, 1941
[nom. corr~ct. WHITTINGTON, herein (pro Novaspinae

WHITTINGTON,1941)]

Glabella with subspherical frontal lobe,
posterior portion low, 2 pairs of short lateral
glabellar furrows; no eye tubercles; narrow,
Rat fringe, with 2 rows of pits in radial sulci
anteriorly. V.Ot·d.

Novaspis WHITTINGTON, 1941 [·Tretaspis elevata
COOPER & KINDLE, 1936]. Characters of subfamily.
U.Ord. Que.-?Scot.--FlG. 323,3. ·N. elevata
(COOPER & KINDLE); ceph., X1.5 (346·).

Family OROMETOPIDAE Hupe, 1955
Glabella subparallel-sided or expanding

forward, convex, basal lateral furrow (if
present) short and close to occipital furrow,
preoccipital part of glabella extended back
ward as a spine; occipital ring short (sag.),
convex; axial and preglabellar furrows shal
low, with anterior pit in some forms; broad
(sag., exsag.) preglabellar field, narrow an
terior and lateral cephalic border; convex
triangular genae, with posterior border wid
ening (exsag.) laterally, border furrow ter
minating distally in deep pit; large eye lobes
centrally situated on genae, palpebral rims
continuous with eye ridges; gently convex
alae triangular in outline, not separated
from occipital ring by axial furrows; genal
spines extended back far beyond pygidium.
Doublure narrow, rolled, hypostoma not
known in place (associated hypostomas with
transversely rectangular outline), with shal-

low depression at posterolateral corners.
Thorax with 7 or 8 segments; axial rings
may bear median spine on 3rd and 4th seg
ments; pleurae horizontal; shallow, straight
pleural furrow. Pygidium with 6 or fewer
axial ring furrows; pleural fields with 1st
pleural furrow. External surface of cepha
Ion with raised reticulate pattern, terraced
lines on doublure and hypostoma (287). L.
Ord.(Tremadoc.).

Orometopus BR91GGER, 1896 [.Holometoptls? elati
frons ANGELlN, 1854]. Characters of family. L.
Ord.(TI·emadoc.), Eu.-S.Am.--FIG. 327,3. ·0.
datifrons (ANGELIN), Swed.; exoskel. (reconstr.),
X7 (496n).

Family DIONIDIDAE Giirich, 1908
[nom. correct. RAYMOND, 1920 (pro Dionideae GURICH, 1908)]

Cephalon, thorax, and pygidium sub
equal in length (sag.); glabella with an
terior part strongly convex, suboval pos
terolateral lobes, median tubercle, or short
glabellar spine; eyes absent; with 2 genal
ridges; facial sutures curving across genal
angles on dorsal side; cephalic fringe
bilaminar with lamellae close together and
opposing pits, largest externally, irregularly
arranged; girder external. H ypostoma with
ovate middle body and broad (tr.) lateral
areas. Thorax with 6 segments, 1st longest
(sag., exsag.) , pleural furrows curving for
ward, concave toward front. Pygidium with
narrow axis having about 20 or fewer rings
and pleural furrows (352). M.Ord.-V.Ord.
Dionide BARRANDE, 1847 [ICZN Opinion 350]
[.Dione formosa BARRANDE, 1846] [=Polyto
mt/I'tts HAWLE & CORDA, 1847 (obj.); Trigrypos
KOBA YASHl, 1940]. Glabella subquadrate, with
median tubercle; preglabellar field short (sag.) or
absent; fringe broad. Axial rings of thorax and
pygidium with anterolateral corner isolated by
diagonal furrows; sigmoidal course of posterior
edge of rings characteristic. Inner part of anterior
band of Ist thoracic pleurae inflated. Surface of
genae and pleurae pitted, ridges between pits
forming reticulate pattern. M.Ord.-U.Ord., Eu.
Va.-Yunnan.--FlG. 327,2. ·D. formosa (BAR
RANDE), M.Ord., Boh.; exoskel. (reconstr.), X1.25
(496n).

Digrypos KOBAYASHI, 1940 [·Dionide Izybrida REED,
1915]. Cephalon only known, like Dionide, fringe
narrowing posterolaterally and pits not extending
to genal angle. M.Ord., Burma.

Dionidella PRANTL & PRIBYL, 1948 [·D. incisal·
Like Dionide but relatively longer thorax and
shorter pygidium, latter with terminal axial spine.
M.Ord., Boh.
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Trinucleoides RAYMOND, 1917 ["'Trinucleus reussi
BARRANDE, 1856). Glabella clavate in outline, with
upwardly directed glabellar spine and prominent
posterolateral lobes; girder stout, pitted portion

of fringe narrow. Pygidium short (sag.), tri
angular, with 8 to 10 axial rings. M.Ord., Boh.
--FIG. 327,1. "'T. reussi (BARRANDE); la, exo
skel.; 1b, hypostoma, ventral; both X 1.7 (496n).

Orometopus

40

Ampyx

4b
:,. -...~..•.._..--.....
:- - --"-

...".-......-"'...,..-..."._.... -. .:--~

~~~
5

Anisonotella

FIG. 327. Orometopidae, Dionididae, Raphiophoridae (p. 0424-0426).
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FIG. 328. Raphiophoridae (p. 0426-0427).

Family RAPHIOPHORIDAE Angelin,
1854

[=Ampycidae CHAPMAN, 18901

Cephalon and pygidium subtriangular in
outline. Glabella expanding forward, with
median glabellar spine directed upward
forward in some genera; occipital ring con
vex; elongate (exsag.) convex alae united
with occipital ring present in some adults;
eyes absent; facial sutures in curved path
along outer part of genae, uniting along an
terior margin of cephalon; cephalic border
and doublure narrow, latter not crossed by
sutures. Hypostoma unknown. Thorax with
5 to 7 segments, 1st commonly longer
(exsag.) than others. Pygidium with many
ring furrows, pleural regions with one or
many pleural furrows (350, 352). L.Ord.
M.Sil.
Raphiophorus ANGELlN, 1854 [OR. seliroslris; SO

RAYMOND, 1925]. Glabellar spine long; alae small.
Thorax with 5 segments, 1st longer (exsag.) than
others. Pygidium short, with broad border. M.Ord.,
?M.Sil., Eu.-?USA(Ark.).--FIG. 328,1. OR. seli
roslris, M.Ord., Swed.; exoskel., X5 (496°).

Ampyx DALMAN, 1827 [OA. nasllllls] [=Brae!ly
ampyx FORBES, 1849 (obj.)]. Glabellar spine long,
upwardly curved, circular in cross section; with 3

pairs of ovate muscle scars on glabella, 4th pair
at extremities of occipital furrow; alae absent;
genal spines circular in cross section. Thorax with
6 segments; pleural furrows deepening outward,
last 3 pairs curving forward, concave toward front.
Pygidium with 2 paired rows of muscle scars on
axis; pleural fields with single pair pleural
furrows. External surface with fine pits, terraced
lines on vertical borders and doublure. L.Ord.
M.Ord., N.Am.-Eu.--FIG. 327,4. °A. IlamltlS,
L.Ord., Swed.-Norway-USSR.; 4a, exoskel., X 1.5;
4b, ceph., left lateral, X 1.5 (496n).

Ampyxina ULRICH, 1922 [OA. bassleri (=oEndy
mionia bellaltlla SAVAGE, 1917)]. No glabellar
spine; alae large; rolled cephalic border narrow.
Thorax with 5 segments, 1st longer (sag., exsag.)
than others; pleural furrows curving forward,
convex toward front. Pygidium with 6 pairs of
pleural furrows curving outward-backward. M.
Ord.-U.Ord., Va.-Ala.-Tenn.-Ill.-Mo.--FIG. 329,
1. °A. bellalllia (SAVAGE), U.Ord., Ill.; exoskel.
(reconstr.), X4.7 (496n).

Anisonotella WHITTINGTON, 1952 [pro Anisonollls
RAYMOND, 1920 (non WHITE, 1847, nom. til/d.;
nee MILNE EDWARDS, 1879)] [OSlwmardia glaeialis
BILLINGS, 1865]. Glabella clavate, with 3 pairs of
lateral furrows as subcircular pits, small median
tubercle; narrow (11'.) alae extending forward
outside axial furrows to opposite median glabellar
furrows; genal ridges commencing in axial fur-

© 2009 University of Kansas Paleontological Institute



Ampyxino

Ptychopariida-Trinucleina

2

Seleneceme

0427

...., ..
._ '"."...

~" " ....,,' J ......

3

Endymionio

FIG. 329. Raphiophoridae, Endymionidae, Alsataspididae (p. 0426-0428).

rows opposite anterior glabellar furrows and
curving outward-backward to genal angles; genae
behind genal ridges inflated; posterior borders
wide (exsag.) at genal angles. Thorax with pleural
furrows of 1st 3 to 5 segments curving convex
forward. Pygidium with 13 axial rings; 7 or 8
pairs of pleural furrows, 4 interpleural grooves.
External surface of cephalon inside border with
fine raised lines in Bertillon pattern, faint radial
ridges peripherally on genae and preglabellar field.
M.Ord., New£.- ?Scot.- ?Swed.--FIG. 327,5. •A.
glacialis (BILLINGS), New£.; exoskel. (reconstr.),
X4 (496n).

Cnemidopyge WHITTARD, 1955 [·Trinucleus nl/dus
MURCHISON, 1839]. Like Ampyx but distinguished
by many axial rings and pleural furrows of
pygidium. M.Ord., Eng., Wales.

Edmundsonia B. N. COOPER, 1953 [·E. typal. Like
Anisonotella but glabella with 2 pairs of shallow
lateral furrows and ovate lateral lobes; preglabellar
field short; genal ridges trifid. Thorax with 6 seg
ments (26). M.Ord., Va.-?Scot.--FIG. 328,4. ·E.
typa; exoskel., X 1.3 (26").

Lonchodomas ANGELlN, 1854 [·Ampyx rostratus
SARS, 1835; SD BASSLER, 1915]. Like Ampyx but
glabella diamond-shaped in outline, carinate, with
long median glabellar spine subquadrate in section
directed horizontally; glabella with 2 pairs of
muscle scars; genal spines subquadrate in section.
Thorax with 5 segments. Pleural regions of pygid
ium with 2 pairs of narrow pleural furrows. L.
Ord.-U.Ord., N.Am.-S.Am.-Eu.-Asia.--FIG. 328,
3.•L. rostratum (SARS), Up.L.Ord., Norway; 3a,
cran., dorsal, X2.7; 3b, pyg., X4 (496).

Mendolaspis RUSCONI, 1951 [·M. salagastensis].
Based on pygidium like that of Ampyx but with

axis tapering more rapidly and lacking muscle
scars; glabella of attributed cranidium (?Asaphus
salagastensis RUSCONI, 1951) does not project over
anterior border, lacks glabellar spine, and has
short basal lateral glabellar furrows. M.Ord.
(Llanvim.), S.Am.--FIG. 330. ·M. salagastensis,
NW.Arg.; a,b, ceph., pyg., X2.4 (59·).

Raymondella REED, 1935 [non BANCROFT, 1933
(nom. nud); nee WHITTINGTON, 1938] [·Ampyx?
maeeo110elliei NICHOLSON & ETHERIDGE, 1879].
Like Ampyxina but glabella flask-shaped, with
hemispherical anterior part; alae subcircular in
outline. Thorax with broad, shallow pleural fur
rows. External surface with small, closely spaced
tubercles; genae with raised anostomosing ridges
subparallel to anterolateral margins, crest of each
ridge with single line of tubercles. M.Ord., Scot.
--FIG. 328,2. ·R. maeeonoehiei (NICHOLSON &

ETHERIDGE); exoskel. (reconstr.), X4 (452).

Family ENDYMIONIIDAE Raymond,
1920

[nom. correct. WHJTTINGTON, herein (pro Endymionidae
RAYMOND, 1920) I

Glabella subcircular in outline, with 3 or
fewer pairs of furrows; convex genae con
tinuous with convex preglabellar field; eyes
absent; facial sutures marginal anterolateral
ly, probably curving across posterolateral
areas of genae to isolate narrow (tr.) libri
genae. Thorax with 7 segments; pleur~l !ur
rows curving concavely forward. PygldlUm
triangular. L.Ord.-M.Ord.
Endymionia BILLINGS, 1865 [pro Endymion BILL

INGS, 1862 (non SWAINSON, 1832)] [·Endymion
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FIG. 330. ·Mendolaspis salagastensis RUSCONI
(Raphiophoridae), M.Ord.(Llanvirn.), NW.Arg.;

a,b, ceph., pyg., x2.4 (59").

meeki BILLINGS, 1862]. Frontomedian glabellar
lobe convex, with median tubercle, lateral glabel
lar lobes long, undivided; preglabellar field steeply
bent down; posterior border furrows arcuate for
ward, ending distally in shallow pits; nature of
cephalic border, course of sutures, librigenae, and
genal spines unknown. Pygidium short, with 4 or
5 axial rings, 3 pairs of pleural furrows, and steep
border. External surface of preglabellar field with
concentric raised lines. M.Ord., Que.-Newf.-
FIG. 329,3. "E. meeki (BILLINGS), Que.; exoskel.
(reconstr.), X4 (496n).

Salteria W. THOMSON, 1864 [non WALCOTT, 1884]
["S. primaeva]' Glabella subcircular with 3 pairs of
pits representing lateral furrows, posterior pair con
nected by shallow longitudinal grooves to occipital
furrow, median tubercle between these grooves;
preglabellar field short. Pygidium with 10 to 12
axial rings, 6 of 7 pairs of pleural furrows. Ex
ternal surface with radial ridges on preglabellar
field; fine anastomosing raised lines running trans
versely on posterior cephalic border and thoracic
pleurae. M.Ord., Scot.-Va.

Family ALSATASPIDIDAE Turner, 1940
[nom. correct. WHITTINGTON, herein (pro Alsataspidae

TURNER, 1940)1
Cephalon with long frontal axial spine

distally upcurved, genal spines curving back
and reaching beyond pygidium. Glabella
subcircular in outline, occipital ring narrow
(tr.), short (sag.), anterior median longi
tudinal glabellar furrow deep, paired lateral
longitudinal furrows shallow, extending for
ward short distance from occipital furrow;

long (sag.) frontal area with low convexity;
genal regions gently convex, without eye
lobes, facial sutures curving across genal
angles, presumably marginal anterolaterally
and anteriorly. Thorax with 30 or fewer
segments, widest at about 4th segment; axis
narrow, pleurae bent down at extremities,
with deep slightly diagonal pleural furrows.
Pygidium narrow, with 10 or fewer seg
ments (352). L.Ord.
Seleneceme T. H. CLARK, 1924 ["S. propinqua]

[=Alsataspis TURNER, 1940]. Characters of fam
ily. L.Ord., Newf.-Que.-Tex.--FIG. 329,2. S.
evansi (KINDLE), Newf.; exoskel. (reconstr.), X2.2
(496n).

Falanaspis TJERNVIK, 1956 ['OF. aliena]. Like
Seleneceme, but glabella lacks anterior median
longitudinal glabellar furrow, and has short, shal
low paired lateral longitudinal furrows and a
median tubercle. Facial suture marginal and
frontal axial spine borne by doublure. L.Ord.(L.
Arenig.), Swed.

Family HAPALOPLEURIDAE
Harrington & Leanza, 1957

Exoskeleton small, isopygous, opistho
parian. Cephalon semielliptical in outline,
transversely elongate; glabella convex, ex
panded forward, with 3 pairs of short lat
eral furrows which may be almost obsolete;

FIG. 331. Hapalopleura longicornis HARRINGTON &
LEANZA (Hapalopleuridae), L.Ord., Arg.; exoskel.

(reconstr.), x5.5 (59·).
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Hapalopleura Araiopleura

FIG. 332. Hapalopleuridae (p. 0429).

preglabellar field wide; anterior border
wide, sloping steeply downward, eyes small,
submedian, located far from glabella; eye
ridges narrow, long, raised, librigenae nar
row, with very long curved genal spines.
Thorax with 6 segments, not clearly differ
entiated from pygidium; axis narrow;
pleurae narrow (exsag.) , ribbon-like,
straight, normal to axis, with very distal
fulcrum, deep submedian furrow and ex
tremities rounded or ending in short spines.
Pygidium very similar to thorax, with 10 to
22 segments, spatulate to rounded-subtri
angular in outline; segmentation of pleural
regions reaching margin; border absent.
L.Ord.

Hapalopleura HARRINGTON & LEANZA, 1957 ['"H.
clavata]. Exoskeleton ovoid in outline. Cranidium
subtrapezoidal; glabella convex, raised above level
of fixigenae, clavate, expanded forward, with 3
pairs of lateral furrows that normally are faint;
preglabellar field wide, raised forward; anterior
border not differentiated by border furrow, steeply
sloping downward; posterior areas of fixigenae
subtrapezoidal ; eyes small, submedian, located

far from glabella; eye ridges narrow, long, raised,
straight, normal to axis or oblique forward-out
ward; librigenae subtriangular, narrow, with long
curved genal spines. Thorax with 6 segments;
axis narrow; pleurae with rounded extremities.
Pygidium spatuliform to triangular-subspatulate
in outline, with 11 to 22 segments identical to
thoracic. L.Ord., Arg.--FIG. 332,1. '"H. clavata;
incompI. exoskel. (reconstr.), X9 (59'").--FIG.
331. H. longicornis HARRINGTON & LEANZA; exo
skeI. (reconstr.), X5.5 (59'").

Araiopleura HARRINGTON & LEANZA, 1957 ['"A. reti
wlata]. Differs from Hapalopleura in having
glabella long, narrow, pyriform, expanded for
ward, with 3 pairs of very faint small lateral
depressions; frontal area depressed; posterior areas
of fixigenae very wide, subrhomboidal in outline,
slightly inflated, with vaguely differentiated tri
angular areas near glabella; eyes located very far
from glabella, eye ridges normal to axis; anterior
sections of facial sutures subparallel in front of
eyes; surface of cephalon (excluding glabella, eye
ridges, and anterior border) with irregularly dis
tributed pits separated by network of raised lines.
Thoracic pleurae with extremities ending in very
short spines, surface of anterior 4 pleurae bearing
sculpture similar to that of cephalon. Pygidium
subtriangular in outline, with not less than lO
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FIG. 333. "1tyophorus undulatus WARBURG (hyo
phoridae), U.Ord., Swed.; a,b, ceph., dorsal, lateral,

X9 (489).

segments identical to those of thorax. L.Ord., Arg.
--FIG. 332,3. "A. reticulata; exoskel (reconstr.),
X14.6 (59").

Clavatellus POLETAEVA, 1955 ("C. globosus]. Re
sembles Hapalop1eura. L. Ord. (U. Tremadoc.),
USSR (HE).

Rhadinopleura HARRINGTON & LEANZA, 1957 ("R.
eurycephala]. Differs from Hapalopleura in hav
ing cranidium semielliptical-subtrapezoidal in out
line, glabella pyriform-subhexagonal, with 3 pairs
of short deep lateral furrows; front.al area slightly
convex; fixigenae very wide; eyes located far from
glabella, eye ridges normal to axis, anterior sec
tions of facial sutures convergent in front of eyes.
Thoracic pleurae slightly sinuous. Pygidium un
known. L.Ord., Arg.--FIG. 332,2. *R. eury
cephala; cran. (holotype), X 10 (59*).

Family ITYOPHORIDAE Warburg, 1925
[In the opinion of H. B. WHITTINGTON, this family is so
doubtfully classifiable as belonging in the Trinucleina that
it should be segregated under the de-signalioD "affinities unp

certain:'-Ed.]

Cephalon of harpid form; convex glabella
reaching to inner margin of bilaminar
fringe, expanding slightly forward, with 3
short lateral glabellar furrows; occipital ring
prolonged backward, with low median tu
bercle; genae narrower than glabella, con
vex, sloping steeply outward, with narrow
(exsag.) posterior border; eye lobes close to
anterolateral margins of genae, broad (ex
sag.) eye ridges extending directly inward
to axial furrows; anterior sections of facial
sutures running outward-forward in curve
to margins, posterior sections curving out
ward along edge of genae to posterior mar
gins; fringe concave upward, genal roll
steeply sloping to gently inclined brim, with
prolongations about 05 of length (sag.) of
cephalon; narrow convex external and in
ternal rims; lamellae of fringe bent into 4

folds that are separated by narrow furrows
subconcentrical to rim so that 3 inner folds
extend back along prolongation, outer fold
being placed just outside anterior sections of
facial sutures. Thorax with 6 segments; axis
convex; pleurae straight, inner part hori
zontal, outer portion beyond fulcrum bent
down and faceted, with deep pleural fur
rows. Pygidium wider than long, convex
axis divided into 5 or 6 rings, narrow post
axial ridge; inner part of pleural fields
horizontal, outer part sloping gently to
narrow border, 5 pairs pleural furrows ex
tending to border, interpleural grooves shal
lower. Doublure narrow. External surface
smooth (323). U.Ord.
Ityophorus WARBURG, 1925 ["1. undulatus]. Char
acters of family. U.Ord., Swed.--FIG. 333. *1.
undulatus; a,b, ceph., dorsal, lateral, X9 (323).

Order PHACOPIDA Salter, 1864
[nom. transl. HARRINGTON &: LEANZA, 1957, er Phacopini
SALTER, 1864] [=order Proparia BEECHER, 1897; order Pha
copida HARRINGTON & LEANZA, 1957 (erroneously attributed by

them to RICHTER, 1932)] [Type-Phacops EMMRICH, 1839]

An order of post-Cambrian trilobites,
probably derived from the Ptychopariida.
Cephalon with facial sutures typically pro
parian (most Phacopina and Cheirurina) or
gonatoparian (most Calymenina, some
Cheirurina), but maybe opisthoparian
(some Calymenina and Cheirurina) or even
lacking (some Cheirurina); glabella vari
ously shaped, commonly expanding forward
(Phacopina, most Cheirurina) or tapering
forward (Calymenina, some Cheirurina),
lateral glabellar furrows (if present) var
iously developed; preglabellar field short
(sag.) or lacking; rostral plate present
(Calymenina, most Cheirurina) or lacking
(Phacopina, some Cheirurina). Thorax with
8 to 19 segments. Pygidium mostly medium
to large, but small in some exceptional early
representatives. Known protaspides of simi
lar type (496). L.Ord.-UDev.

Suborder CHEIRURINA

Harrington & Leanza, 1957
[Erroneously ascribed to OPIK, 1937, by HARRINGTON. &
LEANZA, 1957] [Superfamily Cheiruracea OPlK, 1937; Chell
uroidae HUPE. 1953 (attributed to OprK, 1937] [Type-

Cheirurus BEYRICH, 1845]

Exoskeleton proparian, rarely gonato
parian or exceptionally opisthoparian;
cephalon with axis expanding forward or
tapering, or oval in outline, with whole or
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part more or less strongly inflated; glabella
with as many as 4 pairs of lateral or trans
glabellar furrows; preglabellar field very
short (sag.) or lacking; fixigenae with or
without genal spines; eyes small or absent,
and facial sutures may be lacking. Rostral
plate present; hypostoma free. Thorax with
8 to 19 segments, with smooth, ridged, or
furrowed pleurae. Pygidium with 2 to 16
pairs of ribs. Appendages only of Ceraurus
described. L.Ord.-M.Dev.

Family CHEIRURIDAE Salter, 1864
[=Chirurides HAWLE & CORDA, 1847; Chiruridae ANGELIN,
1854, suppression of both pend. [CZN; =Cerauridae MILLER,

1889]

Pleurae with pointed or bluntly rounded
spines and oblique or transverse pleural
furrows, in some genera represented by row
of pits, or effaced. Pygidium with 2 to 4
pairs of pleural ribs and spines; axial rings
few. Surface commonly tuberculate, pitted,
or both. Appendages only of Ceraurus de
scribed; antennae uniramous, other ap
pendages biramous, with gill branches bear
ing filaments only on distal segments (178,
359). L.Ord.(Tremadoc.)-M.Dev.

The ancestral stock from which various
representatives of this suborder assigned to
the Pliomeridae, Cheiruridae, and Encrinur
idae are interpreted to have been derived is
contained in the subfamily Pilekiinae of the
Pliomeridae. Direct descendants of the Pile
kiinae presumably are genera of the Cheir
urinae and Cyrtometopinae (subfamilies of
Cheiruridae), whereas other cheirurids
(Acanthoparyphinae, Sphaerexochinae, Dei
phoninae, Areiinae), except the Heliomeri
nae, of uncertain relationships, are deriva
tives of the Cyrtometopinae.

Subfamily CHEIRURINAE Salter, 1864
[nom. Iran!/. RAYMOND, [913 (_x Cheiruridae SALTER, [864)]

Glabella expanding forward or with sub
parallel sides; preoccipital lateral glabellar
furrow generally curved backward, com
monly joining occipital furrow. Hypostoma
with elongate middle body. Thorax gen
erally of 11 segments; proximal part of
pleurae with distinct oblique pleural fur
rows. Pygidium with 3 pairs of pleural
spines, 2 posterior pairs more or less re
duced in some. L.Ord.-M.Dev.
Cheirurus BEYRICH, 1845 ["'C. insignis; SD BARTON,

1913 (non C. exsul, SD REED, 1896, because this
species was not originally assigned to Cheirurus)]

FIG. 334. "'Ceraurinella typa COOPER (Cheiruridae),
M.Ord., Va.; exoskeI. (reconstr.), X 4.5 (359).

[=Chirurus BURMEISTER, 1846 (obj.)]. Glabella
expanding forward, overhanging anterior border,
occipital and preoccipital furrows joined at middle.
Thorax with 11 segments. Pygidium with 3 pairs
of subequal pleural spines and a terminal spine.
U.Ord.-M.DetJ., cosmop.
C. (Cheirurus). Eyes moderately close to glabella,

fixigenae wider (tr.) than occipital ring, glabella
with 2 pairs of lateral furrows in front of pre
occipital furrow. Pygidium with slender pleural
spines. U.Ord.-Sil., cosmop.--FIG. 335,9. "'C.
(C.) insignis, SiI.(Motei beds), Boh.; 9a, exoskeI.;
9b, hypostoma; both Xl (370).

C. (Crotalocephalus) SALTER, 1853 ["Calymene
articulata MUNSTER, 1840]. Eyes close to glabella;
fixigenae narrower (tr.) than occipital ring; 2
pairs of transglabellar furrows in front of pre
occipital furrow. Pygidium with broad hooklike
pleural spines. L.DetJ.-M.DetJ., Eu.-AsiaM.-
FIG. 335,6. C. (C.) gibbus (BEYRICH) Bdnfk
beds, Boh.; 6a, ceph.; 6b, thoracic segment; 6c,
pyg.; all Xl (370).
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Ceraurinella COOPER, 1953 [OC. typal. Like Cerau
rus, but with eyes farther back (opposite 2p) and
nearer glabella; with short genal spines. M.Ord.,
N.Am.--FIG. 334. "C. typa, Va.; exoskel. (re
constr.), X4.5 (359).

Ceraurinus BARTON, 1913 ["C. marginatus]. Like
Ceraurus but with longer lateral glabellar furrows

and finer surface ornamentation. M.Ord.-U.Ord.,
N.Am.-Eu.-Asia.--FIG. 335,2. "C. marginatus
Richmond, Manitou I., Lake Huron; incompl.
ceph., Xl (372).

Cerauroides PRANTL & PRIBYL, 1947 ["Cheirurus
hawlei BARRANDE, 1852]. Eyes opposite base of
anterior lobe; short genal spines. Pygidium with

Osekospis
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FIG. 335. Cheiruridae (Cheirurinae) (p.0431·0433).
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long anterior pair of pleural spines and 2 rudi
mentary posterior pairs. U.Sil., Eu.--FIG. 335,1.
"C. hawlei (BARRANDE), U.Sil. (Budnany beds),
Boh.; la,b, ceph., pyg., both XO.5 (178,370).

Ceraurus GREEN, 1832 ["C. pleurexanthemus].
Gl::bella expanding forward, with 3 pairs of short
lateral furrows; eyes set well away from glabella,
opposite 3p; fixigenae with long genal spines.
Thoracic segments generally 11. Pygidium with
long pair of axially recurved pleural spines from
anterior segment. Surface tuberculation coarse.
M.Ord.-U.Ord., Eu.-Greenl.-N.Am. Himalaya.-
FIG. 335,5. "C. pleurexanthemus, M.Ord., E.USA;
5a, exoskel. (reconstr.); 5b, hypostoma; both
X 1.5 (43, 450).

Hapsiceraurus WHITTINGTON, 1954 ["H. hispidus].
Like Ceraurus but glabella parallel-sided, outer
parts of genae bent down steeply, lateral and
anterolateral borders broad, and with large paired
tubercles on occipital and axial rings. Rostral plate
short, narrow. U.Ord., Arct.N.Am.-Greenl.-
FIG. 336,1. "H. hispidus, U.Ord., Baffin I.; la-c,
incompl. cran., hypostoma, thoracic segment,
X2.5 (496).

?Krattaspis QPIK, 1937 ["K. viridatus]. Glabella
expanding markedly forward, with transglabellar
preoccipital furrow and 2 pairs of short lateral
furrows; eyes rather close to glabella, opposite 2p
lobes and with distinct eye ridges joined to 3p
lobes; only incomplete cranidium and hypostoma
known. L.Ord., Est.--FIG. 335,8. "K. viridatus;
L.Ord.(Miiekiila), Est.; incompl. cran., X3 (160).

Lehua BARTON, 1915 ["Cheirurus vinculum BAR
RANDE, 1872] [=Kre;cia NOVAK, in PRANTL &
PRIBYL, 1947 (obj.)]. Glabella with 3 pairs of
subequal lateral furrows, eyes opposite anterior
pair. Thorax with 11 segments. Pygidium with 3
pairs of slender axially recurved spines. L.Ord.
M.Ord., Eu.-S.Afr.-?India.--Fw. 335,7. "L. vin
culum (BARRANDE), M.Ord.(Sv. Dobrotlva beds),
Boh.; 7a-c, cran., thoracic segment, pyg., X I
(370).

Osekaspis PRANTL & PRIBYL, 1947 ["Cheirurus
comes BARRANDE, 1872]. Glabella subrectangular,
with 3 pairs of lateral furrows, preoccipital pair
not reaching occipital furrow; eyes rather close to
glabella opposite 2p lobes. Surface partly pitted
minutely. Thorax and pygidium unknown. M.
Ord., Czech.--FIG. 335,3. "0. comes (BAR
culurn (BARRANDE), M.Ord.(Sv. Dobrot/va beds),
Boh.; 7a-c, cran., thoracic segment, pyg., X I
(370).

Pseudocheirurus PRANTL & PRIBYL, 1947 ["Cheirur
us beyrichi BARRANDE, 1846]. Glabella with 3
pairs of lateral furrows, preoccipital pair reach
ing occipital furrow; fixigenae about as wide
(tr.) as occipital ring. Pygidium with 3 pairs of
broad, bluntly rounded pleural spines. U.Si1.,
Czech.--FIG. 335,4. "P. beyrichi (BARRANDE),
4a-c, ceph., thoracic segment, pyg., all X2 (370).

10

Hopsicerourus

Remipygo

FIG. 336. Cheiruridae (Cheirurinae) (p. 0433).

Remipyga WHITTINGTON, 1954 ["R. glabra]. Like
Ceraurinella but glabella subrectangular in out
line, with 3 gently curved lateral furrows directed
backward-inward. Pygidium with paddle-shaped
1st pleural spine expanding distally and bearing
strong median carina. U.Ord., Arct.N.Am.--FIG.
336,2. 'OR. glabra, U.Ord., Baffin I.; 2a-c, incompl.
cran., thoracic segment, pyg., X3.75 (496).

Subfamily CYRTOMETOPINAE Opik, 1937

Glabella tapering or widening forward,
or oval in outline, with 3 pairs of more or
less differentiated lateral furrows, preocci
pital pair usually curved backward, com
monly meeting occipital furrow; sutural
ridges present or not, eye ridges lacking.
Middle body of hypostoma usually about as
wide as long. Thorax with 10 to 12 seg-
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FIG. 337. Cheiruridae (Cyrtometopinae) (p. 0434-0435).

ments, with spinose or bluntly rounded
pleurae bearing transverse furrows that may
be represented by a row of pits, or effaced.
Pygidium with 3 or 4 pairs of pleural spines.
L.Ord.-Sil.

Cyrtometopus ANGELIN, 1854 ["Calymene clavi·
frons DALMAN, 1827]. Glabella with convex sides,
preoccipital lateral furrows curved to meet occipital
furrow; posterior sections of facial sutures sig
moidal, for some distance transverse; eyes oppo
site 3p lobes, sutural ridges in front of eyes;
genal spines strong. Thoracic pleurae with short
furrows. Pygidium with 3 pairs of pleural spines,
progressively smaller backward. L.Ord., Eu.·?Asia.

--FIG. 337,5. "C. clavifrons (DALMAN), L.Ord.,
N.Eu.; 5a-c, ceph., thoracic segment, pyg., all
XI (382, 468).

Actinopeltis HAWLE & CORDA, 1847 ["A. carolial
exandri (="Cheirurus globosus BARRANDE, 1846)]
[non Actinopeltis POULSEN, 1946 (=Grinnellaspis
POULSEN, 1948)]. Bulbous glabella protruding
over anterior margin, with preoccipital lateral fur
rows curved to meet occipital furrow; eyes OppO
site 2p lobes; posterior sections of facial sutures
almost transverse. Thorax with 11 segments,
pointed pleurae with transverse row of minute
pits. Pygidium with 4 pairs of pleural spines. U.
Ord" Boh.--FIG. 337,1. "A. globosus (BAR-
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RANDE), U.Ord. (KnUuv Drur beds), Boh.; la,b,
ceph., pyg., both X 1.5 (370).

Eccoptochile HAWLE & CORDA, 1847 ["Cheirurus
clauiger BEYRICH, 1845; SO BARTON, 1920]. Gla
bella with 3 pairs of subequal lateral furrows, pre
occipital pair not reaching occipital furrow. Pygid
ium with 3 or 4 pairs of broad, bluntly rounded
spines. M.Ord.-U.Ord., Eu.
E. (Eccoptochile). Thorax with 12 segments,
pleurae with transverse row of pits. Pygidium
with 3 pairs of pleural spines. M.Ord., Eu.--
FIG. 337,3. "E. (E.) clauigera (BEYRICH), M.Ord.,
Boh.; 3a-c, ceph., thoracic segment, pyg., all
XO.5 (370).

E. (Eccoptochiloides) PRANTL & PRIBYL, 1947
["Cheirurus tumescens BARRANDE, 1852]. Thorax
with 10 segments bearing short pleural furrows.
Pygidium with 4 pairs of pleural spines. M.Ord.
U.Ord., Eu.---FIG. 337,4. "E. (E.) tumescens
(BARRANDE), U.Ord.(Lodenice beds), Boh.;
4a'c, ceph., thoracic segment, pyg., all X 1.5
(370).

E. (Placoparina) WHITTARD, 1940 ["Cryphaeus
sedgwicki M'CoY, 1849]. Like E. (Eccoptochile)
but with pedunculated eyes close to anterior
border. M.Ord., Eng.---FIG. 337,2. "E. (P.)
sedgwicki (M'CoY); 2a-c, cran., thoracicseg
ment, pyg., all Xl (495).

Kawina BARTON, 1915 ["Cheirurus uulcanus BILL
INGS, 1865]. Glabella tapering slightly forward.
Pygidium with 3 pairs of ribs. Poorly known.
L.Ord., N.Am.---FIG. 337,8. "K. vulcanus
(BILLINGS), L.Ord., E. Can.; 8a,b, ceph., incompl.
pyg., both Xl (379).

Pseudosphaerexochus SCHMIDT, 1881 ["Sphaerexo
chus hemieranium KUTORGA, 1854; SO REED,
1896] [?=Zethus PANDER, 1830 (non FABRICIUS,
1805), "Z. uniplicatus; SD EICHWALD, 1855
(?="P. hemieranium)]. Glabella oval in outline;
posterior sections of facial sutures running oblique
ly backward. Thoracic pleurae with transverse row
of pits. Pygidium with 3 or 4 pairs of pointed
pleural spines. L.Ord.-Sil., Eu.-?N.Am.
P. (Pseudosphaerexochus). Pygidium with 4 pairs

of pleural spines. M.Ord.-Sil., Eu.-?N.Am.--
FIG. 337,7. "P. hemieranium (KUTORGA); 7a-c,
ceph., thoracic segment, pyg., all X2 (370).

P. (Pateraspis) PRANTL & PRIBYL, 1947 ["Cheirur
us pater BARRANDE, 1872]. Pygidium with 3 pairs
of pleural spines. Thorax with 12 segments. L.
Ord.-M.Ord., Boh.---FIG. 338. "P. pater (BAR
RANDE), M.Ord.(Sarka beds), Boh.; a-d, ceph.,
thoracic segment, pyg., hypostoma, all Xl
(370).

Reraspis OPIK, 1937 [·Cyrtometopus plautini
SCHMIDT, 1881]. Glabella expanding slightly for
ward, with deep lateral furrows; posterior sections
of facial sutures oblique; sutural ridges present;
eyes close to lateral margins. Thorax with 10 seg
ments, pleurae with interrupted pleural furrows.
Pygidium with 3 pairs of flattened pleural spines.

o

FIG. 338. "Pseudosphaerexochus (Pateraspis) pater
(BARRANDE) (Cheiruridae), M.Ord., Czech.; a-d,
ceph., thoracic segment, pyg., hypostoma, all Xl

(370).

M.Ord.-U.Ord., Est.---FIG. 337,6. ·R. plautini
(SCHMIDT), M.Ord.(Kukruse), Est.; 6a·c, ceph.,
thoracic segment, pyg., all X2.2 (160).

Stubblefie!dia PRANTL & PRIBYL, 1947 [*Cheirurus
neglectus BARRA~DE, 1872]. Glabella bulbous.
Thoracic segments Il, pleurae without furrows
ending in bluntly pointed spines. Pygidium with
3 pairs of short, bluntly rounded spines and a
similar terminal spine. U.Ord., Boh.---FIG. 337,
9. *S. neglecta (BARRANDE); 9a-c, cran., thoracic
segment, pyg., all X I (370).

Subfamily ACANTHOPARYPHINAE
Whittington & Evitt, 1953

Glabella tapering toward anterior mar
gin, more or less inclined forward; eyes
opposite lp or 2p lobes. Hypostoma with
prominent lateral shoulders and relatively
wide lateral notch. Thoracic pleurae with
transverse row of pits. Pygidium with 2
pairs of pleural spines, anterior pairs com
monly more strongly developed than others.
L.Ord.-U.Ord.
Acanthoparypha WHITTINGTON & EVITT, 1953 [*A.

per/orata]. Glabella without spine and not divided
in 3 longitudinally; without occipital spine. M.
Ord., N.Am.-Eu.---FIG. 339. *A. per/orata, Va.;
restored incompI. exoskel., X5.7 (359*).

?Hadrohybus RAYMOND, 1925 [·H. dunbari]. Gla
bella without lateral furrows but with spine1ike
inflation, smooth. Only cranidium known. M.Ord.,
Newf.---FIG. 341,5. "H. dunbari; incompl. cran.,
XI (449).

Holia BRADLEY, 1930 [*H. magnaspina]. Glabella
faintly divided in 3 longitudinally, without large
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FIG. 339. •Aeanthoparypha per/orata WHITTINGTON
& EVITT (Cheiruridae), M.Ord., Va.; incompl. exo

skel. (reconstr.), X5.7 (359).

glabellar spine; occipital spine present. M.Ord.,
N.Am.--FIG. 340. H. secristi WHITTINGTON &

EVITT, Va.; restored incompl. exoskel., X 8.5
(359·).

Nieszkowskia SCHMIDT, 18tH L"'Sphaeroexoehus
cephaloceros NIESZKOWSKI, 1857; SD REED, 1896].
Glabella with spine and not divided in 3 longi
tudinally; without occipital spine. ?L.Ord., M.Ord.
V.Ord., Eu.-N.Am.--FIG. 341,4. "'N. eephalo
ccros (NIESZKOWSKI), M.Ord., Est.; 4a, restored
ceph., 4b, side view of ceph., 4e, pyg., all Xl
(468n).

Subfamily SPHAEREXOCHINAE opik, 1937

Glabella dominating, almost circular in
outline, strongly inflated, overhanging an
terior margin and front parts of fixigenae,
which are markedly narrower (tr.) than
glabella; genal spines rudimentary or ab
sent. Hypostoma cyrtometopinoid. M.Ord.
Sil., ?Dev.
Sphaerexochus BEYRICH, 1845 [·S. mirus]. Pre

occipital pair of lateral glabellar furrows distinct,
curved, usually reaching occipilal furrow, with 2

additional pairs of short lateral glabellar furrows
in some species. Thorax with 10 segments, pleurae

with poorly defined flanges, bluntly rounded
spines, and lacking pleural furrows. Pygidium with
3 pairs of short and broad, bluntly rounded
spines. Surface smooth. M.Ord.-Sil., Eu.-N.Am.
India-Austral.--FIG. 341,2. ·S. mirus, L.Sil.,
Boh.; 2a,b, cran.; 2e,d, thoracic segment, pyg.,
all Xl (370).

Pompeckia WARBURG, 1925 ['"Sphaerexoehus wege
lini ANGELIN, 1854]. Preoccipital lateral glabellar
furrows not recurved to meet occipital furrow.
Pleurae with short furrows running obliquely
forward. Pygidium with 3 pairs of pleural spines
and terminal spine. Surface smooth. V.Ord., N.
Eu.--FIG. 341,1. ·P. wegelini (ANGELIN), U.
Ord., Swed.; la,b, cran., le-e, thoracic segment,
pyg., hypostoma, all X I (323).

Subfamily DEIPHONINAE Raymond, 1913

Glabella in front of preoccipital furrow
greatly inflated and wider than rest of gla
bella. Thorax with ?8 or 9 segments. M.
Ord.-Sil.
Deiphon BARRANDE, 1850 [·D. forbesi]. Librigenae

very small, fixigenae reduced to a long genal
spine. Thorax with 9 segments, pleurae not in
contact with each other. Pygidium with 2 pairs of
pleural spines, posterior pair largest. Sil., Eu.-N.
Am.--FIG. 342. ·D. forbesi, Wenlock, Eng.;
exoskel. (reconstr.), X1.75 (341,466·).

FIG. 340. ·Holia secresti WHITTINGTON & EVITT
(Cheiruridae), M.Ord., Va.; incomple. exoskel. (re

constr.), X8.5 (359).
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FIG. 341. Cheiruridae (Acanthoparyphinae, Sphaerexochinae, Deiphoninae, Areiinae, Heliomerinae, Sub
family Uncertain) (p. 0435-0439).
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FIG. 342. *Deiphon forbesi BARRANDE (Cheiruridae),
M.Sil., Eng.; exoskel. (reconstr.), X 1.75 (466).

Hemisphaerocoryphe REED, 1896 [*Sphaerexochus
pseudohemicranium NIESZKOWSKI, 1859; SD BAR
TON, 1920]. Well-developed fixigenae with genal
spine; bulbous part of glabella only slightly wider
than remainder. M.Ord.-U.Ord., N.Eu.--FIG.
341,6. *H. pseudohemieranium (NIESZKOWSKI),
M.Ord. (Johvi), Est.; 6a,b, cran., both X1.5
(160).

Onycopyge WOODWARD, 1880 [*0. liversidgei]. Re
sembles Deiphon but with less reduced fixigenae
and with pleurae in contact with each other.
Thorax with ?8 or 9 segments. Pygidium with 3
pairs of pleural spines, posterior pair broad-based.
Sil., Austral.(N.S.W.).--FIG. 341,10. *0. liver
sidgei, restored exoskel., Xl.5 (341).

Sphaerocoryphe ANGELIN, 1854 [*S. dentata (ICZN
pend.)] [=Sphaerometopus ANGELIN, 1854 (sup
pression pend. ICZN)]. Like Hemisphaerocoryphe
but bulbous part of glabella more dominating. M.
Ord.-U.Ord., Eu.-N.Am.--FIG. 341,7. S. punc
tala ANGELIN, 1854, V.Ord., Swed.; 7a,b, incompl.
ceph. and pyg., both X2 (323).

Subfamily AREUNAE Prantl & Pribyl, 1947

Glabella with subparallel sides; no facial
sutures or eyes. Thorax with 9 or 10 seg
ments, pleurae with transverse rows of pits.
Pygidium with 2 pairs of long pleural
spines. M.Ord.-U.Ord.
Areia BARRANDE, 1872 [*A. bohemica BARRANDE,

1872; SD VOGDES, 1890]. Characters of subfamily.
M.Ord.-U.Ord., Boh.--FIG. 341,8. *A. bohemica,
V.Ord., Boh.; 8a-c, ceph., thoracic segment, pyg.,
all X2 (370).

?Subfamily HELIOMERINAE Evitt, 1951

Glabella dominating, wider than long
and not strongly convex, with 3 pairs of lat-

eral furrows in more or less radial orienta
tion; fixigenae and librigenae very narrow.
Hypostoma rectangular, cyrtometopinoid.
Thoracic axis very wide, tapering backward,
proximal parts of pleurae very narrow (tr.),
distal parts comprising hollow projections.
Pygidial segments few and poorly differen
tiated from the thoracic ones. M.Ord.-U.
Ord.

Heliomera RAYMOND, 1905 [*Cheirurus sol BILL
INGS, 1865 J. Inner ends of lateral glabellar fur
rows not joined by longitudinal furrows. M.Ord.,
Newf.--FIG. 341,9. *H. sol (BILLINGS); cephalic
axis, X5 (42).

Heliomeroides EVITT, 1951 [*H. teres]. Median
glabellar lobe set off by distinct longitudinal fur
rows joining inner ends of lateral glabellar fur·
rows. L.Ord.-M.Ord., N.Am.--FIG. 343. *H.
teres, M.Ord., Va.; incompl., restored exoskel.,
X4.25 (42*).

FIG. 343. *Heliomeroides teres EVITT (Cheiruridae),
M.Ord., Va.; incompl. exoskel. (reconstr.), X4.25

(42).
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Subfamily UNCERTAIN

Youngia LINDSTROM, 1885 [·Cheirurus msplnOSUS
YOUNG, 1868; SD VOGDES, 1917, p. 8] [non
Youngia JONES & KIRKBY, 1886]. Glabella about
as long as wide, with 3 pairs of lateral furrows;
stout occipital spine; fixigenae narrow (tr.), with
long genal spine. Sil.-L.Dev., Scot.-Ura!'--FIG.
341,3. ·Y. trispinosa (YoUNG); incompl. cran., XI
(452).

Family PLIOMERIDAE Raymond, 1913
[nom. transl. (jPIK, 1937 (ex Pliomerinae RAYMOND, 1913)]

I=Amphionidae PICHT, 1854]

Cephalon semicircular to semielliptical in
outline; facial sutures proparian, exception
ally gonatoparian or opisthoparian; glabella
moderately convex, with 2 or 3 pairs of lat
eral glabellar furrows; preglabellar field ab
sent; eyes small to medium size, exception
ally absent. Thorax with 11 to 19 segments;
pleurae smooth, ridged or furrowed. Pygid
ium with 2 to 6 axial rings and terminal
piece; pleural regions with as many pleurae
as there are axial rings; pleurae ending ·in
free spines or blunt edges. L.Ord.-U.Ord.

Subfamily PLIOMERINAE Raymond, 1913

Cephalon with proparian or gonatoparian
sutures; glabella about as wide as long,
evenly expanding forward, with 3 pairs of
lateral glabellar furrows, of which anterior
(3p) pair is usually located in front of an
terolateral angles of glabella; genal angles
rounded; eyes submedian to posterior.
Pygidium with 4 or 5 axial rings and ter
minal piece. L.Ord.-U.Ord.

Pliomera ANGELIN, 1852 [.Asaphus fischeri EICH
WALD, 1825; SD VODGES, 1925 (=Calymene poly
toma DALMAN, 1827 (subj.); Calymene frontiloba
STSCHEGLOFF, 1827 (sub.)] [=Amphion PANDER,
1830 (non HUBNER, 1816)]. Facial sutures gonato
parian; anterior (3p) lateral glabellar furrows
located in front of anterolateral angles of glabella,
reaching anterior border furrow; frontal glabellar
lobe with mesial indentation; anterior cephalic
border bearing 7 to 9 denticulations; fixigenae
L-shaped, pitted; eyes small, posterior; palpebral
lobes raised; eye ridges absent. Thorax with 12 to
18 segments. Pygidium with 4 or 5 axial rings
and minute terminal piece; pleurae ending in very
short spines or blunt points, last pair completely
embracing terminal axial segment. M.Ord., Nor
waY-Swed.-Est.-Arg. -- FIG. 344, 345,5. ·P.
fischeri (EICHWALD), Est.; 344, exoskel. (re
constr.), X2.?; 345,5, hypostoma, X2 (405n,
based on 439, 468).

Cybdopsis POULSEN, 1927 [·C. speciosa]. Differs
from Pliomera in lacking mesial indentation on

FIG. 344. ·Pliomera fischeri (EICHWALD) (Pliomeri
dae), M.Ord., Est.; exoskel. (reconstr.), X2.7

(405n).

frontal glabellar lobe and denticulations on an
terior cephalic border, and in having proparian
sutures; eyes moderately long, submedian, located
at level of median (2p) lateral glabellar lobes;
palpebral lobes elongated. Thorax with 13 seg
ments. Pygidium cybeliform, with 5 axial rings,
long triangular terminal axial piece bearing 2
longitudinal rows of small pits on each side of
axial line; 5 pairs of reclined pleurae ending in
blunt points. L.Ord., Green!.-USA(Utah).--FIG.
345,4. ·C. speciosa; 4a, cran. (Utah), Xl.7; 4b,
pyg. (Green!.), Xl.7; 4c, hypostoma (Utah), X2;
(4a,c, 407·; 4b, 445·).

Pliomerina CHOUGAEVA, 1956 [·Pliomera mar
telli REED, 1917] [=Pliomeraspis HARRINGTON,
1957 (obj.)]. Differs from Pliomera in lack
ing mesial indentation on frontal glabellae lobe
and denticulations on anterior. cephalic border,
and in having anterior (3p) lateral glabellar fur
rows springing from anterolateral corners of gla
bella, much larger frontal glabellar lobe with pair
of oviform longitudinal depressions separated by
low sagittal crest, and much smaller preoccipital
lateral glabellar lobes. M.Ord., China (Yunnan).
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FIG. 345. Pliomeridae (Pliomerinae) (p. 0439-0440).

--FIG. 345,6. ·P. martelli (REED); cran. (holo
type), X6.7 (452·).

Pliomerops RAYMOND, 1905 [·Amp/zion canadensis
BILLINGS, 1859]. Differs from Pliomera in lack
ing indentation on frontal glabellar lobe and den
ticulations on anterior cephalic border, in having
proparian facial sutures, and small submedian
eyes. Thorax with 14 to 19 segments. Pygidium
with 5 axial rings and long terminal axial piece.
M.Ord.-U.Ord., Can.(Que.-Newf.)-USA(Vt.-N.Y.
Va.-Tenn.-Okla.)-Eu.-(Eng.-Swed. - Czech.). -
FIG. 345,2. ·P. canadensis (BILLINGS), M.Ord.
(Tenn.); 2b, cran., Xl (390·).--FIG. 345,1. P.

senilis (BARRANDE), M.Ord., Czech.; la, exoskel.
(lectotype), XO.7; 1b-d, cran., pyg., hypostoma,
X 0.7 (370).

Pseudomera HOLLIDAY, 1942 [·Amphion barrandei
BILLINGS, 1865]. Differs from Pliomera in lacking
denticulations on anterior cephalic border and in
having proparian sutures; anterior (3p) lateral
glabellar furrows not reaching anterior border fur
row; fixigenae without anterior areas, anterior
border furrow with deep mesial pit; eyes mod
erately large, submedian; long palpebro-ocular
ridges. Pygidium with 5 axial rings, long terminal
axial piece with lunate furrow, and pleurae ending
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in long free spines. L.Ord., Can.(Newf.), Green!'
--FIG. 345,3. ·P. barrandei (BILLINGS), Newf.;
3a, cran. (holotype), X2; 3b, pyg. (paratype),
X1.35 (408·).

Subfamily PILEKllNAE Sdzuy, 1955
[nom. transl. HARIUNGTON, herein (eX' Pilekiidae SOZUY,

1955)J

Cephalon with proparian sutures; glabella
oval in outline, parallel-sided or tapering
forward, with 3 pairs of lateral glabellar
furrows; genal angles produced into spines
or exceptionally ?rounded; eyes anterior;
eye ridges or palpebro-ocular ridges present
or absent. Thorax with? 11 or ?12 segments;
pleurae furrowed. Pygidium with 2 to 4
axial rings and terminal piece; 2 to 4 pairs
of furrowed pleurae ending in long free
spines. L.Ord.
Pilekia BARTON, 1915 [·Cheirurus apollo BILLINGS,

1864]. Glabella prominent, wider than long,
strongly tapering forward, strawberry-shaped; lat
eral glabellar furrows directed inward and slightly
backward; length (exsag.) of successive lateral
glabellar lobes increasing from front to back;
frontal glabellar lobe short and small; surface of
glabella granulose; fixigenae narrow (tr.) without
anterior areas, pitted; eyes small, well forward,
close to glabella; palpebro-ocular ridges short;
posterior sections of facial sutures cutting lateral
margins immediately in front of genal angles
which are ?rounded or produced into spines.
Thorax of ?l2 segments; pleurae with oblique
furrows, pleural extremities produced into long
curved spines. Pygidium with 4 axial rings and
triangular terminal axial piece reaching posterior
margin; pleural regions with 4 pairs of furrowed
pleurae ending in long free spines arranged in
groups of 2. L.Ord., Can.(Que.), USA(Vt.-Utah
Ohio).--FIG. 346,lb,c. ·P. apollo (BILLINGS),
Vt.; lb, cran., X2.7; lc, pyg., XO.7 (449).-
FIG. 346,la. P. trio HINTZE, Utah; cran. (holo
type) X3 (407).

Anacheirurus REED, 1896 [·Cheirurus (Eccopto
chile) frederiei SALTER, 1864]. Differs from Pilekia
in having glabella slightly longer, gently tapering
forward, with evenly spaced lateral glabellar fur
rows; eyes rather far from glabella without eye
ridges or palpebro-ocular lobes; posterior sections
of facial sutures cutting lateral margins well in
front of spinose genal angles. Thorax with ?11
segments. Pygidium apparently similar to that of
Parapilekia. L.Ord. (Tremadoc.) , Wales.--FIG.
346,4. *A. frederiei (SALTER); distorted specimen
(lectotype), X I.--FIG. 346,3. A. frederiei?
(SALTER);3a,cran., XO.7;3b,pyg., XO.7 (406n).

Metapilekia HARRINGTON, 1938 ['OM. bilirata]. Dif
fers from Pilekia in having glabella as long as
wide, gently tapering forward, longer (sag.) and
larger frontal glabellar lobe; yoke-shaped anterior

cephalic border; very wide fixigenae with well.
developed anterior areas; eyes located far from
glabella, eye ridges long, arcuate fixigenal ridges
extending from level of mesial (2p) lateral gla
bellar furrows to genal angles; posterior sections
of facial sutures cutting lateral margins well in
front of spinose genal angles. Pygidium with 3
axial rings, small triangular terminal axial piece
and 3 pairs of pleurae ending in long free spines
directed backward. L.Ord., Arg.--FIG. 346,6.
'OM. bilirata; 6a, cran. (holotype), XI.2; 6b, pyg.,
X4.65 (405).

Metapliomerops KOBAYASHI, 1934 ['OPilekia ex
tenuata RAYMOND, 1924]. Differs from Pilekia in
lacking palpebro-ocular ridges and in having gla
bella longer than wide, evenly tapering forward,
with regularly spaced lateral glabellar furrows.
Pygidium with 5 axial rings and terminal piece,
4 pairs of furrowed pleurae ending in long free
spines, and traces of 2 more pairs of pleurae be
hind posterior pair, each produced into incipient
spines. L.Ord., USA (Vt.).--FIG. 346,2. 'OM. ex
tenuatus (RAYMOND); 2a, cran. (holotype), X4.3;
2b, pyg. (paratype), Xl.7 (449).

Parapilekia KOBAYASHI, 1934 ['OCalymene? speeiosa
DALMAN, 1827; SO HOLLIDAY, 1942]. Differs from
Pilekia in having glabella longer than wide, oval
in outline, with lateral glabellar lobes of subequal
length (exsag.); longer frontal glabellar lobe;
wider fixigenae; posterior sections of facial sutures
cutting lateral margins well in front of spinose
genal angles. Pygidium with 4 axial rings and ter·
minal axial piece, which does not reach posterior
margin; 4 pairs of pleurae ending in evenly dis·
tributed long free spines. L.Ord., Swed.-Czech.
--FIG. 346,8. ·P. speeiosa (DALMAN), Swed.;
8a,b, cran., pyg., XO.7 (432).

?Emsurina SIVOV, 1955 ['OE. sibirica]. Cranidium
imperfectly known, resembles Pilekia. Other parts
of exoskeleton unknown. Horizon given as Up.U.
Cam., but may be L.Ord.(Tremadoc.), Sib. (HA).

?Seisonia KOBAYASHI, 1934 ['OS. sphericauda].
Cranidium imperfectly known, similar to that of
Parapilekia. Pygidium with 2 axial rings and
short, posteriorly rounded terminal axial piece,
which does not reach posterior margin, and 1
pairs of broad furrowed pleurae ending in long
free spatulate spines. L.Ord., S.Korea.--FIG.
346,7. 'OS. sphericauda; 7a, cran. (paratype), X2.5;
7b, pyg. (holotype), XI (419).

?Tesse1acauda Ross, 1951 ['OT. depressa]. Differs
from Pilekia in having glabella longer than wide,
subrectangular in outline, evenly spaced lateral
glabellar furrows; very wide posterior areas of
fixigenae; genal angles bluntly pointed; incom
plete palpebro-ocular ridges, ill defined from an
terior cephalic border. Pygidium with 4 axial rings
and terminal piece; 4 pairs of paddle-shaped
pleurae with square ends, anterior 2 pairs bearing
oblique pleural furrows. L.Ord., USA{Idaho-Utah).
--FIG. 346,5. 'OT. depressa, Utah; 5a, cran.
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FIG. 346. Pliomeridae (Pilekiinae) (p.0441).

(holotype), X2; 5b, pyg. (paratype), X2; 5c,
hypostoma (paratype) x5.3 (463).

Subfamily PROTOPLIOMEROPINAE Hupe, 1953
[nom. eorrect. HAIUtINGTON I herein (pro Protopliomeropsinae

HUPE, 1953)]

Cephalon with proparian sutures; gla
bella longer than wide, with 3 pairs of
evenly spaced lateral glabellar furrows, of

which anterior (3p) pair is usually located
at level of anterolateral angles of glabella or
behind it; eyes anterior to submedian; genal
angles rounded or produced into spines.
Thoracic pleurae smooth or ridged. Pygid
ium with 4 to 6 axial rings and terminal
piece; pleurae smooth. L.Ord.
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Protopliomerops KOBAYASHI, 1934 ["P. seisonensis]
[=Strototropis RAYMOND, 1937 (subj.); examina
tion of holotype cranidium of S. laeviuscula RAY
MOND, type species of Strototropis, shows that what
RAYMOND regarded as anterior sections of facial
sutures are anterior border furrow of cranidium,
behind which short palpebro-ocular ridges are
developed]. Glabella parallel-sided, e10ngately
subquadrate in outline; anterior (3p) pair of lat
eral glabellar furrows located well behind antero
lateral angles of glabella; anterior areas of fixigenae
absent, posterior areas wide (tr.), subtriangular;
genal angles produced into spines; eyes anterior,
located near glabella; palpebro-ocular ridges con
spicuous. Number of thoracic segments unknown;
pleurae slightly inflated, with spinose extremities.
Pygidium with 5 or 6 axial rings and triangular
terminal axial piece; pleurae ending in free spines;
last pair completely embracing terminal axial seg
ment. Dorsal surface of cranidium finely granu
lose. L.Ord., S.Korea.-Bol.-USA(Vt.-?Utah).-
FIG. 347,3a. "P. seisonensis; cran. (syntype) (S.
Korea), XlO (419").--FIG. 347,3b. P. puncta
tus KOBAYASHI; pyg. (holotype) (S.Korea), X2
(419").

Hintzeia HARRINGTON, 1957 ["Protopliomerops
aemula HINTZE, 1952]. Differs from Protoptio
merops in having glabella tapering forward or
slightly elliptical in outline, anterior (3p) lateral
glabellar furrows located in front of anterolateral
angles of glabella; eyes anterior or submedian;
genal angles rounded. Hypostoma pointed pos
teriorly. L.Ord., USA(Utah-Nev.-Idaho)-Arg.-
FIG. 347,1. "H. aemula (HINTZE), Utah; la,
cran. (paratype), X4.7; lb, pyg. (paratype),
X4.l5; Ie, hypostoma (paratype), X4.15 (407").

Kanoshia HARRINGTON, 1957 ["Pseudomera kano
shensis HINTZE, 1952]. Differs from Protoplio
merops in having anterior (3p) pair of lateral
glabellar furrows located at level of anterolateral
angles of glabella; eyes longer, less anteriorly
located; genal angles rounded; surface of glabella
granulose; fixigenae pitted. Pygidium with 5 axial
rings. Hypostoma bifurcate, with very wide pos
terior border. L.Ord., USA(Utah).--FIG. 347,
10. "K. kanoshensis (HINTZE); lOa, cran. (holo
type), X4; lOb, pyg. (paratype), X3; IOc, hypo
stoma (paratype), x3.35 (407").

Leiostrototropis RAYMOND, 1937 ["L. phlegeri].
Differs from Protopliomerops in having larger,
more convex glabella with very faint anterior
(3p) lateral glabellar furrows directed inward
and slightly forward, and faint median (2p)
lateral glabellar furrows. Thorax, pygidium and
hypostoma unknown. L.Ord., USA(Vt.).--FIG.
347,8. *L. phlegeri; cran. (holotype), X2.7 (405n
from photograph of holotype.)

Pliomeroides HARRINGTO:-: & LEANZA, 1957 ("Proto
pliomerops de/errariisi HARRINGTON, 1938]. Dif
fers from Protopliomerops in having glabella

strongly tapering forward; eyes submedian, located
moderately far from glabelIa at level of median
(2p) lateral glabellar lobes; eye ridges well de
veloped, curved; anterior areas of fixigenae well
developed. L.Ord., Arg.-Swed.-NorwaY.--FIG.
347,9. "P. de/errariisi (HARRINGTON), Arg.; 9a,
cran. (holotype), XI.2; 9b, pyg., X3, Arg.
(405").

Protopliomerella HARRINGTON, 1957 ["Protoplio
merops contracta Ross, 1952]. Differs from Proto
pliomerops in having glabella strongly tapering
forward, anterior (3p) lateral glabellar furrows
located well behind anterolateral angles of glabella,
supplementary (4p) pair of lateral glabelIar de
pressions at about level of anterolateral angles of
glabella; genal angles rounded. Pygidium with
much wider axis and narrow (tr.) wirelike
pleurae. Hypostoma with strong posterior spine.
L.Ord., USA (Idaho-Utah).--FIG. 347,4. "P.
contracta (Ross), Idaho; 4a, cran. (holotype),
X 4; 4b, pyg. (paratype), X 10; 4c, hypostoma
(paratype), X7 (463").

Pseudocybele Ross, 1951 ["P. nasuta]. Differs from
Protopliomerops in having accessory (4p) pair of
faint lateral glabelIar creases; genal angles round
ed; eyes small, located well forward, close to
glabellar; anterior cephalic border angulate; an
terior border furrow with mesial pit and smalIer
anterior pits. Thorax with 15 segments. Pygidium
cybeliform, with 5 axial rings and long subtri
angular terminal axial piece; 5 pairs of reclined
pleurae ending in blunt points. L.Ord., USA (Utah
Idaho-Nev.).--FIG. 347,5. "P. nasuta, Utah; Sa,
cran. (paratype), X3.5; 5b, pyg., X3.25; 5c,
hypostoma (paratype), X8.3 (407", 463").

Rossaspis HARRINGTON, 1957 ["Protopliomerops
superciliosa Ross, 1951]. Differs from Protoplio
merops in having glabella elIiptical in outline,
anterior (3p) lateral glabellar furrows lo~ated at
anterolateral angles of glabella; genal angles
bluntly spinose. Pygidium with narrower axis and
outstretched pleurae directed outward, then gently
curved backward-outward, terminal axial pieces
trapezoidal in outline reaching posterior margin,
separating posterior pleurae. Hypostoma rounded
posteriorly. L.Ord., USA(Idaho)-Arg.--FIG. 347,
2...R. supereiliosa (Ross), Idaho; 2a, cran. (holo
type), X4; 2b, pyg. (paratype), X4; 2c, hypo
stoma (paratype), XIO.5 (463").

Strotactinus BRADLEY, 1925 [OJAmphion salteri BILL
INGS, 1861]. Differs from Protopliomerops in hav
ing eyes moderately long, submedian, located at
level of median (2p) lateral glabellar lobes; eye
ridges absent; fixigenae narrow (tr.). Pygidium
cybeliform, with 5 axial rings and long triangular
terminal axial piece; 5 pairs of reclined pleurae
ending in blunt points. L.Ord., Can.(Que.).-
FIG. 347,6. "S. salteri (BILLINGS); 6a,b, cran.,
pyg., X2.7 (381").
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Subfamily PLIOMERELLINAE Hupe, 1953

Cephalon with proparian sutures; gla
bella about as wide as long, evenly ex
panded forward, with 2 pairs of lateral gla
bellar furrows converging toward center
of glabella; eyes moderately large, sub
median. Thorax with 19 segments. Pygid
ium with 5 axial rings and long terminal
piece. M.Ord.-U.Ord.
Pliomerella REED, 1941 [*P. serotina]. Glabella
subpentagonal in outline; fixigenae narrow (tr.),
L-shaped; posterior sections of facial sutures di
rected backward behind eyes. Pygidium with long
subrectangular terminal axial piece reaching pos
terior margin. M.Ord.-U.Ord., G.Brit.-VSA(Va.).
--FIG. 348,2a. ·P. serotina, V.Ord., Scot.; cran.
(holotype), X 1.5 (452).--FIG. 348,2b. P.
americana COOPER, M.Ord., Va.; pyg. (paratype),
X2.3 (390).

Subfamily PLACOPARIINAE Hupe, 1953

Cephalon with opisthoparian sutures; gla
bella somewhat longer than wide, evenly
expanded forward, with 3 pairs of lateral
glabellar furrows, of which anterior (3p)
pair reaches axial furrows at anterolateral
angles of glabella; fixigenae shaped as quar
ter circle, without anterior areas; genal
angles pointed; eyes absent; eye ridges pres
ent; librigenae very narrow. Thorax with
12 segments; pleural extremities rounded.
Pygidium small, with 4 axial rings and min
ute terminal axial piece; pleurae ending in
free spatulate spines. M.Ord.
Placoparia HAWLE & CORDA, 1847 [*Trilobites
zippei BOECK, 1828]. Anterior (3p) lateral gla
bellar furrows directed inward-backward, median
(2p) and pre-occipital (Ip) furrows directed nor
mally to axis; facial sutures running very dose to
margin of cephalon; entire surface of cranidium
finely granulose. Hypostoma bifurcate. M.Ord.,
Eng.-Wales-Fr.-Sp.-Port.-Czech.-N. Afr. -- FIG.
347,7. ·P. zippei (BOECK), Czech.; 7a, complete
specimen, X 1.3; 7b, pyg., posterior, X 1.3; 7c,
hypostoma, X 1.3 (370*).

Subfamily DIAPHANOMETOPINAE Jaanusson,
nov.

Cephalon with proparian sutures; glabella
long, flattened; lateral glabellar furrows very
faintly defined or absent; cephalon sur
rounded; rostral plate triangular (in some
species), connecting sutures meeting each
other at posterior margin of doublure.
Hypostoma unknown. Thorax with 11 or 12
segments; pleurae with long diagonal

Diophonometopus

20

2b

Pliomerello

FIG. 348. Pliomeridae (Pliomerellinae, Diaphano
metopinae) (p.0445).

pleural furrow and well-developed facet.
Pygidial pleurae consisting of 4 tergites and
terminal piece; ends of all or only of an
terior tergites free; foremost 2 tergites with
diagonal pleural furrows. L.Ord.
Diaphanometopus FR. SCHMIDT, 1881 [*D. tlol-
borthi]. Characters of subfamily. L.Ord.(Arenig.
llanvirn.), Baltoscandia.--FIG. 348,1. *D. tlol
bort!li; la, ceph., X2; 1b, pyg., X2 (414).

Family ENCRINURIDAE Angelin, 1854
Glabella with subparallel or slightly con-

vex sides, or widening forward. Rostral
plate wide to very narrow (tr.); hypostoma
with elongate middle body. Thorax of 10 to
12 segments, pleurae with transverse pleural
furrow or lacking them. Pygidium with or
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FIG. 349. Encrinuridae (Cybelinae) (p. 0448).

without pleural spines, with 2 to 16 pairs of
ribs and a considerably greater number of
axial rings (except in Staurocephalinae).
Surface generally tuberculate or pitted or
both (91, 227). L.Ord.-Sil.

The Cybelinae gave rise to the Encrinuri
nae. It is uncertain whether the Dindymeni
nae developed from the Cybelinae or the
Encrinurinae.

Subfamily ENCRlNURINAE Angelin, 1854
[nom. transl. Hupi. 1955 <ex Encrinuridae ANGELIN, 1854) J

Glabella expanding forward; facial su
tures generally crossing. No eye ridges.
Thorax of cephalic axis. Thorax with 11 or
12 segments, pleurae without pleural fur
rows. Pygidium with 5 to 16 pairs of ribs.
M.Ord.-Sil.

Encrinurus EMMRICU, 1844 [*Entomostracites punc
tatus WAHLENBERG, 1821 (1819), by suppression
of Trilobus punctatus BRUNNICU, 1781 (proposed
by R. P. TRIPP, 1956, ICZN pend.)] [=Crypto
nymus EICHWALD, 1840 (obj.), non Cryptonymus
EICHWALD, 1825]. Glabella widening markedly
forward, with 3 pairs of lateral or transglabellar
furrows; eyes more or less stalked. Thorax with
II or 12 segments. Pygidium subtriangular, longer
than broad, with ?5 to 10 pairs of ribs. M.Ord.
Sil., cosmop.
E. (Encrinurus). Glabella with 3 pairs of short

lateral furrows, more or less obscured by coarse
tuberculation. M.Ord.-Sil. cosmop.--FIG. 350,4.
E. sp. d. E. punctatus (WAHLENBERG), 40, ceph.,
front; 4b, hypostoma; 4c, exoske1.; all X2.2
(406n, reconstr. based on material from Llandov.
Sh., Oslo, Norway).

E. (Coronocephalus) GRABAU, 1924 [*Enerinurus
(Coronocephalus) rex]. Three pairs of trans-
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FIG. 350. Encrinuridae (Encrinurinae, Dindymeninae, Staurocephalinae) (p. 0446-0449).

glabellar furrows accentuated by intervening rows
of tubercles. L.Sil., China.

Cromus BARRANDE, 1852 ["C. intereostatus; SD
VOGDES, 1890]. Glabella widening slighdy for
ward, with 4 pairs of lateral furrows; eyes mod
erately close or very close to glabella, opposite its
anterior half. Thorax with 10 segments. Pygidium
with 10 to 16 pairs of ribs. Sil., Eu.--FIG. 350,
3. "C. intereostatus, Sil., Boh., 3a, ceph.; 3b, pyg.,
both Xl (370).

Encrinuroides REED, 1931 ["Cybele sexeostatus
SALTER, 1848]. Like Enainurus but glabella with
more distinct lateral furrows and anterior medial
furrow. Thorax with 11 segments. Pygidium

broader than long, with 5 or 6 pairs of ribs. M.
Ord.-U.Ord., Eu.-N.Am.--FIG. 350,7. "E. sex
eostaWs (SALTER), Rhiwlas Ls., Bala, Wales; 7a,b,
ceph. (reconstr.), dorsal, front; 7e, pyg., X 1.5
(350).

?Mitchellaspis HENNINGSMOEN, nom. subsr. herein
[pro Mitehellia VOGDES, 1917 (305, p. 17) (non
DE KONIKCK, 1877)] ["Encrinurus? duntroonensis
ETHERIDGE 8< MITCHELL, 1916]. Resembles Cro
mus, with eyes close to glabella but far back, and
with transverse posterior sections of facial sutures.
U.Sil., Austral.(N.S.W.).--FIG. 350,2. "M.
duntroonensis (ETHERIDGE 8< MITCHELL); incompl.
ceph., Xl (398).
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Staurocephalus Oedicybele

FIG. 351. Encrinuridae (Staurocephalinae) (p.0449).

Subfamily CYBELINAE Holliday, 1942
[nom Iransl. HUPE, 1955 (by error as "sous-famille de Cybeli
dae") (ex Cybdidae HOLLIDAY, 1942)1 [emend. HupE, 1955]

Eye ridges more or less distinct. Thorax
with 11 or 12 segments. Pygidium with 4 or
5 pairs of ribs. L.Ord.-U.Ord.

Cybele LOVEN, 1846 ["'Calymene? bellatula DAL
MAN, 1827; SD VOGDES, 1890] [=Cybelina REED,
1928]. Glabella with subparallel or slightly con
vex sides, with 3 pairs of subequal lateral fur
rows; eyes pedunculate, opposite anterior half of
glabella. Thorax with 12 segments, pleurae bearing
transverse furrows. Pygidium with 5 pairs of ribs.
L.Ord., Eu.-N.Am.--FIG. 349,3. "'C. bellatula
(DALMAN), Expansus Sh., Oslo, Norway; 3a-c,
ceph., thoracic segment, pyg., X3 (406n).

Atractopyge HAWLE & CORDA, 1847 ["'Calymene
verrucosa DALMAN, 1827] [=Cybellela REED,
1928 ("'Zethus rex NJESZKOWSKI, 1857); Cybelella
WEBER & LERMONTOVA in RJABININ, 1934 (nom.
van.)]. Glabella with subparallel sides or widening
somewhat forward, with 3 pairs of lateral fur
rows; row of tubercles or spines in tront of gla
bella; eyes stalked or sessile. Pygidium wtih 4
pairs of ribs. M.Ord.-U.Ord., Eu.-N.Am.--FIG.
349,1. "'A. verrucosa (DALMAN), Red Tretaspis Sh.,
Billingen, Vastergotland, Swed.; type material,
1a,b, ceph., pyg., XO.6 (406n).

Bevanopsis COOPER, 1953 ["'B. ulrichi]. Glabella
widening forward, with 3 pairs of lateral furrows;
eyes far back, eye ridges distinct. Thorax and
pygidium unknown. M.Ord., E.N.Am.--FIG.
349,4. *B. ulrichi, Va.; cran., X6 (26).

Cybeloides SLOCOM, 19I3 ["'C. iowensis]. Three
lateral glabellar lobes more or less distinctly sep
arated from remainder of the glabella by longi
tudinal furrows, eyes far back, eye ridges dis
tinct. Pygidium with 4 pairs of ribs. M.Ord., N.
Am.-Eu.--FIG. 349,2. C. virginiensis CoOPER,
Va.; 2a-c, ceph., pyg., hypostoma, X3 (26).

Paracybeloides HUPE, 1955 ["'Cybele loveni gir
vanensis REED, 1906]. Like Cybeloides but with
lateral glabellar furrows represented by pits, not
united into longitudinal furrows. Thorax with 11
segments. M.Ord., Eu.-N.Am.--FIG. 349,5. "'P.
girvanensis (REED), Scot.; 5a, restored ceph.; 5b,
pyg., both X1.5 (411, 452).

Subfamily DINDYMENINAE Henningsmoen, nov.

Eyes lacking. Thorax with 11 or 12 seg
ments, without pleural furrows. Pygidium
with 2 or 3 pairs of ribs. M.Ord.-U.Ord.
Dindymene HAWLE & CORDA, 1847 [*D. frederi-

ciaugusti; SD BARRANDE, 1852]. Glabella widen
ing forward and projecting over anterior border;
facial sutures present or not. Thorax with 10
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FIG. 352. StaurocephalttS clavi/rons ANGELIN (Encrinuridae), V.Ord., Baltic region (Swed.-Pol.), X8.5
(reconstr.). A, Dorsal view of cephalon, with representation of features on the underside in the anterior
region. B, Sagittal profile of cephalon. (Explanation-CS, connective suture; M, margin of cephalon; R,

rostral suture; S, spine.) (91).

segments. Pygidium with 2 pairs of ribs. M.Ord.
U.Ord., Eu.--FIG. 350,5. *D. /redel'iciallgusti
(BARRANDE), Boh.; 5a-c, ceph., thoracic segment,
pyg., all X2 (370).

Plasiaspis PRANTL & PRIBYL, 1949 [*Dindymene
bohemica BARRANDE, 1872]. Glabella widening
slightly forward, not projecting over anterior
border; facial sutures close to margin. Thorax
with 12 segments. Pygidium with 3 pairs of ribs.
M.Ord., Boh.--FIG. 350,8. *P. bohemiea (BAR
RANDE), 8a, ceph.; 8b, thoracic segment; 8e, pyg.;
all X 1.5 (370).

?Prosopiscus SALTER, in SALTER & BLANFORD, 1865
[*P. mimus]. Resembles Plasiaspis but glabella
tapers slightly forward. M.Ord. Himalaya.--FIG.
350,1. *P. mimus; ceph. (reconstr.), Xl (6).

Subfamily STAUROCEPHALINAE Prantl & Pribyl,
1947

Glabella with inflated anterior lobe, over
hanging in front, and narrow, parallel-sided
posterior portion with 3 pairs of lateral
glabellar furrows; fixigenae with genal
spines. Thorax with 10 or 11 segments,
pleurae with long spines. Pygidium with 3
or 4 axial rings and 3 pairs of pleural spines,
pointing backward. M.Ol'd.-Sil.
Staurocephalus BARRANDE, 1846 [*S. mllrchisoni].

Glabella with anterior lobe extremely inflated,
separated from posterior part by transglabellar
furrows. Ventral sutures of euptychopariid type;

rostral plate large and long (sag.), divided into
anterior part, forming direct continuation of in
flated lobe of glabella, and posterior subtrapezoidal
part. Hypostoma with flattish margin bearing
wings and raised central portion wi th 2 knobs.
Thorax with 10 segments. M.Ord.-Sil., Eu.-N.Am.
Austral. (N.S.W.)-C.Asia.--FIG. 350,9. *S. mur
clzisoni, Sil.(Wenlock), Eng.; exoskel., X2.5
(267).--FIG. 351,1, 352. S. clavi/rons ANGELlN,
V.Ord., Pol.-Swed.; 351,1, exoskel. (reconstr.),
x5.2 (91*); 352A,B, ceph. (reconstr.), dorsal
view showing features of under side, profile, X 8
(91) .

Oedicybele WHITTINGTON, 1938 [*0. kingi]
[=lemtella THORSLUND, 1940 (obj.)]. Anterior
lobe of glabella inflated and separated from pos
terior part by short lateral glabellar furrows. Ven
tral sutures and hypostoma unknown. Thorax with
11 segments. U.Ord., Eu.--FIG. 351,2. *0.
kingi, U.Ord., Pol.-Swed.; exoskel. (reconstr.),
X5.2 (91*).

Family UNCERTAIN
Ectenonotus RAYMOND, 1920 [*Ampilion westoni

BILLINGS, 1865]. Glabella with subparallel sides
and 3 pairs of lateral furrows, anterior pair in
front of anterior corners. Pygidium with 8 to 10
pairs of ribs and a greater number of axial rings.
L.Ord., N.Am.-Ire.--FIG. 353,4. *E. westoni
(BILLINGS), N.Am.; 4a,b, incompl. cran., pyg.,
pyg., both X4 (452).

Encrinurella REED, 1915 [*Pliome"a ingsangensis
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REED, 1906]. Glabella widening forward, with 3
pairs of lateral furrows; genal spines absent.
Pygidium pliomerid-like, with 5 pairs of pleural
spines. M.Ord., E.Asia(N.Shan).--FIG. 350,6.
*E. ingsangensis (REED); 6a, incomplete ceph.; 6b,
pyg., both X4 (452).

Suborder CALYMENINA
Swinnerton, 1915

[-Supt'rfamily Calymenidea RUD. RICHTER, 1933; superfam
il;- Calymenacea KOBAYASHI, 1935; superfamily Calymenoidae
HUPE 1953 (attributed to SWINNERTON, 1915») [Type-

, Calymene BRONGNIART, 1822]

Exoskeleton medium to large in size.
Cephalon semicircular to subtriangu!ar,
with or without border. Glabella narrowmg
forward, bell-shaped to trapezoidal in out
line, with 4 or fewer pairs of lateral furrows
of varying depth (in a few forms no fur
rows); posterior adaxial parts of fixigenae
commonly differentiated as distinct quarter
circle-shaped tracts (paraglabellar areas);
genal spines mostly lacking (present only in
a few Ordovician genera); posterior sections
of facial sutures cutting margins of cephalon
mostly at or in front of genal angles. Hypo
stoma subrectangular, small anterior wings
with indented posterior margin (except in a
few early forms with rounded margin).
Thorax narrowing moderately backward;
almost uniformly composed of 13 segments
but rarely with fewer; axis occupying 0.3 or
more of thoracic width; pleural ends round
ed. Pygidium transversely elliptical to elon
gate triangular, mostly medium to large
(small in early genera only), with number
of segments ranging from few in early
genera to many in later genera; pleur~l por
tions downward-backward from aXIs. L.
Ord.-MDev.

Opinions differ as to whether trilobites
assigned to the Calymenina are opistho
parian. In this connection, it is pertinent to
note that (I) affinities of the Calymenina
(especially early forms) to ptychopariid
trilobites are far greater than with any other
trilobite group, and (2) some Calymenina
(e.g. Pharostoma, Pharostomina, Bavarilla)
possess genuine librigenal spines, whereas
no genus of the assemblage incontestably
bears fixigenal spines in the adult.

Two fairly homogeneous evolutionary
lines can be recognized in the Calymenina,
which respectively are grouped in the fam
ilies Calymenidae and Homalonotidae. They
must have split apart early in Ordovician

time or before. The Homalonotidae may
have been derived from the early Trema
docian genus Bavarilla or a similar form.
The Calymenidae may be descendants of
the early Tremadocian Pharostomina, or
alternatively, may have branched off from
the homalonotid stem somewhat later in
Ordovician time through Synhomalonotus.
The first possibility seems to be more prob
able.

Family CALYMENIDAE Burmeister,
1843

[=Calymmenidae ANGELIN, 1854)

Cephalon semicircular, convex, glabella
bell-shaped or parabolic, widest across
occipital ring or preoccipital lateral may
or may not project in front of genae,
with 2 to 4 pairs of lateral furrows; lateral
lobes of glabella diminishing in size for
ward, tending to be isolated by shallow fur
rows from median lobe and independently
convex, 2nd (2p) and 3rd (3p) lateral lobes
(counting forward) may be papillate (that
is, with distal edge in contact with projec
tion from gena on opposite side of axial fur
row); axial furrows bordering lateral gla
bellar lobes deep, anterior pit deep; genae
highest adjacent to axial furrows, sloping
steeply downward anterolaterally; relatively
small eye lobes situated on highest part of
genae opposite 2p or 3p glabellar lobes; l.ow
eye ridges may be present; convex antenor,
lateral, and posterior cephalic borders clearly
defined by broad furrows, which become
shallow or die out close to facial sutures;
doublure rolled under borders and not ex
tending inside them; frontal area vari:l:ble
in length (sag.), in some forms extendmg
into frontal spine; preglabellar furrow and
anterior border variable in form; anterior
sections of facial sutures running directly
forward from eyes and then curving inward
to cross border outside projected line of
axial furrows. Rostral suture transverse
on doublure in some genera, connective
sutures converging backward; rostral plate
widest at anterior margin and sharply flexed
upward under border; posterior secti?ns of
sutures running backward-outward m an
terolaterally convex curve to cross border at
rounded genal angles which. may b~ar
short spine or tubercle on postenor edge Ill

side of suture lines. In Pharostoma (and
?Bathycheilus) sutures cut posterior mar-

© 2009 University of Kansas Paleontological Institute



Phacopida-Calymenina 0451
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FIG. 353. Calymenidae (Calymeninae); Encrinuri
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Subfamily CALYMENINAE Burmeister, 1843
[nom. transl. HUPE, 1955 (ex Calymenidae BURMEISTER,

1843)

Glabella with 2 to 4 pairs of lateral fur
rows, without differentiated oval areas at
adaxial ends of 1p furrows; axial furrows
moderately narrow and deep, with or with
out anterior pits; facial sutures gonatoparian
(except Bathycheilus) ; genal angles typically
not produced in spines. L.Ord.-MDev.

gins just inside relatively long genal spines.
Hypostoma longer than wide, subovate
middle body divided by short, shallow, di
agonal middle furrows so that posterior lobe
is crescentic; macula faint, smooth; anterior
lobe may have raised central portion; exo
skeleton at anterior border flexed so that
edge faces ventrally, hypostoma with large
anterior wing bearing prominent wing proc
ess, posterior wing small; wide lateral notch,
behind which lateral and posterior borders
are wide, with deep median notch adjoining
parts of border drawn out into blunt points.
Thorax with ?11, 12, or 13 segments; axis
convex; pleurae bent downward at fulcrum
and almost vertical distally; axial rings un
divided, but distal portion swollen; deep
articulating furrows and apodemal pits, in
ner part of pleurae horizontal, with deep
slightly diagonal pleural furrow, outer part
with wide facet partly indented by pleural
furrow; articulating processes and sockets
in axial furrows and at fulcra; narrow
doublure around outer part of pleurae, pro
jecting inward at anterior edges. Pygidium
with axis extending almost to posterior mar
gin, sloping steeply backward and side
ward; anterior edge of pleural fields curving
back, maximum width between anterolat
eral corners; axis divided by 5 to 8 ring fur
rows that are deepest abaxially, posterior tip
of axis unfurrowed; pleural fields unfur
rowed or with deep pleural furrows and
shallow interpleural grooves; mostly with
out border; pygidial doublure narrow and
rolled tightly under margins. External sur
face commonly granulose, tuberculate, or
both, with deeper parts of furrows smooth.
Fine canals penetrating exoskeleton scat
tered over surface, largest on anterior border
of cephalon and posterior part of pygidium,
smaller in tubercles along axis (44,275). L.
Ord.(Arenig.)-MDev.
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Calymene BRONGNIART, 1822 (ICZN pend.) [·C.
blumenbacllii] [=Calymena DESMAREST, 1817];
Calymmene KOENIG, 1825 (obj.); Calymaena
BERTHOLD, 1827 (obj.); Calymmena AGASSIZ,
1846]. Glabella convex, standing high above genae
and projecting well in front of them, anterior lobe
sloping steeply forward; with 3 pairs of lateral
lobes, 1p and 2p isolated by shallow longitudinal
furrows, all independently convex, 2p lobes papil
late; eye lobes opposite 2p glabellar lobes; pre
glabellar furrow narrow, deep; anterior border
evenly convex. Hypostoma with subrectangular
raised area, highest anteriorly, in center of anterior
lobe of middle body. Thorax with 13 (rarely 12)
segments. Pygidium with 6 complete axial rings
and 6 deep pleural furrows, which extend to mar
gin of borderless pleural regions, interpleural
grooves shallow, best-marked distally. L.Sil.-M.
Dev., Eu.-N.Am.-S.Am.-Austral.--FIG. 353,1.
"C. bltlmenbaehii, M.Sil., Eng.; 1a,b, exoskel. (re
constr.), dorsal, lateral, XO.7; 1e, hypostoma,
X 1.3 (496n).

Calymenesun KOBAYASHI, 1951 [·Calymmene tingi
SUN, 1931]. Glabella with 3 pairs of lateral fur
rows, anterior pair (3p) faint; with long (sag.)
frontal area extended into long frontal spine
(106). M.Ord., SW.China.--FIG. 354,5. ·C.
tingi (SUN); cran., Xl.5 (478).

Diacalymene KEGEL, 1927 ["Calymene diademata
BARRANDE, 1846]. Like Calymene, with glabella
extending forward as far as most anterior part of
genae or slightly beyond; preglabellar furrow
broad and deep, anterior side of this furrow slop
ing at first steeply, then gently to horizontal, be
fore reaching sharp flexure at outer edge of an
terior border; border descends steeply outward,
vertically, or slightly inward to rostral suture;
also, anterior border between sutures may be
strongly arched transversely. Hypostoma with
subcircular raised area or narrow longitudinal
ridge in center of anterior lobe of middle body.
Thorax with 13 segments; outer parts of pleurae
bent downward less steeply than in Calymene.
Pygidium relatively wide, pleural furrows dying
out about half way across pleural regions, no
interpleural grooves; ribs between last 2 pairs of
pleural furrows form prominent ridges adjoining
tip of axis. U.Ord.-U.Sil., Eu.-N.Am.--FIG. 353,
2. "D. diademata (BARRANDE), M.Sil.-U.Sil., Boh.;
2a,b, pyg., cran., Xl (496n).

Flexicalymene SHIRLEY, 1936 ["Calymene earaetaci
SALTER, 1865] [=Orimops RAFINESQUE, 1832,
ICZN pend.]. Glabella with 3 pairs of lateral
lobes; axial furrows contracted slightly opposite
1p and 2p lateral furrows; preglabellar furrow
broad (sag., exsag.) .. eye lobes opposite, ahead, or
behind 2p glabellar lobes. Hypostoma without
raised area in center of anterior lobe of middle
body. Thorax with 12 or 13 segments. Pygidium
with deep pleural furrows and shallow interpleural

grooves extending dose to margins of pleural re
gions. M.Ord.-U.Ord., ?Sil.
F. (Flexicalymene). Anterior side of preglabellar

furrow inclined upward with no break in slope
to sharp narrow crest of anterior border; anterior
slope of border descending vertically to rostral
suture (44, 347, 356). M.Ord.-U.Ord., ?Sil.,
Eu.-N.Am.--FIG. 354,1. F. senaria (CONRAD),
M.Ord., N.Am.; 1a-e, ceph., dorsal, lateral, an
terior; 1d,e, hyposDma, exterior, lateral; all
X2 (496n).

F. (Rcacalymene) SHIRLEY, 1936 ["Reaealymene
limba SHIRLEY, 1936]. Distinguished by abrupt
change in slope between steep anterior edge of
preglabellar furrow and surface of frontal area,
which slopes gently up to outer edge of anterior
border. M.Ord.-U.Ord., Eu.-(Eng.), ?N.Am.

Gravicalymene SHIRLEY, 1936 [·G. eonvolva]. Gla
bella with 3 pairs of lobes, none papillate; deep
preglabellar furrow with anterior edge merging
into thick (sag.) rolled anterior border. U.Ord.-L.
Dev., Wales-SE.Asia-Austral.-N.Z.--FIG. 353,3.
"G. convolva, U.Ord., Wales; 3a,b, ceph., outline
of middle portion, sagittal profile, X 1, X 1.75
(275").

Liocalymene RAYMOND, 1916 [·Hemierypturus clin
tonii VANUXEM, 1842]. Glabella with 3 pairs of
lateral lobes, apparently nonpapillate. Pygidium
with smooth pleural regions. L.Sil.-M.Sil., E.N.Am.

Metacalymene KEGEL, 1927 [·Calymene baylei BAR
RANDE, 1846]. Exoskeleton less convex than typical
in family, with outer parts of pleural regions
curved downward less sharply. Glabella with 4
pairs of lateral furrows, 3p furrows short and
shallow, 3p lobes faintly convex; small eye lobes
opposite 3p glabellar lobes; eye ridges well de
fined; frontal area continuing slope of frontal
glabellar lobe, then flattening out and faintly
ridged by low anterior border; lateral cephalic
border low. Hypostoma with circular raised area
in anterior part of anterior lobe of middle body.
U.Sil., Boh.--FIG. 354,2. ·M. baylei (BAR
RANDE); 2a,b, ceph., dorsal, right lateral; 2e, pyg.;
all X 1.25 (496n).

Platycalymene SHIRLEY, 1936 [.Asaphus dttplieattts
MURCHISON, 1839]. Like Metaealymene but only
3 pairs of lateral glabellar furrows and lobes and
frontal area consisting of deep preglabellar fur
row and convex rolled anterior border. M.Ord.,
Br.I.-Swed.

Papillicalymene SHIRLEY, 1936 [*Calymmene papil·
lata LIO"DSTROM, 1885]. Glabella with 2p and 3p
lateral lobes and anterolateral corner of frontal
lobe papillate. Sil., Swed.

Ptychometopus SCHMIDT, 1894 [·Calymene (P.)
I'olborthi]. Glabella with 3 pairs of lateral fur
rows; eye lobes opposite 2p furrows; low ridges
rising in front of extremity of preglabellar furrow
run sideward across fixigenae near anterior bor
der. Thorax with 11 segments. Pygidium with 4
axial rings and 3 pleural furrows. L.Ord., USSR
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FIG. 354. Calymenidae (Calymeninae) (p.0452-0453).

(Balt.).--FIG. 354,4. -P. volborthi (SCHMIDT);
cran., X 1.5 (468).

Reedocalymene KOBAYASHI, 1951 [-Calymene uni
cornis REED, 1917]. Like Calymenestlm but frontal
area comprising spatulate projection 1.5 times
length (sag.) of glabella, with median part in
front of glabella inflated and tapering anterior
part with sagittal ridge (106). Low.M.Ord., SW.
China.

Synhomalonotus POMPECKJ, 1898 [-Calymene
tristani BRONGNIART, 1822]. Glabella subparabolic
in outline, anterior margin straight medially, with
3 pairs of lateral glabellar furrows, 1p furrows
long and with slight forward turn at inner end,
3p furrows short and faint; frontal area relatively
long (sag.), bent upward along sagittal line, with
curvature strongest at anterior margin and dimin
ishing toward preglabellar furrow; small eye
lobes opposite 2p or 3p glabellar lobes. Pygidium
almost as long as wide, tip projecting beyond
pleural regions, with 6 or 7 axial rings and deep
pleural furrows. [This genus is regarded by K.
SDZUY as belonging to the Homalonotidae (Eoho
malonotinae).] L.Ord.-Low.M.Ord., Eng.-Wales,
Fr.-Port.-S.Am.-N.Afr.-W.China. -- FIG. 354,3.
-S. tristani (BRONGNIART), Low.M.Ord., Fr.-Port.
N.Afr.; 3a,b, ceph., dorsal, sagittal profile; 3c,
pyg.; all XO.75 (496n).

Bathycheilus HOLUB, 1908 [-Dalmanites perplexus
BARRANDE, 1872]. Like Pharostoma (Pharosto
matinae) but glabella WiIh 2 lateral furrows and
lobes, without convex oval areas at inner ends
of Ip (preoccipital) furrows, and much narrower
across 2p lobes than Ip (preoccipital) lateral lobes;
occipital furrow absent medially; axial furrows
widen opposite preoccipital lobes into semicircular
ala-like depressions; eye lobes exceptionally large
for family, opposite Ip glabellar lobes; eye ridges
absent; course of facial sutures apparently as in
Phal'ostoma. Cephalon surrounded by wide border
described as channel (may be external mold of
doublure) and continued by genal spines reaching
back to pygidium. Hypostoma unknown. Thorax
with more than 11 segments. Length of pygid
ium 0.75 of width. Low.M.Ol'd.(Llanvirn.), Boh.
--FIG. 355. -B. perplexus (BARRANDE); exo
skel., X2 (66-).

Pharostomina SDZUY, 1955 [-Po opiki] [=Co/po
coryphoides HARRINGTON & LEANZA, 1957]. Dif·
fers from Pharostoma (Pharostomatinae) in that
oval areas at inner ends of preoccipital lateral gla
bellar furrows are lacking; genae not markedly
convex in front of eye lobes; genal spines short; no
row of spines on under side of cephalic border.
Hypostoma without median notch in posterior
border. Pygidium with short posterior part of axis
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FIG. 355. "Bathycheilus perplexus (BARRANDE)
(Calymenidae), M.Ord.(L1anvirn.), Boh.; exoskeJ.,

X2 (66).

and narrow pleural border. L.Ord., Ger.-S.Am.
--FIG. 356. "P. oepiki, Leimitz Sh., Tremadoc.;
a, cran., X4; b, fragmentary exoskeJ., X5 (272).

Subfamily PHAROSTOMATINAE Hupe, 1953
[nom. Iransl. ~t correct. \VHITTING1"ON, herein (t'x Pharo·

"amidae HUPE, 1953) J

Glabella with 3 pairs of lateral furrows
and lobes, with faintly convex oval areas out
lined by narrow smooth zone at inner ends
of Ip (preoccipital) furrows; axial furrows
widening opposite Ip and 2p lobes, most
conspicuously opposite Ip lobes; with deep
anterior pit; small eye lobes opposite 2p gla
bellar lobes; eye ridges distinct; genae most
strongly convex in front of eye lobes;
cephalic border broadest (sag.) anteriorly,
prolonged laterally into genal spines, with
row of close-set small spines on under side
of border; posterior sections of facial sutures
crossing lateral border furrows opposite pre
occipital glabellar lobes and extending over
borders to inner edge at genal angles. Hypo
stoma of typical calymenid form. Thorax
with 13 segments, with broad (tr.), hori
zontal inner parts, outer parts bent down
vertically; pleural furrows deep. Pygidial
axis with 6 rings and long, convex posterior
part; pleural regions with deep pleural fur
rows. Surface tuberculate. M.Ord.-U.Ord.

Pharostoma HAWLE & CORDA, 1847 ["Calymelle
pulcMa BARRANDE, 1846] [=PriollocheilllS Rou
AOJLT, 1847]. Characters of subfamily. M.Ord.-U.
Ord., Eu.-Que.-Asia.--FIG. 357. "P. pulchrum

(BARRANDE), M.Ord., Boh.; a, exoskel., X 1.25;
b, ceph., lateral, X 1.25; c, hypostoma, X 1.25
(496n).

Family HOMALONOTIDAE
E. J. Chapman, 1890

Cephalon with or without faintly defined
broad border; glabella subtrapezoidal, with
4 or fewer pairs of glabellar furrows, usually
shallow or may be entirely lacking, Ip
(preoccipital) furrows commonly bent sig
moidal; arcuate tracts (preglabellar areas)
adjoining base of glabella on fixigenae com
monly well defined by their independent
convexity, absence of pitting, or faint
bounding furrows; librigenal spines present
only in oldest genus known; posterior sec
tions of facial sutures in all later genera
cutting margins of cephalon at genal angles
or in front of them. Rostral suture common
ly transverse, in primitive genera on lower
side or at anterior margin of cephalon, in

a

b

FIG. 356. "Pharos/om ilia oepiki SDZUY (Calymeni
dae), L.Ord., Ger.; a, eran., X4; b, fragmentary

exo,kel., X2.5 (272).

© 2009 University of Kansas Paleontological Institute



Phacopida-Calymenina 0455

co
FIG. 357. ·Pharostoma pulchrum (BARRANDE) (Caly
menidae), M.Ord., Boh.; a, exoskel., Xl; b, ceph.,

lateral, Xl; c, hypostoma, XI.5 (496n).

advanced genera on upper side; rostral plate
subtriangular, pointed behind. Hypostoma
subquadrate to trapezoidal, with small an
terior wings; posterior margin rounded in
very primitive forms, indented in advanced.
Thorax with 13 segments; axis well defined,
moderately wide in early genera, indistinct
and very broad in later ones; pleural ex
tremities rounded or angular, never pointed.
Pygidium transversely elliptical to elongate
triangular in outline, strongly convex, with
pleural regions bent downward somewhat
strongly at sides; with few (primitive gen
era) to many segments (advanced genera).
L.Ord.-MDev.

Subfamily BAVARILLINAE Sdzuy, 1957

Cephalon with ill-defined anteriorly
widened border; anterior margin with short
pointed or blunt projection; glabella trape
zoidal, well defined, but axial furrows shal
low, with 3 pairs of lateral glabellar fur
rows, Ip (preoccipital) furrows sigmoidal
and in some specimens bifurcated; eyes

large, eye ridges transverse; posterior sec
tions of facial sutures intersecting posterior
margins of cephalon; librigenae provided
with short spines. Rostral suture on lower
side of cephalon. Hypostoma rounded be
hind. Thoracic axis well defined, only about
0.3 as wide as thorax. Pygidium much
wider than long, composed of 2 or 3 seg
ments. L.Ord.
Bavarilla BARRANDE, 1868 [·Conocephalites (BavQI'
ilia) hofensis). Characters of subfamily. [This
oldest known homalonotid is the only one incon
testably having opisthoparian facial sutures and
possessing the smallest pygidium. It may be ances
tral to later Homalonotidae.] L.Ord., Czech.-Ger.
--FIG. 358,7. *B. hofensis (BARRANDE), L.Ord.,
Ger.; 7a, exoskel. (reconstr.), X 1.5; 7b,c, hypo
stoma, Xl.5 (470).

Subfamily EOHOMALONOTINAE Hupe, 1953

Cephalon usually with ill-defined anter
iorly widened border; glabella subtrape
zoidal, more or less rounded in front;
usually with 2 to 4 pairs of lateral glabellar
furrows, 1p furrows sigmoidal; paraglabel
lar areas commonly outlined; eyes some
what larger than in Homalonotinae; eye
ridges usually present; posterior sections of
facial sutures cutting genal angles; rostral
suture on lower side of cephalon, at anterior
margin, or on upper side close to it. Hypo
stoma rounded or indented behind. Thor
acic axis usually well defined, width me
dium to large. Pygidium mostly triangular
with strongly bent anterior margin, rarely
parabolic in outline and longer than wide;
trilobation and segmentation distinct, with
6 to 12 segments; ribs usually reaching mar
gin of pygidium. L.Ord.-U.Ord.
Calymenella BERGERON, 1890 [·C. boisseli]. Cepha

Ion with ill-defined border; glabella defined by
shallow but distinct axial furrows, with 2 or 3
pairs of weak lateral glabellar furrows, 1p (pre
occipital) sigmoidal; paraglabellar areas defined;
eye ridges present, oblique; posterior sections of
facial sutures intersecting margins of cephalon near
genal angles. Rostral suture a wide even curve.
Hypostoma with rounded or indented posterior
margin. Thorax with distinctly set off axis of
moderate width (appearing to be very broad be
cause pleural regions are bent strongly down
ward). Pygidium wider than long, broadly tri
angular, with semicircular anterior margin; trilo
bation and segmentation distinct, with 6 to 8 seg
ments; axis rapidly narrowing backward, not
reaching posterior margin (179). M.Ord.(Uan
deil.)-U.Ord., Eng.-Fr.-Ger.-Czech.-Medit.-N.Afr.
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C. (Calymenella). Anterior margin of cephalon
drawn out into blunt or pointed projection; front
of glabella moderately rounded. Rostral suture
on lower side or along anterior margin of cepha
Ion. Pygidium with distinct interpleural grooves.
[The projecting anterior cephalic margin is rem
iniscent of Bavari/la, whereas the rostral suture
and segmentation of the pygidium correspond to
characters of Synhomalonotus.] M.Ord.( Llan
deil.)-U.Ord.(Caradoc.), Fr.-Ger.-Czech,-N.Afr.
--FIG. 358,8. -C. (C.) boisseli, M.Ord., Fr.;
Ba,b, cran. (reconstr.), pyg., XI (377).--FIG.
358,9. C. (C.) media (BARRANDE), V.Ord.,
Czech.; exoskel. (reconstr.), XO.9 (4U-).

C. (Eohomalonotus) REED, 1918 [-Asaphus
brongniarti DESLONGCHAMPS, 1822]. Anterior
margin of cephalon not projecting; front of gla
bella weakly rounded. Rostral suture on anterior
margin of cephalon or close to it on upper side.
Pygidium without distinct interpleural grooves.
M.Ord.( Llandcil.)-U.Ord., Eng.-Fr.-Czech.-Medit.
--FIG. 358,3a,b. -C. (E.) brongniarti (DES
LONGCHAMPS), M.Ord., Fr.; 3a, cran. (reconstr.),
XU (348, 470n); 3b, pyg., XU (461n).-
FIG. 358,3c. C. (E.) bohemicus (BARRANDE), M.
Ord., Czech.; hypostoma, XU (370).

Synhomalonotus POMPECKJ, 1898 [-Calymene tris
tani BRONGNIART, 1822]. Described (p. 453) as
genus of Calymenidae but believed by SDZUY to
belong in this subfamily of the Homalonotidae, as
indicated by shape of glabella, nature of cephalic
border, presence of distinct paraglabellar areas,
and general cuneiform shape of exoskeleton. The
exceptional relief of the cephalon is not viewed
as a significant taxonomic character indicating
calymenid affinities. Illustrations of the type species
given here differ slightly from those in Fig. 354,3,
for example, in showing paraglabellar areas of the
cephalon; sources of the compared figures are not
exactly the same.--FIG. 359,2. -S. tristani
(BRONGNIART), M.Ord., Medit.; 2a,b, cran., pyg.,
XI (470n).

Brongniartella REED, 1918 [pro Brongniartia SAL
TER, 1865 (non LEACH, 1824; nec EATON, 1832)]
[-Homalonotus bisulcatus SALTER, 1851). Cepha
Ion semicircular to semielliptical, without border;
glabella well defined, urceolate to tapering for
ward, generally unfurrowed; axial furrows strong
ly converging forward at sides of occipital ring;
paraglabellar areas outlined in some specimens;
frontal area rather wide; posterior sections of
facial sutures intersecting margins of cephalon
near genal angles. Rostral suture a wide curve on
upper side of cephalon near or on anterior margin.
Thorax with wide, indistinctly marked axis. Pygi
dium rounded, parabolic, longer than wide, with
rather indistinct border; axis well defined, ending
considerably in front of posterior margin, with 9 to
12 segments and a postaxial ridge in some forms;
ribs not extended to lateral margins of pygidium.
[Brongniaru/la differs from other Eohomalonotinae

in lack of a cephalic border; usually unlobed gla
bella; shape of occipital ring; indistinct, broad thor
acic axis, and shape, length, and border of the
pygidium. In these features the genus approaches
the Homalonotinae.]. U.Ord., Eu.-N.Afr.-N.Am.
--FIG. 358,1. -B. bimlcata (SALTER), Eng.; 1a,b,
ceph., pyg., XO.5 (466).

Subfamily COLPOCORYPHINAE Hupe, 1955

Cephalon semicircular or semielliptical,
much wider than long; border defined in
front only, very narrow, touching front of
glabella, in anterior view strongly bent
down at sides; glabella narrowing forward
considerably, with smoothly convex sides, an
terior end truncate, circumglabellar furrows
sharp and rather deep, with 2 to 4 pairs of
lateral glabellar furrows, 1p bent backward
in simple curve; paraglabellar areas present
or absent; eyes usually far forward, eye lobes
strikingly small, not elevated above genae,
hardly interrupting general course of facial
sutures; weak eye ridges may be present;
fixigenae very wide (tr.); posterior sections
of facial sutures forming evenly convex
curves that cut margins of cephalon near
genal angles. Rostral suture apparently on
anterior margin. Thorax with well-marked
moderately wide axis. Pygidium transversely
elliptical or subtriangular, wider than long;
trilobation distinct; axis nearly reaching pos
terior margin; segmentation reduced. [Col
pocoryphe and Plaesiacomia, previously as
signed to different families, agree well in
essential characters. They are interpreted to
represent a separate line of homalonotid
specialization in which Plaesiacomia seems
to be more advanced than Colpocoryphe,]
L.Ord.-M.Ord.(Llandeil.} ,

Colpocoryphe NOVAK in PERNER, 1918 [-Calymene
arago ROUAULT, 1849) [="Gruppe der Ca!ym
mene aragon POMPECKJ, 1898]. Cephalon convex,
much wider than long; glabella occupying less
than 0.3 of cephalic width (in dorsal view seem
ingly more than 0.3 because of convexity of
cephalon); with 3 or 4 pairs of distinct lateral
glabellar furrows, 1p and 2p furrows deep; eye
ridges rather weak. Thorax with moderately
wide axis. Pygidium triangular, with strongly
curved anterior margin; axis with 8 or fewer rings,
extended nearly to posterior margin, connected to
it by short postaxial ridge; pleural fields behind
articulating half rib nearly smooth, with 2 or 3
very indistinct ribs; wide border distinctly set off
by marked change in convexity. L.Ord.-M.Ord.
(Llandeil.), Fr.-Czech.-Medit.-N.Afr.-N.Am.(Fla.)
China.--FIGs. 358,5, 359,1. -C. arago (Rou-
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FIG. 358. Homalonotidae (Bavarillinae, Eohomalonotinae, Colpocoryphinae, Homalonotinae)
(p. 0455-0460).
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FIG. 359. Homalonotidae (Eohomalonotinae, Colpo
coryphinae) (p. 0456).

AULT), M.Ord., Czech.; 358,5a,b, cran., pyg.,
X 1.5 (470n); 359,Ia-c, ceph., dorsal, front, side,
X1.5; 359,Id,e, hypostoma, pyg, X1.5 (496).

Plaesiacomia HAWLE & CORDA, 1847 top. rara).
Cephalon convex, semicircular; glabella broader
than genae, with 2 or 3 pairs of weakly im
pressed lateral glabellar furrows; paraglabellar
areas present, eye ridges lacking. Thoracic axis
wide. Pygidium small, much wider than long,
transversely elliptical; axis triangular, narrowing
backward rapidly, nearly reaching posterior mar
gin; only a single axial ring; pleural regions
smooth. [Plaesiacomia differs from Colpocoryphe
in its smaller pygidium.] M.Ord.(Uandeil.), Fr.
Czech.-N.Afr.-?Medit.--FIG. 358,2. "P. rara,
Czech.; la,b, ceph., pyg., and part of thorax,
x3.5 (370).

?Leiostegina KOBAYASHI, 1937 [0L. inexpectans).
Cranidium subtrapezoidal; glabella long, truncate
tapering, smooth; eyes small, at mid-length of

Synhomolonotus Colpocoryphe

cranidium; fixigenae narrow (tr.); facial sutures
parallel in front of eyes and diagonal behind
them. Pygidium convex, relatively small, with
posterior margin bent up at middle; axis tapering,
with 8 rings; marginal brim narrow, ill defined.
U.Ord. (Caradoc.) , BoI.--FIG. 358,4. "L. in
expectant; cran., pyg., Xl (425).

Subfamily HOMALONOTINAE
E. J. Chapman, 1890

(110m. ,,.ansl. HUPE, 1953 (ex Homalonotidae E. J. CHAPMAN,

1890] I=Trimerinae HUPE, 1953]

Cephalon tending to be subtriangular in
outline, moderately convex; border almost
invariably lacking; glabella urceolate to
trapezoidal, lateral glabellar furrows indis
tinct or absent; axial furrows shallow, gen
erally not defined at sides of occipital ring;
paraglabellar areas commonly distinct; eyes
small, rising high on convex genae; pos
terior sections of facial sutures cutting mar
gin of cephalon at or in front of genal
angles. Rostral suture uniformly on upper
side of cephalon. Hypostoma subquadrate,
with small to medium-sized anterior wings
and deeply indented posterior margin.
Thorax with very wide axis, trilobation
tending to be very indistinct. Pygidium
longer than wide, triangular, rarely semi
circular to parabolic; composed of many
segments; axis in most genera triangular in
outline, very broad anteriorly, trilobation
commonly indistinct but segmentation
mostly well defined. M.Sil.-MDev.
Homalonotus KONIG, 1825 [OR. knighti] [=Koe-

nigia SALTER, 1865 (obj.»). Cephalon much
wider than long, seemingly with sharply defined
border, touching glabella along the front,
deep indentations at sides of rostral plate making
anterior margin tricuspid, margin appearing
strongly folded in anterior view; dorsal surface
of cephalon convex upward, middle part with
rostral plate being convex downward; glabella
trapezoidal, slightly narrowing forward, sharply
cut off in front by border, glabellar lobation in
distinct; paraglabellar areas fairly well marked;
posterior sections of facial sutures cutting margins
near genal angles. Rostral suture not far from
front of glabella, transverse, with small median
point; rostral plate without spine. Thorax and
pygidium with trilobation very indistinct. Pygid
ium triangular, pointed behind, segmentation dis
tinct except in posterior portion. [As remarked by
REED (1918), this genus is specialized and hardly
typical of the family. Interpretation of structure of
anterior portion of cephalon is difficult; the border
seems not to have been described previously even
though shown clearly in published figures.] U.Sil.,
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FIG. 360. Homalonotidae (Homalonotinae) (p.0458-0461).
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Digonus

knighti, Eng.; 3d,e, thorax with pygidium, hypo
stoma, X 0.6, X I (466).

Trimerus GREEN, 1832 [*T. delphinocephalus).
Cephalon subtriangular, without border; glabella
subtrapezoidal, with indistinct lobation, postsu
tural portion of frontal area large. Rostral plate
smooth. Thoracic axis very poorly defined. Pygid
ium triangular; axis not extended to posterior
margin. [Closely related to Burmeisteria.] M.Sil.
M. DetJ., N. Eu.-N. Am.-S. Am.-N. Afr.-?Austral.
Mongol.

T. (Trimerus). Cephalon more than a half as
long as wide, glabella slightly narrowing for
ward, some species with indistinct lobation; para
glabellar areas defined. Rostral suture forming
somewhat pointed arch close to anterior margin.
Pygidium acuminate behind, with faint triloba
tion but distinct segmentation. M.Sil. N.Eu.-N.
Am.-?Austral.-Mongolia.--FIG. 360,4. *T. (T.)
delphinocephalus, N.Y.; exoskel. (reconstr.),
XO.6 (403).

T. (Dipleura) GREEN, 1832 [*D. dekayi). Cepha
Ion less than half as long as wide; glabella al
most imperceptibly narrowing forward, lobation
recognizable only in young stages; paraglabellar
areas not distinct. Rostral suture tending to be
come straight transverse. Pygidium obtusely
pointed behind, with very indistinct trilobation
and segmentation. [REED (1918) has emphasized
the straight rostral suture as characteristic of
Dipleura but many published figures of the type
species indicate great variation.) L.Dev.-M.Dev.,
N.Am.-S.Am.-Ger.-N.Afr.--FIGs. 358,6; 360,5.
*T. (D.) dekayi, M.Dev., N.Y.; 358,6, hypo
stoma, XI (404); 360,5a,b, exoskel. (reconstr.),
cephalic doublure with rostral plate, X 0.5 (404).

Burmeisteria SALTER, 1865 [*Homalonotus her
schelii MURCHISON, 1839). Cephalon subtriangular,
without border; glabella urceolate to trapezoidal;
paraglabellar areas distinct; postsutural portion of
frontal area of moderate size. Rostral suture
transverse, more or less straight; rostral plate with
short blunt median spine. Thorax with very broad
axis and indistinct trilobation. Pygidium triangu
lar, pointed behind; axis not reaching posterior
margin; trilobation and segmentation fairly dis
tinct. [On basis of type species only, Burmeisteria
and Digonus might be accepted as independent
genera, but South African species indicate that
assignment of subgeneric rank is appropriate.).
?V.Sil., L.Dev., Eu.-Afr.-S.Am.-N.Z.

B. (Burmeisteria). Glabella urceolate, slightly
tapering forward, distinctly lobate; rostral suture
composed of 2 slightly sigmoidal halves meeting
in weak median point or straight across. Whole
exoskeleton may be ornamented by scattered
spines. L.Dev., S.Afr.-Sahara-Malvin I.-N.Z.-
FIG. 361,1. *B. (B.) herschelii (MURCHISON),
Afr.; la, ceph., XO.8 (470n); Ib, pyg., XO.8
(466) •

2d

Burmeisterio

r----_~

o
.' ~-~'--:'

20

:--

2c

FIG. 361. Homalonotidae (Homalonotinae)
(p.0460-0461).

10

~~
2b

Eng.-Swed.-Nova Scotia.--FIG. 360,3a-c. H.
rhinotropis ANGELlN, Swed.; 3a,b, ceph. (re
constr.), dorsal, anterior, XO.5 (431); 3c, ceph.,
lateral, XO.5 (368).--FIG. 360,3d,e. *H.
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FIG. 362. Morphological features of Phacopina.---I, Section through schizochroal lenses of eye of Phacops
schlotheimi, M.Dev., Ger.; XI5 (424, 1901).---2a-d, Degeneration of schizochroal eyes of Phacopinae,
showing diminished number of lenses accompanied by reduction and ultimate disappearance of palpebral
lobes and by alteration in course of facial sutures as evolution progresses; 2a, Phacops lati/rons, M.Dev.,
Ger., with normal eyes, X2.5; 2b, Cryphops cryptophthalmtls, U.Dev., Ger., with reduced eyes (cryptoph
t/zalmus pattern), X 7; 2c, Nephranops incisus inciSlls, U.Dev., Ger., with vestigial lenses, X2; 2d, N.
incistls dillanus, U.Dev., Ger., showing absence of eyes and palpebral lobes and change in facial sutures,
X2 (all 460, 1933).--3, Acastoides henni, L.Dev., Ger., showing radially arranged nodes on frontal

lobe of glabella (internal mold), possibly representing scars of muscle attachment, X2 (244).

B. (Digonus) GURICH, 1909 ["'Homalonotus gigas
F. A. ROEMER, 1843]. Glabella trapezoidal, broad,
without lobation; anterior sections of facial su
tures bending abruptly into straight or slightly
concave rostral suture. Pleural ends of thoracic
segments angular (type species). ?U.Sil., L.Dev.,
Belg.-Ger.- ?Eng.-Medit.-N.A fr .-S.Afr.-Bol.-Brazil
?Arg.-N.Z.--FIC. 361,2. "'B. (D.) gigas (F. A.
ROEMER), L.Dev., Ger.; 2a·d, cran., thoracic seg
ment, pyg., rostral plate, X 1.5 (46In).

Burmeisterella REED, 1918 [·Homalonotus (Bm"
meistel'ia) elongatus SALTER, 1865]. Cephalon
(unknown in type species) subtriangular, without
border; glabella subtrapezoidal; paraglabellar areas
more or less distinct; postsutural portion of
frontal area very narrow. Rostral suture transverse,
straight or gently curved, in some with small me
dian point; rostral plate with stout median promi
nence. Thoracic axis faintly marked. Pygidium
parabolic in outline, rounded or pointed behind,
surrounded by smooth narrow border; axis rather
narrow, distinct, reaching to or nearly to posterior
margin, may bear 1 or 2 terminal spines. Surface
ornamented by regularly spaced spines. L.Dev.,
Eng.-Belg.-Ger.---FIG. 360,1a, B. bifurcata
REED, Eng.; ceph. (reconstr.), XO.5 (452).-
FIG. 360,Ib. "'B. elongata (SALTER), Eng.; pyg.,
XO.5 (466).

Parahomalonotus REED, 1918 ["'Homalonouis ger
villei DE VERNEUlL, 1850]. Cephalon semicircular,
without border; glabella slightly urceolate, with
gently rounded front, some species with indistinct
lobation; paraglabellar areas not known. Rostral

suture regularly arched close to anterior margin;
rostral plate apparently smooth. Thorax with obso
lete trilobation. Pygidium semicircular or semioval,
little longer than wide, with strongly curved an
terior margin; narrow ill-defined border not
crossed by ribs; axis of moderate width, anterior
part poorly defined, not quite reaching posterior
margin but connected to it by postaxial ridge;
segmentation generally distinct. LoDev., Fr.
Ger.-N.Afr.--FIG. 360,2. "'P. gervillei (VERN
EUIL) , Fr.; 2a,b, ceph., pyg. (reconstr.), XO.5
(373, 470n).

Suborder PHACOPINA Struve, nov.
[=Superfamily Phacopidae RUD. RICHTER, 1933; Phacopidacea
DELO, 1935; Phacopacea HENNINGSMOEN, 1951; Phacopoidae
Hm'E, 1953] [The lirst author 10 define main features of this
assemblage seems to have been QUE.NSTEDT (1837, Wiegmann's
Arch. Naturgesch., Berlin, Jahrg. 3, Band 1, p. 343), al
though he cannot be recognized as its nomenclatural author.
-W. STRUVE.) [Type-Phacops EMMRICH, 1839] [Authorship.
The following diagnosis and discussion of Phacopina was

contributed by RUD. RICHTER.]

Cephalon with schizochroal eyes, pro
parian facial sutures, supramarginal or mar
ginal in front without rostral plate. Thorax
with 11 segments, pleurae furrowed, articu
lating facets distinct. L.Ord.-Up.UDev.

The schizochroal eyes (Fig. 362) of Pha
copina are generally well developed and in
many genera quite large. However, several
genera (especially belonging to the Phacopi
nae and Phacopidellinae) display a gradual
degeneration of eyes (Fig. 362,2a-d), during
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FIG. 363. Displaced parts of exoskeleton of Trimerocephalus as left behind after the "Salterian mode of
molting," hypostoma not shown (reconstr.), X2.7 (460,1942).

which the facial sutures tend to straighten
and migrate outward (Fig. 291A-F). The
vestigal eyes move toward anterior corners of
the genae, remaining reniform (Nephran
ops) or more commonly becoming elliptical
in outline (eryptophthalmus pattern); the
facial sutures may shift close to the cephalic
margin and eventually become entirely mar
ginal (Duetina). On the frontal lobe, pits
(or nodes by reversion of relief) may ap
pear, perhaps representing scars of stomach
muscles (Fig. 362,3); they are arranged in
a radiating pattern.

Even in forms with normal eyes, the
facial sutures are ankylosed in some genera
(Phacopinae, especially Phacops, and Pha
copidellinae) so that in ecdysis and death,
librigenae remain connected with the crani
dium. In several genera with ankylosed su
tures and degenerated eyes (e.g., Trimero
eephalus, Nephranops, Cryphops, Dianops,
Denekmannites) , the molting animal evi
dently emerged from the exoskeleton be
tween cephalon and thorax, the cephalon
being turned upside down with the back
forward and entirely separated from the
thorax; this is the "Salterian mode of molt
ing" (RvD. RICHTER, 1937; Fig. 363). When
in eyeless genera the sutures migrate into
a marginal position, they become functional
again, allowing parts of the animal inside
the carapace to be extruded forward be
tween the cephalon and doublure (as typic
ally in Harpes, Limulus, Triops) , with
thorax and cephalon remaining connected;
this is the "Duetina mode of molting"
(RICHTER & RICHTER, 1926). In Trimero
eephalus, as MAKSIMOVA (1955) has pointed
out, the type of molting undergoes change

during ontogeny from the Duetina mode to
the Salterian mode.

Superfamily PHACOPACEA
Hawle & Corda, 1847

[nom. /ransl. RUD. RICHTER., 1933; nom. correct. HENNINCS
MOEN, 1951 (pro Phacopidca RUD. RICHTER, 1933»)

[=PhacDpoidae HUPE, 1953)

MicropygouS. Cephalon with strongly di
vergent axial furrows; glabella with frontal
lobe generally obliterating frontal area and
fusing with 3p and 2p lateral glabellar lobes
to form a single tricomposite lobe that in
most genera is distinctly separated from an
"intercalating ring" (connected 1p lobes);
3p lateral furrows definitely bipartite but 2p
furrows single and faint to obsolete in most
genera; eyes in anterior position; genal
angles generally well rounded and lacking
genal spines; vincular furrow generally pres
ent. Sil.-U.Dev.

Family PHACOPIDAE Hawle & Corda,
1847

[nom. corrat. SALTER, 1864 (pro family Phacopides HAWLE
& CORDA, 1847») [Authorship. The selection of genera. as·
signed to this family and their arrangement In subfamUJes
is by RUD. RICHTER, who also furnished data on all genera,

except Plagialaria, prepared by W. STRUVE.)

Glabella broadening markedly forward,
with 2p and 3p lateral glabellar furrows ob
solescent, 3p furrows (?composite) consist
ing of an anterior branch subparallel to axial
furrows and a posterior branch directed
transversely (except Bouleia) , 1p furrows
transglabellar (with some exceptions) so
that 1p glabellar lobes thus form a more or
less distinct "intercalating ring"; genal
angles rounded, lobiform, or angular, no
genal spines. Thoracic pleurae with rounded
ends. Pygidium well rounded, semicircular
or shorter, margin entire, without lateral
and posterior projections. Sil.-U.Dev.
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A B c

·s

FIG. 364. Sagittal sections through anterior part of phacopid cephala aligned on intersections of facial su
tures (s-s), beneath which .thick lines denote cephalic border and "f" the vincular furrow (A, dalmanitid

genera; B, Phacops; C, Trlmerocephalus; D, Nephranops; E, Dianops; B-E belong to Phacopinae) (247).

Subfamily PHACOPINAE Hawle & Corda, 1847
[nom. Iransl. REED, 1905 (ex Phacopida. HAWLE & CORDA,

1847)1

Exoskeleton compact. Glabella inflated,
anterior slope steep or overhanging, "inter
calating ring" separated from anterior part
of glabella at least by shallow depres
sion (except Eocryphops, Dianops) , that
commonly is very distinct, with tendency
to decay in isolated nodes; subcephalic fur
row (Fig. 364) on doublure continuous
along whole cephalon (but in Eophacops
and Reedops reduced mesially). [The edge
of the pygidium and ends of the pleurae fit
into the subcephalic (vincular) furrow,
when the body is enrolled; initially simple,
the furrow may be modified to fit better into
a series of pits (Fig. 365,6b).J Hypostoma
triangular to trapezoidal, wings inclined
vertically, posterior margin denticulated in
some genera (Fig. 365,7d,e). Pygidium
short. Sil.-UDev.
Phacops EMMRICH, 1839 [·Calymmene lati/rons

BRONN, 1825; SD BARRANDE, 1852] [=?Som
atrikelon McMuRTRIE, 1819; Portlockia M'Coy,
1846; ?Somatrikopon VOGDES, 1925]. Vincular
furrow continuous, rear edge sharp, higher than
anterior; marginal ridge narrow, doublure concave.
Hypostoma elongate, posterior margin with 3
denticles. Sil.-Dell., cosmop.--Flc. 365,7a,b. • P.
lali/rons (BRONN), M.Dev., Ger.(Gerolstein); 7a,b,
ceph., dorsal, side, XU (461n).--FIGs. 365,7c;
366,2. P. schlotheimi (BRONl'I), M.Dev., Ger.
(Gees, Gerolstein); 365,7c, enrolled specimen
showing pygidium and doublure of cepha
Ion with vincular furrow, X2; 366,2, enrolled
specimen (librigena shaded), X4 (461).--FIG.
365,7d,e. P. /ectlndtls BARRANDE, L.Dev., Czech.;
7d,e, hypostoma, exterior and side, XI (3).
[Other species illustrated in Figs. 290, 291, show
ing comparisons with Proetidae.]

Cryphops RICHTER & RICHTER, 1926 [nom. consert'.
proposed STRUVE, 1958 (ICZN pend.)] [·Phacops
cryptophthalmus EMMRICH, 1844] [=Microph
thalmus GORTANI, 1907 (non MECHNIKOV, 1865)

(obj.); Gortania COSSMANN, 1909 (obj.)]. Eyes
very small, with crYPlophthalmus pattern; border
broad, vincular furrow wide, deep; doublure
shoTt, concave. Pygidium very shoTt and broad
(tr.). V.Dell., Eu.--Flc. 365,1. ·C. cryptoph
thalmus (EMMRICH), Ger. (Oberscheld); la,b,
ceph., dorsal, side; 1c, ceph., anterior edge from
below showing vincular furrow; all X4 (461).

Dereimsia KOZLOWSKI, 1923 [·Phacops (Dereimsia)
sphaericeps]. Glabella hemispherical, without
traces of 2p and 3p lateral glabellar furrows, 1p
furrow and occipital furrow, both indicated by
lateral pits that unite to form groove; 1p glabellar
lobes replaced by a depression (as in Phacops
accipitrintlS PHILLIPS, Fig. 209F); occipital ring
elevated. Del'., Bol.--Flc. 365,5. ·D. sphaericeps
(KOZLOWSKI); cephalon, dorsal view, X 1 (Ill).

Dianops RICHTER & RICHTER, 1923 [·Phacops lim
batus REINH. RICHTER, 1848]. Glabella inflated,
with truncated lateral corners, axial furrows curved
inward, lateral glabellar furrows faint (especially
2p), 3P fading mesially so that here "intercalating
ring" coalesces anteriorly; eyes absent; facial su
tures restricted to border, marginal in front, not
transecting border furrow; genae strongly vaulted;
border very broad at genal angles where border
furrow diminishes; vincular furrow deep, broad,
with anterior edge higher than posterior; doublure
long, even. Pygidium rather long, length 0.5 of
width, transversely vaulted; posterior border
slightly curved, anterior angulated; axial furrows
and segmentation indistinct. V.Dell., Eu.--FIG.
365,2a,b. ·D. limbaulS (RElNH. RICHTER), Ger.
(Saalfeld), 2a,b, ceph., dorsal, side, X3 (461).
--FIC. 365,2c. D. anophthalmus (FRECH), Get.
(Ebersdorf); ceph. from below, showing vincular
furrow, X3 (461).

Eocryphops RICHTER & RICHTER, 1931 [·Phacops
kayseri HERRMANN, 1909]. Eyes small with few
lenses (cryptophthalmlfs pattern); genal angles
with curved indentation, against which anterior
pleurae fit; 1P lateral glabellar furrows faint
mesially. Pygidium not shorter than in Pllacops.
Low.M.Del'., Eu.-N.Afr.--FlCs. 366,1; 367,1.
·E. kayseri (HERRMANN), Ger. (Marburg); 366,1,
enrolled specimen (librigena shaded), X6.7 (461);
367,la,b, ceph.. dorsal, anterior, X 1.5 (251).
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FIG. 365. Phacopidae (Phacopinae, Subfamily Uncertain) (p. 0463-0466).
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FIG. 367. Phacopidae (Phacopinae) (p. 0463-0465).

PllaCOpS, eyes of some species provided with about
10 lenses, a few with 2 lenses, and others with
none; palpebral lobes invariably present, elevated;
vincular furrow broad, with overhanging anterior
edge, marginal ridge broad; doublure very short.
Pygidium rather large, segmentation not pro
nounced. U.Detl., Eu.--FIG. 365,3. -N. incisllS
incisus (F. A. ROEMER), Ger. (Oberscheld); 3a,b,
ceph., pyg., X1.5 (461).

Plagiolaria KEGEL, 1952 [pro Plagiops KEGEL, 1932
(non AMYOT, 1846; nec TOWNSEND, 1912; nee
CRESSON, 1918] [-Plzacops plagiophthalml/s
REINH. RICHTER, 1865]. Similar to Cryphops, with
generally broad cephalic border but very narrow
below frontal lobe of glabella; border furrow in
front of eyes faint to obsolete; glabella subtrape
zoidal in outline, with anterior margin a gently
curved line, "intercalating ring" flat, 1p lobes
slightly detached, transglabellar furrow connecting
1p furrows nearly straight, clearly visible; occipital
ring about as broad as "intercalating ring"; eyes
of cryp/oph/halml/s pattern on somewhat rounded

Phacops

Eophacops DELO, 1935 [-PllaCOpS handwerki WEL
LER, 1907]. Small, cephalon with vincular furrow
present laterally; doublure concave; glabella curv
ing gently downward to anterior margin, not over
hanging; axial furrows not diverging laterally.
M.Sil., N.Am.-NW.Eu.--FIG. 368. -E. hand
werki (WELLER), Ill. (Chicago); a,b, exoskel.,
ceph., X2 (491).

Nephranops RICHTER & RICHTER, 1926 [-Phacops
(TrimerocephalllS) inciSl/s F. A. ROEMER, 1866].
Eyes degenerating but visual area or homologous
field retains kidney-shaped outline of eyes in

FIG. 366. Phacopidae (Phacopinae); enrolled speci
mens, M.Dev., Ger. (1, Eocryphops kayseri; 2, Pha

cops schlo/heimi).
FIG. 368. -Eoplzacops Izandwerki (WELLER), M.Sil.,

Ill.; a,b, exoskel., ceph., X2 (491).
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FIG. 369. Phacopidae (Phacopidellinae) (0467-0468).

knob that is separated posteriorly by broad deep
furrow extending from axial furrows to lateral
border furrows; vincular furrow continuous along
whole subcephalic edge. Pygidium transversely
elongate; with 6 distinct axial rings; pleural fields
with 5 pairs of ribs that indicate border by fading
away distally. M.Dev., Ger.--FIG. 367,2. ·P.
plagiophthalmus (REINH. RICHTER), Tentaculiten
Schiefer, Thuringia; 2a-c, ceph., dorsal, anterior,
side, X 4 (415).

Reedops RICHTER & RICHTER, 1925 [pro Reedia
WEDEKIND, 1911 (non ASHMEAD, 1904)] [·Pha
cops bronni BARRANDE, 1846]. Like Phacops but
vincular furrow absent in front of cephalon; gla
bella extremely inflated, in some species protrud
ing forward. Sil.-U.Dev., Eu.-N.Am.--FIG. 365,
6. R. cephalotes (HAWLE & CORDA), M.Dev.,
Czech.; 6a, exoskel., Xl; 6b, ceph. from below
with hypostoma in place, vincular furrow appear-

ing only below genae and modified into series of
pits, Xl (3).

Trimerocephalus M'Coy, 1849 [·Phacops mastoph
thalmus REINH. RICHTER, 1856] [=Eutrimero
cephalus GORTANI, 1907]. Eyes absent; marginal
ridge wide, convex; vincular furrow wide, deep;
doublure short, flat. Pygidium as in Cryphops. U.
Dev., Eu.-Anatolia.--FIG. 365,4. ·T. mastoph
thalmus (REINH. RICHTER), Ger.; 4a,b, ceph.,
dorsal, side, X3; 4c, pyg., X3 (461).

Subfamily BOULEIINAE Hupe, 1955

Exoskeleton very compact. Glabella high
ly inflated, lp to 3p lateral glabellar furrows
distinct, 3p glabellar lobes very large, dis
tinct, 2p small, crescentic, lp united to form
an "intercalating ring"; genal angle sharp.
Thoracic pleurae with rounded ends. Pygid
ium rounded, entire. Dev.
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Bouleia KOZLOWSKI, 1923 [*Phacops dagincourti
ULRICH, 1892]. Glabella spheroidal, with deep
axial furrows, 1p to 3p lateral glabellar furrows
communicating with axial furrows, 3p long,
straight and simple, 2p transverse, short, 1p con
cave forward, lp and 2p forming mesially a single
large groove; exterior margin with row of pointed
teeth directed downward, largest in front. Pos
terior ends of facial sutures near genal angles.
[The opisthoparian appearance of Bouleia, in con
trast to all other Phacopacea, presumably is caused
by secondary addition of a denticulated border to
the librigenae. Thus, the posterior sections of the
facial sutures are visible from above to their ends,
whereas regularly they reach the genal angles
only along the margin, being visible only in side
view of the cephalon. The posterior ends of the
sutures seem actually to have the same position at
the true genal angles as in other Phacopina. ]
Dev., Bol.--FIG. 370. ·B. dagincourti (ULRICH);
a, exoskel., XO.7; b,c, ceph., XO.7 (474n).

a b

Subfamily PHACOPIDELLINAE Delo, 1935

Exoskeleton depressed, as in Dalmaniti
dae, in the late genus Dienstina somewhat
compact. Glabella not inflated, anterior slope
gentle; 1p lateral glabellar furrows united
by shallow depression or separated; "inter
calating ring," if developed, not sharply de
fined from anteromesial part of glabella;
doublure flat or gently vaulted, no vincular
furrow (except in Phacopidella and Denck
mannites, where it is restricted to postero
lateral part, Fig. 369,lc,3c). Pygidium large.
Sil.-UDev.
Phacopidella REED, 1905 ['Phacops glockeri BAR

RANDE, 1846] [=Glockeria (Glockeria) WEDE
KI:-;D, 1911]. Margin of cephalon sharp, upper
and lower surfaces meeting at acute angle; 3p and
2p lateral glabellar lobes coalesced and detached
from frontal lobe (as in Phacopinae), 3p glabellar
furrow being deeper than 2p and uniting with
dorsal furrow (as in Dalmanites); "intercalating
ring" tripartite; eyes reniform, relatively large;
posterior sections of facial sutures convexly curved
on genae; genal angles truncated. Pygidium large,
rounded. Sil., Eu.--FIG. 369,1. ·P. glockeri
(BARRANDE), e alpha Z., Czech.; la,b, ceph., pyg.,
X 0.9; 1c, subcephalic margin, showing vincular
furrows only at lateral extremities, XO.9 (474n).

Denckmannites WEDEKIND, 1914 [pro Glockeria
(Denckmannia) WEDEKIND, 1911 (non BUCKMAN,
1898; nec HOLZAPFEL, 1908)] ['Phacops volborthi
BARRANDE, 1852; SD VOGDES, 1925] [=Volborthia
WEDEKIND, 1911]. Margin of cephalon as in Pha
copidella; glabellar surface uniform; frontal lobe,
3p and 2p lateral glabellar lobes coalesced (as in
Phacops), 3p glabellar furrows being not deeper
than 2p and separated from axial furrows; inter-

FIG. 370. B01lleia dagincotlrti (ULRICH), Dev., S.
Am.(Bol.); a, exoskel., XO.7; b,c, ceph., XO.7

(474n).

calating furrow tripartite; eyes small, with cryp
tophtha/mus pattern, few lenses; posterior sections
of facial sutures concavely curved on genae; genal
angles truncate. Pygidium like that of Phacopi
della. Sil.-L.Dev., Eu.-N.Afr.--FIG. 369,3a,b. '"D.
volborthi (BARRANDE), Sil., Czech.; 3a,b, ceph.,
pyg., XO.7 (3).--FIG. 369,3c. D. micromma (A.
ROEMER), M.Dev., Moroc.; ceph., from below
showing vincular furrow developed only laterally,
undulated, XO.9 (474n).

Dienstina RICHTER & RICHTER, 1931 [*Phacopidella
diensti RICHTER & RtCHTER, 1923]. Cephalon
pentagonal; 2p and 3p lateral glabellar furrows
lacking on surface, 1p shallow in median part; "in
tercalating ring" undivided; eyes reduced to cryp
topht/lalmus pattern, palpebral lobes becoming
triangular; posterior sections of facial sutures
on genae very short, rectilinear; genal angle
rounded, not truncate. Pygidium large, vaulted;
axis short. U.Dev., Eu.--FIG. 369,6. *D. diensti
(RICHTER & RICHTER), Ger. (Oberscheld); 6a-c,
ceph., dorsal, side, front, X2; 6d, pyg., X2 (461).

Ductina RICHTER & RICHTER, 1931 [*Phacopidella
dttctifrons RICHTER & RICHTER, 1923]. Cephalan
semicircular, margin evenly rounded; glabella
with anterolateral recurved wings, confluent with
marginal border, 2p and 3p lateral glabellar fur
rows absent on surface, 1p disappearing in median
part, "intercalating ring" undivided; eyes and
palpebral lobes absent; facial sutures restricted
entirely to margin (alone among Phacopidae);
genal angles rounded, not truncated. Pygidium
large, axis narrow, long; axial ridge present. U.
Dell., Eu.--FIG. 369,2. ·D. ductifrons (RICHTER
& RICHTER), Ger. (Dill Basin); 2a,b, ceph., dor
sal, side; 2c, ceph. margin from below, showing
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absence of vincular furrow; 2d, pyg., all X2.7
(2a,b,d, 461; 2c, 474n).

Nephranomma EllBEN, 1952 [Phacopidella (Neph
ranomma) drepanomma]. Cephalon like that of
Phacopidella, with large reniform eyes; lateral
glabellar furrows indistinct; posterior sections of
facial sutures on genae short, concave forward;
genal angles not truncated, rounded. L.Dev.-U.
Dev., Eu.--FIG. 369,5. ·N. drepanomma (ER
BEN), L.Dev., Ger. (Harz); 5a-c, ceph., dorsal,
side, front, X2.3; 5d, pyg., X 4 (39).

?Adastocephalum MITCHELL, 1919 [.A. teleotypi
cum]. Cephalon short, broad; axial furrows recti
linear, 2p and 3p lateral glabellar furrows not
discernible; eyes reniform; genal angles rounded.
Pygidium unknown. [Cephalic characters doubt
ful owing to poor preservation.] ?L.Dev., N.S.
Wales.--FIG. 369,4. ·A. teleotypicum; ceph.,
XU (430).

Subfamily UNCERTAIN

Pterygometopidella WEDEKIND, 1912 ["Phacops
quadrilineatus ANGELlN, 1851]. According to AN
GELIN'S original description, the type species has
bipartite 3p lateral glabellar furrows. Therefore
the genus seems to be a phacopid. Determination
of generic distinctness and family assignment are
expected from study of the type species. Sil., Swed.
God.).

Superfamily DALMANITACEA
Vogdes, 1890

[.om. transl. SnuVE, herein (ex Daimanitidae VOCD£S, 1890)]
[=Phacopidea RUD. RICHTER, 1933 (partim); Phacopacea
H£NNINGSMO£N, 1951 (partim); Phacopoidae HUPE, 1953

(partim)]

Generally isopygous. Cephalon common
ly with well-developed preglabellar area and
distinct glabellar lobation; 3p lateral glabel
lar furrows well developed (except in some
Calmoniidae), continuous, subbipartite ex
ceptionally (with both parts of each furrow
connected); eyes in mesial or posterior posi
tion (except in some Zeliszkellinae and Cal
moniinae); genal spines generally present;
true vincular furrows lacking. L.Ord.-U.
Dev.

Family DALMANITIDAE Vogdes, 1890
[Because VOGUES (1890, p. 83) included Phacops in his Dal
manitidae (together with Dalmanitc-s, Corollura, Cryphaeus,
and Chasmops) J the family name, when published, was a
junior synonym of Phacopida< HAWL£ lit CORDA, 1847. Exclu
,ion of Phacops by Ruu (1905) places Dalmanitidae in
good 'landing.) [Authorship. Except for malerials furnished
by RUD. RICHTElt on the genera Dalmanites. Dalmannia, Dal·
manitoidu, Hausmannia, Hdiocephalus, Malladaia, Mal·
vernia, Odontoelli/e, Eudolatites, Ormathops, ZeUsz1(ella,
Acas/Qva, Acastdla, and Acastellina, all of the organization
and content of information on this family is contributed by

W. STRUVE.]

Exoskeleton flat to moderately vaulted.
Segmentation of glabella scarcely modified

as far as proportions of lobes are concerned,
no hypertrophy of anterior glabellar lobes
(frontal, 3p, 2p), Ip lobes tending to be
narrow but invariably present; 3p lateral
glabellar furrows very distinct in almost all
genera, 2p reduced abaxially in some, Ip
furrows deepest; eyes generally large, pos
terior in position; genae most commonly
produced into genal spines with outer edge
forming straight continuation of lateral
cephalic margins but may have shape of lap
pets; posterior sections of facial sutures form
genal sulcus in many genera; no vincular
furrow. Low.M.Ord.-UDev.

Subfamily DALMANITINAE Vogdes, 1890
[Includes Coronurinae PILLET, 1954; Synphoriinae DELO,
1935 (nom. correct. DELo, 1940, pro Synphorinae DELo,
1935, =Neosynphoriinae HOPE, 1955, nom. subst. pro Syn-

phorinae DELo, 1935) I

Cephalon gently to moderately vaulted,
border visible from above in front of gla
bella, distinct also anterolaterally in most
genera, tending to develop processes; frontal
lobe of glabella may be gently inflated,
slightly above level of central area and with
varying distinctness detached from it; longi
tudinal glabellar furrows generally present,
3p lateral furrows well developed but 2p
(and exceptionally 1p) may retreat from
axial furrows; eyes moderately to very large,
located near glabella and posterior border
furrows in most genera; subocular grooves
present; posterior sections of facial sutures
in shallow to very deep genal sulci; genal
angles produced as lappets or forming short
to very long spines. Hypostoma elongate,
narrowing backward, each lateral margin
with 1 to 3 denticles, I posterior denticle.
Pygidium generally large, with 8 to 22 rings
and 7 to 15 pairs of ribs (exceptionally 6 or
as many as 20); posterior and anterior
pleural bands of pleural fields subequal,
tending to fuse (especially adaxially), pleu
ral furrows deep; posterior processes present
in several genera. Sil.-MDev.
Dalmanites BARRANDE, 1852 [*Trilobus caudatus

BRUNNICU, 1781; SD BARRANDE, 1852] [pro Val
mannia EMMRICH, 1844 (non ROBINEAU-DESVOIDY,
1830); Dalmania BARRANDE, 1852 (nom. van.);
Hausmannia HALL & CLARKE, 1888]. Cephalon
with broad flat frontal margin visible from above.
Hypostoma long, with long central body, lateral
margins converging, each with denticle, posteriorly
a broad border without denticles but prolonged
into flat tongue. Pygidium long; with slender axis
showing 11 to 16 rings; pleural fields with 6 or 7
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pairs of ribs; doublure narrow. Sil.-L.Dev., Eu.
N.Am.-S.Am.-?Austral.--FIG. 371,la. -D. cau
datus (BRUNNICH), Eng.; exoskeI., XO.7 (267,
434).--FIG. 371,lb. D. vulgaris SALTER, Eng.;
hypostoma, Xl (267).

Anchiopella REED" 1907 [-Calymene ancltiops

1 REED (1907, p. 169) rderred several South African
species (including cristagalli) "to a special subgroup of D.
anchiops," RICHTER & RICHTER (1942, p. 174) interpreted
this as an original designation of th~ type species of
Anchiopclia. RENNIE (1930, p. 332-334) tended to the same
opinion but was less sure. REED (1925, p. 75) delinitdy
named for the "subgenus Anchiopdla. . . the type species
Dalmanitu anchiops/' which can be interpreted as mere
confirmation of an original designation. In contradiction,
REED (1927, p. 310) stated that the "type which was chosen

Ib

Dolmonites

4
Synphoroides

for this special group and exemplified by Dalmanites anchiops
GREEN was Ph. cris/agalli (Wooow.)." This subsequent
change of the type species is inadmissible under the Rules.
KOZLOWSKI (1923, p. 32) named "An. tttrniloba CLARKE" as
"representative: species" of Anchiop~lla, but this cannot be
interpreted as a valid subsequent designation of the type
species, since A. tumjloha was not included in the original
description of the genus by REED.

In publishing the name Anchiopsis (based on Calyrnenc
anchiops GREEN as type species), DEW (1935) was misled by
REED'S (1927) incorrect designation of the type species of
Anchiope/la, as Phacops cr;stagalli WOODWARD. A genus
founded on WOODWARD'S species is Baindla RE.NNIE, 1930. It
is noteworthy that DELO (1935, p. 409) does not record
Anchiopdla (sensu DELO, ==Bainella) from North America
(where A. anchiops is found) but from South Africa and
South America and he ascribes to this genus mesial axial
spines on the thorax. which are lacking in true Anchiopdla.
Thus DELO aClually was dealing with 2 genera bdonging to
different families.

Mollodaio

FIG. 371. Dalmanitidae (Dalmanitinae) (p. 0468-0472).
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GREEN, 1832] [=Anchiopsis DELO, 1935 (ob;.)].
Cephalon wide; axial furrows moderately deep;
frontal lobe of glabella may reach anterior margin,
slightly detached posteriorly; 2p and 3p lateral
glabellar lobes fused more or less completely; 3p
lateral glabellar furrows moderately deep, 2p and
1p with adaxial pits, shallow, but tending to be
connected by transglabellar furrows, longitudinal
glabellar furrows distinct; median occipital spine
present; eyes small to rather large, close to pos
terior border furrows; genal spines present. Pygid
ium triangular, with long posterior process; axis
short, ending bluntly, with less than 15 rings
(typically 8); pleural fields with 7 to 10 pairs of
ribs, interpleural furrows visible only distally; long
posterior process. L.Dev.-M.Dev., N.Am.--FIG.
371,5. ·A. anchiops (GREEN), L.Dev.(Schoharie
F.), N.Y.; 5a,b, ceph., pyg., Xl (404).

Coronura HALL & CLARKE, 1888 [.Asaphus aspec
tans CONRAD, 1841; SD VOGDES, 1893]. Exoskele
ton large. Cephalon (incompletely known) wide,
with granulose surface, border entire, broad; axial
furrows deep; frontal lobe of glabella large, sub
pentangular, broadly rounded anteriorly, not de
tached posteriorly, 2p and 3p lateral glabellar
lobes detached from central area by moderately
distinct longitudinal furrows, 3p lateral glabellar
furrows distinct, moderately oblique, 2p furrows
shallow, with deep adaxial pits; eyes very high;
posterior sections of facial sutures in deep genal
sulci; genal spines present. Pygidium large, with
long slender axis bearing 15 to 20 rings; pleural
fields with 15 to 20 pairs of ribs; border with
numerous (?anterior) pleural spines, of which the
last pair is pronounced, bifid or trifid, and
generally separated from each other by a broad
straight margin behind pygidial axis. Surface of
thorax and pygidium with scattered tubercles. Up.
L.Dev., N.Am.-S.Am.?(Colom.)-N.Afr. -- FIG.
372,1. ·C. aspectans (CONRAD), Columbus Ls.,
Ohio; la, ceph., XO.7 (476); 1b, pyg., XO.7
(404).

Corycephalus HALL & CLARKE, 1888 [·Dalmanites
regalis HALL, 1876; SD VOGDES, 1925]. Cephalon
strongly vaulted, with border bearing pointed or
spatulate denticles, axial furrows curving outward
at somewhat hypertrophic 3p lateral glabellar
lobes; frontal glabellar lobe steeply sloping or
vertical anteriorly and anterolaterally, slightly de
tached from central area; other glabellar lobes
separated from central area by moderately distinct
longitudinal furrows; 1p to 3p lateral glabellar
furrows more or less distinct, with deep adaxial
pits; eyes large, highly elevated; posterior sections of
facial sutures in deep genal sulci; long genal

. spines present. Pygidium like that of Dalmanites,
triangular, with entire margin; axis long, ending
bluntly, with 14 rings; pleural fields with 8 or 9
pairs of ribs; long posterior process. Surface of
exoskeleton with scattered tubercles. L.Dev., N.
Am.--FIG. 372,3a,b. ·C. regalis (HALL), Up.L.

Dev., N.Y.; ceph., XO.7 (404).--FIG. 372,3c.
C. dentatus (BARRETT), L.Dev., N.Y.; pyg., X13
(404) .

Dalmanitoides DELO, 1935 [·Dalmanites drever
manni IVOR THOMAS, 1906]. Cephalon with 5 very
short frontal processes; frontal lobe of glabella
slightly detached from central area, 1p to 3p lateral
glabellar furrows well marked, short, connected
by indistinct transglabellar furrows, longitudinal
glabellar furrows well developed; genal spines pres
ent. Pygidium elongate, subtriangular, with slender
axis reaching posterior end, bearing 18 rings;
pleural fields with 14 pairs of ribs. Surface of
thorax and pygidium with scattered tubercles.
L.Dev.-M.Dev., S.Am.(Arg.).--FIG. 372,4. ·D.
drevermanni (I. THOMAS); 4a,b, ceph., pyg., XO.7
(482, 1906).

Heliocephalus DELa, 1936 [pro Malvernia DELO,
1935 (non JACOBY, 1889)] [·Phacops (Dalmania)
coronatus H. H. THOMAS, 1900 (non Dalmania
coronata HALL, 1861, =Odontocephalus)]. Exo
skeleton small. Cephalon with border bearing series
of short wide-spaced sharp spines; glabellar lobes
detached from central area by longitudinal fur
rows; long genal spines present. Pygidium rela
tively narrow and short, but with about 12 rings
and 12 pairs of ribs; border broad; posterior proc
ess present. [According to Rules, type species of
this genus does not call for renaming because it
is not considered homonymous with HALL'S spe
cies.] M.Sil., Eu.--FIG. 373,2. ·H. coronatus
(H. H. THOMAS) Wenlock., Eng.; exoskel., X4
(481) .

Malladaia OEHLERT, 1896 [·Cryphaeus (Malladaia)
lllciae]. Cephalon subtriangular, with narrow an
terior border; axial furrows straight and barely
diverging opposite 1p to 3p lateral glabellar lobes
but strongly curved outward around laterally pro
truding frontal lobe of glabella, which is fused
with central area, latter being sharply separated
from Ip to 3p lateral glabellar lobes by deep longi
tudinal furrows; lateral glabellar furrows deep, not
in center of genal areas; posterior sections of facial
sutures in deep sulci; genal spines short. Pygidium
triangular, with short terminal spine; axis rather
broad, ending bluntly, with 11 rings; pleural
fields with 6 or 7 pairs of nearly unfurrowed ribs
that end abruptly along flat border; lateral mar
gins with faint pleural undulations showing ten
dency to develop dentides. L.Dev., Sp.--FIG.
371,6. ·M. luciae (OEHLERT); 6a,b, ceph., pyg.,
X 1.5 (438).

Odontocephalus CONRAD, 1840 [·Asaphus selen
ourus EATON, 1832J. Cephalon ogival in outline,
with anterior border bearing a series of distally
broadened and coalesced processes; axial furrows
nearly straight; frontal lobe of glabella inappre
ciably protruding laterally, more or less coalesced
with central area, 2p and 3p lateral glabellar lobes
detached from central area by generally distinct
longitudinal furrows that may reach occipital

© 2009 University of Kansas Paleontological Institute



Phacopida-Phacopina-Dalmanitacea 0471

furrow; 2p lateral glabellar furrows may be re
duced distally, adaxial pits in Ip and 2p furrows;
genal spines or lappets present. Pygidium ogival
in form, generally small as compared with
COl'onul'a, with entire margin except for pair of
pointed or blunt spines at posterior end; axis mod
erately broad, with about 7 to 10 rings; pleural

Coronura

fields with 7 to 10 pairs of distinct ribs (but 18
rings and 13 ribs in O. magnus STUMM). Up.L.
Del'" N.Am. -- FIG. 374. *0. selenoul'lIs
(EATON), Onondaga Ls., N.Y.; a,b, ceph., pyg.,
Xl (404).

Odontochile HAWLE & CORDA, 1847 [*Asaphus
Iwtlsmanni BRONCNIART, 1822; SD TRIPP & WHIT-

FIG. 372. Dalmanitidae (Dalmanitinae) (p. 0470-0472).
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FIG. 373. Dalmanitidae (Dalmanitinae) (p. 0470
0472).

TARD, 1956 (ICZN pend.) J. Cephalon resembling
that of Dalmanites, but anterior sections of
facial sutures distant from glabellar frontal lobe.
Hypostoma with 5 to 7 denticles along posterior
edge. Pygidium very long, with 16 to 22 rings and
12 to 15 pairs of ribs; doublure broad. L.Dev.-M.
Del'., Eu.-N.Am.-S.Am.-Austral. -- FIG. 371,2.
"0. hausmanni (BRONGNIART), M.Dev., Czech.;
2a,b, exoskeI., hypostoma, XI (3).

Neoprobolium STRUVE, 1958 [pro Probolil/m OEH
LERT, 1889 (non COSTA, 1853)] ["Asaphus nasl/ttls
CONRAD, 1841 J. Cephalon like that of SynpllOl'Oides,
glabellar lobe may be detached posteriorly; 1p 10
3p lateral glabellar furrows distinct, 1p furrows
being connected in some species by transglabellar
furrows, longitudinal furrows more or less de
veloped; long genal spines present. Pygidium with
slender axis bearing 10 to 14 rings; pleural fields
with 7 to 11 pairs of ribs; long posterior spine
present. L.Dev., N.Am.-Fr.--FIG. 372,2. "N.
nasutum (CONRAD), L. Helderberg. (New Scotland
Ls.), N.Y.; 2a,b, ceph., pyg., XO.7 (403).

Synphoria CLARKE" 1900 ["Dalmanites (Synphoria)
stemmatus CLARKE, 1900; SD VOGDES, 1925)
[=Eoeorycephalus REED, 1925 (obj.); Neosyn
phol'ia PILLET, 1954 (obj.»). Cephalon resembling
that of Dalmanitoides; anterior and anterolateral
margins entire or crenulate; frontal glabellar lobe
and I p to 3p lateral lobes detached from central
area by shallow furrows, 2p and 3p lobes fused ab
axially; I p and 3p lateral glabellar furrows dis
tinct, 2p reduced abaxially, I p and 2p being faintly
transglabellar in some and bearing deep adaxial
pits; genal lappets or short spines present. Pygidium
,ubtriangular with rather broad axis bearing 10 to
15 rings; pleural fields with about 9 pairs of ribs;
posterior spine may be present. L.Dev., N.Am.-S.
Am.--FIG. 373,1. '5. stemmata (CLARKE), Be
craft Ls., N.Y.; Ia,b, ceph., dorsal and ventral;
Ie, pyg.; all XO.7 (23).

Synphoroides DELo, 1940 [.Dalmanites (Pro
holium) biardi CLARKE, 1907). Cephalon closely
resembling that of SynpllOria and Neoprobolium;
crenulated anterior margin produced in a short
(bifid or trifid) frontal process; frontal glabellar
lobe more or less detached from central area; I p
and 2p furrows with adaxial pits connected in
some species by transglabellar furrows, longitudinal
furrows fairly distinct; short to long genal spines
present. Pygidium subtriangular; with rather slen
der axis that may reach posterior margin, with 12
to 18 rings; pleural fields with 9 to 16 pairs of
ribs; pointed posterior lappet may be present. L.
Del'., N.Am.--FIG. 371,4. "5. biardi (CLARKE),
Can.(E.Que.); ceph., XO.7 (386).

Trypaulites DELO, 1935 ['Dalmania calypso HALL,
1861). Cephalon semicircular, with rather broad,
entire border; frontal glabellar lobe tending to
be detached from central area, elliptical to sub
circular bicomposite lobes (2p+3p) high abaxially,

I Synrhoria was introduced by CLARKE (1897, p. 733) as
n;lIne {or i1 group of subgenera classed as belonging to
Iltllmanites. Because employed for an unrecognized taxa·
nomic category intermediate between genus and subgenus.
the term had no nomenclatorial status at the time of original
publication but remained available for use by any author
who recognized Synpho1"ia in a generic or subgeneric sense,
In the opinion of DELO (1940, p. 65) this author was CLARKE

(1900, p. 19) when he wrote "it is very probable that the
term Synphoria . ... may prove of subgeneric importance,,"
Late!, CLARKE (1913, p. 148) used Synphoria as a "synthetic
term," without therehy affecting nomenclature, because a
valid name does not become invalid when il is nOl used
for taxonomic reasons. Synphoria was published again and
again as a generic or subgeneric name, and VOGDES (1925,
p. 113) subsequently designated S. s/emmatus as "genotype"
of Dalmaniles (Synphoria). REED (1927, p. 352) named Syn
phoria in a list of subgenera of Dalmanites but DELO (1935.
p. 412; 1940, p. 6, 64) treated it as a genus, ~s~igning
authorship to CLARKE, 1900. Contrary to the opinIon of
RICHTER & RICHTER (1942, p. 175), the name Synphoria evi
dently is valid in nomenclature. The only question concerns
authorship and year of original publication. Application of
the Rules indicates CLARKE, 1900.

Eocoryccplzalus REED, 1925, is a junior objective syn
onym by reason of the subsequent designation (RENNIE,
1930, p. 334) of S. summa/tis as type species. The substitute
name Neos)'nphoria PILLET, 1954, introduced because of rea
soning advanced by RICHTER & RICHTER (1942) is also a
junior objective synonym of Synphoria.
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Odontocepho Ius

FIG. 374. *Odontocephalus selenourus (EATON),
(Dalmanitidae), L.Dev. (Onondaga Ls.), N.Y.; a,b,

ceph., pyg., X I (404).

Ip lobes very narrow, obsolescent; longitudinal
glabellar furrows continuous with 1p and 3p fur
rows but 2p reduced to deep adaxial pits, 1p also
with adaxial pits in some forms; eyes large to very
large, high, close to glabella; short genal spines
present. Thorax with very broad axis and sub
angular ends of pleurae. Pygidium with rather
broad axis reaching posterior margin, 12 to 15
distinct rings; pleural fields with about 12 pairs
of lIat, broad ribs; no posterior spine. [Resem
blance of Trypaulites to genera of the Monorakidae
seems due to convergence.) Up.L.Dev., N.Am.-
FIG. 371,3. *T. calypso (HALL), Onondaga Ls.,
Ohio; 3a,b, eXbskel., hypostoma, Xl (404).

Subfamily ZELISZKELLINAE Delo, 1935

Cephalon with margin entire; axial fur
rows in most genera more or less parallel
adjacent to Ip and 2p lateral glabellar lobes,
rather divergent bordering 3p glabellar
lobes and frontal lobe, glabella thus club
shaped; segmentation of glabella scarcely
modified, lateral glabellar furrows more or
less curved, Ip and 2p furrows converging
outward, I p furrows adaxially bifurcated
more or less; eyes generally small, distant or
far distant from posterior border furrows.
Hypostoma rather short, with narrow bor
der, and commonly without marginal den
tides. Low.M.Ord.-U.Ord., ?M.Sil.

In the new arrangement of dalmanitid
genera the Zeliszkellinae include rather dif-

ferent forms, which, however, are allied es
pecially by peculiar segmentation of the gla
bella and simple shape of the hypostoma.
The subfamily may be divided into 2 groups
that may themselves represent taxa of sub
family rank, but here they are not given
more than informal status as assemblages.

ZELISZKELLA Group

Exoskeleton small. Cephalon with entire
margin; border more or less distinct lat
erally and visible from above in front of
glabella; eyes reaching close to anterolateral
border furrows; no genal sulci on posterior
sections of facial sutures; genal angles
rounded, lacking spines. Pygidium distinctly
smaller than cephalon, rather vaulted, sub
triangular, consisting of few segments; no
posterior spines. M.Ord.

The Zeliszkella probably is a somewhat
specialized offshoot of the early dalmanitids
that became extinct soon after its appearance.
Zeliszkella DELO, 1935 [*PllaCOPS des/wyesi BAR-

RANDE, 1846]. Cephalon with rather narrow
frontal area, anterior sections of facial sutures
close to frontal lobe anteriorly; eyes large, reach
ing far backward. Posterior thoracic pleurae curv
ing progressively backward, their pointed ends
longer than those of anterior pleurae. Pygidium
elongate subtriangular with about 10 rings; pleural
fields with 3 or 4 ribs. M.Ord., Czech.

Z. (Zeliszkella). Cephalon with relatively wide
axial furrows; 3p lateral glabellar lobes notably
below level of vaulted to somewhat inflated
frontal glabellar lobe; occipital lobe prominent;
palpebral lobes and furrows well developed, sum
mit of palpebral lobes in or above level of palpe
bral region of fixigenae. M.Ord., Czech.--FIG.
375,1. 'Oz. (Z.) deshayesi (BARRANDE); exoskel.,
X I (3).

Z. (Mytocephala) STRUVE, 1958 ["Dalmanites
OI'iens mytoensis KLOUCEK, 1916]. Cephalon with
distinct but very narrow axial and lateral gla
bellar furrows; anterior slope of glabella formed
by entire scarcely vaulted frontal lobe, as well
as by essential to prevailing parts of 3p lateral
glabellar lobes; central part of cephalon flattened
or level; occipital lobe scarcely elevated; palpebral
lobe missing or almost inappreciable, upper mar
gins of visual areas distinctly below level of
palpebral region of fixigenae. M.Ord., Czech.

Ormathops DELo, 1935 [*Dalmanites atavtls BAR
RA"DE, 1872]. Cephaton with broad frontal bor
der, facial sutures in front distant from glabella;
laterally with shallow vincular furrow; eyes small,
in anterolateral corner of genae. Lateral margins
of hypostoma re-entering at half length. Pygid-

© 2009 University of Kansas Paleontological Institute



0474 T rilobitomorpha-Trilobita

ium subtriangular, with about 10 rings and 5
pairs of ribs. M.Ord., Eu.--FIG. 375,5. ·0. a/a
Nts (BARRANDE), Czech.; 5a,b, exoskel., hypo
stoma, Xl (4).

DALMANITINA Group

Cephalon with distinct border and border
furrows, but narrow or missing in front of
glabella, which mostly is club-shaped; genal

sulci visible or missing; short to moderately
long genal spines. Pygidium subcircular to
ogival in outline, generally with more nu
merous segments than in Zeliszkella group.
M.Ord.-L.Sil., ?M.Sil.

The Dalmanitina group shows distinct
resemblance to the Dalmanitinae in outline
and increasing number of segments of the

30

60

Dalmanitina

Chattiaspis

3b

5b

Ormothops

Dalmonitina

Zeliszkella

Eudolatites

6b

FIG. 375. Dalmanitidae (ZeIiszkeIlinae) (p. 0473-0475).
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pygidium but is distinguished by segmen
tation of the glabella and shape of the hypo
stoma. Additional differences seen in typical
representatives of the Dalmanitina group
are the suppressed frontal border, club
shaped glabella, faint or missing genal sul
cus, and size and position of the eyes. With
little doubt, the Dalmanitinae are descend
ants of the Dalmanitina group of the Zelisz
kellinae.
Dalmanitina REED, 1905 [·Phacops socialis BAR

RANDE, 1846]. Cephalon with 3p lateral glabellar
furrows slightly to moderately oblique, 1p and 2p
furrows distinctly converging outward, adaxial
bifurcation of 1p furrows generally distinct; genal
spines very short to about 0.5 of glabellar length.
Pygidium ogival, in some attaining considerable
length; axis rather broad, with postaxial ridge,
posterior spine generally present. M.Ord.-U.Ord.,
?M.Sil., Eu.-N.Afr.-N.Am.-E.Asia.
D. (Dalmanitina). Exoskeleton tending to con
siderable elongation. Cephalon with anterior bor
der more or less completely suppressed; glabella
club-shaped; eyes small, far removed from pos
terior border furrows. Hypostoma with lateral
margins slightly convergent backward, posterior
margin broadly rounded. Pygidium with 8 to 14
rings and 7 or 8 (exceptionally 5) pairs of ribs.
M.Ord.-U.Ord., ?M.Sil., Eu.-?N.Am.-?E.Asia.
--FIG. 375,3. ·D. (D.) socialis (BARRANDE),
Czech.; 3a,b, exoskel., ceph. and hypostoma from
below, Xl (3).--FIG. 375,2. D. (D.) mor
risiana (BARRANDE), Czech.; 2a, ceph., X2; 2b,
pyg., XU (3).

D. (Chattiaspis) STRUVE, 1958 [.Dalmanitina keg
eli RICHTER & RICHTER, 1927]. Outline of cepha
Ion subpentangular, with anterior border wdl
developed; axial furrows nearly straight, mod
erately divergent, somewhat re-entrant at 3p
lateral glabellar furrows; glabella expanding for
ward but not distinctly swollen in front, 2p
furrows almost transverse, curving slightly back
ward abaxially, 2p lobes narrowing sideward,
shallow longitudinal furrows present; eyes some
what less than 0.5 of glabellar length (exsag.) ,
closer to posterior border furrows than in D.
(Dalmanitina); long genal spines in straight
continuation of lateral cephalic margins. Hypo
stoma with sides distinctly converging. Pygidium
transversely elongate ogival; with 8 or 9 rings
and 4 or 5 pairs of ribs; border distinct; posterior
spine present. Ord., Ger.--FIG. 375,6. ·D.
(C.) kegeli RICHTER & RICHTER, Kleinlinden;
6a-d, ceph., pyg., hypostoma, X3 (461 mod.).

Eudolatites DELO, 1935 [·Dalmanites angelini BAR
RANDE, 1852]. Glabella with frontal lobe scarcely
detached from central area; all glabellar furrows
distinct, 3p lateral furrows somewhat widened
(exsag.) , abaxially, 1p and 2p, furrows slightly

converging or transverse; genal spines present.
Pygidium nearly as large as cephalon; slender axis
with 11 to 15 rings and 8 to 13 pairs of ribs,
without posterior spine. [Pygidial features of this
genus are closer to Dalmanitinae than those of
Dalmanitina, which it resembles closely in cephalic
features. Nature of the hypostoma, now unknown,
may have considerable taxonomic importance.] M.
Ord.-U.Ord., ?M.Sil., Eu.-?E.Asia.--FIG. 375,4.
*E. angelini (BARRANDE), Ord., Czech.; exoskel.,
X2.5 (3).

Subfamily ACASTAVINAE Struve, 1958

Cephalon similar to that of Asteropyginae
(Dalmanitidae), outline typically ogival
to pentangular; axial furrows moderate
ly diverging; lateral glabellar furrows
distinct in most species, 2p and 3p obsoles
cent exceptionally, 2p straight, transverse or
slightly oblique in posterolateral direction,
exceptionally a little oblique in anterolateral
direction, and more or less reduced ab
axially; longitudinal furrows may be de
veloped; eyes attaining considerable size,
rather close to posterior border furrows and
glabella; genal angles produced into angu
lar lappets or short spines that lie in straight
continuation of lateral margins. Pygidium
composed of few segments (5 or fewer pairs
of ribs); axis broad; with tendency to de
velop protrusions of soft body inside of
doublure (indicated only on internal mold)
as pleural marginal indentations or minute
lappets; small posterior spine may be pres
ent. U.sil.-LDev.

The Acastavinae include such genera of
the "Acastinae" (in the hitherto usual ar
rangement as Phacopidae) that show a dis
tinct Asteropyginae trend. Several cephalic
features may come close to those of Acasti
nae (restricted) but on the whole display
more similarity to Dalmanitinae and Astero
pyginae, especially in having genal spines of
the same shape as in these subfamilies and
generally quite different from those in the
Calmoniidae. Of genera included in the
Acastavinae, Acastellina is most similar to
Acastinae.
Acastava RICHTER & RICHTER, 1954 [·Cryphaeus

atavus W. E. SCHMIDT, 1907]. Cephalon similar
to that of Asteropyge, frontal border having a
sharp margin; 2p lateral glabellar lobes narrow
(sag.), 3p broader; "intercalating ring" narrow;
genal spines present. Pygidium with entire mar
gin on exterior surface but on internal molds
showing tendency to develop 5 lateral denticles,
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Acostovo

Ib

If!0
Ie Aeostellino

FIG. 376. Dalmanitidae (Acastavinae) (p. 0475-0476).

2 posterior not always distinct, margin between
5th denticles broad, entire. L.Detl., Eu.--FIG.
377,1. "A. atatlus (W. E. SCHMIDT), Siegenian,
Ger.; la, ceph., X4 (469, 1907); 1b, pyg., X2.8

(255).--FIG. 376,1. A.? sehmidti (RuD RICHTER),
Emsian, Ger.; la, exoskel., X2; 1b,e, ceph., X2
(460, 1916).

Acastella REED, 1925 ["Aeaste downingiae spinosa
SALTER, 1864]. Cephalic frorttal margin visible
from above, pointed; axial furrows only slightly
diverging; 3p lateral glabellar furrows directed
backward, 1p and 2p deep, transverse, 1p not con
tinuous, curved backward, with inner ends bend
ing forward; eyes large; genal angles with spines.
Hypostoma with maculae near margin. Pygidium
broadly triangular, wit~ terminal spine, about 7
axial rings and 4 ribs; margin tending to develop
interior denticles. U.Sil.-L.Detl., Eu.--FIG. 376,2.
"A. spinosa (SALTER), Sil.(U. Ludlow), Eng.;
ceph., X2 (255).--FIG. 377,2. A. tiro RICHTER
& RICHTER, L.Dev., Ger.(Ebbe); 2a,b, ceph., pyg.,
internal molds showing inner denticulations on
pygidium, X4.3 (255).

Acastellina RICHTER & RICHTER, 1954 [..Aeaste
(Aeastella) nolens RICHTER & RICHTER, 1952].
Exoskeleton minute. Cephalon with axial furrows
divergent (about 35°); lateral glabellar lobes
swollen, 3p much broader and higher than 2p,
"intercalating ring" inflated in median part as
node; all glabellar furrows uniting near sagittal
line; eyes very long; palpebral regions of fixi
genae nodelike, visual areas low; genal angles
acute but without spines. Hypostoma broad, with
small maculae near sagittal line. Pygidium pointed,
tending to develop a terminal spine; axis rela
tively short, posteriorly truncated, with 5 rings
(1 to 3 distinct); pleural fields with 3 or 4 ribs.
L.Detl., Eu.--FIG. 376,3. "A. nolens (RICHTER
& RICHTER), Up.L.Dev., Ger.(Eifel); 3a, ceph.,

X8; 3b, hypostoma (probably belonging to this
species), X9; 3e, pyg., X6 (254).

Acostovo

FIG. 377. Dalmanitidae (Acastavinae (p. 0475
0476).
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Subfamily ASTEROPYGINAE Delo, 1935

Cephalon rather closely similar to those
of Dalmanitinae; 3p lateral glabellar fur
rows distinct, straight, rather oblique, 2p
transverse, tending to retreat from axial fur
rows, lp deep, gently curving in antero
mesial direction; eyes generally large about
05 of glabellar length (exsag.), palpebral
lobes close to glabella in front and to pos
terior border furrows at rear; genal sulcus
may be present, genal angles acutely pointed
or bearing medium-length to very long
genal spines in straight continuation of lat
eral margins. Hypostoma short, similar to
that in Zeliszkellinae and Acastinae. Thorax
with rather long pleural spines or spinelike
lappets. Pygidium with 7 to 15 or more
axial rings (av. 10 to 12) and 5 pairs of dis
tinct ribs (in some genera with 1 or 2 addi
tional pairs of reduced ribs); lateral border
generally with 5 pairs of lappets or spines
(Gourdonia, 6 pairs; Cryphina, 7 pairs) and
in most genera an unpaired posterior lappet
or spine. [Philonyx, Cryphina, and Gour
donia are included in this subfamily with
reservation.] L.Dev.-U.Dev.

In generic diagnoses 4 patterns of pleural
fields (2 conservative and 2 progressive)
are usefully distinguished by names derived
from species that show them typically. These
severally need to be described.

CONSERVATIVE TYPES. Pleural bands equal
or subequal; border with lappet-shaped proc
esses correlated with pleurae or posterior
pleural bands. ( 1) Prorotundi/rons pat
tern (named from Treveropyge proro
tundi/rons) , with anterior and posterior
than posterior, interpleural furrows broad
ening distally to give ribs a bifurcate ap
pearance, pleural furrows rather broad and
deep, border obliterated by traversing pads
(thickened tracts between ribs and proc
esses); pleural border lappets tending to be
posterior on internal molds. (2) Boothi pat
tern (from Greenops boothi), with anterior
and posterior pleural bands subequal or an
terior somewhat narrower, anterior lower
than posterior bands, disappearing at border
furrow or extending faintly to anteroproxi
mal part of posteriorly adjacent border lap
pet, posterior pleural bands gently expanded
distally, passing into traversing pads that at
tain size of border lappets; interpleural fur
rows narrow and distinct; pleural furrows

FIG. 378. •Asteropyge punetata (STEI~INGER) (Dal
manitidae), M.Dev., Ger. (Eifel) ; exoskel. (re

constr.), X 1.5 (458n).

moderately wide and deep; posterior border
lappets tending to be pleural on exoskeleton.

PROGRESSIVE TYPES. Distinct to complete
lowering and reduction of anterior pleural
bands; traversing pads and spinelike proc
esses distinctly correlated with posterior
pleural bands. (3) Supradevonica pattern
(from Asteropyge supradevonica) with
anterior pleural bands moderately to
much reduced in width and depressed be
low posterior pleural bands, both sets of
,bands well separated in steplike arrange
ment, interpleural furrows distinct, pleural
furrows deep and rather wide; furrows
finally bicomposite owing to disappearance
of anterior bands. (4) Cometa pattern (from
Comura cometa) , with anterior pleural
bands increasingly narrowed and depressed
well below level of posterior bands to which
they appear welded without sharp bound
aries, also tending to retreat from border
furrow; interpleural furrows narrow to
faint; pleural furrows broad and deep.
Asteropyge HAWLE & CORDA, 1847 [pro Pleuraean-

thus MILNE EDWARDS, 1840 (non GRAY, 1832; nee
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AGASSIZ, 1837)] ["Calymene arachnoides GOLD
FUSS in HOENINGHAUS, 1835 (=*Olenus punctatus
STEININGER, 1831)]. Cephalon gently to mod
erately vaulted, border distinct; no median frontal
process; glabellar frontal lobe sloping, fused with

slightly elevated, transversely arched central area,
2p and 3p lateral glabellar lobes detached abaxially
by longitudinal furrows, lp lobes considerably be
low level of 2p lobes, 3p lateral glabellar furrows
only moderately oblique; occipital ring very prom-

Delocore

9c

Asteropyge

90

3
Philonyx

8b

Cryphino

Comuro

6

Psychopyge

Metoconthino

80

Cryphino

FIG. 379. Dalmanitidae (Asteropyginae) (p. 0477-0483).
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inent; palpebral lobes well above glabella; genal
areas bordering eyes steeply sloping or even verti
cal, subocular ridges generally distinct; genal spines
moderately to very long. Thorax with long pleural
spines (type species). Pygidium with slender axis
showing 10 to IS rings, those near front bent
slightly forward and near rear not bent; pleural
fields with segmentation of supradevonica pattern
showing 5 pairs of ribs (5th about as long as 1st)
that are separated from axis by space for an un
ribbed field or 1 or 2 pairs of short ribs; border
furrow, border, and traversing pads distinct in
most species; 5 pairs of long, gently curved pos
terior pleural spines (5th distinctly shorter than
4th); posterior border produced in minute lappet
or short spine. M.Dev.-Low.U.Dev., Eu.--FIGs.
378; 379,9a,b. "A. punctata (STEININGER), M.
Dev., Ger. (Eifel); 378, exoskeI. (reconstr.),
X 1.5 (458n); 379,9a,b, ceph., pyg., X2.7, X 1.7
(474n).--FIG. 379,9c. A. supradevonica
(FRECH), Low.U.Dev., Ger. (Eifel); hypostoma,
X2.7 (474n).

Comura RICHTER & RICHTER, 1926 ["Cryphaeus
corneta RUD. RICHTER, 1909). Cephalon transverse
ly elongate; glabella with frontal lobe sloping peri
pherally on all sides, detached from central area
which is depressed between 2p and 3p lateral
glabellar lobes, lobes distinctly decreasing in size
and elevation from 3p to 1p; 3P lateral glabellar
furrows moderately oblique and 2p tending to be
reduced laterally; genal angles unknown. Pygid
ium with 7 to 10 axial rings bent forward near
front and distinctly backward near rear, each
with medial node; pleural fields with segmenta
tion of cometa pattern, showing 5 pairs of ribs
(5th subequal in length to 1st) and 5 pairs of
long, posterior pleural spines; posterior spine or
lappet present. [Under International Rules, Comura
dates from 1926 despite the contrary opinion of
RICHTER & RICHTER (1952, p. 81).) Up.L.Dev.,
?Low.M.Dev., Eu.
C. (Comura). Frontal glabellar lobe somewhat in
flated but with broad Hat top; all lobes distinctly
detached from central area, 3p lobes at about
level of frontal lobe, 2p lobes considerably smal
ler than 3p, Ip lobes deep below level of glabella,
very small, forming narrow "intercalating ring."
Pygidium with 7 to 10 rings, near rear bent
strongly backward; anterior pleural bands of
pleural fields very narrow; border indistinct;
traversing pads bearing short, vertical node or
spine; posterior pleural spines very long, circular
in cross section; posterior spine of same shape
but shorter. Up.L.Dev., Ger.-Sp.--FIG. 380,3.
"C. (C.) cometa (RUD. RICHTER), Ger. (Eifel);
3a, cran., X2.5 (474n); 3b, pyg. (holotype),
X2.6 (251, 458, 474 mod.).-FIG. 379,2. G.
(C.) cometa?, Ger. (Eifel); hypostoma, X5.3
(254, 474 mod.).

C. (Delocare) STRUVE, 1958 ("Cryphaeus boopis
RUD. RICHTER, 1909). Cephalon with moderately

broad convex border and broadly triangular me
dian frontal process, border furrow wide, shal
low; posterior part of glabella considerably be
low level of highly inflated frontal lobe, lateral
glabellar lobes detached from central area, be
coming low toward axial furrows; Iibrigenae
rather flat. Pygidium with 10 axial rings, bent
moderately backward near rear; pleural fields
with anterior pleural bands moderately reduced,
posterior pleural bands bearing erect spine on
geniculate bend of distal part; border furrow
distinct, border moderately wide; posterior pleural
spines long, vertically elongate subrectangular in
cross section, 5th pair of spines longest; slightly
upturned posterior lappet broadly triangular and
pointed. Up.L.Dev., Ger.--FIG. 379,8a-c; 380,
2. "C. (D.) boopis (RUD. RICHTER), Eifel; 379,8a,
ceph. (lectotype); 379,8b, ceph. (another speci
men), profile; 379,8c, part of 1st pygidial rib,
posterior view; 380,2, pyg.; all X 1.65 (251, 474
mod.).

C.? (Philonyx) RICHTER & RICHTER, 1952 ["As
teropyge? (Phi/onyx) phi/onyx). Cephalic border
distinctly convex, with conspicuous broadly subtri
angular median frontal process and close to it on
either side another short pointed process, border
furrow distinct; glabella with frontal lobe some
what inflated at sides, lateral glabellar lobes
steeply descending in level from 3p to Ip, be
coming low toward axial furrows; 3p lobes fused
laterally with much smaller 2p lobes and raised
considerably above frontal lobe; occipital ring
with very long median spine; eyes somewhat
distant from posterior border furrows and gla
bella, eye ridges(?) extending from posterolateral
corners of frontal lobe to anterior end of palpe
bral lobes which bear long, crcct spine on pos
terior end. Thorax and pygidium unknown. Sur
face of frontal lobe, 3p lobes, palpebral lobes,
and subocular ridges coarsely granulose. [Genus
combines features of Comura and Cryphaeoides;
relationships uncertain in view of lack of knowl
edge of pygidium.). Up.L.Dev.-Low. M. Dev.,
Ger.--FIG. 379,3. "C.? (P.) phi/onyx (RICH
TER & RICHTER), Low.M.Dev., Harz; ceph. (holo
type), xU (254).

Cryphina OEHLERT, 1889 ["c. andegavensis].
Cephalon rather flat, with broadly rounded front
margin and narrow well-marked anterior border;
frontal lobe of glabella sloping gradually forward;
2p lateral glabellar lobes slightly smaller than
3p; "intercalating ring" narrow; occipital ring
broad; eyes well behind 3p furrows, slightly shorter
than 0.5 of glabellar length (exsag.); genal spines
short, blunt. Pygidium with prominent axis, bear
ing 8 to 10 distinct rings; lateral part of pleural
fields sloping steeply, with subequal anterior and
posterior pleural bands, interpleural furrows faint,
pleural furrows rather broad, deep, 6 or 7 pairs
of prominent ribs (last pair distinctly shorter than
1st); no border furrow, border distinct, with 7
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FIG. 380. Dalmanitidae (Asteropyginae) (p. 0479-0480).

pairs of pleural processes and terminal process. L.
Dev., Gr.-Belg.-Ger.--FIG. 379,7. "C. ande
gavensis, Fr.(St. Malo); pyg., XO.7 (438, 458).
--FIG. 379,4. C.? gdoumontensis (ASSEL
BERGHS), Belg. (Weismes); cran., x2.5 (461,
474).

Gourdonia PILLET, 1954 ["Dalmanites gourdoni
BARROIS, 1884]. Cephalon with fairly distinct
border and very short angular median frontal proc
ess; frontal lobe of glabella not isolated from cen
tral area, decrease of size of lateral glabellar lobes
well graded; eyes relatively small, considerably less
than 0.5 of glabellar length, centrally on genae;
genal spines long. Thorax with short pointed
pleural lappets. Pygidium with long, slender axis
containing about 12 rings (anterior 6 distinct);
pleural fields with anterior pleural bands some
what narrower than posterior bands; interpleural
furrows faint proximally, broadening distally;
pleural furrows broad proximally, narrowing dis
tally; 6 pairs of ribs (6th subequal in length to
1st, close to axis), 6 pairs of short, slightly curved,
pleural lappets; posterior lappet triangular, broad,
long. Dev., Fr.--FIG. 381,4. "G. gourdoni
(BARROIS), Haute Garonne; 4a, ceph. (reconstr.),
X2.25; 4b, pyg., XI.5 (474).

Greenops DELO, 1935 [pro Cryphaeus GREEN, 1837
(non KLUG, 1833)] ["Cryphaeus boothi GREEN,
1837]. Cephalon moderately convex; with border
and border furrow scarcely visible, with preglabel
lar area but no median frontal process; frontal
lobe of glabella sloping, not detached posteriorly
from transversely arched forward sloping central
area, 2p lateral glabellar lobes distinctly smaller

than 3p and fused with them distally, Ip lobes
smaller than 2p, not much depressed; lateral gla
bellar furrows deepening adaxially, 2p furrows re
duced abaxially to elongate pits, 1p furrows ab
axially above level of axial furrows; palpebral re
gion of fixigenae sloping steeply toward glabella;
genal spines broad, blunt, long. Pygidium with
broad low axis containing 7 to 10 rings bent for
ward near front; pleural fields with segmentation
of boothi pattern, with 5 pairs of ribs (5th dis
tinctly shorter than 1st, close to axis) and 5 pairs
of long, gently curved, posterior pleural lappets
ranging from blunt to slender terminal lappet
of similar shape, length, and breadth. [Taxonomic
distinctness of subgenera doubtful.] M.Dev., ?Low.
V.Del'., N.Am.-Eu.
G. (Greenops). Thoracic pleural processes com

prising short, blunt lappets. pygidial ribs flat,
anterior and posterior pleural bands subequal,
traversing pads very broad, obliterating border;
processes of lateral and posterior border devel
oped as broad, flat lappets. M.Dev., ?Low.V.Dev.,
N.Am.--FIG. 381,1. "G. (G.) boothi (GREEN),
M.Dev.(Hamilton); la, ceph. (Ont.), X3 (474,
476); Ib, pyg. (Naples, N.Y.), X3.75 (474).
--FIG. 379,5. G. (G.?) col/itelus (GREEN), M.
Dev.(Hamilton), Ont.; hypostoma, X1.3 (54).

G. (Neometacanthus) RICHTER & RICHTER, 1948
[pro Metacanthus HAWLE & CORDA, 1847 (nOll
COSTA, 1838)] ["Phacops stellifer BURMEiSTER,
1843]. Cephalon with palpebral lobes high above
posterior part of glabella, adjacent region of
fixigenae sloping steeply toward axial furrows.
Thoracic pleural processes long, spinelike. Pygid-
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FIG. 381. Dalmanitidae (Asteropyginae) (p. 0480-0482); Suborder Uncertain (Turcopyge, p. 0495).
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ium with fairly distinct border furrow and slightly
inflated border that is visible between traversing
pads; lateral and posterior processes of border
slender. Low.M.Dev., Ger.-Pol.--FIG. 380,1. "G.
(N.) stellifer (BURMEISTER), Eifel; 1a,b, ceph.,
pyg., X4.5 (474).

Kayserops DELO, 1935 ["Cryphaeus kochi KAYSER,
1883]. Cephalon high, without distinct border
and median frontal process; preglabellar area very
narrow; frontal lobe of glabella steeply sloping,
faintly detached from central area, median and
posterior parts of glabella subequal in elevation
with palpebral lobes, SO that central part of cepha
Ion has a flattened appearance; 2p and 3p lateral
glabellar lobes inflated, 1p, depressed, decreasing
in size from 3p to 1p; genae steeply sloping,
with long genal spines. Thorax with moderately
long straight pleural spines. Pygidium with rather
prominent axis containing 10 to 12 rings bent
gently forward near front and backward near rear;
each with median node; pleural fields with seg
mentation of cometa pattern showing 5 pairs of
distinct, equally long ribs; border and border fur
row distinct; traversing pads well marked; 5 pairs
of long, straight, posterior pleural spines; posterior
spine of same shape and about equal length. L.
Dev.(Emsian) , Ger.--FIG. 381,2. "K. kochi
(KAYSER); exoskel., enrolled, X3 (251,474).

Metacanthina PILLET, 1954 ["Cryphaeus barrandei
OEHLERT, 1889]. Border and border furrow of
cephalon rather distinct, preglabellar area well
developed; frontal lobe of glabella scarcely widened,
backward decrease in size of glabellar lobes well
graded, 1p lateral glabellar lobes slightly narrower
than occipital ring; eyes somewhat less than 0.5
of glabellar length (exsag.) , distant from lateral
border furrow and distant from posterior border
furrow; librigenae rather flat; long, broad
genal spines. Thoracic pleural processes spinelike,
straight, moderately long. Pygidium with mod
erately or very slender axis, 12 to 15 rings; pleural
fields with segmentation of boothi to prorotundi
j"ons pattern, 5 pairs of ribs (5th as long as 1st),
5 pairs of long, curved, pointed, pleural lap
pets; posterior lappet triangular, subequal to
others in length but broader proximally. L.Dev.
M.Dev., Fr.--FIG. 379,1. "M. barrandei (OEH
LERT), Pt. Maillet; 1a,b, ceph., pyg. (distorted
holotype), XU (371 mod., 441 mod., 474).

Pseudocryphaeus PILLET, 1954 ["Phacops michelini
ROUAULT, 1851]. Cephalon considerably vaulted,
with front margin narrowly rounded to subangu
lar, cephalic border moderately distinct, narrow
in front of glabella; frontal lobe rather steeply
sloping forward and sideward, 2p and 3p lateral
glabellar lobes about same in elevation and more
or less fused laterally, 2p not much smaller than
3p, 1P lobes depressed deeply below general level
of glabella, "intercalating ring" very narrow; 2p
lateral glabellar furrows reduced distally, lacking

adaxial pits, but 1p deep, with elongate pits; genal
spines broad and short. Pygidium with mod
erately broad high axis containing 10 rings bent
somewhat forward near front; pleural fields with
segmentation of boothi pattern showing 5 pairs of
ribs (5th distinctly shorter than 1st; a 6th pair of
incomplete ribs may occur); 5 pairs of short,
slightly curved, posterior pleural lappets; posterior
lappet of about same length, but broader proxi
mally. L.Dev., Fr.--FIG. 381,3. "P. michelini
(ROUAULT); 3a, ceph., X2.2 (474); 3b, pyg.,
X3.75 (474); 3c, ceph., showing plowshare-

1a T reveropyge

FIG. 382. Dalmanitidae (Asteropyginae (p. 0483).
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like process of frontal part of doublure, X3
(460).

Psychopyge TERMIER & TERMIER, 1950 [·Psycho
pyge elegans]. Cephalon and thorax unknown.
Pygidium with very slender axis containing many
rings (14 preserved with space for some more),
posterior rings probably transverse; pleural fields
with 5 pairs of distinctly biramous ribs (5th as
long as 1st), broad distal endings of ribs fused
with border; posterior segmental bands narrow
but anterior bands still narrower; interpleural fur
rows narrow, deep; pleural furrows broad, deep;
?5 pairs of long, posterior pleural spines; posterior
part of pygidium unknown. L.Dev., Morocco.-
FIG. 379,6. ·P. elegans; pyg. (holotype), X 1.3
(479).

Rhenops RICHTER & RICHTER, 1943 [·Cryphaeus
anserinus RICHTER & RICHTER in Run. RICHTER,
1916]. Cephalon gently to moderately vaulted,
with rounded front margin, border well de
veloped both laterally and anteriorly, border fur
row shallow, but distinct; axial furrows distinctly
divergent forward; decrease in size of glabellar
lobes well graded, 2p and 3p lateral glabellar lobes
fused distally, about same in elevation as central
area, middle part of "intercalating ring," and
palpebral area; 3p lateral glabellar furrows only
moderately oblique; eyes large (about 0.7 of gla
bellar length), extending to lateral border furrow;
broad, blunt, moderately long genal spines. Thor
acic pleurae with long sickle-shaped processes.
Pygidium with moderately broad, not very prom
inent axis containing up to 10 rings; pleural fields
with segmentation of modified boothi pattern
showing subequal posterior and anterior pleural
bands that tend to fuse by reduction of inter
pleural furrows; pleural furrows narrow; 5 pairs of
flat ribs (5th distinctly shorter than 1st, close to
axis); border distinct; no border furrow; 5 pairs of
rather short, curved, pleural to posterior pleural
lappets; posterior lappet of same shape and
breadth, of same length or longer. L.Dev., Ger.
AsiaM.--FIG. 382,2. ·R. anserinus (RICHTER &

RICHTER), Ger.(Eifel); 2a, ceph., X1.7 (251,
458); 2b, pyg., X3.4 (251, 474 mod.).

Treveropyge STRUVE, 1958 [.Asteropyge (Astero
pyge) prorotundifrons RICHTER & RICHTER, 1943].
Cephalon gently vaulted, much widened, with
distinct subhorizontal border that is narrow
anteriorly; short median frontal process; axial
furrows diverging slightly forward with re-en
trants at 3p lateral glabellar furrows, frontal lobe
somewhat inflated, usually above level of trans
versely arched, wedge-shaped central area; 2p and
3p lateral glabellar lobes gently sloping sideward,
fused distally, more or less detached adaxially, 1p
lobes somewhat depressed, tending to fuse with
2p lobes distally; genae sloping gently to
moderately sideward, with very short genal spines
pointing obliquely outward. Thorax with long,

spinelike pleural lappets. Pygidium with broad,
moderately high axis containing 10 to 12 rings
bent gently forward near front; pleural fields with
segmentation of prorotundifrons pattern showing
5 pairs of flat ribs (5th pair considerably shorter
than 1st, distant from axis, with 6th pair of rudi
mentary ribs present in some) that bifurcate dis
tinctly by distal broadening of interpleural furrows;
traversing pads broad; 5 pairs of gently curved,
short to moderately long, pleural lappets; pos
terior lappet broad, short, slightly tipped and up
turned. L.Dev.-M.Dev., Eu.-?N.Afr.--FIG. 382,
1. ·T. prorotundifrons (RICHTER & RICHTER), L.
Dev., Ger.(Eifel); la, ceph., X2.6; 1b, pyg.
(holotype), X2.6 (251,474 mod.).

Family CALMONIIDLE Delo, 1935
[nom. transl. STRUVE, 1958 (ex Calmoniinae, nom. correct.
DELO, 1940, pro Calmoninae DELO, 1935) 1 [A~tlzorship.
Except for contributions by RUD. RICHTER relating to Co/
mania, PaTacalmania, Pennaia, Probolaps, Schizostyluf,
Acaste, Acasloides, and Klouce/{ia, all parts of the section
here published on Calmoniidae are by W. STRUVE.]

Exoskeleton typically compact, in many
genera with Phacops-like bluntness. Ce
phalic border (frontal processes excluded)
narrow in front of glabella or not visible
from above; axial furrows slightly to mod
erately divergent; 3p lateral glabellar fur
rows simple, in none bipartite, tending to be
come faint and (exceptionally) obsolete, 2p
furrows moderately deep or shallow (excep
tionally obso]ete), in most genera not reach
ing axial furrows, 1p deepest of glabellar
furrows; 2p and 3p lateral glabellar lobes
fused marginally; eyes small to moderately
large (especially in Acastinae), in most gen
era distinctly to far distant from posterior
border furrows; genal sulcus shallow if
present; no vincular furrows (?except
Typhloniscus). Hypostoma short, with
maculae close to lateral borders. Pygidium
short, semicircular, with moderately to very
broad axis; pleural fields with 3 to 5 pairs
of ribs or a few more. Ord.-MDev.

Subfamily CALMONIINAE Delo, 1935
[nom. correct. DELO, 1940 (pro Calmoninae Dna, 1935)]

Exoskeleton small to moderately large.
Cephalon rounded subtriangular, with me
dian frontal processes a common feature;
2p and 3p lateral glabellar furrows present
in all genera but faint in many, 2p slightly
oblique in posteromesial direction, 1p deep,
exceptionally not reaching axial furrows;
1p to 3p lateral glabellar lobes subequal in
length (exsag.) in most genera; eyes small,
at mid-length of genae (exsag.), more or "less
distant from glabella; anterior sections of
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FIG. 383. Calmoniidae (Calmoniinae) (p. 0484-0486).

facial sutures may cut off lateral corners of
glabella; genal angles rounded or (excep
tionally) angular, without true genal spines
in straight continuation of lateral cephalic
margins but spiniform processes (in diag
noses simply termed "spines") that originate
on rounded genal angles. Thoracic pleural
endings rounded, pointed angular, or bear
ing short spines (in several species resemb
ling shape of genal spines). Pygidium show
ing tendency to develop pleural border
spines or lappets; posterior lappet or spine in
many genera. Ord.-M.Dev.

Calmonia CLARKE, 1913 roC. signifer; SD VOGDES,
1917]. Cephalon with short median frontal process;
glabella depressed, resembling that of Acaste;
axial furrows slightly divergent; 3p lateral glabel-

lar furrows shallow and 2p reduced to elongate;
shallow adaxial grooves; eyes rather small, distant
from posterior border; in type species facial su
tures cut lateral corners of glabella; with short
genal spines. Pygidium as in Asteropyginae but
with 5 pairs of ribs and 6 pairs of long pleural
spines; type species with long posterior spine.
L.Dev., S.Hemis.--FIG. 383,la. ·C. signifer,
Braz.(Parana); XO.7 (24).--FIG. 383,lb. C.
subsecitJa CLARKE, Braz.(Parana); hypostoma,
X2.7 (24).

Bainella RENNIE, 1930 lOB. bokketJeldensis]
[=Paradalmanites PILLET, 1954J. Cephalon stout,
with wide subtriangular, subpentagonal, or semi
elliptical outline; frontal border visible from above
or not, without median frontal process; glabella
rather uniformly vaulted, compact, subpentagonal
to pear-shaped, frontal lobe of 0.5 glabellar size
or considerably less, not detached from central
area; all glabellar furrows more or less distinctly
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oblique in posteromesial direction (with few ex
ceptions) and distant from axial furrows; 3p lat
eral glabellar furrows shallow, 2p generally a little
deeper, and 1p very deep, especially adaxially;
median occipital spine present; eyes small, about
in center of genae; genal angles rounded, short
genal spines may be present. Thoracic axis broad,
with mesial spines. Pygidium highly vaulted, sub
triangular, with broad, prominent axis containing
8 to 10 rings; pleural fields with 5 to 8 pairs of
distinct ribs showing anterior pleural bands re
duced or obsolete; posterior margin bluntly pointed
or with spine. L.Dev.,. S.Afr.-?MalvinI.-?Braz.-
FIG. 383,2a-c. ·B. bokkeveldensis, Bokkeveld beds,
S.Afr.; 2a, ceph. (reconstr. from 2 specimens)
(474); 2b, pyg. (partly reconstr. from external
mold; 2a and 2b preserved in same nodule), Xl.3
(474); 2c, part of thorax and pyg., XO.7 (456).
--FIG. 383,2d. B. acacia (SCHWARZ), Bokke
veld beds, S.Afr.; posterior region of cephalon of
holotype (reconstr.), XO.7 (456). [This is the
type species of Pal"adalmanites, holotype very
poorly preserved (456, p. 348) but showing many
features of B. bokkeveldensis and perhaps junior
synonym. The form called B. acacia by CLARKE
(1913) presumably does not belong to this
species.]--FIG. 383,2e. B.? sp., L.Dev., Malvin
I.; ceph., Xl [=B. acacia (sensu CURKE»).-
Flc. 383,21. B.? ocellus (LAKE), Bokkeveld beds,
S.Afr.; ceph., XO.7 (421).

Cryphaeoides DELO, 1935 [·Cryphaeus rostratus
KOZLOWSKI, 1923]. Cephalon with median frontal

spine; glabella subpentagonaJ; frontal lobe less
protruding laterally than 3p lateral lobes, 1p to
3p completely separated by distinct lateral fur
rows, central area between 2p and 3p lobes slightly
detached anteriorly, laterally, and posteriorly,
gently arched (tr.),. eyes with about 0.3 of glabellar
length, in center of genae; long erect spines on
posterior ends of palpebral lobes; anterior sections
of facial sutures meet at half length (sag.) of
dorsal surface of frontal spine; short genal spines
present. Pygidium with 10 distinct rings and 5
pairs of ribs, anterior pleural bands subequal in
width to posterior bands and below their level;
no distinct border; 5 pairs of long posterior
pleural spines and long posterior spine present.
M.Dev., Bol.--FIG. 383,4. "C. rostratus (Koz
LOWSKI), Sicasica; 4a,b, ceph., pyg., XO.7; 4c,
side view of eye, X2 (lll).

[Contrary to previous usage Cryphaeoides here is in,
eluded in the Calmoniinae because the genal spines and
small eyes are in a typical position for the subfamily. The
segmentation of the glabella is comparable to that of
SdlizostyJus. The course of anterior sections of the facial
sutures is intermediate between Calmania and Schizostylus.
The genal angles are as in Calmonia. The similarities with
Comura? (Phi/onyx) probably are due to convergence (,ee
AstcropyginaeL solution of this Question depending on dis~
covery of complete specimens of Phi/onyx.]

Dalmaniturus CHERNYCHEVA, 1937 ["D. weberi].
Cephalon rather l1at; with small median frontal
process; axial furrows narrow; glabella subpen
tangular in outline; 1p and 2p lateral glabellar
furrows faintly visible but not reaching axial fur
rows; eyes distant from posterior border furrows,
very prominent, embraced by a shallow depres-
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sion; anterior sections of facial sutures in mar
ginal pOSlllon anteriorly; genal angles pointed.
Pygidium triangular, with slender axis, 16 to 20
rings; pleural regions with 7 or 8 pairs of ribs
separated by narrow furrows, 8th pair of ribs
parallel and close to axis; without distinct border;
posterior spine present. [This genus displays
mingled calmoniid (cephalon) and dalmanitid
(pygidium) features, being related seemingly to
Phacopidina.] Sil., C.Asia.--FlG. 384,a-e. 'D.
webe,'i, W.Mongo\.; a, ceph., X4; b-c, pyg., X4.8;
d, ceph. (holotype); e, pyg., X3.2 (all 384).-
FIG. 384,/. D. sp. d. D. weberi, Tuva; cran.,
X3.2 (384).

Metacryphaeus REED, 1907 ["Phacops (Cryphaetls)
catler SALTER, 1856; SD RENNtE, 1930 (non
Phacops ocellus LAKE, 1904; SD RtCHTER & RtcH
TER, 1942)] [=Hadr01'achus DELo, 1935; Hadro
mkos DELO, 1940 (nom. van.)]. Cephalon mod
erately vaulted in most species, lateral cephalic
border and border furrows faintly distinct, an
terior margin rounded or produced in short me
dian frontal process; axial furrows straight, mod
erately divergent; frontal lobe of glabella gently
to considerably inflated and distinctly detached
from lower posterior part of glabella, central area
tending to be gently arched (tr.); 3p lateral gla
bellar furrows well defined, 2p reduced distally,
somewhat transverse, 1p deepest furrows, reaching
axial furrows or not, more or less transverse; 2p
and 3p (even lp) lateral glabellar lobes fused;
eyes about 0.3 of glabellar length (exsag.), near
center of genae; genal angles subangular or
bluntly pointed. Thoracic axis broad; anterior
pleurae with subangular to pointed ends, ap
proaching shape of pygidial pleural lappets in
posterior pleurae. Pygidium with 9 to II rings
and 5 pairs of ribs (6th incomplete); pleural fur
rows deep, interpleural furrows narrow, faint;
5 pairs of moderately long, slightly curved, pointed
(exceptionally rounded) pleural lappets; posterior
lappet short, rather broad. L.Dev., Braz.-Bo\.
Falkland I.-S.Afr.--FIG. 383,3c. "M. catler (SAL
TER), Bokkeveld beds, S.Afr.; ceph., part, Xl
(452).--FIG. 383,3a,b. M. atlstralis (CLARKE)
[type species of Hadromchus DELO, 1935], L.Dev.,
Braz.(Parana); 3a,b, exoskel., hypostoma, XO.7
(24 ).

[This ge.'nus usually is included in the Asteropyginae
(Dalm<lnitidae) because of its pygidial features. The eyes,
however, are v~ry small for this subfamily and in a typical
Calmoniinae position. Special weight on shape of the genal
spines (not clearly shown by available figures) is warranted
and comparison of these structures belonging to M. Qustralis
and Asuropyge, for example, shows significant differences.]

Paracalmonia STRUVE, 1958 [pro Proboloides
CLARKE, 1913 (non VALLE, 1893; nee MORLEY,
1903)] ["hoboloides cllspidatz/s CLARKE, 1913;
SD VOGDES, 1917]. Cephalon with long median
frontal spine, separated from glabella by facial
sutures surrounding frontal lobe closely; 2p gla
bellar furrows short, not reaching axial furrows;

fixigenal and prolibrigenal spines short. Pygid
ium presumably with long terminal spine. [Very
similar to Calmonia in segmentation of glabella,
course of anterior sections of facial suture, eyes,
and genal spines.] L.Del'., Braz.--FIG. 385,2.
"P. Cllspidata (CLARKE); ceph., XI (24).

Pennaia CLARKE, 1913 ['P. pallliana]. Cephalon
similar to that of Calmonia, without median
frontal process or genal spines. Thoracic axis very
broad. Pygidium short, as in Asteropyginae, with
moderately long pleural lappets (but only 3 pairs)
and 3 pairs of ribs; posterior margin between lap
pets broadly rounded. L.Dev., S.Hemis.--FIG.
383,5. *P. palliiana, Braz.(Parana); exoskeI., X 1.3
(24).

Phacopidina BANCROFT, 1949 ['Pltacopidina har
nagensis]. Cephalon subpentangular, resembling
that of Klotlukia. with narrow angular anterior
border; axial furrows straight, moderately diver
I(ent; lateral glabellar furrows increasingly deep
from 3p to 1p, all gently oblique in posteromesial
direction, separating subequal glabellar lobes, 1p
furrows bifurcated adaxially; eyes moderately large,
considerably distant from posterior border fur
rows; short genal spines. Pygidium subtri
angular; with about 6 rings and 5 pairs of
ribs; postaxial ridge continued into an upturned
posterior spine. Ord., Br.I.--FIG. 385,4a,b. *P.
harnagensis, Harnage Sh., Eng.(Shrops.); 4a,b,
ceph., pyg., X2.7 (369).--FIG. 385,4c,d. P.?
solitaria (BARRANDE), Czech.; 4c,d, ceph., X 1.3
(3) .

[Phacopidina resembles Acastinae (Kloucekia) and Zelisz
kellinae in showing presence of all glabellar furrows, bi
furcation of lp furrows, and eyes in anterolateral position,
hut seems to he closer to the Calmoniinae trend, as indicated
by direction of the 2p glabellae furrows, all glabellae lobes
of ahout same.' size, and shape of genal spines (if imperfect
figure- of the type species by BANCRO..'T is interp.reted cor
rectly) .J
Probolops DELO, 1935 [*Proboloides glabellirostris

KOZLOWSKI, 1923]. Frontal lobe of glabella pro
duced into a forward-directed spine; anterior sec
tions of facial sutures border frontal lobe and meet
beneath the spine; posterior margin of cephalon
with a sharp angularity or rudimentary metafixi
genal spine on either side, halfway between axial
furrows and genal spines. Pygidium unknown.
[Comparable with Schizostyllts and Paracalmonia,
and in glabellar segmentation with Calmonia;
angularity of the posterior margins suggests Cryph
aeoides.]. L.Dev., BoI.--FIG. 386,1. "P. glabelli
rostris (KOZLOWSKI), Padilla; ceph., Xl (111).

Tibagya STRUVE, 1958 [pro Sc1lizopyge CLARKE,
1913 (non HECKEL in RUSSEGGER, 1847)] [*Ho
malonotlls (Sclzizopyge) parana CLARKE, 1913;
SD VOGDES, 1925]. Cephalon and thorax un
known. Pygidium with broad, flat axis con
taining 9 rings; pleural fields with 4 pairs of
broad ribs continued into 4 pairs of curved,
rounded pleural pygidial lappets; posterior
degenerated ribs embrace end of axis ; posterior end
bluntly pointed,.upturned; no border. [Re-
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FIG. 385. Calmoniidae (Calmoniinae) (p. 0486-0487).

sembles pygidium of Pennaia.] L.Dev., Braz.-
FIG. 386,2. "'T. parana (CLARKE), Tibagy; pyg.,
Xl (24).

Schizostylus DELO, 1935 [.Dalmanites brevicauda
filS KOZLOWSKI, 1923]. Cephalon with strong
median frontal process; facial sutures cut off lat
eral corners of glabellar frontal lobe, anteriorly
being in marginal position, dividing process into
a dorsal convex half (prolongation of cephalic
border) and ventral concave half (continuation of
doublure); axial furrows subparallel; lp to 3p lat
eral glabellar furrows distinct, 2p fading away dis
tally, I p not transglabellar; eyes distant from gla
bella; median occipital spine ?invariably present;
short genal spines. Pygidium very small, rounded;
with 5 or 6 rings and 3 or 4 pairs of ribs. M.
Dev., Bol.--FIG. 385,3. ·S. brevicalldattls Koz
LOWSKI), Letanias; ceph., XO.7 (Ill).

[The glabellar segmentation shows more resemblance to
Dalmanitinae than to typical Calmoniinae, but outline of
the cephalaD, genal angles, median frontal process, small
ness and position of eyes, and lateral corners of frontal
lobe cut off hy facial sutures correspond to features of
Calmania, Paracalmonia. Pennaia. and Probolop.r. The shon
pygidium would be unusual for Dalmanitinae.]

Typhloniscus SALTER, 1856 ["'Typhloniscus bainii].
Cephalon wide, roughly subpentagonal, with dis
tinct border and broad, shallow border furrows;
axial furrows also broad, shallow; frontal glabellar
lobe gently vaulted, lateral ends pointed; 3p lat
eral glabellar furrows shallow, 2p and lp deep,
rather short, somewhat distant from dorsal fur
rows, and slightly oblique in posteromesial direc
tion; genae swollen, subtriangular; eyes possibly

represented by swellings at anterior ends of genae;
facial sutures may be represented by groove that
runs along upper side of rounded border, becom
ing inframarginal toward genal angles, which are
slightly produced; vincular furrow ?present an
teriorly and anterolaterally. Surface of cephalon
covered with scattered pits which are particularly
coarse on genae. Thorax strongly tapering pos
teriorly; with prominent, rather narrow axis and
pleural ends pointed. Pygidium comparatively
small, rounded, with entire margin; axis very
prominent, not becoming narrower and lower
backward but abruptly truncate and slightly over
hanging posteriorly; 4 (+1 indistinct) rings;
pleural lobes depressed; 3 (+1 reduced) pairs of
very prominent ribs. [Systematic position of
Typhloniscus is uncertain; despite peculiar fea
tures it seems most similar to Baillella, as in gla
bellar segmentation and pitted ornamentation of
the genae.] L.Dev., S.Afr.--FIG. 385,1. "'T.
bainii, Bokkeveld beds, Gamka Poort; la-c, ce
phala, XU (456).

Subfamily ACASTINAE Dela, 1935

Exoskeleton small. Cephalon semicircular
to rounded subtriangular, without frontal
processes; 3p lateral glabellar furrows un
dulating in many species, 2p typically trans
verse, slightly convex forward or straight;
2p and 3p lateral glabellar lobes generally
fused distally; in some species entire glabella
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FIG. 386. Calmoniidae (Calmoniinae, Acastinae) (p. 0486-0489).

in front of Ip furrows may form a uniform,
unsegmented lobe; 2p and 3p lobes about
equal in size exsagittally, Ip commonly
much narrower (exsag.); eyes of moderate
or considerable size; genal angles rounded
or angular, may be produced into lobes, in
some species slightly pointed but without
true genal spines. Thorax with pleural end
ings blunt, rounded, or angular. Pygidium
with entire margin; short posterior spine
present. Ord.-L.Dev.
Acaste GOLDFUSS, 1843 ["Calymene? downingiae

MURCHISON, 1839; SO BURMEISTER, 18431
l=Acastina REED, 1927 (nom. van.)]. Cephalon
with convex border, in side view projecting with
out edge; glabella gently sloping anteriorly; gla
bellar lobes differing little in size; 1p lateral gla-

bellar furrows deepest; genae gently sloping lat
erally; genal angles without spines, at most slightly
pointed. Hypostoma with maculae near margin.
Pygidium relatively long, rounded, tending to be
come triangular; margin without interior den
ticles; axis anteriorly narrow, scarcely tapering.
Sil., Eu.-N.Am.--FIG. 387. "A. downingiae
(MVRCHISON), Wenlock., Eng.(Dudley); a, exo
skel.; b, cephalic doublure and hypostoma; c,d,
cephala, showing pointed genae; all X2 (a,b,
266; c,d, 255).

Acastoides DELO, 1935 ["Acas!e henni RUD. RICH

TER, 1916]. Cephalon short, stout, frontal margin
rounded, not visible from above; glabella high,
abruptly sloping anteriorly; axial furrows nearly
parallel; frontal glabellar lobe short, scarcely pro
truding sideward; genae abruptly sloping laterally,
frontal view of cephalon rectangular; eyes very

© 2009 University of Kansas Paleontological Institute



Phacopida-Phacopina-Dalmanitacea 0489

small, visual areas high above genae, narrow,
with 4 lenses at most in vertical rows; genal
angles rounded. Hypostoma with maculae near
margin. Pygidium steeply sloping laterally, with
entire, rounded margin; only on doublure 6 spine
like tubercles may occur, directed downward, seg
mental, but different from marginal denticles of
Acastella, Acastellina, Aeastava; axis flat, in trans
verse section scarcely interrupting outline of
pygidium, anteriorly very broad, tapering rapidly,
its posterior end passing over into general sur
face, only 3 rings distinct, without interruption
continuing across the indistinct axial furrows into
the faint ribs, following rings coalesced; 3 to 5
ribs, only anterior ones distinct. L.Dev., Eu.-Bol.
--FIG. 386,3. ·A. henni (RuD. RICHTER), Ger.;
3a-e, exoskel., ceph. front and side, X2; 3d,
hypostoma, X7 (460, 1916).

Kloucekia DELO, 1935 [·Phacops phillipsi BAR
RANDE, 1846]. Frontal border a narrow rounded
ridge; axial furrows straight, diverging slightly;
3p lateral glabellar furrows faint, 1p distinct,
narrow, short; eyes large; surface of genae behind
them almost vertical. Pygidium small, rounded;
axis narrow, with 3 to 5 rings; pleural fields with
3 to 6 ribs. Ord., Czech.--FIG. 386,6. *K.
phillipsi (BARRANDE); exoskel., X2 (3).

Phacopina CLARKE, 1913 [ •Phacops braziliensis
CLARKE, 1890; SD VOGDES, 1925]. Cephalon with
axial furrows subparallel or slightly diverging;
glabella moderately convex, roughly rectangular
to trapezoidal; 2p and 3p lateral glabellar furrows
faint or obsolete, 1p and 2p not converging out
ward, lp deep, faintly transglabellar or not con-

FIG. 387. *Aeaste downingiae (MURCHISON) (Cal
moniidae), M.Sil., Eng.; a, exoskel.; b, cephalic
doublure and hypostoma; c,d, cephala; all X3

(a,b, 266; e,d, 255).

neeted ; distal ends of occipital furrow deep,
middle part moderately deep or shallow; genal
angles rounded in general (less commonly angu
lar; short genal spines recorded exceptionally).
Surface smooth. Ord.-L.Dev., N.Am.-S.Am.-Eu.
P. (Phacopina). Exoskeleton small. Cephalon with

moderately deep axial furrows, swinging slightly
outward; glabella subrectangular to subtrape
zoidal; frontal glabellar lobe broadly rounded an
teriorly; 2p and 3p lateral glabellar furrows ob
solete; occipital ring scarcely broadened medially;
eyes moderately large. Pygidium blunt, convex.
L.Dev., N.S.Am.-E.N.Am.--FIG. 386,4a. .p.
(P.) braziliensis (CLARKE), Braz.(Para); ceph.,
X3 (386).--FIG. 386,4b. P. (P') aneeps
(CLARKE), Onondaga Ls., Ont.(Cayuga); ceph.,
X3.5 (386).

P. (ScotieUa) DELO, 1935 [*Dalmania logani
HALL, 1860]. Cephalon moderately vaulted, with
straight, deep axial furrows; glabella subrec
tangular, subtrapezoidal, or subpentangular; 2p
and 3p lateral glabellar furrows indistinct or ob
solete, 3p oblique, 2p transverse; occipital furrow
curved gently forward mesially, so that middle
part of occipital ring is somewhat broadened; eyes
large. Pygidium moderately vaulted; with 3 to 8
rings and 3 to 6 pairs of furrowed or unfurrowed
ribs distinct; short posterior spine may be pres
ent. Ord.-Sil., N.Am. ?Eu.--FIG. 386,5. P. (5.)
logani (HALL), Sil. (Stonehouse F.), N.Scotia
(Arisaig); 5a,b, cran. (5a, reconstr.), X2.5
(403,427); 5c, pyg., X2.5 (403).

Family PTERYGOMETOPIDAE Reed,
1905

[nom. transl. PILLI.T. ]954 (ex Pterygometopinae REED,
1905) J [Authorship. Selection of genera for assignment to
this family, their arrangement in subfamilies, and descrip·
tion of genera are by W. STRUVE, except for contributions

by RUD. RICHTER on /oscphulus.]

Exoskeleton highly vaulted (with some
exceptions). Glabella with frontal lobe more
or less hypertrophic, especially in transverse
direction, 3p lateral glabellar lobes slightly
to strongly hypertrophic at cost of 2p (and
even 1p) lobes, 1p lobes narrow, tending to
become detached from central area; 2p lat
eral glabellar furrows slightly to very ob
lique in anteromesial direction; posterior
sections of facial sutures may be in distinct
genal sulcus; genal spines present or ab
sent. Pygidium subequal to cephalon in
size, without posterior spine. M.Ord.-U.Ord.

Subfamily PTERYGOMETOPINAE Reed, 1905
[Includes Eomonoracheinae PILLET, 1954]

Glabella with frontal lobe protruding
sideward slightly more than 3p lateral gla
bellar lobes or much beyond them, lateral
corners of frontal lobe tending to become
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Pterygometopus

Pterygometopus FR. SCHMIDT, 1881 [*Calymene
sclerops DALMAN, 1827]. Cephalon broadly round
ed or elongate ogival (tr. or sag.); border distinct,
narrowed in front of glabella in several; frontal
glabellar lobe may fuse with swellings of ad
jacent parts of genal region (e/. Duetina)
so as to become alate (e.g., as compared with
Calyptaulax) (I) by broadening, re-entering, and
swelling of border at contact with lateral corners
of proper frontal lobe, (2) by formation of swell
ings of genae that may remain detached from
proper frontal lobe, or cut off coalesced parts
to produce short to very long processes between
cephalic border and remainder of genae, or ex
ceptionally (3) by entire coalescence of frontal
lobe with border; anterior sections of facial sutures
cutting off or running around lateral corners of
proper frontal lobe, or cutting off coalesced
parts of genal region from proper frontal lobe;
lp and 2p lateral glabellar furrows slightly to
moderately oblique in anteromesial direction (with
few exceptions); eyes elevated or highly conical,
generally small to large and distant from pos
terior border furrows. Pygidium semicircular to
triangular, in many species truncate posteriorly;
border narrow to moderately wide, not distinctly
detached; axis long, slender to moderately broad,
with 5 to 13 rings; pleural regions with 6 to 13
pairs of furrowed ribs. [Recognized subgenera
are so closely related that diagnoses are applicable
to only a few species in each, others being classified
in the genus sensu lato.] Ord., N.Eu.-Br.I.-NE.N.
Am.

P. (Pterygometopus). Cephalon semicircular to
transversely elongate; cephalic border broadening
toward axial furrows, slightly elevated at con
tact with lateral corners of frontal lobe which
are distinctly limited; lateral glabellar lobes slight
ly decreasing in size from Jp to lp; eyes rela
tively small, somewhat distant from posterior
border furrows; genal angles rounded or sub
angular. Ord., N.Eu.-Br.I.--FIG. 388,2. *P. (P.)
sclerops (DALMAN), Expansus Ls., Swed. (Oster
gotland); 2a-e, ceph. (holotype), dorsal, lateral,
anterolateral, X2, X2, X3 (474, 496); 2d,e,

tached from central area so as to form small
rounded bodies; generally all furrows dis
tinct, 2p lateral glabellar furrows directed
somewhat obliquely in anteromesial direc
tion, in some genera reduced distally in
manner causing 2p and 3p lobes to coalesce,
1p furrows subparallel to 2p furrows; longi
tudinal furrows may be developed; eyes
(with some exceptions) moderately large to
very large, close to posterior border furrows
or at moderate distance from them. Pygid
ium triangular or semicircular. M.Ord.-U.
Ord.

Chosmops

FIG. 388. Pterygometopidae (Pterygometopinae,
Chasmopinae) (p.0490-0493).

alate by coalescence with adjacent parts
of genal region (Pterygometopus); slight to
considerable hypertrophy of 3p lobes, im
pinging on 2p lobes and reducing their size,
lp lobes narrow, depressed, more or less de-
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ceph., pyg., Xl (269, 458); 2/, hypostoma,
X2 (474, 496).

P. (Achatella) DELO, 1935 [·Dalmanites achates
BILLINGS, 1860). Exoskeleton rather flat. Cepha
Ion semicircular to transversely subrectangular;
axial furrows divergent; frontal lobe of glabella
transversely elongate elliptical, 3p lateral glabel
lar lobes larger than Ip and 2p lobes, which are

subequal in size; occipital ring broad, elevated;
eyes relatively small, highly elevated, near center
of genae; genal spines well developed. Pygidium
triangular to subtriangular; with 9 to 13 rings
and 8 to 13 pairs of ribs distinct. M.Ord.-U.Ord.,
N.Am.-Br.I.--FIG. 389,4. • Achatella achates
(BILLINGS), M.Ord. (Trenton.), N.Y.; ceph. (re
constr.), Xl.5 (33).

ld
Eomonorochus

Eomonorochus

Colyptoulox Subgenus A

Josephulus

6c

60

20

Colyptoulox

Colyptoulox
Subgenus A

CoIliops

7 Ligometopus

Colliops

FIG. 389. Pterygometopidae (Pterygometopinae) (p. 0491-0492).

© 2009 University of Kansas Paleontological Institute



0492 Trilobitomorpha-Trilobita

Calyptaulax G. A. COOPER, 1930 [*Calyptaulax gla
bellaJ. Cephalon highly vaulted; frontal lobe of
glabella may be prolonged sideward in sickle
shaped elevations of genae that embrace eyes an
teriorly and laterally and are cut off from frontal
lobe by facial sutures; 3p lateral glabellar lobes
distinctly triangular, large, protruding sideward a
little less than frontal lobe, 2p lobes smaller than
in Eomonorachus; central area more or less
arched, never depressed; longitudinal furrows may
be present; 2p lateral glabellar furrows distinctly
oblique in anteromesial direction, i p furrows
subparallel to 2p furrows; genal spines present or
absent. Pygidium highly vaulted, generally sub
triangular; posterior margins of rings undulating
(narrow curve laterally, flat broad curve mesially).
M.Ord.-U.Ord., N.Am.-Eu. [Authorship of genus
should be cited as G. A. COOPER in COOPER &

SCHUCHERT,1930.J

C. (Calyptaulax). Glabella with 2p and 3p lateral
lobes coalesced by abaxial reduction of shallow
2p lateral glabellar furrows, which do not reach
axial furrows; i p lobes distinctly detached; eyes
in most species very large, close to glabella and
posterior border furrows. Pygidium with 5 to 12
rings and 3 to 12 pairs of distinct ribs, pleural
furrows distinct, interpleural furrows fairly well
marked distally. M.Ord.-U.Ord., N.Am.-Eu.
--FIG. 389,6. *C. (C.) glabella, U.Ord., Que.
(Perce); 6a,b, ceph., pyg., X3 (33 mod., 474);
6e, ceph., X2 (391 mod., 474).

C. (Calliops) DELO, 1935 [*Phaeops callicephalus
HALL, 1847]. Glabella with ip lateral lobes de
tached; 2p lateral glabellar furrows narrower and
shallower than ip and 3p furrows but reaching
axial furrows; eyes very large, close to glabella and
posterior border furrows. Pygidium with 8 to 11
axial rings and 4 to 8 pairs of ribs, pleural fur
rows distinct, interpleural furrows distinct or ob
solescent. M.Ord.-U.Ord., N.Am.--FIG. 389,3.
*C. (C.) callieephalus (HALL), M.Ord.; 3a,b,
ceph., pyg., (Galena Dol., Minn.), X 1.5 (386,
458); 3e, ceph. (Trenton., N.Y.), X3 (26 mod.,
33 mod., 474).

C. (Ligometopus) ULRICH & DELo, in DELo, 1940
[*L. typus]. Cephalon closely resembling that of
C. (Calliops) , glabella with subelliptical
frontal lobe, not alate; 2p lateral glabellar lobes
smaller than 3p, these lobes fused laterally and
separated from gently arched central area by
shallow longitudinal furrows; 1p lobes distinctly
detached; 2p furrows very shallow abaxially, deep
elongate pits adaxially; eyes moderately large,
close to glabella and posterior border furrows.
Pygidium strongly vaulted, broadly rounded pos
teriorly; with about 10 axial rings and 7 or 8
pairs of broad, furrowed ribs. M.Ord., USA.-
FIG. 389,7. ·C. (L.) typus (ULRICH & DELO),
Va.; ceph. (holotype), X3 (26, 33).

C. (Subgen. A) [=Homalops REMELE, 1885 (non

MOTSCHULSKY, 1850)]. Cranidium flattened;
frontal glabellar lobe subpentagonal, somewhat
wider than long, large (more than twice length
of central area, sag.); 3p lateral glabellar lobes
very hypertrophic, especially in anterolateral di
rection; 2p lobes reduced to small, detached,
rounded bodies; 1p lobes also detached; sub
quadrate in outline; eyes large (about 0.7 of
glabellar length), extremities close to glabella
and posterior border furrows. Pygidium with
faint furrows on pleural lobes and very slender
axis. Ord., NW.Eu.--FIG. 389,2a. C. (subgen.
A) altumii (REMELE), ?U.Ord. (Pleist. erratic),
Ger. [type species of Homalops]; ceph. (holo
type), X3 (455, 474).--FIG. 389,2b. C. (sub
genus A) d. altumii (REMELE), U.Ord. (Sland
ron Ls.), Swed.; pyg., X6 (414, 1953).

Eomonarachus DELO, 1935 [*Dalmanites inter
medius WALCOTT, 1877]. Cephalon vaulted; gla
bella with large subrhombic frontal lobe, 3p lat
eral lobes subtriangular, protruding laterally less
than frontal lobe, 2p lobes smaller than 3p lobes,
1p lobes well detached, small, round tubercles;
narrow 2p lateral glabellar furrows slightly oblique
in anteromesial direction, shallow, deeper adaxially
but complete, central area depressed; eyes mod
erately large, close to glabella, somewhat distant
from posterior border furrows; genal spines slen
der, rather long. Pygidium distinctly triangular,
strongly vaulted; axis slender, almost reaching
posterior margin; with 8 clearly defined rings
distinct and some indistinct; pleural regions with
7 or 8 pairs of broadly rounded, unfurrowed ribs.
M.Ord., USA.--FIG. 389,1. '"E. intermedius
(WALCOTT), Minn.; la,b, ceph., dorsal, lateral
(Blackriv.), X2 (386,458); lc, pyg. (Blackriv.),
X2 (386, 458); ld, ceph. (Decorah), X2 (33
mod., 474).

Josephulus WARBURG, 1925 ['",. gracilis]. Only
cranidium known; axial furrows curved antero
laterally, well impressed; glabella strongly convex,
with frontal lobe twice as broad (tr.) as posterior
part of glabella; lp to 3p lateral glabellar furrows
short, equally developed; fixigenae swollen; eye
lobes apparently small; anterior sections of facial
sutures not intersecting lateral corners of frontal
lobe, posterior sections reaching margin near base
of genal spines. U.Ord., Swed.--FIG. 389,5. '",.
gracilis, Leptaena Ls., Dalarne; X2 (323).

Subfamily CHASMOPINAE Pillet, 1954
[nom. corr~ct. STRVVE J herein (pro uSous..famille des

Chasmopsidae," PILLET, 1954, laps. cal.]

Glabella with frontal lobe and 3p lateral
glabellar lobes extremely hypertrophic (ex
cept in primitive forms), 2p lobes much re
duced or obsolete, 1p lobes tending to be
slightly detached from central area. Pygid
ium more or less elongate (sag.), with dis
tinct segmentation, axial rings and pleurae
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FIG. 390. Monorakidae (p. 0494-0495).

generally numerous, ribs reaching margin
or terminating close to it. Ord.

Chasmops M'Co¥, 1849 [*Calymene odini EICH
WALD, 1840]. Cephalon semicircular, ogival, trans
versely subrectangular or subpentangular; gla
bella with frontal lobe inflated, not alate as in
Pterygometopus, anterior slope steep or overhang
ing, posterior part fused with central area; 3p
lateral glabellar lobes triangular, less commonly
rounded, detached from central area or not, an
terior corners tending to indent posterior margin
of frontal lobe, posterior part reaching far back
ward so as to compress remnants of 2p lobes and
even 1p lobes toward sagittal line of glabella (c/.
Calyptaulax subgen. A), 1P lobes complete or
somewhat reduced abaxially; "intercalating ring"
may be distinct; eyes moderately to very high and
ranging from small to large; genal spines gen
erally present and very long. Pygidium with long
axis containing 6 to 20 rings; distal parts of
pleural lobes steeply sloping or vertical with 6
to 20 pairs of ribs; border indistinctly marked,
may be indicated by bending backward of distal
ends of ribs; posterior margin rounded, acute,
or truncated, in many species arched (vert.). Ord.,
N.Eu.-Br.I.-N.Am. -- FIG. 388,1. *C. odini
(EICHWALD), Est. (Kukruse); la-c, ceph., pyg.,
hypostoma, X 1.5 (458).

Family MONORAKIDAE Kramarenko,
1952

[nom. correct. 51'RUVE, herein (pro Monorakeidae, nom.
lran.'l. PILLET, 1954, ex Monorakeinae KRAMARENKO, 1952) J
[Authorship, All contributions on this family here published

are by W. STRUVE.]

Glabella with 2p lateral lobes hypertrophic
in backward direction, fused with 3p lobes
to form a single pair of large, bicomposite
lobes, I p lobes very narrow or completely
suppressed; Ip and 3p lateral glabellar fur
rows connected by generally deep longitudi
nal furrows, 2p furrows reduced to adaxial
pits (except in Isalaux); eyes small to large
(0.2 to nearly 0.5 of glabellar length), dis
tant from posterior border furrows; with or
without genal spines. Pygidium little shorter
than cephalon; with 10 to 15 rings and 7 or
more pairs of ribs, no posterior spine. M.
Ord.-U.Ord.

The tendency to form a single pair of
lobes in the place normally occupied by 2p
and 3p lateral glabellar lobes combined
with reduction of I p lobes, is also dis
played by Chasmops and several genera of
the Pterygometopinae. In these latter genera,
however, such trends are combined with
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recession and reduction of the 2p lobes. The
final stage of evolution leads to very similar
glabellar features in both families (also
Tl'ypaulites in Dalmanitinae). It seems ap
propriate to recognize the Monorakidae as a
family. Trypaulites and the Coronurinae
(Coronura, Anchiopella, Corycephalus, Mal
ladaia, and Odontocephalus) , assigned by
PILLET (1954, p. 835) to the Monorakidae,
seem to be true Dalmanitinae.
Monorakos FR. SCHMIDT, 1886 [*Phacops (Monol"«'

rakos) lopatini; SD VOGDES, 1925] [=Monorha
chis VOGDES, 1925 (nom. van.); Monorachus
CLARKE, 1897 (nom. van.)]. Cephalon with
straight axial furrows, anterior cephalic border
more or less visible from above; glabella with
frontal lobe transversely expanded, subrhombic in
outline, 3p lateral glabellar furrows nearly straight,
longitudinal furrows shallow to very deep; bicom
posite lobes (3p+2p) moderately to very elongate,
lp lobes reduced to small, wedge-shaped lappets;
genal spines present. U.Ord., Sib. (Podkamennaja
Tunguska).

M. (Monorakos). Cephalon wide crescent-shaped,
gently convex; axial furrows considerably diver
gent forward in most species; frontal lobe of gla
bella transversely much expanded, bicomposite
lateral glabellar lobes slender, slightly elevated;
genal spines of moderate length. Pygidium gently
convex, subtriangular, with broad border. Sur
face finely granulose or smooth. U.Ord., Sib.-
FIG. 390,la,b. *M. (M.) lopatini (FR. SCHMIDT);
ceph., pyg., Xl (468).--FIG. 390,lc,d. M.
(M.) magnus KRAMARENKO; ceph., pyg., Xl.5
(l12).

M. (Ceratevenkaspis) KRAMARENKO, 1952 [*Cer
atevenkaspis armata]. Cephalon horseshoe-shaped,
frontal border not visible from above; axial fur
rows strongly divergent forward, glabella in
flated, with frontal lobe subtriangular in outline,
overhanging frontal margin, central area narrow
(tr.), depressed (except posterior part); 1p and
3p glabellar furrows and longitudinal furrows
deep; bicomposite lobes inflated, highly elevated;
glabella (except depressed part of central area)
coarsely granulated; genal spines long. Thorax
and pygidium unknown. U.Ord., Sib.--FIG.
390,5. *M. (C.) armattu (KRAMARENKO); ceph.,
X 1.9 (l12).

M. (Evenkaspis) KRAMARENKO, 1952 [*Evenkaspis
marina]. Cephalon semicircular, subangular, an
teriorly; axial furrows moderately divergent;
frontal lobe moderately wide, subrhombic to
elliptical, more or less inflated, but not overhang
ing frontal margi n; central area depressed (except
posterior part); 1p and 3p lateral glabellar fur·
rows and longitudinal furrows deep; bicomposite
glabellar lobes strongly elevated; genal spines

FIG. 391. *Elasmaspis speciosa KRAMARENKO (Mon
orakidae), V.Ord., Sib.; ceph., X4 (1I2).

moderately long. Surface may be finely granulose
(except in central area). Pygidium lacking border.
U.Ot·d., Sib.--FIG. 390,3. *M. (E.) marinus
(KRAMARENKO); 3a,b, cran., pyg., X 1.3 (1I2).

Elasmaspis KRAMARENKO, 1956 [*Elasmaspis speci·
osa]. Cephalon wide subogival, cephalic border
very broad posterolaterally, narrow anteriorly, vis
ible from above in front of glabella; axial furrows
pushed outward by bicomposite glabellar lobes, re
turning toward 3p lateral furrows; glabella slightly
broadened forward; frontal lobe large, nearly
rhombic in outline; bicomposite lobes large, rough·
Iy egg-shaped; 3p and longitudinal furrows very
narrow and deep; transglabellar furrow deeply in·
cised; 1p lateral glabellar lobes entirely suppressed;
genal angles well rounded, lacking spines. U.Ord.,
Sib.--FIG. 391. *E. speciosa, Podkamennaja
Tunguska; ceph., X4 (420,1956).

Isalaux FREDERICKSON & POLLACK, 1952 [*1. canon
ensis]. Cephalon rather vaulted, with rounded an
terior margin; glabella broadening forward, frontal
lobe sloping forward steeply, fused with central
area to form a single mushroom-shaped lobe simi
lar to Parevenkaspis; 2p and 3p lateral glabellar
lobes detached from central area by longitudinal
furrows, 2p lobes very hypertrophic at expense of
1p lobes, which are reduced to short wedge-shaped
lappets; 1p to 3p lateral glabellar furrows distinct;
eyes small with visual surface curved in semicircle;
lateral parts of genae steeply sloping; genal angles
subangular, without spines. Pygidium rounded tri
angular with axis reaching posterior margin; about
II rings; pleural fields steeply sloping, with about
7 pairs of ribs distinct. [Except 2p furrows, the
glabellar features of Isalaux are very like those of
Parevenkaspis. Despite some similarities to Eomo
norachus and closely related forms, Isalaux is more
advanced in the trend toward typical Monorakidae.
The name Isalaux presumably is a misspelling of
Isaulax (Gr., is+aulax, equal furrow) but if so,
under the Rules it is not correctable.] M.Ord., C.
USA.--FIG. 390,4. *1. canonensis, Harding F.
Colo.; ceph., X2.5 (400).
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Parevenkaspis KRAMARENKO, 1952 ["Parellenkaspis
egloni]. Cephalon wide semiparaboloid; axial fur
rows convex outward; glabella roughly circular
in outline, with segmentation like that of Isalaux,
frontal lobe inflated, bicomposite lobes subellip
tically bulbous; 2p lateral glabellar furrows com
pletely reduced to adaxial pits, 3p and longitudinal
furrows deep and wide; eyes strongly elevated,
visual areas nearly horizontal; genal angles
rounded, without spines. U.Ord., Sib.--FIG. 390,
2. "P. egloni, Podkamennaja Tunguska; ceph.,
X3.4 (112).

Suborder UNCERTAIN
Turcopyge RICHTER & RICHTER, 1939 ["T. edu
ardi]. Cephalon and thorax unknown. Pygidium
with very broad axis, 5 or 6 rings with medial
nodes, posterior part of axis not annulated, pass
ing over into a posterior process; pleural fields
with at least 5 pairs of geniculate to curved ribs,
ending in cylindrical lateral (? posterior) processes
that become shorter toward posterior extremity.
L.Dev., Thrace-?Morocco. -- FIG. 381,5. "T.
edttardi, Thrace; pyg., X 1.5 (386). [Contributed
by W. STRUVE.]

Order LICHIDA Moore, nov.
[=Superfamily Lich.ce. KO",YASHl, 1935; Lich.d.ce. PHLE·

GER, 1936; Lichadoid.e HUrE, 1953 (.ttributed to KOBAYASHI,
1935); Lichace. TRIPp, 19571 [Type-Lie/las DALMAN, 1827].

Medium-sized to exceptionally large trilo
bites chiefly characterized by distinctive
cephalic and pygidial features. Glabella
broad, extending to anterior border, which
may be ill defined; with pair of lateral gla
bellar furrows longitudinally elongated; lat
eral glabellar and occipital lobes tending to
fuse with one another and with other parts
of the cranidium; facial sutures opistho
parian. Pygidium large; pleural regions
usually flattened, and composed of 3 pairs of
pleurae that commonly exhibit leaflike or
strongly spinose form. Dorsal surface al
most invariably tuberculate. L.Ord.-UDev.

Family LICHIDAE Hawle & Corda, 1847
[nom. correct. ANGELIN, 1854 (ex Lichades HAWLE & CORDA,

1847, nom. imperj.)] [=Licha,idae PICTET, 1854; Lichad.e
SALTER. 1864; Lichadidae BEECHER, 1897] [According to the
opinion of a British specialist in classical languages, Professor
L. W. GRENSTED, who is ICZN adviser, [he name Lichas
ought to be treated as masculine in gender. with geni[ive
Lichae. That makes the family name Lichidae. Lichas is the
name of the ,quire of Herakle,.]

Cranidium usually moderately convex,
but ranging from flattened to extremely con
vex; glabella broad and subrectangular; me
dian lobe expanded anteriorly, basal area
tending to become depressed; foremost pair
of lateral glabellar furrows extended back
ward to form longitudinal furrows, which

may reach occipital furrow; middle lateral
furrows obsolete or represented by notches
on longitudinal furrows; basal lateral fur
rows may be complete (bicomposite lobes
then usually circumscribed), or incomplete
(bicomposite lobes then partially defined),
or lacking (lateral lobes then tricomposite);
axial furrows tend to die out or to be di
verted posteriorly; circumscribed occipital
lobes present (Lichas and other genera) but
commonly fused with posterior lateral gla
bellar lobes; occipital ring broad; glabellar
lobes vary greatly in definition and infla
tion, in some genera becoming bulbous; pre
glabellar field absent; anterior border may
be ill defined or strongly developed and
projecting at an angle; fixigenae subtriapgu
lar; palpebral lobes marked off by furrows;
anterior sections of facial sutures converging
forward, running parallel and close to axial
furrows; posterior sections curving back
ward-outward to cross posterior borders;
eyes of moderate size, pedunculate in some
species, usually situated behind mid-length
of glabella and close to it; librigenae usually
broadly falciform but may develop broad
subgenal notch inside librigenal spine. Ros
tral plate usually subtrapezoidal, transverse
ly elongate, bounded laterally by connective
sutures continuous with facial sutures; flat
tened or convex; produced anteriorly be
neath cranidial projection in some species.
Hypostoma subquadrate; posterior margin
transverse or indented; middle body swol
len, circumscribed or undefined at rear; pos
terior lateral lobes of middle body varying
in size and definition; lateral borders mod
erately broad to broad, anterior wings more
or less strongly developed; surface tubercu
late, pitted, and with anastomosing raised
lines. Thorax composed of 11 segments in
species with 3 pairs of pleurae in pygidium
(one species has 10 segments in thorax and
4 pairs of pleurae in pygidium); axis broad,
arched transversely; articulating half-rings
short; axial furrows shallow; pleurae hori
zontal and transverse proximally, bent
downward and backward at fulcra, termi
nating in short free points; submedial pleu
ral furrows usually present. Pygidium with
axis extending part or whole of length,
wide anteriorly, tapering or flaring pos
teriorly; with 1 to 5 axial rings; posterior
pair of pleurae may be unfurrowed; pleurae
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usually end in free points, but margin of
posterior pair may be rounded or produced
into a posterior spine, of great length in
some species; pygidium modified in certain
Devonian ceratarginids. Doublure broad,
particularly on pygidium, carrying usual
terrace lines, spaced far apart. Apodemes
not developed. Dorsal surface characteristic
ally marked by scattered large tubercles with
smaller tubercles between them but may be
smooth or punctate; some forms, especially
among Devonian genera, tend to develop
spines or skeletal outgrowths on parts of
dorsal exoskeleton. Most species medium
sized but some are exceptionally large. L.
Ord.-UDev.

Subfamily LICHINAE Hawle & Corda, 1847
[nom. transl. GURICH. 1901 (c-x Lichade:s HAWLE & CORDA,

1847)]

Bicomposite, basal and occipital lobes de
fined except in Arctinurus and Devonian
genera. Hypostoma with posterior margin
strongly indented; middle body undefined
posteriorly, except in Uralichas and Meto
polichas; posterior lateral lobes of middle
body large, shaped like cat's ears. Pygid
ium with axis flaring or tapering; posterior
pair of pleurae usually furrowed; posterior
margin indented, unindented, or with long
posterior spine. [HLichas" klouceki RUZICKA,
Tremadoc., Boh., probably belongs in this
subfamily.] L.Ord.-MDev.
Lichas DALMAN, 1827 [*Entomostracites laciniatus

WAHLEN BERG, 1821] [=Autoliehas REED, 1923].
Characteristically, longitudinal furrows do not ex
tend beyond bicomposite lobes, but they may be
produced to occipital furrow. Axis of pygidium
widening at back; 3 pairs of furrowed pleurae,
posterior margin of 3rd rounded or sublanceolate.
U.Ord.-M.Sil., Eu.-N.Am.--FtG. 392,3. fL.
laciniatus (WAHLENBERG), Dalmanites Sh., Swed.;
3a,b, cran., dorsal, lateral, X 1.25; 3e, hypostoma
probably belonging to this species, X2.1; 3d,
pyg., X 1.25 (324).--FIG. 393,3. Pathological
pygidium possibly belonging to L. laciniatus,
locality and horizon unknown, X2 (486n).

Metopolichas GURICH, 1901 [pro Metapias EICH
WALD, 1842 (non GORY, 1832)] [*Metapias hub
neri EICHWALD, 1842; SD REED, 1902] [=Macra
teroliehas PHLEGER, 1937]. Longitudinal furrows
do not extend beyond bicomposite lateral lobes.
Middle body of hypostoma circumscribed, with
relatively small posterior lateral lobes; lateral
borders broad. Axis of pygidium widening at
back; 3 pairs of furrowed pleurae, posterior mar
gin of 3rd pair rounded or indented. L.Ord.-M.
Ord., N.Eu.-Asia.--FIG. 392,la,b,d. *M. huebneri

(EICHWALD), TaBinna Ls., Est.; lap, cran., dorsal,
lateral, XO.85; ld, pyg., XO.85 (468).-FIG.
392,1 e. M. verrueosus (EICHWALD), Vaginatum
Ls., Swed.; hypostoma, XO.85 (489).--FIG.
393,1. Metopoliehas? sp., Limbata or Planilimbata
Ls., Swed.; pyg., X 1.8 (453n).

Uralichas DELGADO, 1892 [*Liehas (Uraliehas)
ribeiroi DELGADO, 1892] [=Platopoliehas GURICH,
1901]. Longitudinal furrows not extending be
yond bicomposite lateral lobes; axial furrows faint
posteriorly. Middle body of hypostoma faintly de
fined posteriorly; lateral borders narrow. Pygid
ium with relatively broad axis, narrowing slightly
toward back; 3 or 4 pairs of pleurae, posterior
pair ending in short free points or produced into
long posterior spine. Type species estimated to
have attained length of 70 em. to tip of posterior
spine. M.Ord., Eu.--FIG. 394,3. *U. ribeiroi
(DELGADO), M.Ord. Port.; 3a, ceph., XO.25; 3b,
hypostoma, XO.4; 3e, pyg., XO.25 (394).--FIG.
393,2. U. avus (BARRANDE) (type species of Plato
polichas) , Sarka beds, Boh.; 2a, eran., X1.3; 2b,
pyg., xU (486n).

Leiolichas SCHMIDT, 1885 [*Platymetopus illaenoideJ
NIESZKOWSKI, 1857]. Longitudinal furrows faintly
connected to occipital furrow; posterior lateral gla
bellar furrows lightly impressed on some internal
molds; glabellar lobes with little independent con
vexity. Hypostoma unknown. Pygidium with lat
eral and posterior margin rounded; dorsal surface
smooth; internal molds show tapering axis and 3
pairs of furrowed pleurae. M.Ord.-U.Ord., N.Eu.
--FIG. 394,1. *L. illaenoides (NIESZKOWSKI),
Keila Ls., Est.; la,b, cran., dorsal, lateral, XO.85;
Ie. pyg. (left, external cast; right, internal mold),
XO.85 (468).

Dicranopeltis HAWLE & CORDA, 1847 [*Liehas scabra
BEYRICH, 1845; SD REED, 1902] [=Trachyliehas
GURICH, 1901 (obj.); Dicranopeltoides, Makro
muktis PHLEGER, 1936; ?Raymondarges PHLEGER,
1937]. Bicomposite lateral lobes usually circum
scribed; longitudinal furrows may be connected to
occipital furrow by depressions; occipital lobes
commonly ill defined. Axis of pygidium long,
narrowing toward back; 3 pairs of furrowed
pleurae ending in free points. U.Ord.-U.Sil., Eu.
N.Am.--FIGS. 392,5, 393,5. *D. seabra (BEY
RICH), Motol beds, Boh.; 392,5a, exoskel., XO.85;
392,5b, 393,5, hypostoma, XO.9, X2.7 (486n).

Arctinurus CASTELNAU, 1843 [pro Platynotus CON
RAD, 1838 (non FABRICIUS, 1801)] [*Paradoxus
(laps. cal. for Paradoxides) boltani BIGSBY, 1825]
[=Oneholiehas SCHMIDT, 1885 (obj.); Pteroliehas
GURICH, 1901 (obj.); Pseudatupaliehas, Aretinur
aides, Trimeralichas PHLEGER, 1936]. Longitudinal
furrows extending more or less distinctly to occipi
tal furrow; occipital lobes may be present; occipital
ring and axis of thorax wide. Pygidium with long
axis widening posteriorly; 3 pairs of furrowed
pleurae ending in free points. L.Sil.-M.Sil., N.Eu.
N.Am.--FIG. 392,4. *A. boltoni (BIGSBY), Lock-
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port Sh., N.Am.; 4a, exoskel., XO.5 (167); 4b,
hypostoma, XO.6 (486n).--FIG. 393,4. A.
marginatus (LINDSTROM) (type species of Trimero
liehas) , Gotlandian, Swed.; 4a,b, syntype cranidia,
X2.7 (486n).

Gaspelichas CLARKE, 1907 ["Liehas (Gaspelichas)
forillonia]. Cranidium elongate and strongly
spinose; cranidial furrows almost obsolete. L.Dev.•
Can.--FIG. 394,4. "G. forillonia (CLARKE),
Grande Gr~ve Ls., Can.(E.Que.); 4a.b, cran.,
dorsal, lateral, X0.55 (386).

Echinolichas GiiRICH, 1901 ["Liellas eriopis HALL,
1863; SO REED, 1902]. Longitudinal furrows ex
tend to occipital furrow; frontal area of glabella
strongly swollen; occipital lobes fused with tri
composite lateral lobes. Pygidium with 4 pairs of
free points, or more. L.Dev.-M.Dev., N.Am.-
FIG. 392,2a,b,d. "E. eriopis (HALL), Onondaga
Ls., N.Am.(N.Y.); 2a,b, cran., dorsal, lateral,
Xl.2; 2d, pyg., X1.2 (404).--FIG. 392,2c. E.
bigsbyi (HALL), New Scotland Ls., N.Am.(N.Y.);
hypostoma, X 0.85 (403).

Ceratolichas HALL & CLARKE, 1888 ["Lichas
(Ceratoliehas) gryps; SO REED, 1902]. Differs
from Eehinalichas in possessing glabellar and
occipital spines. Cranidia only known. M.Dev., N.
Am.--FIG. 394,5. "C. gryps (HALL & CLARKE),
Onondaga Ls., N.Am.(N.Y.); 5a,b, cran., dorsal,
lateral, X1.2 (404).

Terataspis HALL, 1863 ["Liehas grandis HALL,
1861] [=Deuteroliehas REED, 1902]. Like Echina
liehas but with frontal lobe of glabella bulbous and
constricted round base; neck of median lobe de
pressed. Pygidium with 4 pairs of long barbed
spines. One of the largest trilobites known, almost
70 em. in length. Up.L.Dev., N.Am.--FIG. 394,
2. "T. grandis (HALL), Onondaga Ls., N.Am.
(N.Y.); 2a, exoskel. (reconstr.), XO.l (454); 2b,
hypostoma, X 0.3 (494).

Subfamily HOMOLICHINAE Phleger, 1936
[nom. correct. TRIPP, 1957 (pro Homolichadinae PHLE0ER.

1936)]

Lateral glabellar lobes tricomposite but
modified in some species of Platylichas;
occipital lobes well defined. Hypostoma
with posterior margin strongly indented;
middle body circumscribed, with small
posterior lateral lobes. Pygidium with
axis flaring; posterior pair of pleurae usually
furrowed, with free points or short pos
terior spine. L.Ord.-M.Sil.

Conolichas DAMES, 1877 ["Lichas aequiloba STEIN
HARDT, 1874; SO VOGDES, 1890] [=Homolichas
SCHMIDT, 1885; CypllOlichas PHLEGER, 1936].
Occipital ring simple. Pygidium with 3 pairs of
furrowed pleurae; posterior margin usually in
dented. L.Ord.-U.Ord., N.Eu.-?Asia.--FIG. 395,
6a-c. "C. aequilobus (STEINHARDT), Keila Ls., Est.;
6a,b, cran., dorsal, lateral, Xl; 6c, pyg., XO.8

(468).--FIG. 395,6d. C. triconicus, Idavere beds,
Est.; hypostoma, Xl (468).

Hoplolichas DAMES, 1877 ["Lichas tricuspidata
BEYRICH, 1846 (="Liehas dissidens BEYRICH,
1845); SO VOGDES, 1890] [=Hoplolichoides, Cy
/'anoliehas PHLEGER, 1936]. Occipital ring with
single or bifurcated median spine. Pygidium with
3rd pair of pleurae unfurrowed or with short
furrows situated far back; posterior margin with
median point or 2 short projecting free points.
L.Ord.-M.Ord., N.Eu.--FIG. 395,5a-c. "H. dis
sidens (BEYRICH), M.Ord.; 5a,b, cran., dorsal, lat
eral, XO.8 (Schroeteri Ls., Swed.) (12); 5e, pyg.,
XO.6 (Echinospaerites Ls., Est.) (22).--FIG.
395,5d. H. fureifer (SCHMIDT), Aseri Ls., Est.;
hypostoma, X 1.5 (468).

Platylichas GiiRICH, 1901 ["Liehas margaritifer
NIESZKOWSKI, 1857J [=Metaliehas REED, 1902;
Atttoloxoliehas, Linguecephaliehas PHLEGER, 1936].
Axial furrows joining longitudinal furrows at
occipital furrow in stratigraphically lower species,
becoming modified and joining longitudinal fur
rows well in front of occipital furrow in later
species, or dying out posteriorly. Pygidium with
3 pairs of furrowed pleurae ending in free points.
M.O,'d.-M.Sil., N.Eu.-N.Am.--FIG. 396,1. "P.
margaritifer (NIESZKOWSKI), Porkuni Ls., Est.;
la,b, eran., dorsal, lateral, Xl.5; Ie, hypostoma,
X2.25; Jd, pyg., X 1.25 (468).-FIG. 393,7a.
P. grayi (FLETCHER), Wenlock Ls., Eng.; ceph.,
X 1.5 (486n).--FIG. 393,7b. P. halli (FOERSTE),
Maysville Sh., N.Am.; hypostoma, X2.4 (486n).

Subfamily TETRALICHINAE Phleger, 1936
[nom. correct. TRIPP. 1957 (pro Tetralichadinae PRLECER,

1936) I
Lateral glabellar lobes tricomposite and

completely fused with occipital lobes. Hypo
stoma with posterior margin strongly in
dented; middle body circumscribed, with
small posterior lateral lobes. M.Ord.-U.Ord.

Amphilichas RAYMOND, 1905 [pro Paralichas REED,
1902 (non WHITE, 1859), pro Platymetopus ANGE
LIN, 1854 (non DEJEAN, 1829)] [·Platymetopus
lineatus ANGELlN, 1854] [=Acroliehas FOERSTE,
1919; Tetralichas, Kerakephalichas, Probolichas
PHLEGER, 1936]. Longitudinal furrows short (in
type species) but mostly reaching occipital fur
row. Pygidium usually with pointed axis reaching
posterior margin, and unfurrowed 3rd pleurae
with single free points. M.Ord.-U.Ord., N.Eu.
N.Am.-Asia.--FIG. 395,la,b. "A. lineatus
(ANGELIN), U.Ord.; la, cran., X1.2 (Boda Ls.,
Swed.) (489); lb, hypostoma, XI.6 (Lyckholm
Ls., Est.) (468).--FIG. 395,lc. A. cueullus
(MEEK & WORTHEN) (type species of Acrolichas),
Kimmswick Ls., N.Am.; pyg., X 1.5 (45).--FIG.
393,6. A. hibernieus (PORTLOCK), Bardahessiagh
beds(U.Ord.), N.Ire.; pyg., Xl.5 (468n).

Lyralichas WEBER, 1948 ["Lichas (Amphilichas)
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FIG. 393. Lichidae (Lichinae, Homolichinae, Tetralichinae, Ceratarginae) (p. 0496-0498, 0503).
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3c

30

Uralichas

3b

Terataspis

20

Gospel ichas

Leiolichas

10

FIG. 394. Lichidae (Lichinae, Homolichinae) (p. 0496-0498).

bronnikovi WEBER, 1932]. Longitudinal furrows
not reaching occipital furrow. Pygidium with short
axis narrowing posteriorly; 4 pairs of furrowed
pleurae ending in short free points. M.Ord.
(=Chazy.), Turkestan.--FIG. 396,3. "'L. bronni
kovi (WEBER); 3a,b, cran., dorsal, lateral, X 1.5;
Ie, hypostoma, Xl.8; Id, pyg., X1.5 (490).

Subfamily CERATARGINAE Tripp, 1957
[pro Argelinae GURICH, 1901, nom. neg.]

Bicomposite lateral glabellar lobes bound
ed at back by posterior lateral furrows (ex
cept in some species of Hemiarges); axial

furrows usually obsolete behind bicomposite
lobes; occipital lobes fused with basal lateral
glabellar lobes (except in Trochurus and
Dicranogmus). Hypostoma with posterior
margin not markedly indented; middle
body circumscribed, with small posterior
lateral lobes. Pygidium with axis extended
to posterior border or margin by narrow
ridge; posterior bands of 1st and 2nd pleurae
narrower and more swollen than anterior
bands; posterior pair of pleurae unfur-
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FIG. 395. Lichidae (Homolichinae, Tetralichinae, Ceratarginae) (p. 0498-0503).

rowed; pygidium modified in certain Dev
onian genera, M.Ord.-UDev.
Ceratarges GURICH, 1901 [pro Arges GOLDFUSS,

1839 (non DEHAAN, 1833) ] ["Arges ormatus
GOLDFUSS, 1839]. Glabellar furrows faintly im-

pressed; librigenal spines long and slender, for
wardly placed. Long spines curving upward and
backward on frontal lobe of glabella and pygid
ium; marginal spines on pygidium. M.Dev., Eu.
--FIG. 395,2. "C. armatus (GoLDFUSS), U. Cal-
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FIG. 396. Lichidae (Homolichinae, Tetralichinae, Ceratarginae) (p.0498-0503).
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FIG. 397. *Lichakephalus erbcni SDZUY (Lichake
phalidae), L.Ord.(Tremadoc.), Ger.; A, cran., X4;

B, pyg., Xl (272).

pend.)]. Bicomposite lateral glabellar lobes ex
tending to occipital furrow. Emaciated pygidium
with 3 pairs of pleurae modified to form long,
narrow, furrowed bands, with postaxial unfur
rowed band. MDel'., Ger.--FIG. 395,3. *R.
QI'aneiformis TRIPP; 3a, cran., X 1.2; 3b, pyg.,
X 1.8 (185).

Akantharges PHLEGER, 1936 [*Lic/las gourdoni
BARROIS, 1886]. CephaloD elongate; longitudinal
furrows dying out anteriorly; axial furrows reach
ing occipital furrow. Genal angles produced back
ward into long, straight spines. Margin of cepha
Ion and pygidium spinose. M.Dev., Fr.--FIG.
396,7. •A. gourdolli (BARROIS); exoskel. (recon
str.), XI (371).

Craspedarges GURICH, 1901 [*C. wilcanniae].
Craniclium differing from Aeallthopyge in long
(sag.) anterior border. Pygidium with numerous
subequal marginal spines. UDev., AustraL-
FIG. 396,6. *C. tlJilcanniae; 6a,b, cran., dorsal,
lateral, X2.5 (52).

Family LICHAKEPHALIDAE Tripp,
1957

Cranidium rather flat; glabella narrowing
forward, with pair of short furrows anterior
to elongated pair that reach occipital fur
row; "middle" lateral glabellar lobes large,
possibly bicomposite, bounded except at an
terior lateral angles; basal lateral furrows
connected across median lobe; axial furrows

ceola Ls., Ger.; 2a, ceph., XO.9 (461); 2b, hypo
stoma, Xl.2 (401); 2c, pyg., XO.9 (461).

Hemiarge5 GURICH, 1901 [*Lichas wesenbergensis
SCHMIDT, 1885; SD REED, 1902] [=Richterarges,
Choneilobarges PHLEGER, 1936]. Bicomposite and
basal lateral glabellar lobes partially confluent (in
typical species); genal angles produced in stout,
broad-based spines. M.Ord.-U.Sil., Eu.-N.Am.-
FIG. 396,2a,b,d. *H. wesenbergensis (SCHMIDT),
Rakvere L5., Est.; 2a,b, cran., dorsal, anterior,
X3.75; 2d, pyg., X3.75 (468).--FIG. 396,2c.
H. antelucanus TRIPp, Craighead Ls., Scot.;
hypostoma, X7.5 (486).--FIG. 393,8a. H. mac
eullochi (REED) (type species of Choneilobarges) ,
Drummuck Ls., Scot.; ceph., thoracic segments,
X2 (486n).--FIG. 393,8b. H. scutalis (SALTER),
Wenlock Ls., Eng.; ceph., ventral, showing
doublures of librigenae, rostral plate and hypo
stoma, X2.67 (486n).

Trochurus BEYRICH, 1845 [*T. speeiosus] [=Cory
docephalus HAWLE & CORDA, 1847; Plusiarges
GURICH, 1901; Protoliehas REED, 1902). Glabellar
lobes with strong independent convexity; area at
base of median lobe depressed; axial furrows ex
tending to occipital furrow (in type species);
occipital lobes circumscribed. U.Ord.-M.Sil., Eu.
N.Am.--FIG. 396,5. *T. speciosus, MOIOI beds,
Boh.; 5a, exoskel. (reconstr.), Xl; 5b, ceph.,
lateral, Xl; 5e, hypostoma, X 1.5 (370).

Dicranogmus HAWLE & CORDA, 1847 [*D. pustula·
tus (=*Lichas simplex BARRANDE, 1846] [-Li
parges GURICH, 1901 (obj.)]. Glabellar lobes with
little independent convexity; longitudinal furrows
dying out or becoming shallow anteriorly; occipital
lobes circumscribed. Cranidia only known. U.Ord.
U.Sil., Eu.-Austral.--FIG. 396,4. *D. simplex
(BARRANDE), Budnany Ls., Boh.; 4a,b, cran., dor
sal, lateral, X I (370).

Acanthopyge HAWLE & CORDA, 1847 [*A. leuchten
bel'gii (=*Lichas haueri BARRANDE, 1846); SD
REED, 1902] [=Euarges GURICH, 1901 (obj.);
Mephiarges RICHTER & RICHTER, 1930; Diplolidas
PHLEGER, 1936; Lobopyge, Nitidltlopyge PRIBYL &

ERBEN, 1952). Area at base of median glabellar
lobe strongly depressed. Librigenal spines slender,
forwardly placed; deep 5ubgenal notches in genae.
M.Sil.-M.Dev., Eu.-N.Am.-S.Am.-Asia-Austral.-
FIG. 395,4. *A. haueri (BARRANDE), Koneprusy
Ls., Boh.; 4a,b, ceph., dorsal, lateral, X 0.8; 4c.
hypostoma, Xl; 4d, pyg., XO.8 (370).

Eifliarges RICHTER & RICHTER, 1917 [*Lichas
(Eifliarges) caudimirus]. Cephalon differing from
Acanthopyge in strong convexity of glabellar lobes
and short subgenal notches. Pygidium with 6 pairs
of ribs ending in spines, with 4 marginal spines
on the postaxial area. M.Del/., Ger.--FIG. 395,7.
*E. caudimims (RICHTER & RICHTER), U.Calceola
Ls.; 7a,b, ceph., dorsal, lateral, X4; 7e, pyg., X3
(461).

Radiolichas REED, 1923 [*Lichas aranea HOLZAP
FEL, 1895 (=*R. araneiformis TRIPP, 1957, ICZN

B
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obsolete posteriorly; occipital ring broad;
occipital lobes large and well defined, not
projecting in front of occipital ring; anterior
border moderately long; anterior sections of
facial sutures strongly divergent, outlining
broad anterior areas of fixigenae; posterior
sections divergent cutting long posterior
borders at low angles. Pygidium broad; axis
narrow, relatively short, tapering toward
back; with 4 axial rings; apparently 3 pairs
of furrowed pleurae, posterior margin ex
ceptionally broad and gently indented. Dor
sal surface finely tuberculate. L.Ord.(L.
Tremadoc.).
Lichakephalus SDZUY, 1955 ["L. erbeni). Char

acters of family. L.Ord.(L.Tremadoc.}, Ger.-
FIG. 397. "L. erbeni; A, cran., X4; B, pyg., Xl
(272).

Order ODONTOPLEURIDA
Whittington, nov.

[Superfamily Odontop1euracea PRANTL & PIIBYL, 1949; Odon
topleuroidae HUPE, 1953 (auributed to PRANTL &: PRIBYL,
1949)] [emend. WHITTINGTON, herein) [Type-Odontopleura

EMMRICH, 1839]

Cephalon convex, posteromedian region
high above anterolateral margin; glabella
with maximum width generally at occipital
ring, subparallel-sided or tapering forward;
occipital ring may be elongated behind ad
jacent part of genal regions and bear lateral
lobes, with median or paired spines or
tubercles characteristic; 2 or 3 pairs of lat
eral glabellar lobes present; genal regions
convex, inner posterior corners merging
with anterolateral parts of occipital ring; eye
lobes prominent, situated centrally on genal
regions or may be inside and behind this
point, eye ridges curving forward to merge
with anterolateral margins of frontal gla
bellar lobe; anterior sections of facial su
tures running forward-inward, posterior sec
tions outward-backward, sutural ridges char
acteristic; usually stout librigenal spines
present, base merging into posterolateral
cephalic borders; row of shorter spines aris
ing from outer edge of borders of librigenae,
progressively shorter anteriorly; notches in
borders of librigenae adjacent to anterior
sections of sutures. Rostral plate short (sag.,
exsag.) and wide (tr.). Width and length
of hypostoma subequal or width greater
than length, posterolateral margins rounded;
with convex middle body, faint middle fur
rows running backward and slightly inward
from depression at anterolateral corners of

middle body; lateral and posterior borders
moderately wide; small anterior wing, no
wing process, posterior wing small or ab
sent. Thorax with 8 to 10 segments; axis
convex; pleurae horizontal, with or without
pleural furrow dividing them into 2 convex
bands, with short anterior pleural spine or
spines, long posterior pleural spine directed
horizontally outward and progressively
more backward toward rear. Pygidium
short, subtriangular in outline; axis with
2 or 3 rings (3rd faint); pleural regions
horizontal; paired spines on border, with
or without median posterior spine (one pair
of border spines may be larger than others
and directed horizontally or upward, or
large pair of spines may arise from pleural
region), large spine connected by raised
ridge to 1st axial ring. External surface
rarely smooth, generally with thornlike
spines or tubercles, granules between them,
arrangement of larger spines or tubercles
may be symmetrical (39, 176). Up.M.Cam.
UDev.

Family ODONTOPLEURIDAE
Burmeister, 1843

[=Mastigopleuridae ANGELlN, 1854 (invalid, not bas<d on a
generic name<); Addaspidac SALTER, 1864; CeratoccphaJidae

RICHTER & RICHTER, 1925]

Characters of order. L.Ord.(U.Canad.)
UDev.

Subfamily ODONTOPLEURINAE Burmeister,
1843

[nom. transl. WHITTINGTON, herein (ex Odontopleuridac
BURMEISTER, 1843) J

Glabella tapering forward slightly or
moderately; occipital ring usually elongate,
with median or paired tubercles or spines;
eye lobes far back and at variable distance
outward from glabella on genal regions, ex
ternal angle between anterior and posterior
sections of sutures adjacent to eye lobes 90
to 120 degrees. Hypostoma wider than long,
with shallow lateral notches and sharp
shoulders. Thoracic pleurae with broad
(exsag.), convex posterior band and stout
posterior pleural spine, each directed out
ward and successively more strongly back
ward. Pygidium with prominent pair of
border spines wtih 1 or 2 pairs of small
spines between them. M.Ord.-U.Dev.
Odontopleura EMMRICH, 1839 ["0. ovataJ. Gla-

bella with relatively large lateral lobes; median
pan of occipital ring elevated and produced into
long pair of occipital spines, also with faint occi-
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FIG. 398. Odontopleuridae (Odontopleurinae) (p. 0504-0506).
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pital lobes; small eye lobes situated opposite basal
glabellar furrows, angle between anterior and
posterior sections of facial sutures 120 degrees,
slender librigenal and posterior pleural spines,
long anterior pleural spines. Pygidium relatively
wide, posterior part with long horizontal pair of
major border spines. M.Sil., Eu.--FIG. 398,1.
-0. ovata, Boh.; exoskel. (reconstr.), Xl (496-).

Acidaspis MURCHISON, 1839 [-A. brightiiJ [=Pseu
domonaspis RICHTER & RICHTER, 1917 (obj.)].
Glabella tapering forward from basal lateral lobes;
with 3 pairs of lateral lobes; occipital ring with
lateral lobes, inflated and prolonged backward into
thick, long median spine; eye lobes close to pos
terior border and situated at about half-width of
genal regions, eye lobes and sutural ridges promi
nent; lateral cephalic border spines directed ver
tically, Iibrigenal spines thick, long. Thorax with
10 segments; posterior pleural bands strongly
convex, inflated at fulcra. Pygidium with 7 pairs
of border spines, 5th thicker and more elongate
than others. Surface tuberculate. M.Ord.-M.Dev.,
Eu.-N.Am.--FIG. 398,5. -A. brightii, M.Sil.,
Eng.; 5a-c, ceph., dorsal, anterior, right lateral,
Xl (496", 1956).

Diacanthaspis WHITTINGTON, 1941 ["D. cooperiJ.
Glabella widest across occipital ring and basal
lateral lobes, length (sag.) greater than maximum
width; with 2 pairs of lateral glabellar lobes;
occipital ring not greatly elongate, small lateral
lobes, short median spine and commonly long
paired spines; eye lobes on inner part of genal
regions opposite basal glabellar lobes; librigenal
spines long, slender. Number of thoracic segments
unknown; posterior pleural bands not inflated at
fulcra. Pygidium with 3 axial rings and 6 or 7
pairs of horizontal border spines, large spine on
pleural region directed upward-backward. Surface
bearing symmetrically arranged thornlike spines,
with granules between them (347). M.Ord., N.
Am.-Scot.--FIG. 398,4. -D. cooperi, Va.; 4a-d,
cran., librigena, hypostoma, pyg., X3 (496-).

Dudleyaspis PRANTL & PRIBYL, 1949 ["Acidaspis
quinquespinosa LAKE, 1896J. Like Aeidaspis but
occipital ring without lateral lobes, bearing median
and 2 pairs of spines on posterior margin and 2
pairs of spines on posterior cephalic border, all
directed backward and slightly upward; librigenal
spines slender, short. M.Sil., Eu.-N.Am.--FIG.
398,6. "D. quinquespinosa (LAKE), Eng.; 6a,b,
ceph., dorsal, lateral, X2 (496·, 1956).

Leonaspis RICHTER & RICHTER, 1917 ["Odonto
pleura leonhardi BARRANDE, 1846J [=Aeantha
lorna CONRAD, 1840 (suppressed, ICZN Opinion
498); Aeantholoma CASTELNAU, 1843, L. (Acan
thomina) PRANTL & PRIBYL, 1949]. Distinguished
from Odontopleura by smaller, lower, lateral gla
bellar lobes, occipital ring with median tubercle or
spine and lacking occipital lobes, larger eye lobes
situated in inner, posterior corners of genal regions,

stouter Iibrigenal and posterior pleural spines, latter
more backwardly directed, narrower (tr.) pygid·
ium. L.Sil.-L.Dev., Eu.-N.Am.-BoI.
L. (Leonaspis). All thoracic segments with back

ward-directed pleural spines. L.Sil.-L.Dell., Eu.
N.Am.-BoI.--FIG. 398,3. L. (L.) williamsi
WHITTINGTON, L.Dev., Okla.; 3a, exoskel. (re
conste.); 3b, ceph., anterior; 3e, hypostoma; all
X 1.5 (496").

L. (Kettneraspis) PRANTL & PRIBYL, 1949 ["Acid
aspis pigra BARRANDE, 1872 J. First 2 thoracic
segments faceted and having short posterior
pleural spines. M.Sil.-M.Dev., Boh.-Ger.

Primaspis RICHTER & RICHTER, 1917 [·Odonto
pleura primordialis BARRANDE, 1846]. Glabella
with small 3p lateral lobes; occipital ring not
greatly lengthened or inflated, median tubercle
or small paired occipital spines, small occipital
lobes, eye lobes opposite basal glabellar lobes and
about halfway across genal regions; librigenal
spines broad at base, adjoining short lateral
cephalic spines. Thorax with 10 segments; pos
terior pleural bands inflated at fulcra, stout pos
terior pleural spines, small anterior pleural spines.
M.Ord.-U.Ord., ?Sil., Eu.-N.Am.--FIG. 398,2.
"P. primordialis (BARRANDE), M.Ord., Boh.; 2a-c,
cran., anterior, right lateral, dorsal; 2d, pyg.; all
X2 (496-).

Radiaspis RICHTER & RICHTER, 1917 [Arges radia
tus GOLD FUSS, 1843J. Like Acidaspis but inflated
median part of occipital ring prolonged into paired
spines. Thorax with 9 segments. Pygidium with
posterior part of axis bilobed, 8 pairs of subequal
border spines. L.Dev.-U.Dev., Ger.-Bah.

Subfamily MIRASPIDINAE Richter & Richter, 1917
[=Ceratocephalidae PRANTL I!c PiUBYL, 1949J

Glabella wide; occipital ring long (sag.,
exsag.) , convex, with prominent paired
spines; median glabellar lobe subparallel
sided; small 3rd lateral lobes usually pres
ent; genal regions subrectangular in out
line, librigenal spines arising from upper
surface of border and directed upward-out
ward; sections of sutures form obtuse angle.
Hypostoma wider than long, middle furrow
forming triangular depression in antero
lateral corners of middle body; shallow me
dian posterior notch. Thoracic pleurae may
lack pleural furrow; anterior pleural spine
bladelike, with lateral barbs; 1st 2 or 3 pos
terior pleural spines directed outward and
slightly forward, successively more posterior
pleural spines directed outward and more
strongly backward. M.Ord.-M.Dcv.
Miraspis RICHTER & RICHTER, 1917 ["Odontopleura

mira BARRANDE, 1846J. Occipital ring with pos
terior band; eye lobes opposite basal glabellae
lobes, pedunculate; long, slender spines on lat-
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FIG. 399. Odontopleuridae (Miraspidinae) (p. 0506-0508).

Dicronurus

eral cephalic border. Thorax with 9 segments
bearing deep pleural furrows; slender pleural
spines between anterior and posterior spines.
Pygidium with II pairs of border spines, 3rd pair
thick, long, others slim and short; ridge on pleural
region running out transversely from 1st axial
ring, then turning abruptly back to base of large
3rd border spine. M.Sil., Eu.--FIG. 399,1. *M.
mira (BARRANDE); 1a,b, ceph., dorsal, anterior;
Ie, thoracic segment; ld, pyg., all XI (496*).

Ccratocephala WARDER, 1838 [*C. goniata]
[=Trapdoeera HAWLE & CORDA, 1847; =Onehas
pis RAYMOND, 1925]. Occipital ring with posterior
band; eye lobes opposite I p lateral glabellar fur
rows and halfway across genal regions, not pe
dunculate; lateral cephalic spines short. Thorax
with 10 segments, pleural furrows faint or absent,
anterior pleural spines almost vertically directed.
Pygidium short, with I to 3 pairs of border spines
and median posterior spine, none conspicuously
longer than others (360). M.Ord.-M.Dev., Eurasia
Austral.-N.Am.
C. (Ceratocephala). M.Ord.-M.Dev., Eurasia-
Austral.-N.Am.--FIG. 400. C. laeiniata WHIT
TtNGTON & EVITT, M.Ord., Va.; a,b, exoskel. (re
constr.), number of thoracic segments unknown,
dorsal and left lateral views, X3 (360*).

C. (Ceratocephalina) WHITTINGTON, 1956 [*Cem
tocephala (Ceratoeephalina) tridens]. M.Ord.,
USA(Va.).

Ccratonurus PRANTL & PRIBYL, 1949 [*Aeidaspis
krejcii NOVAK, 1883]. Inadequately known, cepha
Ion as in Ceratoeephala; 9 thoracic segments, con
vex posterior pleural band and long spines like
those of Dicranurus; pygidium like that of Miras
pis (38). L.DetJ.-M.Dev., Boh.-Ger.

Dicranurus CONRAD, 1840 [*Aeidaspis hamata HALL,
1859]. Massive paired occipital spines recurved
over thorax, small 3rd lateral glabellar lobes; eye
lobes opposite basal glabellar lobes, high on genal
regions; no lateral cephalic spines. Thorax with 9
segments; convex posterior pleural band running
outward in curve gently convex forward; short,
curved anterior pleural spines. Pygidium with
single pair of border spines. L.Dev.-M.Dev., Eu.
N.Am.-Austral.--FIG. 399,3. D. monstrosus
BARRANDE, M.Dev., Bah.; 3a, ceph., anterior; 3b,c,
exoskel., dorsal, right lateral; all X 0.75 (496*,
1956).

Koneprusia PRANTL & PRIBYL, 1949 (*Acidaspis
fuscina NOVAK, 1883]. Inadequately known, seem
ingly like Ceratocephala; with 10 thoracic seg
ments; pygidium with single long pair of border
spines and median spine. L.Dev.-M.DetJ., Bah.
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FIG. 400. *Ceratocephala laciniata WHITTI:<GTON (Odontopleuridae), M.Ord., Va.; a,b, incomple. exoskel.
(reconstr.), dorsal and lateral views, X3 (360*).

Orphanaspis PRANTL & PRIBYL, 1949 [*Trilobites
orpha11n BARRANDE, 1852]. Few thoracic segments
known. Pygidium with short axis, 3 axial rings,
usually raised border on pleural regions, one pair
of border spines (38). M.Sil.-M.Dev., Boh.-Ger.

Proceratocephala PRANTL & PRIBYL, 1949 [*Acid
aspis terribilis REED, 1914] [=Drummuckaspis
PRANTL & PRIBYL, 1949]. Like Ceratocephala;
position of eye lobes uncertain; lateral lobes and
long paired spines on occipital and axial rings;
9 thoracic segments, deep pleural furrows; pygid
ium with horizontal long pair, and short median,
border spines. U.Ord., Scot.

Sdenopeltoides PRANTL & PRIBYL, 1949 [*Acidaspis
hawlei BARRANDE, 1852]. Like Ce1'atocephala but
eye lobes opposite and close to basal part of pos
terior glabellar lobes. Thorax with 9 segments,
pleurae with furrow and posterior band. Axis of
pygidium with 2 rings, pleural regions traversed
by ridge running from Ist axial ring to base of
paired border spines. M.Sil., Boh.

Whittingtonia PRANTL & PRIBYL, 1949 [*Acidaspis
bispinosus M'CoY, 1846]. Only cephalon known;
frontomedian glabellar lobe strongly convex, over
hanging anterior border, convex band across base;
with 3 pairs of narrow (tr.) lateral glabellar lobes;
eye lobes centrally situated on genal regions; lat
eral cephalic spines short. U.Ord., Ire.-Swed.-
FIG. 399,2. *w. bispinosa (M'CoY); 2a-c, ceph.,
dorsal, left lateral, anterior, X2 (496*).

Subfamily SELENOPELTINAE Hawle & Corda,
1847

[nom. Iransl. WHITTINGTON, herein (ex Se1enope1tidae, nom.
C01·ucl. PRt\NTI. & PRlBYL, 1949, pro Selenopeltides HAWLE &.

COROA, 1847) I
Characters of Selenopeltis. M.Ord.-U.Ord.

Selenopeltis HAWLE & CORDA, 1847 [*Odontopleura
buchii BARRANDE, 1846) [=Polyeres ROUAULT,
1847). Cephalon transversely subrectangular in
outline; glabella gently convex, narrowing slightly
forward; occipital ring short (sag.), with median
tubercle; frontomedian lobe wide (tr.) narrow
(sag.), gently convex band across base; apparently
3 lateral glabellar lobes, basal furrow shallow, at
inner end turning back into deep furrow that be
comes shallow as it meets furrow defining band
at base of median lobe; basal lateral glabellar lobes
divided subequally by shallow transverse furrow,
posterior part divided again by shallow longitudi
nal furrow; 2p lateral furrows diagonal, deepest
at inner end, 2p lobes gently convex, 3p lobes
small; crescentic eye lobes situated about centrally
on genal regions, sections of sutures at obtuse
angle; narrow anterolateral cephalic border; libri
genal spines long, arising from upper surface of
border at genal angles. Hypostoma wider than
long, with broad lateral and posterior borders,
shallow median posterior notch; middle furrow
shallow. Thorax with 9 segments; rings with con
vex lateral lobe; pleurae with narrow posterior
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pleural ridge running outward in curve convex
forward; short, curved anterior pleural spine, long
backwardly directed posterior pleural spine. Pygid
ium with short axis, faint 3rd ring, pleural regions
crossed by strong ridges continuous with base of
single border spine. Surface tuberculate or granu
lose. L.Ord.-U.Ord., Eu.-N.Afr.--FIG. 401. ·S.
btlchii (BARRANDE), M.Ord.-U.Ord., Boh.; a,
ceph., anterior; b, hypostoma; c, exoskel. (re
constr.); all XO.5 (496n).

Subfamily APIANURINAE Whittington, 1956

Glabella narrowing forward; median lobe
well defined, parallel-sided, 2 pairs of lat
eral glabellar lobes fused; occipital ring long
(sag.), convex, with long paired spines and
median tubercle; eye lobes situated far back
and about midway across genae, 2 sections
of sutures forming straight line inclined in
ward-forward to sagittal line; librigenae
narrow, with genal spines arising about mid
way along lateral border and curving back.
Hypostoma shield-shaped, middle furrow
arising at anterolateral corners of middle
body and running inward-backward, with
small, pointed shoulders and shallow lateral
notch. Thorax of unknown number of seg
ments, pleurae convex (exsag.), single large
pleural spine. Pygidium with paired border
spines and unpaired median border spine in
some, also long major spine directed up
ward. M.Ord.-U.Ord.

Apianurus WHITTINGTON, 1956 [.A. barbatus].
Occipital spines long, diverging at angle of 60 to
80 degrees; fused lateral lobes kidney-shaped;
large eye lobes opposite basal glabellar lobe.
Hypostoma widest anteriorly, convex middle body
divided into triangular anterior and crescentic pos
terior lobe; small anterior, tiny posterior, wings.
Pygidium with 6 or 7 pairs of border spines, flat
pleural fields bearing centrally situated upright
major spine. Long spines (except occipital) with
thornlike lateral spines, remainder of exoskeleton
tuberculate or spinose. M.Ord.-U.Ord., Eu.-USA
(Va.).

Calipernurus WHITTINGTON, 1956 [·C. insolitus].
M.Ord., USA(Va.).

Subfamily UNCERTAIN

Ancyropyge CLARKE, 1892 [.Acidaspis "omingeri
HALL & CLARKE, 1888]. Pygidium only known;
axis little longer than wide, including anterior ring
and subhemispherical rear part; pleural regions
comprising merely bases of 6 pairs of long spines
that curve outward-backward. M.Dev., Mich.

Bounyongia ETHERIDGE & MITCHELL, 1917 [.B.
bowningensis]. Based on 2 poorly preserved
cephala, inadequate for diagnosis. Sil., Austral.

b

FIG. 401. ·Selenopeltis buchii (BARRANDE) (Odonto
pleuridae), Ord., Boh.; a, ceph., anterior; b, hypo

stoma; c, exoskel. (reconstr.); all XO.5 (496).

Globulaspis REED, 1931 [.Acidaspis (Globulaspis)
prominens]. Based on internal mold of incom
plete cranidium; strongly convex glabella with
small basal lateral lobes, fixigenae strongly convex
posteriorly. L.Sil., Scot.

Family EOACIDASPIDIDAE Poletaeva,
1957

[nom. correct. JAANUSSON, herein (ex Eoacidaspidae POLE~
TAEVA. (957) I

Apparently primitive odontopleuraceans
with facial sutures conspicuously divergent
in front of eyes. Cranidium with prominent
anterior border separated from glabella by
distinct furrow; glabella long, more or less
trapezoidal, with lateral glabellar furrows
well defined to almost obsolete, posterior or
middle (Eoacidaspis) lateral glabellar lobes
large; eye ridges well developed, like those
of other odontopleuraceans; librigenae, ros
tral shield, hypostoma, and number of thor
acic segments unknown, details of thoracic
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Belovia

2 Eoacidaspis

3 Acidaspides

FIG. 402. Eoacidaspididae (p. 0510).

segments poorly known. Pygidium (known
only in Acidaspides) with 3 pairs of promi
nent, posteriorly directed spines of subequal
length and width. Up.M.Cam.-U.Cam.
Eoacidaspis POLETAEVA, 1956 ["E. salairica]. Lat-

eral glabellar furrows well defined, middle lobes
(2p) large, separated from remainder of glabella
by distinct furrows. Posterior (preoccipital) gla
bellar lobes (1 p) shorter (exsag.) than middle
lobes, poorly defined. V.Cam., Sib.--FIG. 402,2.
"E. salairica; cran., X? (443).

Acidaspides LERMoNTovA, 1951 [*A. preCtlrrens].
Posterior lateral glabellar lobes (1 p) large, sep
arated from remainder of glabella by distinct
furrow, middle lateral glabellar lobes (2p) shorter

(exsag.) than posterior lobes, well defined. VpM.
Cam.-V.Cam., Sib.-Kazakhstan.--FIG. 402,3. A.
lermontovae CHERNYSHEVA; cran., X? (443).

Belovia POLETAEVA, 1956 ["B. calva CHERNYSHEVA,
1956]. Lateral glabellar lobes and furrows gen
erally as in Acidaspides, but poorly defined, lat
eral glabellar furrows faint to obsolete; eye ridges
comparatively faint. V.Cam., Sib.--FIG. 402,1.
"B. calva (CHERNYSHEVA); cran., X? (443).

Order UNCERTAIN
Family MISSISQUOIIDAE Hupe, 1953
Exoskeleton gonatoparian, subisopygous.

Glabella parallel-sided to tapering, with 3
to 4 pairs of glabellar furrows; eye ridges
faint or obsolete; palpebral furrows shallow;
palpebral rims, occipital and axial furrows
deep; eyes of medium size, position prob
ably variable; preglabellar area probably
absent in all; fixigenae upsloping, with
straplike posterior areas and rounded genal
angles; librigenae small, quadrate, steeply
inclined. Thorax with 5 or more segments;
axis convex, about same in width (tr.) as
pleurae, ends of pleurae pointed. Pygidium
subtriangular; axis convex, extending near
ly full length; pleural fields about same in
width, without border furrow or border,
pleurae continuing directly to margin; mar
ginal and terminal axial spines may be pres
ent. L.Ord.(Tremadoc.).

a

FIG. 403. "Missisquoia typicalis SHAW (Missisquoii
dae), L.Ord.(Tremadoc.), USA(Vt.); a,b, ceph.,

pyg., X6 (471).

Missisquoia SHAW, 1951 ["M. typicalis]. Glabella
parallel-sided to tapering, front broadly rounded.
with median notch and 3 or 4 pairs of short deep
lateral furrows at sides; eyes slightly below me
dium size, opposite center of glabella; no pre
glabellar field, curved anterior border furrow meet
ing preglabellar furrow, anterior border narrow;
fixigenae with palpebral areas a little less than
0.5 of glabellar width, posterior areas about 0.7
of length (tr.) of occipital ring. Pygidium with
axis showing 7 or 8 axial rings and terminal con
tinued into median terminal spine; pleurae 6,
separated by narrow shallow interpleural grooves
and crossed by broad deep pleural furrows to
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Order Uncertain
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Holdenio

FIG. 404. Isocolidae (p. 0511-0512).
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2b

P~odesio

margin, terminating in short marginal spines.
Outer surface finely granulose. L.Ord. (Tremadoc.),
E.N.Am.--FIG. 403. ·M. typicalis, Vt.; a,b,
ceph., pyg., X6 (471).

Family ISOCOLIDAE Angelin, 1854
Exoskeleton I or 2 cm. in length. Convex

cephalon, glabella ovate, outlined by deep
axial and preglabellar furrows, greatest
width at or in front of mid-length, deep oc
cipital furrow, with or without 3 pairs of lat
eral glabellar furrows; genal regions and
frontal area confluent, descending vertically
distally, posterior and lateral borders gently
convex, defined by furrows, long genal
spines may occur; eye lobes (if present)
gently convex, situated adjacent to axial fur
rows on anterolateral parts of genae, seem
ingly combined with eye ridges; eye facets
absent; facial sutures opisthoparian, pos
terior sections curving across distal part of

posterior borders, anterior sections confluent
along margin of frontal area. Anterior
cephalic doublure and hypostoma unknown.
Thorax with 6 or 7 segments; axis about
0.3 of width; small anterolateral lobes may
be present on rings; inner part of pleurae
horizontal, outer part bent steeply down,
with deep pleural furrow. Pygidium with
bluntly terminated axis not reaching pos
terior margin, I to 3 rings, convex pleural
regions crossed by one or more pleural fur
rows. External surface with raised, anasto
mosing lines running subparallel to mar
gins, except in furrows (78, 79, 358). ?L.
Ord., M.Ord.-U.Ord.
Isocolus ANGELlN, 1854 [·1. sjogreni]. Maximum

width of glabella at mid-length and less than
length (sag.), with 2 pairs of short, deep lateral
furrows directed transversely, inner end of basal
furrow expanding into pit and connected by
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shallow furrow to occipital furrow, thus isolating
small, subcircular basal lobe; eye lobes ovate in
outline, transversely directed; genal spines ex
tending back close to thorax and reaching 3rd
segment. Thorax with 6 segments with small axial
rings bearing isolated anterolateral lobes, pleural
furrows running in curves gently convex for
ward. Pygidial axis with faint 1st ring furrow,
pleural regions with 3 pleural furrows, progressive
ly shorter and fainter posteriorly (323). U.O,·d.,
Swed.-?C.Asia.--FIG. 404,1. °1. sjoegreni, Swed.;
1a,b, exoskel., ceph. (anterolateral), X 12 (358").

Cyphoniscus SALTER, 1853 roC. socialisJ. Glabella
subcircular in outline, lateral furrows not im
pressed, posterior border widening (exsag.) dis
tally, continuous with convex lateral border; ap
parently without genal spines; low eye lobes.
Thorax with 7 segments; axial rings with faint
anterolateral lobes; pleurae with deep diagonal
pleural furrows. Pygidium without ring furrows
on axis; only 1st pleural furrows present, ex
tending to margin (266). U.Ord., Eng.--FIG.
404,2. "C. socialis, Eire; 2a,b, exoskel., ceph.
(anterolateral), X5 (358°).

Holdenia COOPER, 1953 ["H. typaJ. Glabella pear
shaped, widest near front; basal and median lateral
furrows represented by smooth areas, anterior lat
erals by small pits; librigenae unknown: emar
ginations in anterolateral parts of cranidium indi
cate position of eyes but no lobes present; posterior
border furrows deep. Thorax with 6 segments;
pleurae with pleural furrows close to posterior
margins, deepening outward. Pygidial axis with 3
ring furrows; pleural regions with inner ends of
1st 2 interpleural grooves, 1st pleural furrows dis
tinct, 2nd furrows faint (26). M.Ord., Va.-
FIG. 404,3. OR. typa; 3a,b, exoskel., cran. (antero
lateral), X2.5 (358").

?Pradesia THORAL, 1935 ["P. martyi). Like Hol
denia, but basal lateral glabellar furrows deep,
curving back and shallowing toward occipital fur
row; three further glabellar furrows indicateJ by
shallow depressions. Convex lobe in anterolateral
part of occipital ring. Eye lobe and lateral cephalic
border unknown. Doublure broad (sag.) an
teriorly, no median suture. Number of thoracic
segments unknown, but not less than 6;
convex anterolateral lobes on axial rings, pleural
furrow diagonal. Pleural regions of pygidium with
3 shallow pleural furrows. L.Ord.(Tremadoc.),
Fr.--FIG. 404,4. "P. martyi, incomplete exoskel.,
X5 (79).

Family MYINDIDAE Hupe, 1955

Cephalon approximately semicircular,
slightly convex, with narrow, prominent
border; glabella short, convex, parallel-sided,
rounded anteriorly, 3 pairs of short lateral
glabellar furrows; eye ridges short, distinct;
preglabellar field long, crossed by well-

marked median ridge; suture apparently
marginal (287). L.Ord.(Tremadoc.}.
Myinda STUBBLEFIELD in STUBBLEFIELD & BULMAN,

1927 [OM. ttriconiiJ. Characters of family. L.Ord.
(Tremadoc.), Eng.--FIG. 405,3. OM. ttriconii;
ceph., X7.5 (287).

Family GRANULARIIDAE Poletaeva,
?1936

[nom. correct. HENNINC.5MOEN, herein (ex Granularidae
POLETAEVA, ?1936)j

Cranidium proparian, with pyriform gla
bella and preglabellar field. Pygidium iso
pygous, with many segments and relatively
narrow axis. Surface densely granulose. Up.
L.earn.
Granularia POLETAEVA, ?I936 ["G. obrutchetJiJ.

Characters of family. Up.L.Cam., USSR.

Family SARKIIDAE Hupe, 1953
[nom. correct. HENNINGSMOEN. herein (pro Sarkiaiidae HUPE,

1953)]

Cephalon without facial sutures and with
stout posterolateral spines; glabella with
parallel sides and 3 pairs of short lateral
furrows; eyes absent. Cephalic border fur
rows pitted. Thorax with at least 10 seg
ments. Pygidium small, transverse, and with
3 or 4 axial rings. M.Ord.(Llandeil.).
Sarkia KLOUCEK, 1916 ["S. bohemiea]. Characters
of family. M.Ord.(Uandeil.), Boh.--FIG. 405,1.
'S. bohemica; 1a,b, ceph.; 1e, hypostoma; all
X2.2 (4II).

Order and Family UNCERTAIN

LOWER CAMBRIAN GENERA
[Authorship of text is indicated by code letters given at the
end of each section; these letters are explained on page 0]60]

Aguaraya RUSCONI, 1955 ["A. aClitispinaJ. Up.L.
Cam., Arg. (MenJoza) (LB).

Avalonia WALCOTT, 1891 ["A. mantlelensisJ. Crani
Jium trapezoiJal; glabella parallel-siJed, extended
to anterior border; occipital ring rounded; eye
ridges conspicuous; palpebral lobes small; facial
sutures almost straight from anterior to posterior
marRin; posterior areas large, deeply furrowed.
May belong to CorynexochiJae. L.Cam., N.Am.
(Acad.-Balt. prov.).--FIG. 406,4. °A. manuelen
sis, Newf.; cran., X2.25 (448n) (RA).

Binodaspis LERMO:-lTOVA, 1951 [0B. spinosa]. Re
sembles PtychopariiJae. Up.L.Cam., E.Sib. (HE).

Giordanella; BORNEMANN, 1891 [Olllaentls me
neghinii BORNEMANN, 1883; SD VOGDES, 1925J.
Up.L.Cam., Sardo (LB).

Jakutus LERMONTOVA, 1951 ["DO"ypyge quadriceps
RrONSNITSKYj. Glabella only slightly tapering for
ward and with 5 pairs of lateral furrows; no pre
glabellar fielJ; wide anterior border; eye lobes
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Dicerotocepholus

My indo

FIG. 405. Diceratocephalidae (p. 0334), Sarkiidae
(p. 0512), Myindidae (p. 0512).

medium in size and confluent with wide, oblique
eye ridges. Librigenae with short spines. Thoracic
pleurae with well-developed spines. Pygidium
small; axis with 2 rings and end lobe. Surface of
exoskeleton granulose. Up.L.Carn., E.Sib.--FIG.
406,3. "". quadl'iceps (RJONSNITSKY); ceph., re
constr., Xl (433) (HE).

Jangudaspis OGIENKO, 1956 ["'P. pl'inceps]. Up.L.
Cam., USSR (HE).

Judaiella LERMONTOVA, 1951 [0'. t'ernicula]. L.
Cam., Sib. (LB).

Kueichowia Lu, 1942 ["'K, liui] , L.Carn., China
(HE).

Kuanyangia HUPE, 1953 ["'Redlichia pustulosa Lu,
1941] [=Kuanyiangia HUPE, 1953 (obi.»). L.
Cam., Yunnan (HE).

Meneghinella BORNEMANN, 1891 ["'lvI. St'l'I'ata). L.
Cam., Sardo (HE).

Metisaspina SIVOV, 1955 ["'lvI. anornala). Low.U.
Cam., Salair, USSR (HE).

Namanoia LERMONTOVA, 1951 [ON. narnandensis).
[Family Namanoiidae LERMoNTovA, 1951). Up.L.
Cam., E.Sib. (HE).

Paragraulos Lu, 1941 [·P. kunrningensis]. L.Carn.,
China.--FIG. 406,2. op. kunrningensis; incom
plete ceph., X4 (136). (HE).

Protypus WALCOTT, 1886 ["'Angelina hitchcocki
WHITFIELD, 1884) [=Bicaspis RESSER, 1938).
Glabella large, prominent, pear-shaped, unfur
rowed, reaching anterior border; occipital ring
simple; fixigenae downsloping; palpebral lobes of
medium length, curved; palpebral furrows shal
low; anterior facial sutures slightly divergent;
posterior sections defining moderately long (/1'.),
rounded posterior areas. Thorax of 12 segments,
with prominent axis, pleurae bluntly terminated.
Pygidium wide and short, much smaller than
cephalon, with sharp anterior angles; marginal
furrow and border indistinct. Possibly related to
Ellipsocephalidae. L.Carn., N.Am.--FIG. 406,1.
P. marginatlls RASETTI, Que.; 1a,b, cran., lat., and
dors., views, X2.25; le, pyg., X1.5 (448n) (RA).

MIDDLE CAMBRIAN GENERA
Amgaspis CHERNYSHEVA, 1956 ["'A. medius). Low.
lvI.Cam., USSR (HE).

Amginouyia CHERNYSHEVA, 1956 lOA. elegans).
Low.lvI.Cam., U~SR (HE).

Chakasskia POLETAEVA, 1936 ["'C. rninllssensis).
Glabella elongate, sides tapering to broadly rounded
front, with 3 pairs of lateral furrows, posterior
2 pairs complete, chevron-shaped, posterior pair
touching occipital furrow; narrow eye ridges,
palpebral rims and furrows prominent; no pre
glabellar field; anterior border furrow runs into
axial furrow at sides; anterior border narrow;
eyes of medium size, near mid-length of glabella;
fixigenae convex, horizontal, with palpebral areas
0.7 of glabellar width, posterior areas broadly
(exsag.) triangular, 0.7 of length (/1'.) of occipital
ring; librigenae, thorax and pygidium unknown.
Outer surface granulose (102). Low.lvI.Cam., Sib.
(W. Sayan Mtns.) (LB).

Chittidilla KING, 1941 ["'C. plana]. Preglabellar
area convex, sloping evenly to front margin;
occipital ring with short blunt spine; palpebral
lobes small, with ocular ridge reaching point near
front of glabella, which bears 3 pairs of faint
furrows. lvI.Carn., S.Asia.--FIG. 408,2. "'C. plana,
Magnesian Sandstone, Pak.; cran., X3.6 (418)
(RA).
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FIC. 406. Incertae sedis. Lower and Middle Cambrian genera (p. 0512·0516; Agraulopsis, p. 0234).
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Chondragraulos LERMONTOVA, 1940 ["C. minussen
sis]. M.Cam., Sib. (HE).

Chondroparia LORENZ, 1906 ["Agraulos? pusillus
MATTHEW, 1897]. Cephalon small, elliptical, regu
larly convex; glabella tapering, with rounded
front, 3 pairs of short, faint la teral furrows; eye
ridges very faint; short occipital spine may be
present; preglabellar area downsloping; anterior
border furrow narrow, anterior border convex;
palpebral lobes small, slightly anterior to center of
glabella; fixigenae with palpebral areas slightly
downsloping, 0.5 to 0.3 of glabellar width, pos
terior areas broadly (sag.) triangular, 0.7 of length
(tr.) of occipital ring; librigenae, thorax and
pygidium unknown. Outer surface may be finely
granulose. Up.M.Cam., E.Can.--FIG. 406,lOa,b.
"C. pusiUa (MATTHEW), N.B.; IOa,b, cran., X4
(429) (LB).

Conoides HOWELL, 1937 ["C. edsoni]. Up.M.Cam.,
E.USA. (Vt.) (LB).

Edelsteinaspis LERMONTOVA, 1940 ["E. ornata].
Glabella elongate, rectangular, front converging
very slightly, rounded, with 3 pairs of chevron
shaped complete lateral furrows; with distinct
eye ridges, palpebral lobes and furrows; no pre
glabellar field, anterior border furrow curves into
preglabellar furrow, narrow, rimlike anterior bor
der; eyes large, slightly posterior to center of gla
bella; fixigenae of medium width, slightly up
sloping, with arcuate palpebral areas, not quite
0.5 of glabellar width, posterior areas narrow
(exsag.) , straplike, long; librigenae rectangular,
with shallow marginal furrows, and short rounded
genal spine. Thorax of 10 or 11 segments; axis
convex; pleurae low, flat, wider (tr.) than axis,
with deep pleural furrow. Pygidium semicircular,
axis narrow, convex, tapered 0.8 of its length to
narrow, rounded end, with 6 axial rings and ter
minal; pleural fields wider, convex, pleurae 5.
separated by narrow interpleural grooves and
crossed by deep pleural furrows that fade at inner
edge of medium wide flat border, no border fur
row. Outer surface finely granulose. Low.M.Cam.,
Sib.--FIG. 407. "E. ornata, Minusinsky Basin;
exoskel., X1.7 (423) (LB).

£ilura RESSER & ENDO, in ENDO & RESSER, 1937 ["E.
typa]. M.Cam., Manch. (37) (LB).

Fabulaspis IVSHIN, 1953 ["F. famosus]. M.Cam.,
Kazakhstan (HE).

Hanburia WALCOTT, 1916 ["H. gloriosa]. Crani
dium semicircular in outline; glabella expanded
forward, poorly defined, reaching margin of
cephalon; librigenae presumably narrow and mar
ginal; existence of palpebral lobes and eyes doubt
ful. Thorax of 6 segments; pleurae furrowed,
slightly curved forward. Pygidium almost as large
as cephalon, semicircular, with distinct furrows
and grooves, no marginal furrow or border. Size
small. M.Cam., N.Am.--FIG. 406,7. "H. glori-

FIG. 407. "Edelsteinaspis ornatus LERMONTOVA (In
certae sedis), M.Cam., exoskel. (reconstr.), orna

mentation omitted, X1.7 (423).

osa, B.C.; exoskel., restoration of cephalon uncer
tain, X2 (448n) (RA).

Inouyina POLETAEVA, 1936 ["I. quadratica]. Gla
bella convex, rectangular, sides parallel to slightly
rounded front, with 4 pairs of lateral furrows,
anterior 3 pairs short, straight, posterior pair com
plete, curving back to touch occipital furrow on
mid-length; eye ridges narrow, palpebral rims
and furrows distinct; no preglabellar field; narrow
anterior border furrow curves into preglabellar
furrow; anterior border medium wide, convex,
downsloping; eyes of medium size, near mid-length
of glabella; fixigenae convex, horizontal, with
palpebral areas 0.7 of glabellar width, posterior
areas broadly (exsag.) triangular, more than 0.7 of
length of occipital ring; librigenae, thorax and
pygidium unknown, Outer surface granulose
(102). Low.M.Cam., Sib. (W. Sayan Mts.) (95)
(LB).

Kolpura RESSER & ENDO, in ENDO & RESSER, 1937
["Pterocephalus? tides WALCOTT, 1911]. Cepha
Ion and thorax unknown. Pygidium semicircular;
axis convex, tapered 0.5 of its length to broad
rounded end, with postaxial ridge continuing to
notched posterior margin, 4 axial rings and ter
minal; pleural fields low, same in width as axis,
pleurae 4 or 5, with interpleural grooves very
faint anteriorly or obsolete, 4 broad shallow pleural
furrows curved abruptly backward, crossing bor
der nearly to margin, no border furrow, border
of medium width, flat, anterior 2 segments ending
in short flat spines, posterior pleurae fused to form
a broad, flat notched pseudospine. Outer surface
finely granulose. M.Cam., E.Asia.--FIG. 408,1.
"K. liches (WALCOTT), China (Shantung); pyg.,
XU (488) (LB).
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FIG. 408. Incertae sed is. Middle Cambrian genera
(1'.0513-0515).

Levisia WALCOTT, 1911 ["Agra/llos agenor WAL
COTT, 1905], M.Cam., China (Shantung) (LB).

Megagraulos KOBAYASHI, 1935 ["M. coreanic/ls].
M.Cam .• NE.Asia (LB).

Metagraulos KOBAYASHI, 1935 ["Agra/llos 11ilida
WALCOTT, 1906]. M.Cam., China.--FIG. 406,6.
"Melagraulos nilida (WALCOTT); cran., X3 (488)
(HE).

Orloviella SIVOV, 1955 ["0. typica]. M.Cam.-U.
Cam., Sib. (HE).

Pararania KOBAYASHI, 1942 ["Dolichomelopw lalei
WOODWARD, 1884]. M.Cam., S.Austral. (HE).

Plagiura RESSER, 1935 [" Plychoparia? cercops
WALCOTT, 1917] [=Plagi/lrel/a RESSER, 1937].
Glabella subconical, unfurrowed in adult; palpe
bral lobes small, close to glabella, anterior in posi
tion; frontal area poorly differentiated into pre
glabellar field and border; anterior sections of
facial sutures directed straight forward; posterior
sections long, almost straight, defining large, tri
angular, furrowed posterior area; genal angles
rounded. Thorax of 15 segments; pleurae fur
rowed at geniculation, sharply pointed distally.
Pygidium wide and short; axis long, prominent;
pleural fields furrowed; anterior angles sharp;
border furrow indistinct, border downturned. M.
Cam., N.Am.--FIG. 409,1. "P. cercops (WAL
COTT), Mt. Whyte F., Alba; a, cran., X2, b, pyg.,
X3 (448n) (RA).

Prohedinella SIVOV, 1955 ["Po erbiensis]. Cranidium
resembles Welleraspis. M.Cam., Sib. (HE).

Pseudoliostracina KOBA YASHI, 1938 ["Lioparia
bla/lloeides LORENZ, 1906]. M.Cam., China (HE).

Schistometopus RESSER, 1938 ["S. Iypicalis]. Gla
bella tapered, well defined, with 4 pairs of fur
rows occupying with occipital ring most of
cranidial length; fixigenae half as wide as glabella
at palpebral lobes; eye ridges strong; palpebral
lobes about 0.25 of length of glabella, at level of
glabellar mid-point; anterior border convex; pre
glabellar field reduced or lacking; anterior border
furrow with a pair of backward inbends corre
sponding to axial furrows; anterior sections of
facial sutures slightly divergent in front of palpe
bral lobes; posterior sections curving outward and
backward; posterior area deeply furrowed. M.Cam.,
N.Am.--FIG. 409,2. S. con/Jex/ls RASETTI, Mt.
Whyte F., B.C.; cran., X3 (448n) (RA).

Toxotis W ALLERIUS, 1895 ["T. pusil/a]. Minute,
subtrapezoidal cranidium having short, very nar
row, parallel-sided glabella delimited by shallow
axial furrows, occipital ring with long, stout,
backward-directed spine, effaced lateral fur
rows; long preglabellar field occupied by boss;
narrow, indistinctly defined anterior border; wide
anterior and palpebral regions of fixigenae occu
pied by boss, very wide posterior areas, usually
effaced eye-ridges; converging course of anterior
sections of facial sutures from eyes to anterior
margin, wide, shallow, distinctly marked pos
terior border furrow, and finely punctate outer
surface of preglabellar field and anterior genal
area; other parts of exoskeleton unknown (336).
M.Cam., Swed.--FIG. 406,8. "T. p/lsilla; cran.,
X 15 (336) (PO).

Trinia POLETAEVA, 1956 ["T. bella]. [Family
Triniidae POLETAEVA, 1956]. Up.M.Cam., USSR
(HE).

Ullaspis WESTERGARD, 1948 ["U. coni/rons]. Fairly
small, opisthoparian, ovate, moderately convex
exoskeleton having tapering, anteriorly truncated
glabella, 3 pairs of well-defined lateral furrows;
short preglabellar field; narrow, well-defined
cephalic border; narrow anterior and palpebral and
wide posterior areas of fixigenae, indistinctly de
fined eye-ridges, small eyes situated fairly close to
anterior corners of glabella; slightly diverging,
almost subparallel course of anterior sections of
facial sutures from eyes to anterior border, almost
straight posterior sections crossing posterior border
close to genal angle; genal spines. Thorax of more
than 10 segments with continuously tapering axis,
furrowed pleurae, and short pleural spines. Surface
smooth (336). M.Cam., Swed.--FIG. 406,9. "U.
coni/rons; ceph. with 2 attached thoracic segs.,

restored, X 1.6 (336) (PO).

Yorkella KOBAYASHI, 1942 ["Conocepllalites aWlralis
WOODWARD, 1884]. M.Cam., S.Austral. (HE).
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FIG. 409. Incertae sedis. Middle Cambrian genera (p. 0516).

UPPER CAMBRIAN GENERA
Abakanopleura SIVOV, 1955 ["A. kenensis]. Low.
V.Cam., Sib. (HE).

Acantholenus MATTHEW, 1898 ["Leptoplastus spini
ger MATTHEW, 1889]. V.Cam., E.Can.(N.B.)
(HE).

Acheilops ULRICH, in BRIDGE, 1930 ["A. dilatus].
Glabella expanded forward, reaching front mar
gin of cephalon; occipital ring short and simple;
palpebral lobes long, narrow, curved, close to
glabella, reaching axial furrow at anterior end;
fixigenae lacking in front of eyes; posterior areas
very slender, slanting backward. Size small. Crani
dium suggests Corynexochidae, resemblance pos
sibly due to homeomorphy. V.Cam.(Trempeal.),
N.Am.--FIG. 410,3. "A. dilatus, Mo.; cran.,
X2 (448n) (RA).

Acrohybus RAYMOND, 1937 ["A. argutus]. V.Cam.
(Dresbach.), E.USA(Vt.). (LB).

Aidarella LERMONTOVA, 1951 ["A. vigilans). U.
Cam" NE.Kazakhstan (HE).

Bowmania WALCOTT, 1925 [ ..Arethusina americana
WALCOTT, 1886), Glabella almost parallel-sided,
prominent, rounded in front, with two pairs of
short, lateral furrows; occipital furrow straight,
occipital ring short (sag.) and simple; width of
palpebral area about 0.7 of glabellar width; eye
ridges straight, slanting backward; palpebral lobes
small, slightly posterior to glabellar mid-point; an
terior sections of facial suture directed straight
outward-forward to margin; preglabellar field
long (sag.); border convex, narrow (sag.); pos
terior sections of facial sutures not well known.
V.Cam.(Trempeal.), N.Am.--FIG. 410,4. ..B.
americana (WALCOTT), Nev.; cran., X4 (448n)
(RA).

Bridgeia LOCHMAN, 1944 ["B. mirabila). Glabella
narrowly tapering, strongly convex, with median
ridge, no lateral furrows; no preglabellar area;
wide, deep anterior border furrow runs into pre
glabellar furrow; anterior border wide (sag.),
strongly convex; eyes small, opposite anterior 0.3
of glabella; fixigenae slightly upsloping, with

palpebral areas 0.75 of glabellar width, posterior
areas long (tr.); Iibrigenae unknown. Thoracic
segments, number unknown, axis and pleurae
subequal in width. Pygidium ovate; axis wide,
convex, nearly full length, 1 axial ring; pleurae
steeply sloping, unfurrowed, narrow, flat border
(132). U.Cam.(Dresbach.), W.USA.--FIG. 410,
6. "B. mirabilis, Mont.; 6a,b, cran.; 6c, thoracic
segments and pyg.; all X7.5 (132) (LB).

Cryptoderaspis RASETTI, 1946 ["C. metisensis]. Gla
bella extremely prominent, ovate, unfurrowed;
occipital ring short, hidden by glabella in dorsal
view; fixigenae downsloping; frontal area con
vex, undifferentiated; palpebral lobes small; pos
terior areas triangular, unfurrowed. Size small.
V.Cam.(Dresbach.), N.Am.--FIG. 410,7. ..C.
metisensis, Que.; 7a-b, cran., dors. and lat. views,
X3 (448n) (RA).

Ellipsocephaloides KOBAYASHI, 1935 ["'Ellipso-
cephalus curtus WHITFIELD, 1878]. Entire crani
dium of low convexity; glabella parallel-sided,
rounded in front; lateral furrows as pairs of
pits that may be connected across glabella; occipital
ring simple; frontal area narrow (sag.), convex,
undifferentiated; eye ridges and palpebral lobes
forming long, continuous, thick band; fixigenae
horizontal, of variable width; posterior areas not
extending much farther than palpebral lobes.
Pygidium with short, pointed axis and fanlike
pleural regions extended into several pairs of
flat spines. Size small. No relationship to Ellipso
up/wlus. V.Cam.(Francon.), N.Am.--FIG. 410.
5c. E. silvestris RESSER, Okla.; pyg., X8 (239).
--FIG. 41O,5a,b. E. monsensis RESSER, Alba.;
cran., X5; pyg., X3 (239) (RA).

Eosaukia Lu, 1954 ["E. latilimbata]. Low.V.Cam.,
SW.China (HE).

Esseigania KOBAYASHI, 1944 ["'E. toW]. Vp.U.Cam.,
Sib.(Chatanga-Anabar Basin) (LB).

Goycoia RUSCONI, 1950 ["G. tellecheai]. U.Cam.,
Arg.(Mendoza) (LB).

Hamashania KOBAYASHI, 1942 ["'H. pulchera).
Cephalon and thorax unknown. Pygidium elon
gate ovoid; axis convex, tapered probably 0.83 of
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length to narrow rounded end, may be postaxial
ridge, 7 or more axial rings and terminal; pleural
regions about same width as axis, low, with 8 or
more pleurae, without pleural furrows but shallow
posteriorly curved interpleural grooves reach nearly
to margin; no border furrow or well-defined
border, low slope continues to margin. Outer sur-

face smooth. V.Cam.(Fengshanian), E.Asia.-
FIG. 411,6. ·H. pulchra, Manch.; incompl. pyg.,
X3 (419) (LB).

Hanivella SIVOV, 1955 [·H. primaeva]. V.Cam.,
Salair, USSR (HE).

Jubileia KOBAYASHI, 1938 [Oil. grandi/rons]. V.Cam.
(Francon.), Can.(B.C.) (LB).

Bridgeia

~
~7b

Bowmania

Ellipsocephaloides

50

5b

5c

4

Matania

Onchonotopsis

~'b

~
20

10

3 Acheilops Cryptoderaspis

FIG. 410. Incertae sedis. Upper Cambrian genera (p. 0517-0519) ..
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[Kaniniella SIVOV, 1955 ["K. alata]. Low.U.Cam.,
Sib. (HE). Invalid homonym; see Kaniniella
KOBAYASHI, 1938 (p. 0290)].

Kazellina SIVOV, 1955 ["K. amsassiensis]. U.Cam.,
USSR (HE).

Knechtelia LOCHMAN, 1950 [OK. ann]. Glabella
truncate-tapering, with 3 pairs of faint lateral
furrows, preglabellar area narrow, flat; anterior
border wide, rimlike, convex; eye ridges faint,
eyes small, posterior to front of glabella; fixi
genae convex, horizontal, with palpebral areas
about 0.75 of glabellar width, posterior areas sub
rectangular, long (tr.). Librigenae, thorax and
pygidium unknown (129). Up.M.Cam.-U.Cam.
(Dresbach.), W.N.Am. (LB).

Koldinia WALCOTT & REssER, 1924 [OK. typal
[=Kolodinia KOBAYASHI, 1943]. Glabella low,
broadly tapering, without lateral furrows; all
other furrows narrow, very faint on exterior, faint
on interior; anterior border rimlike, eye ridges
narrow, diagonal; eyes below medium size, pos
terior to center of glabella; fixigenae downsloping,
with palpebral areas about 0.3 of glabellar width,
posterior areas short (tr.), triangular. Pygidium
subtriangular; axis low, tapered 0.75 of its length
to pointed end, with narrow postaxial ridge ex
tending to margin, axis wider than pleural fields,
with 5 axial rings and terminal; interpleural
grooves and pleural furrows very faint, border of
medium width (102). U.Cam.(Francon.), Arct.
Eurasia.--FIG. 411,2. K. microphthalma KOBAY
ASHI, Sib.; 3a,b, cran.; c, pyg., X2 (207) (LB).

Koldiniella SIVOV, 1955 [·K. mitella]. U.Cam.,
Salair, USSR (HE).

Kujandina IVSHIN, 1956 [·K. taskudukensis]. U.
Cam., E.Sib. (LB).

Mareda KOBAYASHI, 1942 [·M. mukazegata]. Gla
bella low, subquadrate, sides converging slightly,
front straight, with 2 pairs of lateral furrows,
posterior pair complete, 2nd pair diagonal, well
defined; no preglabellar field; anterior border fur
row obsolete; anterior border narrow; eyes just
above medium size slightly behind mid-length of
glabella; eye ridges absent, palpebral rims promi·
nent, palpebral furrows arcuate; fixigenae horizon
tal, narrow, with arcuate palpebral areas, about 0.3
of glabellar width, posterior areas narrow, ap
parently short; librigenae unknown. Pygidium
elongate, multisegmented; axis narrow, convex,
tapering about 0.75 of its length, may have narrow
postaxial ridge, 12 axial rings and very small ter
minal; pleural regions twice width of axis, no bor
der; 10 to 12 pleurae, curved abruptly backward
and remaining distinct at margin, interpleural
grooves shallow, parallel pleural furrows deeper.
Outer surface finely granulose. U.Cam., NE.Asia
C.N.Am.--FIG. 411,3. ·M. mukazegata, Feng
shanian, China(Chansi Basin); pyg., Xl.5 (419)
(LB).

Matania RASETTI, 1946 [·M. ovata]. Glabella large,
prominent, ovate, unfurrowed, reaching anterior

border; occipital ring short, simple; fixigenae nar
row; palpebral lobes small, at level of glabellar
mid-point; anterior facial sutures directed straight
forward, posterior sections almost straight, directed
outward and backward; posterior areas furrowed.
Size small. U.Cam.(Dresbach.} , N.Am.--FIG.
410,2. OM. ovata, Que.; 2a,b, cran., dors., lat.
views, X5 (448n) (RA).

Mataninella SIVOV, 1955 [·M. escharoida]. U.Cam.,
USSR (HE).

Meisterella IVSHlN, 1953 [·M. meisteri]. U.Cam.,
Kazakhstan (LB).

Neoacrocephalites SIVOV, 1955 [ON. togensis]. U.
Cam., USSR (HE).

Ninaspis IvsHIN, 1956 ["N. tschernyshevae]. U.
Cam., E.Sib. (LB).

Oligometopus REssER, 1936 [·Ptychoparia (Soleno
pleura?) breviceps WALCOTT, 1884]. U.Cam.
(Francon.), Nev. (LB).

Onchonotopis RASETTI, 1946 [·0. pergibba]. Simi
lar to Matania, with glabella greatly elevated pos
teriorly, overhanging occipital ring; preglabellar
field present. Size small. U.Cam.(Dresbach.}, N.
Am.--FIG. 410,1. "0. pergibba, Que.; 1a,b,
cran., dors., and lat. views, X4 (448n) (RA).

Parakoldinioidia ENDO, in ENDO & REssER, 1937 [·P.
typicalisJ. Glabella convex, faintly keeled, rectangu
lar, sides diverging very slightly at rounded front,
with 3 pairs of short lateral furrows; eye ridges
narrow diagonal; palpebral furrows and palpebral
rims narrow, no preglabellar field or anterior bor
der furrow; narrow, convex triangular border;
eyes below medium size, somewhat behind center
of glabella; fixigenae upsloping, with palpebral
areas 0.75 of glabellar width, posterior areas short,
triangular; librigenae narrow, rectangular, with
short genal spine. ?Pygidium semicircular; axis
convex, narrower than pleural fields, tapered 0.66
of its length to narrow rounded end, with 4 axial
rings and terminal; pleurae 4, crossed by broad
pleural furrows, interpleural grooves obsolete;
with shallow border furrow and narrow flat bor
der. Outer surface granulose (37). U.Cam.(Feng
shanian} , N.E.Asia.--FIG. 411,1. ·P. typicalis,
Manch.; la, ceph., X4; 1b, pyg., Xl (37) (LB).

Phoreotropis RAYMOND, 1924 ["P. puteatus]. Small
trilobite. Cranidium of low convexity; glabella
parallel-sided, narrow and long, defined laterally,
anteriorly merging with convex, undifferentiated
anterior area of fixigenae; occipital furrow dis
tinct; palpebral lobes. small, lacking palpebral
furrows, somewhat anterior to glabellar mid-point;
anterior sections of facial sutures directed forward
and slightly inward, posterior sections fairly
straight to posterior margin. U.Cam.(Trempeal.} ,
N.Am.--FIG. 411,5. ·P. puteatttS, E.USA(Vt.),
cran., XI0 (448n) (RA).

Phylacterus RAYMOND, 1924 [·P. saylesi]. U.Cam.
(Trempeal.), E.USA(Vt.) (LB).
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Pseudosalteria RAYMOND, 1924 ["P. laevis]. Small
trilobite. Cranidium of low convexity, semicircular;
glabella subovate, with faint furrows represented
by pairs of pits; palpebral lobes, if present, small
and anteriorly located; border lacking. V.Cam.
(Trempeal.), N.Am.--FIG. 411,8. "P. laevis, E.
USA(Vt.); cran., partly restored, X 6 (448n)
(RA).

Pseudosaukia RASETTI, 1944 ["Dikelocephalus se
sostris BILLINGS, 1865]. V.Cam.(Trempeal.), Que.
(Levis) (LB).

Resseria HOWELL, 1945 ["Pseudosalteria welleri
RAYMOND, 1924]. V.Cam., N.Am.(N,J.) (HE).

Tingocephalus SUN, 1935 ["T. granulosus]. Gla
bella moderately convex, subrectangular, front
slightly rounded, with 3 pairs of short, deep cli-

2c

Mareda

20

Parakoldinioidea

Hamashania

6

Koldinia

Phoreotropis
5

4b

Tingocephalus
40

Ulrichaspis
9b 10

?Zacompsus

8
Pseudosa Iteria Westonaspis II Zacompsus

FIG. 411. Incertae sedis. Upper Cambrian genera (p. 0517-0521).
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agonal lateral furrows; preglabellar field a
broad triangle in front of fixigenae only, anterior
border furrow curving into corners of glabella,
broad concave anterior border; wide diagonal eye
ridges; eyes below medium size, opposite center
of glabella; fixigenae horizontal, with palpebral
areas about same in width as glabella, posterior
areas narrow (exsag.), very long (tr.). Librigenae,
thorax and pygidium unknown. Outer surface
granulose (289). Low.U.Cam.(Changshanian),
NE.Asia.--FIG. 411,4. *T. grant/loms, China
(Shantung); 4a,b, cran., X3 (289) (LB).

l'riarthrella HALL, 1863 [*T. auroralisJ. V.Cam.
(Trempeal.), Wis. (LB).

Ulrichaspis RASETTI, 1945 [*V. paradoxaJ. Glabella
subtrapezoidal, well defined, with two pairs of
deep furrows; anterior area divided into longi
tudinally convex preglabellar field and trans
versely arched border; eye ridges strong, directed
forward; palpebral lobes small, at level of anterior
end of glabella; anterior sections of facial sutures
directed forward, posterior sections almost straight
backward and outward; posterior area large, sub
triangular, with deep border furrow. V.Cam.
(Trempeal.), N.Am.--FIG. 411,7. *U. paradoxa,
Que.; cran., partly restored, X 1.2 (448n) (RA).

Volonellus IVSHIN, 1953 [*V. granulatt/sJ. V.Cam.,
Kazakhstan (LB).

Westonaspis RASETTI, 1945 [* W. laevifronsJ. Small
trilobite. Glabella tapered, rounded in front; axial
furrow deep laterally, shallow anteriorly; three
pairs of lateral furrows; occipital furrow deep,
occipital ring rounded; fixigenae downsloping;
frontal area undifferentiated, convex, downsloping;
palpebral lobes small; anterior sections of facial
sutures descrihing a circular arc; posterior sections
directed almost straight outward; posterior area
wide (tr.), deeply furrowed. V.Cam.(Trempeal.) ,
N.Am.--FIG. 411,9. *W. laevifrons, Que.; 9a,b,
cran., dors. and lat. views, X6 (448n) (RA).

Zacompsus RAYMOND, 1924 ["Z. clarki]. Small
trilobite. Cranidium of low convexity; glabella
elevated, pyriform, narrow and long, unfurrowed
in type species; occipital ring short (sag.), round
ed; fixigenae almost horizontal; anterior border
apparently lacking in type species; eye ridges
prominent, directed forward; palpebral lobes an
terior in position; anterior sections of facial sutures
directed forward and inward; posterior sections
almost straight outward and backward, delimiting
large, subtriangular, deeply furrowed posterior
area. V.Cam.(Trempeal.), N.Am.--FIG. 411,11.
*Z. clarki, E.USA(Vt.); cran., X8.--FIG. 411,
10. Z.? levisensis RASETTI, Que., cran., X8 (448n)
(RA).

ORDOVICIAN GENERA
Bodenbenderia HARRINGTON & LEANZA, 1957 [*B.
longifronsJ. Cranidium small, slightly wider than
long. Glabella long, convex, raised above level of

fixigenae, parallel-sided, rounded anteriorly, with
2 pairs of lateral furrows oblique backward
inward, anterior (2p) furrows very faint, pre
occipital stronger. Preglabellar field narrow, de
pressed; anterior border narrow, convex, raised;
anterior margin rounded-subacuminate mesially.
Eyes large, close to glabella, posterior. Anterior
sections of facial sutures subparallel in front of
eyes, intramarginal to mid-line. L.Ord., Arg.-
FIG. 412,9. *B. longifrons; cran. (holotype),
X 8.8 (59*) (HA).

Brackebuschia HARRINGTON & LEANZA, 1957 [*B.
ac"heilaJ. Cranidium small, slightly longer than
wide. Glabella long, moderately convex, raised
above level of fixigenae, defined by deep axial
furrows, subparallel-sided, rounded-subtruncate
anteriorly, with 4 pairs of faint lateral furrows
oblique backward-inward. Occipital ring of mod
erate width. Frontal area narrow, depressed, with
out differentiated anterior border; anterior margin
curved forward. Eyes large, moderately near gla
bella, slightly posterior; palpebral lobes elongated.
Anterior sections of facial sutures slightly divergent
in front of eyes. Associated pygidium small, semi
elliptical in outline; axis tapering backward,
strongly raised above level of pleural regions, with
4 strongly marked rings and small triangular ter
minal segment; pleural regions with very faint
indications of 2 to 3 ribs; border absent. L.Ord.,
Arg.--FIG. 412,2. *B. acheila; a, cran. (holo
type), X7.8; b, pyg. (paratype), X9.0 (59")
(HA).

Carmon BARRANDE, 1872 ["Trilobites mutilus BAR
RANDE, 1852J. U.Ord., Boh. (HE).

Ceratopeltis POULSEN, 1937 ["C. latilimbatusJ. L.
Ord., E.Greenl. (HE).

Clelandia COSSMANN, 1902 ["Harrisia parabola CLE
LAND, 1900J [=Harrisia CLELAND, 1900, non
ROBINEAU-DESVOIDY, 1830J. L.Ord., N.Y. (HE).

Crossoura MOBERG & SEGERBERG, 1906 ["C. parvula;
SD VOGDES, 1925J. L.Ord. (Tremadoc.) , Swed.
(HE).

Curiaspis SDZUY, 1955 ["C. notabilisJ. Cephalon
proparian; glabella with slightly expanded frontal
lobe in front of 2 transglabellar furrows (1p, 2p)
and occipital furrow; eyes medium-sized, eye ridges
distinct; fixigenae and occipital ring with well
developed spines. No preglabellar field. L.Ord.
(L.Tremadoc.), Ger.--FIG. 413,5. "C. notabilis;
5a,b, cran., X 10 (272) (HE).

Cuyanaspis RUSCONI, 1953 ["?Megalaspis emposa
densis RUSCONI, 1953J. L.Ord., Arg.(Mendoza)
(LB).

Deltacare HARRINGTON & LEANZA, 1957 ["D. pro
sopsJ. Cranidium triangular in outline, wider
than long. Glabella long, tapering forward,
rounded anteriorly, with 3 pairs of faint lateral
furrows. Occipital ring moderately wide. Pre
glabellar field narrow, depressed; anterior border
wider than field, convex, raised, subtriangular;
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["Dolichmetopus?
Can. (HE),

anterior margin acuminate. Fixigenae with wide
triangular posterior areas; genal angles rounded.
Eyes small, far forward, moderately far from gla
bella. Facial sutures proparian; anterior sections
convergent in front of eyes, intramarginal to mid
line. L.Ord., Arg.--FIG. 412,1. "D. prosops;
cran. (holotype), Xl3 (59") (HA).

Ellsaspis RASETTl, 1945 ["E. elliptical. Cranidium
wide, subelliptical, of uniform convexity; glabella
ovate; axial and lateral furrows barely indi
cated on interior surface; palpebral lobes poorly
differentiated from fixigenae; facial sutures showing
little change in direction at palpebral lobes; an
terior border narrow (sag.), flat; border furrow
on posterior area well impressed. L.Ord., N.Am.
--FIG. 412,5. "E. elliptica, Que.; cran., partly
exfoliated to show furrows on interior surface,
X6 (448n) (RA).

Endoaspis LOCHMAN, 1956 [pro Wutingia ENDO,
1935 (non MELICHAR, 1926)] ["Wutingia rec
tangulosa ENDO, 1935]. L.Ord., Manch. (LB).

Etheridgaspis KOBAYASHI, 1940 ["Ptychoparia? caro
linensis ETHERIDGE, ?1919]. L.Ord., Tasm. (HE).

Eulomella KOBAYASHI, 1955 ["E. mckayensis]. Re
sembles Parabolinella. L.Ord., Can. (B.C.) (HE)

Eulomina RUZH~KA, 1931 ["Euloma mitratum
RUZH~KA]. Glabella broad, rising above fixigenae,
strongly tapered, weakly furrowed; preglabellar
field short (sag.); border wide (sag.), elevated;
eyes small; anterior facial sutures divergent. L.
Ord., Eu.--FIG. 412,6. "E. mitratum (RUZICKA),
Boh.; 6a,b, cran., dors. and lat. views, X2.5
(262) (RA).

Gignopeltis RAYMOND, 1924
rams BILLINGS, 1865]. L.Ord.,

Deltocore

Psephosthenospis

5 Ellsospis
20

~ 8•. i

., Nonnopeltis
Brockebuschio 60 6b

Eulomino

3
Sphoerocore Grinnellospis

9
Bodenbenderio

FIG. 412. Incertae sedis. Ordovician genera (p. 0521-0524).
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FIG. 413. Incertae sedis. Ordovician genera
(p.0521-0524).
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Onchonotus RAYMOND, 1924 [4Menocephalus globo
SIIS BILLINGS, 1860]. L.Ord., Can. (HE).

Perischoclonus RAYMOND, 1925 [4P. capitaNs].
Cephalic axis expanding slightly forward. Three
pairs of short lateral glabellar furrows. Small eyes

Grinnellaspis POULSEN, 1948 [pro Actinopeltis POUL
SEN. 1946, non HAWLE & CORDA, 1847J [4Actino
peltis feildeni POULSEN J. Pygidium of low con
vexity, semicircular; axis short, tapering backward,
annulated; pleural fields small, deeply furrowed;
border wide, slightly concave, with low ribs oppo
site the pleural furrows. L.Ord., Arctic.--FIG.
412,7. 4G. leildeni (POULSEN), Ellesmere Land:
pyg., X2.5 (175) (RA).

Hyperbolochilus Ross, 1951 [4H. marginauctum].
L.Ord., N.Am. (HE).

Idiorhapha WHITTINGTON, 1953 [4Chei.-urus soli
tanus BILLINGS, 1865J. L.Ord. or Low.M.Ord.,
Can. (HE).

Ischyrotoma RAYMOND, 1925 [41. twenholeliJ. M.
Ord., N.Am.--FIG. 413,4. 4/. twenhofeli, M.
Ord., Que.; ceph., X 1.5 (78) (HE).

Koraipsis KOBAYASHI, 1934 [*K. spinusJ [=Kore
aspis RICHTER, 1942, nom. van.]. L.Ord.(Tre
madoc.) , S.Korea.--FIG. 413,2. *K. spinus;
cran., X3 (96) (HE).

Leptopilus RAYMOND, 1924 [*L. declivis]. Cepha
Ion 5 mm. in length, convex, no concave border.
Glabella about half length (sag.) of cephalon,
parallel-sided, shallow occipital furrow. Genae
confluent with long (sag.) preglabellar field, genal
spine short. Eye lobes situated close to posterior
part of glabella, anterior sections of suture diverge
forward, then converge to meet at margin; pos
terior sections curve out to cross posterior margin
at about half width. Placed by RAYMOND (210) in
Styginidae, by HUPE (78, 79) in Bathyuridae.
L.Ord. (Tremadoc.) , E.USA(Vt.) (WH).

Macroculites KOBAYASHI, 1955 [*M. enigmaticusJ.
L.Ord., W.Can.(B.C.) (HE).

Nannopeltis HARRINGTON & LEANZA, 1957 [*Hy
sterolemts modestus HARRINGTON, 1938]. Crani
dium very small, wider than long. Glabella large,
raised above level of fixigenae, well defined by
deep axial furrows, elongated, very slightly taper
ing forward, rounded anteriorly, with 4 pairs of
lateral furrows, 4p and 3p furrows oblique for
ward-inward, 2p furrows normal to axis, pre
occipital furrows longer, oblique backward-in
wards. Occipital furrow disconnected at middle;
occipital ring narrow, bent backward mesially.
Preglabellar field slightly wider than occipital ring,
depressed, with raised mesial ridge; anterior bor
der narrow, raised; anterior margin sharply acu
minate. Eyes large, located close to glabella, pos
terior; palpebral lobes semicircular in outline, with
narrow raised rim prolonged anteriorly into short
eye ridge normal to axis. Anterior sections of facial
sutures divergent in front of eyes, curved forward
inward at border furrow, intramarginal to mid
line, meeting in acute ogive. L.Ord., Arg.--FIG.
412,8. 4N. modesta; cran., X8.8 (59*) (HA).

Neseuretus HICKS, 1872 [*N. ramseyensis; SD
VOGDES, 1925]. L.Ord.(Tremadoc.) (HE).
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rather distant from glabeJla and far back. No genal
spines. Course of posterior sections of facial sutures
uncertain. Only cephalon known. M.Ot·d., Newf.
--FIG. 413,1. *P. capitalis; ceph., X2 (449)
(HE).

Platycoryphe FOERSTE, 1919 [*Calymene platy
cephala FOERSTE, 1910]. M.O,.d.(Trenton), N.
Am. (HE).

Protarchaegonus SDZUY, 1955 (*P. mOl"Offi]. L.
Ord.(L.Tremadoc.), Ger.--FIG. 413,3. *P.
moroffi; 3a,b, cran., pyg., X 10 (HE).

Psephosthenaspis WHITTINGTON, 1953 [*Bathyttrtts
slrenuus BILLINGS, 1865]. Glabella moderately
convex, broadly rectangular, rounded in front,
with 2 pairs of faint arcuate lateral furrows;
preglabeJlar field very narrow (sag.); anterior
border narrow, rimlike, dying out lateraJly;
eyes of medium size, slightly behind mid-length
of glabella; fixigenae with palpebral areas about
0.25 of glabeJlar width, upsloping, posterior
areas narrow (exsag.) , of medium length (Ir.);
rostrum short (sag.), broad (tr.) and convex;
Iibrigenae rectangular, with wide vertical ocular
platform and short pointed genal spine. Pygidium
unknown. Outer surface coarsely granulose (354).
?Vp.L.Ord.(Chazyan) , E.Can.--FIG. 412,4. *P.
SIt'enua (BILLINGS), (erratic), Que.; 4a,b, cran.,
X2 (354) (LB).

Pseudocelandia Ross, 1951 [*P. cornupsittaca]. L.
Ord., N.Am. (HE).

Pyraustocranium Ross, 1951 [*P. orbatum]. L.Ord.,
Utah (HE).

Rhamphopyge KOBAYASHI, 1955 [*R. altipolum].
L.Ord.(Tremadoc.) , Can.(B.C.) (LB).

Sphaerocare HARRINGTON & LEANZA, 1957 [*S.
globifrons]. Cranidium small, length about 0.7 of
width. Glabella slightly longer than wide, very
globose, almost hemispherical, rounded anteriorly,
with one pair of short lateral furrows. Occipital
ring narrow. Preglabellar field narrow, depressed;
anterior border slightly wider than field, convex,
raised; anterior margin curved forward. Eyes of
medium size, located close to glabella, posterior.
Anterior sections of facial sutures divergent in front
of eyes, intramarginal for short stretch, marginal
to mid-line. L.Ord., Arg.--FIG. 412,3. *S. globi
frons; cran. (holotype), X8.8 (59") (HA).

Tasmanaspis KOBAYASHI, 1940 [*T. lewisi]. L.Ord.,
Tasm. (HE).

Tasmanocephalus KOBAYASHI, 1936 (*Conocepha
lites? stephensi R. ETHERIDGE, 1882]. L.Ord.,
Tasm. (LB).

Thomondia HARPER, 1942 [*T. globosa]. V.Ord.
(Ashgill), Ire. (HE).

Triarthroides RAYMOND, 1938 [*T. eye/as]. L.Ord.
(Tremadoc.), E.USA (Vt.) (LB).

DEVONIAN GENERA
Jonotus MEYER, 1848 [*/. re/lexus]. Dev., Gel.

(Eifel) (HE).

a

FIG. 414. "Piliolites orioensis COZZENS (Incertae
sedis), M.Dev., Ohio Valley; a,b, ceph., ?front, side,

x2.3 (391a, 1848).

Piliolites COZZENS, 1848 [*Piliolius ohioensis].
Buckler gibbous, ovate, arched, margined, an
terior margin smaJler and sloping downward;
posterior, thicker and turning up; lateral margins
very small. [Author's original description of type
species.] M.Dev., Ohio Valley. (Description and
figures based on 3 specimens, seemingly from
"faJls of the Ohio river." VOGDES (1893, 1925)
lists genus as synonym of Proetus, but it re
sembles no genus of Proetidae.]--FIG. 414. "P.
ohioensis, M.Dev., Ohio VaJley; a,b, "ceph.,"
?front, side, X2, X3 (391a) (ST).

Unrecognizable genera
Acheilus CLARK in RAYMOND, 1924 ("A. levisensis].

V.Cam., N.Am. (RA).
Aligerites HOWELL, 1942 (pro Aliger HOWELL, 1937

(non THIELE, 1929)] [*Aliger venustus HOWELL,
1937]. V.Cam., E.USA(Vt.) (LB).

Alloctops RAFINESQUE, 1832 ["A. /lexuosa] (HE).
Annamitella MANSUY, 1920 ["A. asiatica] (LB).
Anthracopeltis BOULAY, 1880 [*A. crepini] (HE).
Arthricocephalus BERGERON, 1899 [*A. chauveaui].

Fr. (RA).
Billingaspis RESSER, 1935 [*Conocephalites vulcanus

BILLINGS, 1863]. L.Cam., E.USA(Vt.) (LB).
Cancapolia RUSCONI, 1954 [*C. proal. Low.V.Cam.,
Arg.(Mendoza) (HE).

Canotiana RUSCONI, 1950 (*C. villavicensis]. V.
Cam., Arg.(Mendoza) (LB).

Cayastaia RUSCONI, 1954 [*C. /lexuosa]. V.Cam.,
Arg.(Mendoza) (LB).

Changshanocephalus SUN, 1935 [*C. reedi] (LB).
Chosenia KOBAYASHI, 1934 [*C.laticephala] (LB).
Chuangites HOWELL, 1945 [*C. jerseyensis]. V.Carn.

(Trempeal.), E.USA(N.].) (LB).
Cobboldites KOBAYASHI, 1943 [*Microdiscus comley

ensis COBBOLD]. L.Carn., Eng. (RA).
Conagraulos HOWELL, 1937 [*C. rarus]. Vp.M.

Cam., E.USA(Vt.) (LB).
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Costapyge HOWELL, 1937 [·C. vermontensis]. Vp.
M.Cam., E.USA(Vt.) (LIl).

Cylindrocephalus TRENKNER, 1868 [non MOT
SCHOULSKY, 1860] [·C. angustus] (SC).

Dictyella KOBAYASHI, 1933 [·D. wuhuensis] (LB).
Dipharus CLARK, 1923 [·D. insperatus]. L.Cam.,

N.Am. (RA).
Diplopsites RAFINESQUE, 1832 [·D.levis] (HE).
Diplozyga RAYMOND, 1938 [·D. striata]. L.Ord.

(Tremadoc.). E.USA(Vt.) (LB).
Exigua HOWELL, 1937 [·E. quadrata]. Vp.M.Cam.,
E.USA(Vt.) (LB).

Fengtienia ENDO, in ENDO & REssER, 1937 [·F.
peculiaris] (LB).

Glahrella LERMONTOVA, 1940 [·G. ventrosa] [non
SCUDDER, 1882]. M.Cam., USSR (RA).

Glossicephalus HOWELL, 1937 [·G. longifrons].
Vp.M.Cam., E.USA(Vt.) (LB).

Hagiorites KOBAYASHI, 1951 [·H. omeishanensis]
(LB).

Hamptonella RESSER, 1937 [·Ptychoparia? (itchi
WALCOTT, 1887]. L.Cam., E.USA(N.Y.) (RA).

Hesa RICHTER & RICHTER, 1941 [·H. problematical.
L.Cam., Dead Sea (HA).

Hoekaspiella RUSCONI, 1950 ["H. spinosa]. M.Cam.,
Arg.(Mendoza) (LB).

Hsiaella RESSER & ENDO, in ENDO & RESSER, 1937
[·H. striata]. M.Cam., Manch. (LIl).

Huaquinchaia RUSCONI, 1955 [·H. spinosa]. ?V.
Cam., Arg.(Mendoza) (LB).

Huilichia RUSCONI, 1955 [·R. trispinata]. M.Cam.,
Arg.(Mendoza) (LB).

Isidreana RUSCONI, 1955 [·1. tellecheai]. L.Ord.,
Arg.(Mendoza) (LB).

Isidrella RUSCONI, 1955 [·1. bispinata]. M.Cam.,
Arg.(Mendoza) (LB).

Isoctomesa RAFINESQUE, 1822 ["Trilobites emar
ginata] (HE).

Leiostegioides KOBAYASHI, 1934 ["L. raymondiJ
(LB).

Levinia RUSCONI, 1950 ["L. brachypyge]. V.Cam.,
Arg.(Mendoza) (LB).

Liaotungia RESSER & ENDO, in ENDO & REssER, 1937
[·L. puteata]. M.Cam., Manch. (LB).

Litocodia RESsER, 1938 [.L. typicalis]. L.Cam.,
USA (Ala.) (RA).

Mendodiscus RuscoNI, 1950 [*M. tuberculatus]. M.
Cam., Arg.(Mendoza) (RA).

Mendogaspis RUSCONI, 1951 [*M. trispinatus]. ?M.
Cam., Arg.(Mendoza) (LB).

Mendoparaholina RUSCONI, 1951 ["M. pirquinensis].
V.Cam., Arg.(Mendoza) (LB).

Micragraulos HOWELL, 1937 ["M. franklini]. Vp.
M.Cam., E.USA(Vt.) (LB).

Mimana KOBAYASHI, 1935 [=Mimana KOBAYASHI,
1934; nom. nud.] ["M. eurycephala] (LB).

Notocoryphe RUSCONI, 1950 [*N. andinusJ. V.Cam.,
Arg.(Mendoza) (LB).

Orkekeia RUSCONI, 1955 ["0. ornata]. ?M.Cam.,
Arg.(Mendoza) (LB).

Orimops RAFINESQUE, 1832 [*Calymene calicephala
GREEN, 1832] (HE).

Oryctocephalina LERMONTOVA, 1940 ["0. reticulata].
M.Cam., USSR (RA).

Perimetopus RESSER, 1937 ["Conocephalites areno
St/s BILLINGS, 1861]. L.Cam., E.USA(Vt.) (RA).

Pseudolevinia RUSCONI, 1951 [*P. macropyge]. M.
Cam., Arg.(Mendoza) (LB).

Ptychopleurites KOBAYASHI, 1936 [pro Ptychopleura
KOBAYASHI, 1936 (non FRITZINGER, 1843)] ["Pty·
chopleura brevifrons KOBAYASHI, 1936] (LB).

Querandinia RUSCONI, 1954 ["Q. conicephala]. Low.
V.Cam., Arg.(Mendoza) (LB).

Retusites RAFINESQUE, 1832 [*R. levis] (HE).
Taianocephalus SUN, 1924 [*T. grabaui] (LB).
Telesiops RAFINESQUE, 1832 [*T. leiocephas] (HE).
Tomoligus RAFINESQl:E, 1832 [*Trilobites mimulus]

(HE).
Vinakainella RUSCONI, 1953 [*V. asperoensis]. L.

Cam. or Low.M.Cam., Arg.(Mendoza) (RA).
Wedekindia SUN, 1935 [non SCHINDEWOLF, 1935,

non DUNBAR & HENBEST, 1931] [*W. cylindrical
(LB).

Yanquetruzia RUSCONI, 1955 [·Y. chupinaJ. M.
Cam., Arg.(Mendoza) (LB).

Yoyarria RUSCONI, 1955 [*Y. puelchana]. L.Ord.,
Arg.(Mendoza) (LB).

Nomina nuda
Carlopsia LAMONT, 1949. [Introduced as Cypho

proetus (Carlopsia) glaudii. The subgenus Carlop·
sia as well as the species glaudii are nomina nuda. ]
(RR).

"Mesembria" CLARKE, 1913. Does not exist in
nomenclature. Mesembria was introduced by
CLARKE, 1913 (pp. 141, 151) as a term for a
group of genera. Contrary to the originally "syn
thetic term" Synphoria (see there) it has never
attained nomenclatorial status, despite the gen
erally accepted opinion. Though thus being avail
able for nomenclature the name should be strictly
avoided in order to prevent taxonomic and nomen
clatorial confusion (RR).

Particeps REED, 1943 (WE).

SUPPOSED TRILOBITA HERE
REJECTED FROM CLASS

Dalrnaniopsis GEINITZ, 1862 [·Dalmanites? Kab
likaeJ. Perm. (Rotliegenden) , Boh. [An arthro
pod, but no trilobite, according to RICHTER &

RICHTER, 1955 (Senckenbergiana lethae, vol. 36,
no. 3/4, p. 294).J (HE).

Family BOHEMILLIDAE Barrande, 1872
Cephalon composed of median segmented region

and lateral checks with prominent spines and large

© 2009 University of Kansas Paleontological Institute



0526 Trilobitomorpha-Trilobita

FIG. 415.•Bohemilla stllpenda BARRANDE (Bohemil
lidae), Ord. (0 gamma 2), St.Benigna, Boh.; exo

skel. (restored), X3 (4).

eyes with facets. Facial ,utures (if present) unde
tected. Median segmented region composed of sub
"micircular frontal lobe and 4 segments, separated
by furrows and progressively more like the free
posterior segments; thus the posterior 3 have a
median keel and the hindermost head-segment is
divided longitudinally into 3 portions. Six free
"gments Occur posterior to cephalon; if the last is
interpreted as pygidium, thorax comprises 5 seg
menr" longitudinally divided into 3 parts; the
middle about 0.5 of total width and carrying me
dian keel, separated from lateral parts by oblique
and posteriorly directed furrows. The sixth seg
Illents is incompletely preserved (in only specimen
,howing po,terior part of exoskeleton), and pos
,esses similar structure; it Illay represenr last thoracic
't'gment, in which c"", a minute bifid structure
at posterior tip may represent fragment of pygid
ium. [Interpreted by WHITTARD, 1952, as an an
thropod other than trilobite.] Ord.

Bohemilla BARRANDE, 1872 [*B. stllpenda]. Char
acters of family. Ord., Eu.--FIG. 415. ·B. Stll
penda, 0 gamma 2. Boh. (St. Benigna); exoskel..
X2 (-1) (HE).
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Italicized names in the following index are considered to be invalid, those printed in
roman type being accepted as valid. Suprafamilial names are distinguished by the use of
full capitals and authors' names are set in small capitals with an initial large capital. Page
references having chief importance are in boldface type (as 0442).

Ahadiella,0205 aggregate eye, 0117
Abadiellidae, 0151, 0151, 0205 AGLASPIDA,013
Abakanopleura,0517 Aglaspis (merostome), 028
abaxial,0117 Agnostacea, 0172, 0187
abdomen, 09 AGNOSTIDA, 041, 045, 048,
Abruptae, 0262 067, 070, 086, 0118, 0121,
Acadagnostus, 0184 0123,0124,0159,0160,0172
Acadoparadoxides, 0213 Agnostidae, 0141, 0147-0151,
Acanthaloma.0506 0160,0172
Acanthocnemis, 0276 Agnostidea, 0172
Acanthogramma, 0276 AGNOSTINA, 042, 070, 0160,
Acantholenus, 0517 0172
Acantholominae, 0152 AGNOSTIN1, 0146,0172
Acanthomicmacca,0208 Agnostoidae, 0151, 0172
Acanthoparypha, 089, 0128, 0138- Agnostus, 0172

0140,0143,0435 Agraulidae, 0151, 0162,0278
Acanthoparyphinae, 0163, 0435 Aflrauloidae, 0151,0274
Acanthopleurella, 0245 Agrauloides, 0278
Acanthopyge, 0503 Agraulopsis, 0234
Acastava, 0475 Agraulos, 086, 0278
Acastavinae, 0163,0475 Aguaraya, 0512
Acaste, 0109, 0488 Aidarella, 0517
Acastella, 0476 Akantharges, 0503
Acastellina,0476 ala,01l7
Acastina, 0488 Alanisia, 0207
Acastinae, 0152,0163,0487 alar furrow, 0117
Acastoides, 0488 Albansia, 0275
Acerocare, 0112, 0154, 0265 Albertella, 072, 0227
Acerocarina,0266 A/bertellidae, 0151, 0227
Achatella,0491 A/ceste, 0373
Acheilops,0517 Aldanaspis,0276
Acheilus, 0285, 0524 Aldonia, 0212
Acidaspidae, 0147, 0148, 0504 Aldonaiinae, 0161, 0212
Acidaspides,0510 Aldoniinae,0151
Acidaspis, 051, 076, 089, 0506 Alemte;oia, 0190
Acidiphoms.0379 Alige", 0524
Acmarhachis, 0173 Aligerites, 0524
Acontheinae, 0151, 0161,0227 Alloctops,0524
Acontheus,0227 Alokistocare, 0231, 0238
Acrocephalaspis, 0276 Alokistocarella, 0238
Acrocephalina, 0276 Alokistocaridae, 076, 0151,
Acrocephalites, 0276 0161,0238
Acrocephalitidae, 0152,0275 Alokistocarinae, 0151
Acrocephalitinae, 0162, 0275 Alsataspidae, 0428
Acrocephalops,0304 Alsataspididae, 067, 092, 0156,
Acrohyhus, 0517 0158,0163,0428
Acrolichas,0498 Alsataspis, 0428
acron, 011 Ambonolium, 0313
Actinobolus, 0372 Ambons/ium, 0313
Actinolobus, 0372 Amblycranium, 0278
Actinopeltis,0434 Amececephalinae, 0151
Actinopeltis, 0523 Amecephalina,0238
AettleodisctJs,0188 Amecepha/us, 0238
Adastocephalum, 0468 Ameura, 0401
adaxial, 0117 Amgaspis, 0513
Aeglina, 0361 Amginouyia, 0513
Aeglinidae, 0149, 0150, 0361 Amiaspis, 0279
Aeg/ininae, 0148 Amiella, 030
Aeonia, 0384 Amphilichas, 0498
Agaso,0261 Amphion, 0439

Amphionidae, 0439
Amphoton, 0222
Amphotonella, 0222
Amphytrion,0327
Ampycidae, 0148, 0426
AMPYC/N/, 0146, 0419
Ampyx, 056, 097, 0426
Ampyxininae, 0152
Amquia, 0299
Anabaraspis, 0211
Anacheirurus, 0441
Anadoxides, 0214
anaprotaspid stage, 0128
anaprotaspis, 0117
Anataphrus, 0340
Anchiopella, 0469
Anchiopsis, 075
AnchioiJSis, 0468
Ancyropyge, 075, 0509
Andersonia, 0320
Anderssonella, 0320
Anderssonia, 0320
Andesaspis, 0266
Andrarina, 0261
Andrarinidae, 0162, 0260
Aneuacanthus, 0227
Aneucanthus, 0227
ANGELlN, 041
AnJ:relina, 050, 01l3, 0267
Anglagnostus, 0179
Angusteva, 0207
Anisonotella, 0426
Anisonotus, 0426
Anisopyge, 0402
Anisopyginae,0152
Ankoura, 0285
Annamitella, 0524
Annamitia, 0238
ANNELIDA, 04
Anomalocephalus, 0239
Anomocaracea, 0162, 0286
Anomocare, 0107, 0286
Anomocarella. 0290
Anomocarellidae, 0151
Anomocaridae, 0150, 0152, 0162,

0232,0286
Anomocarina, 0287
Anomocarioides, 0287
Anomocariopsis, 0288
Anopocare, 0264
Anopolenus, 0214
Anoria, 072,0222
Anorina, 0355
Antaj?midae, 0151
Antagminae, 0161, 0235
Antaltmus, 0235
Antatlasia, 0209
Antatlasiidae,0151
Antatlasiinae, 0161, 0209
antenna, 077, 0117
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basipod,08
basipodite,OIl8
Basocephalus, 0217
Bathycheilus,0453
Bathynotellus,0216
bathynotid suture pattern, 067,

0159
Bathynotidae, 072, 0151, 0159,

0161,0216
BATHYNOTINA, 0161,0216
Bathynotus, 064, 067, 072,0216
Bathyuracea, 0163, 0376
Bathyurellinae, 0152
Bathyurellus, 0376
Bathyuridae, 0102, 0105, 0149,

0150,0152,0163,0376
Bathyurina, 0376
Bathyurinae, 0152
Bathyuriscellus 0207
Bathyuriscidae, 0150, 0220
Bathyuriscidea, 0150
Bathyuriscidella, 0222

antennary pit, OIl7 Arionides, 0278 Aulacopleuridae, 0148, 0163,
ANTENNATA,015 Aristoharpes,0416 0406
antenniform cercus, 084, 0117 Armagnostus,0184 Aulacopleurina,0407
antennular pit,0118 Arnomia, 0306 Aulacopleurinae, 0152
antennule,010 Arraphidae, 0415 Austinvillia,0235
anterior area (of fixed cheek), Arraphus,0416 Australoharpes,0417

0118 Arthricocephalus,0524 Austra1opyge, 0354
anterior area (of fixigena), 0118 ARTHROPODA, 03, 04 Autolichas.0496
anterior border, 0118 Arthrorhachinae, 0176 Autoloxolichas, 0498
anterior border furrow (of cepha- Arthrorhachis,0178 auxiliary impressions, 096

Ion), 0118 ARTICULATA, 04 Avalonia, 0512
anterior branch (of facial suture), articulating boss (and socket), Avonaspis, 0281

0118 OIl8 Avonina,0283
anterior flange, OIl8 articulating facet, 073 Avoninidae, 0162, 0283
anterior lateral ,,jabellar furrow, articulating furrow, 0118 axial furrow, 046,073, OIl8

0118 articulating half ring, 070, 0118 axial glabellar furrow, 0118
anterior lateral glabellar lobe, OIl8 Artokephalus,0331 axial line, 0118
anterior limb, 0118 Asaphacea, 0162, 0334 axial lobe, 0118
anterior lobe (of glabella), 0118 Asaphellina,0356 axial node, 0118
anterior lobe (of hypostoma), 0118 Asaphelloides, 0355 axial region, 0118
anterior median process, 0118 Asaphellus, 056, 0346 axial rine:, 070, 073, 0118
anterior pit, 0118 asaphid enrollment, 0104 axial spine, OIl8
anterior pleural band, 0118 asaphid suture pattern, 067, 0158 axis, 073, 0118
anterior pleural spine, 0118 Asaphidae, 042, 048, 054, 066- axothorax,0118
anterior region (of fixed cheeks), 068, 072, 076, 096, 097, Aysheaia, 017, 018

OIl 8 0102,0105,0121, 0147-0150, Aysheaidae, 018
anterior region (of fixie:ena), 0118 0152, 0159, 0162, 0334 Aysheaiidae,018
anterior wing (of hypostoma), ASAPHINA, 0162, 0231, 0334

054,0118 Asaphinae, 0152, 0162, 0334 Babakovia, 0219
Anthes,0264 ASAPHINl, 0146, 0334 Bailiaspis, 0157, 0242
Anth"acopeltis, 0524 Asaphininae, 0148 Bailiella, 0104, 0157, 0242
Aojia,0311 Asaphiscacea, 0162, 0290 Bailiellinae, 0152
Apachia,0278 Asaphiscidae, 0152, 0162, 0232, Bainella,0484
Apatokeohalina, 0331 0290 Baltagnostus, 0184
Aoatokephalus, 048, 0114, 0329 Asaphiscinae, 0152, 0162, 0290 BARRANDE, 041, 063, D96, 099,
Apedopyganus,0304 Asaphiscoidae, 0152,0290 0101,0102,0136,0141,0146
Aphelaspis,0256 Asaohiscus, 044, 0290 Barrandia, 0101,0357
Apianurinae, 0167, 0508 Asaphoidae,0152 Barrandia, 0192
Apianurus, 0509 Asaphopsis, 0359 BARROIS, 041
apodeme, 06, 070, 094,0118 Asaphopsoides,0359 basal lobe (of glabella), 048,0118
apodemal pit, OIl8 Asaphus, 050, 056, 076, 088, basal furrow, OIl8
Aposolenopleura,0306 093, 094, 0101, 0103, 0105- Basidechenella,0388
aOPendages, of Tri10bitoidea, 026 0 I08, 0231, 0335 Basilicoides, 0354
appendifer,OIl8 Asioptychaspis,0320 Basilicus,0336
appendifera1 pit, 0118 Asperocare,0222 Basiliella, 051, 0336
ARACHNIDA, 013, 015 Asoidagnostus,0173
Araiop1eura, 0429 Aspidaeglina, 0361
Arapahoia,0409 associated, OIl 8
Archaeagnostus,0184 Asteraspis, 0304
Archaeops,0200 Asteropyge, 077, 078, 081, OIl1,
Archegonus, 0392 0477
ARCHIASPlDES, 0146 Asteropyginae, 0152, 0163, 0477
archicerebrum, 09 Asthenopsis, 0275
Arctaspis, 0276 Astroproetus, 0395
Antinuroides,0496 Astycoryohe, 0398
Arctinurus, 042,0496 Astycoryphinae, 0152
Arcuolimbus,0301 Ataktaspis,0315
area,OIl8 Athabaskia 0222
Areia, 091, 0438 A h b k' 1'1 0222
Areiinae, 0152, 0163, 0438 t a as Ie a,
Arellanella,0238 Atops: 091, 0242
Arethusa, 0406 AtofJSIda,e, ?152
Aretlmsina 0406 A,/lacodlSc/dae, 0151
ArethtlSinidae, 0148 Aulacodiscus, 091
A,'ges,0501 AulacodisclIs, 0148, 0188
Argetinae,0500 Aulacoparia, 0335, 0336
Arion, 0278 Aulacoparina, 0336
Arionellus, 0278 Aulacopieura,0406
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Bathyuriscinae. 0151
Bathyuriscus, OllO, 0224
Bathyurus, 0376
Battoides. 0172
Battus. 0172
Bavarilla, 0455
Bavarillinae, 0163, 0455
Bayfieldia, 0325
BECKMAN, 088
BEECHER, 041, 062, 075, 0127,

0128,0146,0153,0159
Bellaspidella, 0252
Bellaspis, 0306
Bellefontia, 0101, 0353
Belovia, 0510
Beltella, 0266
Bel tina, 04, 013
Bemaspis, 0306
Benthamaspis, 0295
Bergamia, 0423
BERGERON,041
Bergeronia, 0211
Bergeroniaspis, 0211
Bergeroniellus, 0211
Berkeia. 0256
Bernia, 0272
Bemicella,0312
Bertillon pattern, 043, 0118
Bettonia, 0423
Bevanopsis, 0448
BEYRICH,040
Bicaspis,0513
Bicella, 0235
bicomposite glabellar lobe, 0118
Bienella, 0311
Bienvillia, 0267
Bigotina, 051, 0212
Bigotininae, 0151,0161,0212
Bigotinops, 0211
Billingaspis, 0524
BILLINGS, 041, 076
Binodaspis, 0512
biramous appendage, 078, 0118
Birmanites, 048, 0359
Blackwelderia, 0317
Blackwelderioides, 0317
Blainia, 0290
Blainiopsis, 0290
Blandicephalus, 0256
Blayacina, 0211
blind trilobites, 062
blindness, 091
Blountia, 0292
Blountiana.0292
Blountidae, 0292
Blountiidae,0152
Blountiinae, 0162, 0292
Blottntina, 0292
Bodenbenderia, 0521
Boeckaspis, 0154, 0266
Boeckia. 0266
Bohemilla, 0525
Bohemillidae, 0525
Bohemopyge, 0350
Bolaspidella, 0304
Bolaspididae, 0162,0304
Bolaspis, 0304
Bolbocephalus, 0376

Index

Bollandia, 0399
Bondonella, 0195
Bonnaria, 0217
Bonnaspis, 0227
Bonneterrina, 0248
Bonnia,0217
Bonniella, 0217
Bonniopsis, 0217
border, 050, 073, Oll9
border furrow, 0119
border pit, 0119
BORN, 096
Bomemannia, 0226
Borogothus, 0353
Borthaspidella, 0358
Borthaspis, 0358
Boschchekulia, 0363
Batrioides,0420
Bouleia, 0148,0155,0466
Bouleiinae, 0152, 0163, 0466
Bouleinae, OJ 52
Bounyongia, 0509
Bowmania, 0517
Brachyampyx, 0426
Brachyaspidion, 0286
Brachyaspis, 0355
Brachyas/Jis.0286
Brachymetopidae, 0152,0163,

0406
Brachymetopina, 0407
Brachymetopinae, 0407
Brachymetopus, 062, 0407
Brachypleura,0327
Brackebuschia, 0521
Braintreella, 0233
branchiae, 013
BRANCHJOPODA, 016, 028
Brassicicephalus, 048, 0299
Brevidiscinae, 0151, 0187
Brevidisctts,0188
Brevitermierella, 0211
Bridgeia, 0517
brim,Oll9
brim prolongation, 0119
BRINK,088
Briscoia, 0254
Bristolia, 0154, 0192
BRl'lGGER, 041
Broe(1l{eria,0422
Broeggerolithus, 0422
BROILI,041
BRONGNIART, 040, 0146
Brongniartella, 0456
Brongniartia,0456
Bronteidae, 0147-0150,0367
Bronteides, 0367
Bronteopsis, 0366
Brantes, 0369
Bronteus, 0369
Brunswickia, 0234
Bucksella, 0281
Bulaiaspis, 0200
Bumastides, 0358
Bumastinae, 0152, 0163, 0374
Bumastoides, 0374
Bumastus, 0120,0374
Burgessia, 014, 024, 032
BURGESSlDA,032

0543

Bttrgessidae.032
BURGESSIIDA, 028, 032
Burgessiidae, 028, 032
Burgess Shale, 022,077,0101
BURLING, 0107
Burlingia, 059, 060, Oll9, 0293
Burlingiacea, 0162, 0293
Burlingidae, 0149, 0293
Burlingiidae, 0149-0152,0159,

0232,0293
Bttrlingiidea, 0150, 0293
burlingiiform sutures, 059, 0119
Burlingiaidae, 0152,0293
BURMEISTER, 040, 0146, 0148
Burmeisterella, 0461
Burmeisteria, 0460
Bttrnetia, 0281
Burnetiella, 0281
Burnetiidae, 0152, 0281
buttress (of fixed cheek), 0119
buttress (of fixigena), 0119
Buttsia, 0285
Bynumia, 0286
Bynumiella, 0286
Bynumina, 0286
Bythicheilus, 0238

Caborcella, 0233
Cainatops, 0242
Calipernurus, 0509
Callavia, 057, 0193
Callaviinae, 0161, 0192
Calliops, 0492
CALMAN, 08, 028
Calmonia, 0484
Calmoniidae, 0163, 0483
Calmoniinae, 0152, 0163,0483
Calmoninae, 0483
Calodiscinae, 0151,0187
Calodiscus, 0188
Calvinella, 0323
Calybole, 0390
Calymaena, 0452
Calymena, 0452
Calymenacea, 0450
Calymene, 071, 0452
Calymenella, 0455
Calymenesun, 0452
calymenid suture pattern, 0159
Calymenidae, 045, 056, 067,

076,096,0102,0119,0147
0150,0152,0159,0163,0450

Calymenidea, 0150, 0450
Calymenidius, 0279
CALYMENINA, 0149, 0163,

0231,0450
Calymeninae, 0152, 0163, 0450
Calymenoidae, 0152, 0450
Calymenopsis, 0234,0450
Calymmena, 0452
Calymmene, 0452
Calymmenidae,0450
Calyptaulax, 0492
Calyptaulax (subgen. A), 0492
Calyptomma, 0296
Camaraspididae, 0256
Camaraspis, 0256
Camaraspoides, 0257
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0544 Arthropoda

Campylopleuri,0242 Cerauroides, 0432 Chuangiopsis, 0313
Cancapolia.0524 Ceraurus, 072, 075, 076, 078, Chuangites, 0524
CanotagnostllS,0179 080, 082·085, 097, 099, cicatrization, 0107
Canotiana.0524 0107,0136,0142,0433 Ciceragnostus, 045,0184
Caphyra,0327 cercopod, 08 circulatory system, of Arthropoda,
carapace, 043, 0119 cercus, 0119 013
Carbonocoryphe, 0394 cervical lobe, 0119 circulatory system, of trilobites,
Carlopsia, 0525 Chakasskia,0513 0101
Carmon,0521 Champlainia,0235 CIRRIPEDIA,016
Carnicia, 062, 0394 Chancia,0238 Clappaspidinae, 0152
Carolinites,0295 Changia,0320 Clappaspinae,0152
CARPENTER,015 Changshania,0247 Clappaspis, 0239
Catadoxides,0214 Changshaniidae, 0152, 0247 Clarella, 0214
(,::fitillicephala, 0284 Changshaniinae, 0161, 0247 Clariondia, 0201

'Catil1icephalidae, 067, 068, 0159, Changshaninae,0247 CLARKE, 041, 088, 089
0162,0284 Changshanocephalus, 0524 classification, of Arthropoda, 015

Catuniel1a,0290 CHAPMAN,0146 classification, of Trilobita, 042,
caudal ramus, Oll9 Charchaqia,0354 0160
caudal shield, 0119 Charchaquia.0354 classification, of Trilobitoidea, 028
caudal spine, Oll9 Chariocephalus,0297 Clavagnostidae, 0151, 0161,0173
CAULOGASTRA, 015 Chasmopinae, 0163, 0492 Clavagnostus, 0174
Cayastaia,0524 Chasmops, 095, 096, 0493 Clavaspidella, 0224
Cedaria, 060, Oll9, 0301 Chasmopsidae.0492 Clavatellus, 0430
Cedariidae, 0152, 0301 Chattiaspis, 0475 Clelandia,0521
cedariiform suture, 060, 0119 Chaunoproetus, 0394 Clevelandel/a, 0256
Cedariinae, 0162, 0301 cheek, 0119 Cliffia, 0276
Cedarina, 0301 cheek area, 0 ll9 Clypoproetus, 0395
Cekovia,0372 cheek lobe, Oll9 Cnemidopyge, 0427
Celmidae, 0163, 0409 cheek region, Oll9 COBBOLD, 041
Celmus,0409 cheek roll, 0119 Cobboldia, 0190
central area (of glabella), 047, cheek roll prolongation, 0119 Cobboldites, 0524

Oll9 Cheilocephalidae, 0162, 0312 Cobboldus, 0193
central body (of hypostoma), 0119 Cheilocephalus,0312 Coelaspis, 0240
central region (of glabella), 0119 Cheiropyge,0408 Coenaspis, 0304
Centropleura, 0214 Cheimracea.0430 Coignouina, 0406
Centropleurinae, 0151, 0161, 0213 Cheiruridae, 045, 056, 067, 072,Coleopachys, 0250
cephalic muscles, 094 076, 089, 091, 092, 096, COLLEMBOLA,016
cephalic region, 045, 0119 0100,0102,0118, 0147-0150, Collyrolenus, 0211
cephalic spine, 051, Oll9 0152,0159,0163,0431 color patterns of trilobites, 0107
cephalic sutures, 0152 CHElRURINA, 0163, 0430 Colpocoryphe, 0456
Cephalobaena (pentastomid), 017 Cheirurinae, 0152, 0163, 0431 Colpocoryphinae, 0152, 0163,
CEPHALOCARlDA,016 Cheimroidae, 0152, 0430 0456
Cephalocoelia,0284 Cheiruroides,0220 Colpocoryphoides.0453
Cephalocoeliidae, 0284 Cheirurus, 056, 093, 0154, 0431 Columbicephalus, 0355
cephalon, 09, 043, 045, Oll9 CHELICERATA, 04, 011, 015, Comanchia, 0252
Ceratagnostus, 0178 028 Comluella, 0207
Ceratarges, 041, 0501 Chelidonocephalus,0238 composite internal mold, 0119
Ceratarginae, 0163, 0500 CHELONIELLIDA, 028, 035 compound eye, 0119
Ceratevenkaspis, 0494 Cheloniellidae, 028, 035 Comura, 0479
Ceratocephala, 051, 056, 071, Cheloniellon, 024, 035 Conagrartlos, 0524

0507 Chilometopus. 0224 Conaspis, 0320
Ceratocephalidae. 0152, 0506 Chilonorria,0224 Condylopyge, 0174
Ceratocephalina,0507 CHILOPODA, 010, 014, 016 Condylopygidae, 0151, 0161, 0174
Ceratocephalinae, 0152 Chimridae,0431 connective suture, 065, Oll9
Ceratolichas,0498 Chirurides,0431 Conocephalidae, 0242
Ceratonurus,0507 ChirtmlS,0431 Conocephalites, 0242
Ceratopeltis,0521 Chittidilla,0513 Conocephalus, 0242
Ceratopygacea, 0162, 0362 Cholopilus,0313 Conocoryphacea, 0161, 0242
Ceratopyge, 048, 075, 0363 Chomatopyge,0412 Conocoryphe, 066, 0100, 0157,
Ceratopygidae, 048, 0150, 0152, Chondragraulos,0515 0242

0158,0159,0160,0363 Chondranomocare,0290 CONOCORYPHIDA. 0149, 0231,
Ceratopyginae,0152 Chondroparia, 0515 0242
Ceratopygoidae, 0152 Choneilobarges,0503 Conocoryphidae, 066, 067. 070,
Cerattt'idae, 0431 Chosema,0524 091, 0100, 0147, 0149, 0150,
Ceraurinella, 054, 068, 096, 097, Choubertella, 051, 0198 0152, 0159, 0161, 0232, 0242

0118,0120,0124,0125,0135, Chuagia,0313 CONOCORYPH1NA, 0149, 0231,
0140,0142,0432 Chuangia,0313 0242

Ceraurinus,0432 Chuangiella, 0313 Conocoryphinae, 0152

© 2009 University of Kansas Paleontological Institute



Index 0545

Conocoryphoidae, 0151 Crossoura,0521 Cyrtoproetus,0413
Conoides,0515 Crotalocephalus,0431 Cyrtosymbole,0389
Conokephalina,0238 Crotaltlrinae,0152 Cyrtosymbolidae, 0152, 0389
Conokepha/inae, 0237 Crotaltlms, 0409 Cyrtosymbolinae, 0152, 0163,
Conokephalinidae,0152 Crusoia, 0275 0389
Conokephalininae, 0161, 0237 CRUSTACEA, 04, 08, 011, 013, Cystispina, 0394
Conokephalinoidae, 0152 016
Conolichas,0498 Cryphaeoides, 0485 Dactylocephalus,0359
Conomicmacca,0208 Cryphaetls, 0480 dactylopod, 08
Conoparia, 0405 Cryphina,0479 Dagtlinaspidae, 0151,0197
Conophrys, 0245 Cryphops, 062, 088, 0111, 0463 Daguinaspididae, 050, 067,0151,
Continuae,0262 Cryptoderaspis, 0517 0161,0197
COOPER, 0143 cryptolithid enrollment, 0104 Daguinaspis, 049, 063, 0120,
Coosella,0309 Cryptolithidae, 0120, 0121, 0150, 0121,0198
Coosellidae, 0162, 0309 0151,0422 DALMAN, 040, 0146
Coosia,0309 Crypto/ithidea, 0150, 0419 Dalmania, 0468
Coosina,031O Crvptolithinae, 0152, 0163,0422 Dalmaniopsis,0525
COPEPODA, 016 Cryptolithoides,0422 Dalmanitacea, 0163, 0468
Corbinia, 0325 Cryptolithus, 026, 056, 064, 066, Dalmanites, 090, 096, 0119,
Cordania,0408 076,078,082,092,096,097, 0468
Coreanocephalus,0320 0422 Dalmanitidae, 042, 056, 067,
Coreolemu,0212 Cryptonymus, 0372, 0446 077, 096, 0152, 0159, 0163,
corner furrow, 0119 Ctenocepha/inae, 0152 0468
Cornuproetinae, 0163, 0385 Ctenocephalus, 066, 0242 dalmanitiform suture, 0119
Cornuproetus, 0385 Ctenopyge, 075, 0154, 0159, 0264 Dalmanitina, 056, 0135, 0138-
Coronocephalus,0446 Culipagnostus,0178 0140, 0142,0475
Coronura, 042, 0109, 0110, 0470 Cummingella,0401 Dalmanitinae, 0152,0163,0468
Corontlrinae,0468 Curiaspis,0521 Dalmanitoides,0470
Corrugatagnostus, 0176 cuticula, 06 Dalmaniturus, 0485
Corycephalus, 0470 CUVIER, 04 Dalmannia, 0468
Corydocepha/tls, 0503 Cuyanaspis,0521 Damesella, 057,0317
corynexochid suture pattern, 067, Cybele, 095,0448 Damesellacea, 0162, 0316

0158 Cybe/e//a, 0448 Damesellidae, 053, 057, 0152,
CORYNEXOCHlDA, 0161, 0217, Cybelidae, 0163,0448 0162,0316

0231 Cybe/idae, 0448 Damesellinae, 0152, 0162, 0317
Corynexochidae, 067, 091, 0150, Cybe/ina,0448 Dartonaspis,0295

0151,0158,0161,0226 Cybelinae,0152 Dasometopus, 0157,0242
Corynexochides,0224 Cybe//e/a, 0448 Dawsonia,0188
Corynexochina,0227 Cybeloides, 056, 0448 DAWSONlDA,0187
Corynexochinae, 0151, 0161, Cybelopsis,0439 Dawsoniidae, 0151, 0187

0226 Cyclagnostidae,0151 Dawsoniidea, 0187
Corynexochoidae,0151 Cyclagnostus,0182 Deadwoodia, 0306
Corynexochus,0227 Cyclognathina,0266 Decatl/ion, 0372
Costapyge.0525 Cyclognathtls,0266 Dechenella,0387
Cotaiagnostus,0184 Cyclopagnostidae, 0161, 0174 Dec!lene//idae, 0152
Coulomania, 091, 0157, 0242 Cyc1opagnostus,0175 Dechenellinae, 0163, 0387
coxa, 08, 078, 0119 Cyc1opygacea, 0162, 0361 Deckera, 0281
coxite, 0119 Cyclopyge, 0361 Decoroproetus, 0398
coxopod,08 Cyc1opygidae, 087, 0149, 0150, degree of meraspis period, 0119
coxopodite, 08, 0119 0152,0162,0361 Deiocoryphe, 0159
cranidium, 046, 0119 Cyclopyginae, 0148, 0361 Deiphon, 041, 046, 075,0436
Craspedarges, 0503 Cylindraspis,0392 Deiphoninae, 0152,0163,0436
Crassifimbra,0236 Cv/indrocephalus,0525 Deiracephalus, 0304
Crassiproetus,0385 Cyphaspidae, 0148, 0150, 0403 Deisse//a, 0304
crenuiation,0119 Cyphaspidedinae,0406 Delaria,0401
Crepiceaph/tIS, 0248 Cyphaspides,0406 Delgadella, 0190
Crepicepa/tls,0248 Cyphaspididinae, 0152 De/gadodisctls,0190
Crepicephalacea, 0161, 0248 Cyphaspidinae, 0163, 0406 Delgadoia, 0190
Crepicephalidae, 075, 0152, 0161, Cyphaspis,0405 Delgadoiinae,0188

0248 Cyphinioides, 0401 Dellea, 0306
Crepicephalina,0249 Cyphinium,0401 De1ocare,0479
Crepicepha/inae, 0152 Cypholichas, 0498 Deltacare,0521
Crepicephalus, 0248 Cyphoniscus, 0512 DeltadisCtls, 0188
Crepichilella,0306 Cyphoproetus,0385 Deltophtha/mus, 0304
Crepicocephalus, 0248 Cyrano/idas, 0498 Denckmannia, 0467
Crithias, 0276 Cyrtodechenella,0390 Denckmannites, 0105, 0467
Croixana,0272 Cyrtometopinae, 0152, 0163, 0433 Denemarkia, 0398
Cromus, 075,0447 Cyrtometopus, 089, 0434 Denemarkiinae, 0152
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0546 Arthropoda

Denisia. 0285 Dionidella, 0424 Eccoptochiloides, 0435
Densonella,0304 Dionididae, 066, 067, 073, 092, ecdysis, 07, 058, 0111, 0119
denticle, 0119 0100, 0148, 0152, 0163, 0424Echinolichadinae, 0152
Dereimsia, 0463 Diphams,0525 Echinolichas, 0498
Desmetia,0267 Diplagnostidae, 0151, 0161, 0175 Ectenaspis, 0341
Despujolsia, 0204 Diplagnostus, 0175 Ectcnonotus,0449
Dcspujolsiidae, 0161, 0204 Diplapatokephalus, 0329 Ectillaeninae, 0163,0374
Dettterolichas, 0498 Dipleura, 064, 066,0143,0460 Ectillaenus, 042, 046, 097, 0374
deutocerebrum, 09 Dipleuropyge,0363 Edelsteinaspidae, 0151
Diacalymene, 0452 Diplolicllas, 0503 Edelsleinaspididae.0151
Diacanthaspis, 0141, 0506 DlPLOPODA, 014, 016 Edelsteinaspis, 0515
Diacoryphe,0394 Diplopsiles,0525 Edgellia, 0420
Dianops, 062, 091, 0105, 0111, Diplonhina,0186 Edmundsonia, 0427

0463 Diplozyga,0525 Egle.0361
Diaphanometopinae, 0163, 0445 discoidal enrollment, 0104 Ehmania, 0238
Diatemnus, 0267 distal,01l9 Ehmaniella, 076,078,0239
Dicellocephalidae, 0148 Distazeris,0285 EICHWALD, 041,076
Diceratocephalidae, 0162, 0334 Ditomopyge, 048, 049, 0107, Eifliarges, 0503
Diceratocephalus, 0334 0122,0401 Eilura, 0515
Diceratopyge, 0363 Dilomopyginae, 0152 Eirelithus, 0423
Dichagnosltls, 0174 Dokimocephalidae, 0152, 0162, Ekeraspis, 0349
Dichelepyge, 072, 0363 0281 Elasmaspis, 0494
Dieranaclis. 0369 Dokimocephalus, 0281 Eldoradia, 0305
Dicranogmus,0503 Dolerasaphus, 0349 Eleutherocentrus, 0378
Dicranopellinae, 0152 Dolerobasilicus,0354 Elkia, 0254
Dieranopeltis, 045, 075, 0496 Dolerolenidae, 0151, 0161, 0205 Ellipsocephalacea, 0161,0207
Dicranopeltoides, 0496 Dolerolenus,0207 Ellipsocephalidae, 067, 0148-
Dieranurinae, 0152 Dolgaia, 0290 0151,0161,0207
Dieranurus,0507 Dolichoharpes,0417 Ellipsocephalidea, 0150, 0207
Dic/ya, 0356 Dolichometopidae, 067, 072, Ellipsocephalinae, 0151, 0161,
Diclyella, 0525 0151,0158,0161,0220 0207
Dictyites, 0356 Dolichome/opinae.0151 Ellipsocephaloidae, 0152
Diclyocephalites, 0418 Dolichometopsis, 0224 Ellipsocephaloides, 0517
Dienstina, 0467 Dolichometopus,0221 Ellipsocephaloididae, 0152, 0207
digestive system, of Trilobitoidea, dorsal exoskeleton, 043, 0119 Ellipsocephalus, 0104, 0207

026 dorsal furrow, 0119 Ellipsostrenua, 0207
Digonus, 0461 dorsal shield, 0119 Ellipsotaphrus, 087, 0361
Digrypos,0424 Doryagnostus, 0178 Elliptocephala, 0130, 0131, 0194
Dlkelocephalacea, 0161, 0251 Dorypyge, 057, 0217 Elliptocephalinae, 0151, 0161,
Dikelocephalidae, 057, 068, 075, Dorypygella, 0248 0194

0124,0148-0150,0152,0159, Dorypygellinae.0152 Ellsaspis, 0522
0162,0232,0252 Dorypygidae, 057, 067, 076, Elrathia, 0240

Dikelocephalidea, 0150, 0251 0151,0158,0161,0217 Elrathiella, 049, 0240
Dikelocepha/inae, 0147,0152 Dorypygina, 0217 Elrathiellinae, 0151
Dikelocephahnidae,075 Dorypyginae, 0151 Elrathina, 051,076,0240
Dikelocephalites, 0258 double enrollment, 0104 EII-athinidae, 0151
Dikelocephaloidae, 0152, 0251 doublure, 043, 045, 053, 075, Elratllininae, 0151
Dikelocephalopsis, 0361 Oll9 Elvinia, 0296
Dikelocephalus, 057, 067, 068, Drabia, 0233 Elviniidae, 0152, 0162, 0296

0159,0254 Drepanura,0317 Elviniinae, 0152
Dikelokephalina,0359 Drepanurinae, 0152, 0162, 0317 Ell,ininae, 0296
Dikelokephalinidae, 0162,0359 Dresbachia, 0304 Elyx, 0100, 0157, 0243
Dikelokephalininae,0152 Drevermannia, 062, 091, 0393 Embolimus, 0227
Dimas/ocephalus,0295 Drumaspis, 0297 Emeraldella, 015, 024, 030
Dimeropyge, 063, 064, 067, 075, Dmmmuckaspis, 0508 EMERALDELLlDA, 028,030

0107,0109,0136,0412 Dubhglasina, 0418 Emeraldellidae, 028, 030
dimeropygid suture pattern, 067, Ductina, 062, 066, 070, 091, EMMRICH, 040, 0146, 0148

0159 092,0156,0159,0467 Emmrichella, 0247
Dimeropygidae, 094, 0105, 0122, Dudleyaspis, 0506 Emmrichellacea, 0161, 0246

0125,0152,0159,0163,0412 Dunderbergella, 0290 Emmrichellidae, 0152, 0161, 0247
Dimeropygiella, 0412 Dunderbergia, 0238 Emmrichellinae, 0161, 0247
Dindymene, 091, 0448 Dysplanus, 046, 064, 065, 089, Emsurina, 0441
Dindymeninae, 0163,0448 095,0374 Encrinurella,0449
Dinesidae, 0151, 0161, 0230 Dytremacephalus, 0258 Encrinuridae, 056, 065, 067, 091,
Dinesus, 0230 092, 096, 0118, 0147-0150,
Dionide, 041, 046, 066, 071, Ebenezeria, 0194 0152,0159,0163,0445

0142,0424 Eccaparadoxides,0213 Encrinurinae, 0152, 0163, 0446
Dio/lideae, 0148, 0424 Eccoptochile,0435 Encrinuroides, 0447
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Fabulaspis, 0515
facet, 0120
facial suture, 058, 0120
Falanaspis, 0428
Fallagnostus, 0173
Fallotaspidinae, 0151, 0161, 0194

Index

Encrinurus, 050,0446 epimera, 0119
endite, 08, 079, 0119 EPIPARIA,0150
ENDO, 041 epipodite, 08
Endoaspis,0522 epistoma, 0119
endocuticula,06 epistomal plate, 0119
Endogt·amma.0276 epistome, 0119
endopodite, 0119 Erbia, 0230
Endymion,0427 Erbiopsis, 0217
Endymionia, 0427 Eremiproetus, 0387
Endymionidae,0427 ERtKSON, 083
Endymioniidae, 0152, 0163, 0427 Erinnys,0244
Enetagnostus,0175 Eshelmania, 0306
Enneacnemis,0276 Esmeraldina,0195
Enontioura,0410 Esseigania, 0517
enrollment, 0102 Eteraspis,0290
Entomaspidae, 0152, 0419 Etheridgaspis, 0522
Entomaspididae, 0152, 0163, 0419 Euagnostus, 0184
entomaspidiform sutures, 061, Euarges,0503

0119 Euarginae,0152
Entomaspis, 051, 059,061,0119, EUARTHROPODA, 04, 015, 020

0157,0419 Eudechenella,0388
Entomolithus, 0146 Eudolatites, 0475
Entomolithus.040 Eugonocare, 0258
ENTOMOSTRACITES.040 Euloma, 0119, 0234
Eoacidaspidae, 0509 Eulomella, 0522
Eoacidaspididae, 0167, 0508 Eulomina, 0522
Eoacidaspis, 0510 Eulominae, 0161, 0234
Eoagnostus,0184 EUONYCHOPHORA,020
Eoasaphus, 0355 EuplethagnosltlS.0182
Eobronteidae,0367 Euproetus,0384
Eobronteus, 056,0371 Euptychaspidae, 0152, 0320
Eochuangia,0315 Euptychaspididae.0152
Eochuangiinae, 0152, 0162, 0315 Euptychaspis, 0322
Eoclmanginae, 0152, 0315 Eurekiidae, 0152, 0162, 0325
Eocorycephalus,0472 Eurostina, 0247
Eocryphops, 0103, 0463 Eurudagnostus, 0179
Eoctenopvge, 0264 Eurycare, 045, 0264
Eocyphinium, 075, 0399 EURYPTERIDA, 014, 015
Eodaguinaspis,0198 EUTRILOBITA, 0146
eodiscid suture pattern, 067 Eutrimerocephalt/s,0466
Eodiscidae, 041, 058, 067, 091, Evansaspis, 0313

0148,0150,0151,0161, 0187 Evenkaspis,0494
Eodiscidea, 0150, 0172, 0187 Exigua,0525
Eodiscoidae, 0151, 0187 exite, 08, 0119
EODISCINA, 0161, 0187 Exochops, 0399
Eodiscinae,0151 exocuticula,06
Eodiscini,0I87 exopodite, 08, 0119
Eodiscus,0188 exoskeleton, 04, 0119
Eodrevermannia,0394 exsagittal,01l9
Eodretlermanniinae,0152 external mold, 0120
Eoharpes, 0418 external rim, 0120
Eohomalonotinae, 0152, 0163, exuviae, 0120

0455 eye, 087, 0120
Eohomalonotus, 0456 eye lappet, 0120
Eoisotelus, 0336 eye list, 0120
Eomonarachus, 0492 eye lobe, 0120
Eomonoracheinae, 0489 eye platform, 051, 087, 0120
Eopagetia,0189 eye ridge, 050, 0120
Eophacops,0463 eyes, of Arthropoda, 012
Eops, 0202 eye tubercle, 0120
Eoptychaspis, 0322 Eymekops, 0288
Eoptychoparia, 0236
Eorobergia, 0329
Eosaukia, 0517
Eoshumardia, 0245
ephebic stage, 0119
Epidaguinaspis, 0198
epicuticula, 06

0547

Fallotaspis, 049, 060, 063, 0125,
0194

Fallotia. 0194
false eye ridge, 0120
Famatinolithus, 048, 0423
FEDOTOV, 015
femur, 08, 0120
Fengshania.0320
Fengtienia, 0102
Fengtienia,0525
Ferralsia,0211
Fieldaspis, 059, 064, 093,0227
FISCHER, 0 III
Fissocephalus, 0418
fixed cheek, 050, 0120
fixigena, 050, 0120
fixigenal boss, 0120
fixigenal spine, 0120
flange, 0120
Flexicalymene, 056, 059, 060,

076, 096, 097, 099, 0128,
0133,0134,0138,0140,0143,
0452

Forbesia.0384
FORD, 041, 062, 0130
Fordaspis, 0217
Formonia, 062, 0394
fossula, 046, 0120
fossular apodeme, 0120
free cheek, 046. 0120
Fremontella, 057, 0192
Fremontia, 0192
fringe, 0120
frontal area, 049, 0120
frontal axial spine, 0120
frontal furrow, 0120
frontal lobe (of glabella), 0120
frontal process, 0120
frontal spine, 0120
front furrow, 0120
fronto-median lobe, 047,0120
Fuchouia, 0222
fulcral process, 0120
fulcral socket, 0120
fulcrum, 071, 0120

Gallagnostoides, 0181
Gallagnostus, 0181
Gaspelichas, 0498
gena, 0121
genal angle, 051, 0120
genal caeca, 0100, 0120
genal field, 0120
genal lobe, 0120
genal region, 046, 0120
genal ridge, 0120
genal roll, 0120
genal roll prolongation, 012l
genal spine, 051,0121,0140
Genevievella, 0301
Genetlietlellidae, 0152, 0301
geniculate, 0121
Georgiellus, 0194
Geragnostella, 0177
Geragnostidae, 0151, 0161, 0176
Geragnostus, 049, 0176
Gerasaphes, 0355
Gerasaphus, 0355
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Griffithides, 0126,0399
Griffithidinae, 0 152
Grinnellaspis, 0523
Grinnellaspis, 0434
Groenwallia, 0261
Guandacolithus, 0422
GURICH, 041, 0147, 0148

0548

Gemstos, 0384
gerontic stage, 0121
Gigantopygidae, 067, 0158, 0161,

0204
Gigantopygus, 0204
Gignope!tis, 0522
Gigoutella, 0215
gill branch, 08
Giordanella, 0512
Giradia, 0312
Girandia, 0312
girJer, 0121
Girvanagnostus, 0177
glabella,046,0121
glabellar furrow, 0121
glabellar lobe, 0121
glabellar node, 0121
glabellar tongue, 0121
glabellar tubercle, 0121
Glabrella, 0525
GLAESSNER,0112
Gladialoria, 0329
Glaphuridae, 0152, 0162, 0298
Glaphurina, 0298
Glaphurus, 051, 0298
Glaphyraspis, 0279
Glassocoryphus, 0240
Globulaspis, 0509
Glockeria, 0467
Glossicephalus, 0525
Glossopleura, 0224
Glossopleurinae, 0151,0220
Glyphanellus, 0290
Glyphaspellus, 0290
Glyphaspis, 0288
Glyphope!tis,0288
Glyptagnostus, 0178
Glyptometopidae, 0152
Glyptometopus, 0279
GOLDFUSS, 040, 0146
Goldiidae, 0367
Goldillaenus, 0374
Goldius, 0369
GONATOPARIA,0148
gonatoparian suture, 059, 0121
Goniacanthus, 0276
Goniagnostus, 0178
GoniodisCtls, 0188
Goniophrys, 0295
Goniopleura, 0405
Goniotelina, 0379
Gonioteloides, 0380
Goniotelus, 0379
Goniul'tls, 0379
Gonolelus, 0379
GOl'tania, 0463
GourJonia, 0480
Goycoia, 0517
Grandagnostus, 0181
GranJioculus,0290
Granularia,0512
Gl'anulal'idae, 0512
GranulariiJae, 0167, 0512
granule, 0121
Gravicalymene,0452
GREEN, 040
Greenops, 0480
GreylockJa, 0250

Arthropoda

Hastagnostus, 0178
HAWLE & CORDA, 040, 0146
HatlSmannia, 0468
head, 0121
head shield, 0121
Hebediscidae, 0151
Hebediscus, 0190
HEDGPETH, 014

Habelia,031 Hedinia, 0269
HADDlNG,0107 Hedinaspis, 047, 0269
Hadrohybus, 0435 HEEGAARD, 08, 015
Hadrorachus, 0486 Heliocephalus, 0470
Hadrorakos, 0486 Heliomera, 0438
HAECKEL,0146 He1iomerinae, 0152,0163,0438
Hagiol'ites,0525 Heliomcroides, 0438
half ring, 0121 Helioproellls, 0395
HALL, 041 Helmetia, 024, 036
HALL & CLARKE, 0109 Hemiarges, 0503
Hal/aspis,0285 Hemibarrandia, 0358
Hamashania,0517 Hemigyraspis, 0346
Hamato1enus,0211 Hemirhodon, 067, 0158, 0224
Hamptonella, 0525 Hemisphaerocoryphe, 0438
Hanburia,0515 HENNI"GSMOEN, 02, 096, 01l2,
Hanbul'iinae, 0151 0147,0151
Hangchungolithus,0423 HENRIKSEN, 028, 063, 0153
Hanivella,0518 Hesa, 0525
Haniwa,0288 Hesperaspis, 0409
Haniwoides, 0288 Heterocaryon, 0282
HANSEN, 08 Heterocaryoninae, 0152, 0281
HANSTR!/lM, 092, 093 HETEROPYGIA,0148
Hapalopleura, 072, 0429 HEXAPODA, 05, 015, 016
hapalopleurid enrollment, 0104 HEYMONDS,015
Hapalopleuridae, 0104, 0158, Hibbertia,041f'

0163,0428 HICKS, 041
Haploconus,0412 Hicksia, 0216
Hapsiceraurus,0433 Hicksiidae, 0151, 0161, 0215
Hardyoides, 0302 Highgatea, 0331
HarJyia,0312 Highgatella,0262
Harpedacea, 0415 Hillyardina, 0278
Harpedidae, 0147-0149,0415 Hindermeyeria,0207
Harpes, 090, 0104, 0142, 0147, Hintzeia,0444

0415 Hoe/eria, 0199
harpid enrollment, 0104 Hoekaspiella, 0525
harpid suture pattern, 067, 0159 Hoekaspis, 097, 0346
Harpidae, 053, 056, 067, 091, Hotfetella, 0209

0100,0104,0113,0117,0119- Holasaphus, 0261
0122,0125,0126,0147, 0152, holaspis, 0121
0163,0415 holaspis period, 0121,0127,0141

Hal'pidel/a, 0405 Holcacephalus, 0302
Harpides, 048, 0418 HolJenia, 0512
Harpides,0415 Holia, 075, 089, 0141, 0143,
harpidid suture pattern, 0159 0435
Harpididae, 061, 067, 0100, HOLM, 096, 0107

0119-0122,0125,0126,0152, HOLMGREN,0153
0163,0418 HoI mia, 053, 059, 063, 065,

HARPINA, 0163, 0231, 0415 093,0195
Harpina, 0418 holmiid suture pattern, 067
Hal'poidae, 0152,0415 Holmiinae, 073, 0151, 0161,
HARRINGTON, 03 0194
HARRINGTON & LEANZA, 041, Holocephalina,0244

0113,0114 Holocephalinae, 0152
Hal'risia,0521 holochroal eye, 088
Hartshillia, 0242, 0244 hologlabella,0121
Hartshillina, 075, 0244 Holomel'is, 0369
Hal'uhilliinae,0151 Holotrachelacea, 0163,0381
Hal'tulla,0242 Holotrachelidae, 0152, 0163,
Hastagnostidae, 0151, 0161, 0382

0178 Holotrachclus, 0154,0382
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Index 0549

Kainella, 050, 059, 061, 075,
0121,0329

Kainellidae, 0329
kainelliform suture, 061, 0121
Kaninia, 0290
Kaniniella, 0290
Kaniniella, 0519
Kanoshia, 056, 0444
Kaolishania,0318
Kaolishaniella, 0319
Kaolishaniidae, 0162, 0318
Kaolishaninae, 0318
Karlia, 0227
Kaskia, 0399
Kassinius,0314
Kawina,OH5

Holstonia, 0248 Hypermecaspis, 047, 049, 0270 Iranella,0258
Holteria, 0218 Hypodicranotus, 056, 058, 072, lrania, 0290
Holteriinae, 0151, 0217 0327 lraniinae, 0152
Homagnostoides,0177 HYPOPARlA, 0147, 0150, 0151, Iranoleesia,0290
Homagnostus,0173 0231 Irvingella,0295
homalonotid suture pattern, 067, hypostoma, 043, 054, 0121,0140 lrt'ingellina, 0295

0159 hypostomal suture, 066, 0121 Irvingelloides, 0295
Homalonotidae, 042, 054, 056, hypostol11e,0121 Isalaux, 0494

065, 067, 072, 0125, 0148- Hypothetica, 061, 0419 ISBERG,0I07
0150,0152,0159,0163,0454 Hypotheti,-idae, 0152 Isbergia, 0385

HOl11alonotinae, 0152, 0163, 0458 Hysteroleninae, 0152 ischiopod,08
Homalonotus, 056, 0458 Hysterolcnus, 067,0158,0363 Ischyrotoma, 0523
Homalops,0492 HystriCllridae, 0152, 0278 lsid'-eana, 0525
Homalopteon,0352 Hystricurinae, 0162, 0278 lsidrella, 0525
H0l11alopyge,0341 Hystricurus,0278 Isocolidae, 0152, 0167, 0511
H0l11odictya,0292 Isocolus, 048, 0511
Homoglossa, 0366 Idahoia,0252 lsoctomesa, 0525
Homoliclzadinae, 0152, 0498 Idahoiidae, 0161,0251 lSOPYGlA, 0148, 0172
Homolichas, 0498 Idamea,03B isopygous, 073, 0121
Homolichinae, 0163, 0498 Iddingsia,0282 lsoteleidae, 0339
HOMOPODA,028 Idiomcsus,0245 isote!i£orm suture, 061, 0121
Homotelus, 0341 Idiorhapha,0523 Isotelinae, 0162, 0339
Hoplolichas,0498 IlIaenacea, 0162,0365 Isote!oides,0341
Hoploliclzoides, 0498 lIlaenicae, 0365 Isote!us, 041, 042, 061, 076,
horn, 0121 IIIaenidae, 042, 043, 056, 067, 0106,0107,0121,0138,0142,
Hospes,0244 072, 096, 097, 0100, 0102, 0143,0339
Housia, 067, 068, 075, 0159, 0105,0149, 0150,0152,0163, Ithycephalus, 0312

0260 0372 Ithyektyphus, 0240
HOllsiella, 0260 lIlaenides, 0365,0372 Ithyophoridae, 0152
Housiidae, 068, 0152, 0159, ILLAENINA, 0162, 0231, 0365 Ityophoridae, 0163, 0430

0162,0260 IlIaeninae, 0148, 0152, 0163, Ityophorus, 0430
HOWELL,03 0372 IVANOV, 08, 013,015
Howellaspidinae,0151 Illaenoidae,0152
Howellaspinae, 0151 IlIaenoides,0374 JAANUSSON, 02, 096
Howellaspis,0304 IIlaenopsis, 048, 0358 JACKSON, 0146
Hsiaella, 0525 IIIaenuracea, 0162, 0270 JAEKEL, 0147-0149, 0151, 0153
Huaqllinchaia, 0525 llIaenuridae, 0152, 0155, 0162, Jakutus, 0512
Httarpagnosttts, 0178 0271 Jalonella, 0211
Hugaidae,0152 IIIaenurus, 0155, 0271 Jangudaspis, 0513
Hllilichia,0525 Illaenus, 042, 046, 056, 075, Jeffersonia, 0379
Hukasawaia, 0331 089, 094, 095, 099, 0107, Jeholaspis, 0322
Humilogriffithides, 0401 0109,0125,0372 Jemtella, 0449
Hundwarella,0290 lllaeuratls,0271 Jincella, 0275
Hungaia, 050, 067, 070, 0159, Incaia,0423 Jonotus,0524

0333 Inglefieldia, 0240 Josephulus, 0492
Hungaiidae, 070, 0152, 0159, inner margin (of fringe), 0121 Jubileia,0518

0162,0332 inner margin (of lower lamella), Judaiella,0513
Hungaiinae,0152 0121 Judomia, 0193
Hungainae,0152 inner margin (of upper lamella), Jujuyaspidinae, 0152,0264
Hungioides,0361 0121 Jujuyaspinae, 0152
Hunnebergia, 0346 Inouyella, 0288 Jujuyaspis, 0266
HUPE, OlD, 013, 041, 063, 091, Inouyia, 0247

093, 096, 099, 0101, 0106, Inouyina,0515
0107,0114,0131,0147,0149, Inouyops, 0247
0151,0153,0159 Inoyellaspis, 0207

Hupeia,0212 INSECTA, 04, 010, 016
Hyboaspis,0376 lNTEGRICEPHALlDA,0149
Hyboaspis,0376 integument, 0121
Hydrocephalus, 0213 intercheek suture, 0121
Hydrolaenus,0374 intergenal spine, 053, 0121
Hymenocaris,027 internal mold, 0121
Hypagnostinae, 0184 internal rim, 0121
Hypagnostus, 0184 interocular spine, 0121
Hyperagnostus, 0179 interpleural furrow, 073,0121
Hyperbolochilus,0523 interpleural groove, 0121
hyperglabella, 0121 intramarginal suture, 0121
Hypermecaspididae, 0162, 0232, Iranaspidinae, 0162, 0315

0269 lranaspis, 0315
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Kujandina,0519
Kyphocephalus, 0283

0550

KAYSER,041
Kayseraspis, 075, 097.0347
Kayserops, 0482
Kazelia, 0258
Kazellina,0519
Keidelaspis, 0267
Keidelia, 0295
Keithia, 0322
Keithiella, 0322
Kendallina, 0272
Kerakephalichas, 0498
Kettnl'raspis, 0506
KIAER, 062, 063, 0153
Kindbladia, 0283
Kingaspidinae, 0151, 0161, 0208
Kingaspidoides, 0208
Kingaspis, 051, 0208
KINGSLEY, 015
Kingstonia, 0285
Kingstoniidae, 0162, 0284
Kiowaia, 0312
Kirke/la, 0343
Kistocare, 0240
Kjetulfia, 063, 065, 0193
Klotziella, 0224
Kloucekia, 0489
Knechtelia,0519
KNOD,041
KOBAYASHI, 041,0151
Kobayashia, 0353
Kochaspis, 0250
Kochiella, 0240
Kochina, 0240
Kodymaspis, 0358
Koenigia, 0458
Kogenium, 0363
Kokuria, 0288
KolJinia,0519
Koldiniella, 0519
KoldinioiJia, 0246
Kolihapeltis, 0369
Kolodinia, 0519
Kolpura, 0515
Komaspidacea, 0162,0294
Komaspidae, 0152, 0294
Komaspidella, 0314
KomaspidiJae, 0152, 0162, 0294
Komaspis, 0295
Koneprusia, 0507
Kootenia, 076, 079, 080, 083,

0218
Koolenidae, 0217
Kooteniella,0218
Koolenie/lina, 0218
KOOleniidae, 0217
Koptura, 0288
Kopturinae, 0152
Koraipsis, 0523
KoreasfJis, 0523
Kormagnostus,0185
Kounamkites, 0240
KOZLOWSKI, 041
Krattaspis, 0433
Kl"ejcia, 0433
Kuanyangia, 0513
Kuanyiangia, 0513
Kueichowia,0513
Kujandaspis,0240

Arthropoda

Lejopyge,0178
Lejopygidae, 0151
Leonaspis, 0506

Labiostria, 0258 Leptopilus, 0523
labium, 0121 Leploplastidae, 0262
Labradoria, 0212 Leptoplastides, 0264
labrum, 0121 Leptoplastinae, 0152, 0162, 0262
Lachnostoma, 064, 0341 Leptoplastoides, 0111, 0133, 0135,
Lakaspis, 0358 0136,0140,0142
LAKE, 041, 061, 0147 Leptoplastus,0263
LAMONT, 096 Lepidoproetus,0386
Lancastria,0220 LERMONTOVA, 041
Lancaslriidae, 0151 Lermontovia,0212
LANG, 08 Lermontoviinae, 0211
LANKESTER, 04, 015, 018, 020 Levinia, 0525
Lannacus,0341 Levisaspidae, 0152
Lapidaria, 0350 Levisaspidinae, 0152
larva, 0121 Levisaspis, 0302
larval stage, 0121 Levisella, 067, 0159, 0332
lateral articulating furrow (of Levisia, 0516

pleura), 0121 Liaotungia, 0525
lateral border furrow (of cepha- librigena, 046, 051

Ion), 0122 librigenal spine, 0122
lateral border (of cephalon), 0122 Lichacea, 0495
lateral glabellar furrow, 047, 0122 Lichadacea, 0495
lateral glabellar lobe, 047, 0122 Lichadae, 0495
lateral line (of fringe), 0122 Lichades, 0495
lateral lobe (of pygidium), 0122 Lichadidae, 0147, 0149, 0150,
lateral notch (of hypostoma), 054, 0152,0495

0122 Lichadinae, 0152
lateral occipital lobe, 0122 Lichadoidae, 0152, 0495
lateral preoccipital lobe, 0122 Lichakephalidae, 0163, 0503
lateral tongue furrow, 0122 Lichakephalus,0504
LATIGASTRA, 015 Lichapyge,0331
Latiredlichia, 049, 0200 Lichas, 056, 093, 094, 0496
Laliredlichiidae, 0151,0199 Lichasidae, 0495
Latoucheia, 0211 Lichengia, 0323
Laudonia, 053, 063, 0154, 0192 LICHIDA, 0163, 0231, 0495
Lauzonella, 067, 070, 0159,0331 Lichidae, 042, 048, 053, 056,
Leanchoilia, 015, 024, 031 0118,0120,0122,0147-0150,
LEANCHOILlDA,031 0163,0495
LEANCHOILlIDA, 028, 031 Lichinae, 0163, 0496
Leanchoiliidae, 028,031 Lichnocephala, 0134, 0138, 0379
Lecanopleura, 0306 Ligometopus, 0492
Lecanoplettrinae,0152 limb, 0122
Lecanopyge,0380 LlMULAVA,029
Lecanopygidae, 070, 0159, 0163, LIMULAVIDA, 028,029

0380 Limulus (Merostome), 021
Lehua, 0433 LINDSTROM, 062, 088, 089, 091,
Leiagnostidae, 0151, 0181 093
Leiagnostus, 041, 046, 073,0181 Linguagnostus, 0175
Leimitzia, 0361 Linguaphillipsia, 0401
Leiobienvillia, 0267 LlNGUATULlDA,018
Leiocoryphe, 067, 068, 091, 0159, Linguecephalichas, 0498

0409 Lingukainella, 0331
Ll'iolichas, 0496 LINNE, 040
Leiostl'giacea, 0162, 0313 Lioboll',0392
Leioslegidae, 0313 Liobolina, 0392
Ll'iostegiidae, 0152, 0162, 0313 Liocalymene,0452
Leiostegiinae, 0152 Liocephalus, 0242
Leiostegina,0458 Lioharpes, 056, 0418
Leiosleginae,0313 Lioparella, 0291
Leioslegioides, 0525 Lioparia, 0288
Leiostegium,0313 Liosolenopleura, 0261
Leiosleguim,0313 Liostracina, 0248
Leioslezium, 0313 Liostracinidae, 0152, 0161, 0248
Leiostrototropis, 0444 Liostracinoides, 0248
Leiozlegium, 0313 Liostmcus, 0261
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Liparges,0503 Madarocephalus,0285 Megagraulos, 0516
Lisania, 0312 Maiaspis,0275 Megalaspidella, 097,0347
Litagnostus,0181 Maja,0355 Megalaspidcs,0341
Litocephalus,0259 Makromtiktis.0496 Megalaspis, 0347
Iitocodia,0525 MALACOSTRACA, 016 Megalophthalmus, 0290
L1anoaspidella,0300 Malladaia,0470 Megistaspidella, 0348
L1anoaspidinae, 0162, 0301 Maladaiinae, 0152, 0325 Megistaspis, 042, 056, 0107.
Llanoaspinae, 0301 Maladia, 0326 0110,0347
L1anoaspis,0301 Maladiinae, 0152 Meisterella, 0519
L1oydia, 048, 0313 Maladioidella,0260 Mekynophrys,0264
Uoydidae, 0313 Maladioides,0297 Mendodiscus, 0525
Loydiidae, 0152, 0313 Mallagnostidae,0174 Mendogaspis, 0525
L1oydolithus, 0423 Mallagnostus, 0174 Mendolaspis, 0427
LLWYD,040 Malvernia,0470 Mendoparabolina, 0525
Lobocephalina,0238 Manchuriella, 0291 Mendospidella,0224
Lobocephaltls,0238 Manchurocephalus,0209 Meneghinella,0513
Lobopyge,0503 MANDIBULATA, 016 ME~EGHINI,041
LOCH~{AN-BALK,02, 0107 MANsuy,041 Menel,ia, 0244
Loganellidae, 070, 0159, 0162, Mansuyclla,0364 Mencviella,0244
0331 Mansuyellinae,0152 Menel'iellinae, 0152

Loganellus, 067, 070, 0159, 0331 Mansuyia,0319 Menocephalinae, 0152
Loganopeltidae. 0100, 0152,0418 Mansuyiinae, 0152 Menocephalites, 0275
Loganopeltis, 051, 061, 0157, Manstlyinae, 0152, 0318 Menomonia, 0142, 0303

0160,0418 Mapania,0288 Menomonidae, 0303
Loganopeltoides, 061, 063, 0157, Mareda,0519 Menomoniidae, 070, 0150, 0152,

0160,0418 margin, 0122 0159,0162,0303
Lonchocephalidae, 0152, 0162, marginal band, 0122 Menoparia, 053, 0128, 0133,

0278 marginal furrow, 0122 0136,0138,0330
Lonchocephalus,0279 marginal limb, 0122 Mephiarges, 0503
Lonchodomas, 045, 046, 048, marginal pit, 0122 meraspid period, 0122, 0127,

097,0120,0427 marginal rim, 0122 0135
Longianda,0203 marginal spine (of cephalon), 053, Meraspis, 0122
longitudinal glabellar furrow, 0122 0122,0156 meropod,08
Lopnorites.0364 marginal spine (of pygidium), MEROSTOMATA, 04, 015, 028
Lorentzia, 0288 075,0122 MEROSTOMOIDEA, 015, 028,
LORENZ, 041 marginal suture, 066, 0122 029
Lorenzella,0247 Marjumia, 075, 0306 Mesagnosttts.0186
Lotagnostus,0178 Marjumiacea, 0162, 0305 Mesembria, 0525
lower (external or internal) rim, Marjumidae.0305 mesentron,OI3

0122 Marjumiidae, 0152, 0162, 0305 Mesctaia,0208
lower lamella, 0122 Marrella, 015, 024,029,0149 iVlesoCl-epicephallls, 0250
Luaspis, 0207 MARRELLIDA, 028, 029 Mesoctenopyge, 0264
Luhops, 0213 Marrellidae, 028, 029, 0149 Mesodema, 0200
Lunacrania,0245 MARRELLlNA,029 MESONAClDA, 0149, 0150,
lung books, 013 MARRELLOMORPHA, 015, 022, 0190,0191
Lusatiops, 0212 028,029 Mesonacidae, 0149, 0150, 0191
Lutesvillia,0379 Marrolithoides,0423 Mesonacis, 0192
Luxella,0236 Marrolithus,0423 Mesopagetia, 0189
Lyriaspis, 0233 Marsaisia, 0202 MesosphenisClIs, 0186
Lyralichas,0498 Maryvillia,0292 Mesotaphraspis, 0136, 0413

Mastigopleuridae, 0504 mesotergite, 043, 070, 0122
Macelloura, 0271 Matania,0517 Metabowmania,0247
Machairagnostus, 075, 0182 Mataninella, 0519 Metacalymene,0452
Macrobiotus (tardigrade), 017 MATTHEW, 041 Metacanthina, 0482
Macrobole, 0392 Matthewlemu, 0211 Metacanthl/s, 0480
Macroculites,0523 Maustonia,0272 metacranidial spine, 0122
macropleura, 072, 0122 M'Coy, 040, 0146, 0153 Metacryphaeus, 0486
macropleural segment, 0122 Mcnairia, 0241 Metadisctls, 0188
macropleural spine, 0122 median border spine, 0122 Metadoxididae,0151
Macropyge, 075, 0329 median cervical lobe,0122 Metadoxides, 0214
MACROPYGA,0148 median lateral glabellar furrow, Metadoxidinae, 0161, 0214
Macropygidae,0329 0122 metafixigenal spine, 053, 0122
Macropyginae,0152 median lateral glabellar lobe, 0122 metagenal spine, 053,0122
macropygous, 073, 0122 median lobe (of glabella), 0122 Metagnosttts, 0178
macrospine, 070, 0122 median preoccipital lobe, 0122 Metagraulos,0516
Mqcroterolichas, 0496 median suture, 065, 0122 Metaharpes, 0418
Macrotoxus, 0288 Meeria, 0252 metalibrigenal spine, 053
macula, 054, 092, 0122 Megadunderbergia,0240 Metalichas.0498
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Obrucheviaspis, 0309
occipital furrow, 046, 0123
occipital lobe, 0123
occipital node, 0123
occipital ring, 046, 048,0123
occipital spine, 0123, 0140
Octillaenus, 0373
Octobronteus, 0372
Octoillaemts, 0373
ocular band, 0123
ocular platform, 0123
ocular ridlle, 0123
Odontocephalus, 0470
Odontochile, 059, 060, 064, 0471
Odontopleura, 041, 051, 0122,

0504
Odotlfoplettracea, 0504

Nericia, 0308
Nericiaspis, 0148, 01S4, 01S9,

0266
nervous system of trilobites, OlOl
Neseuretus, 0523
Nevadella, 0196
Nevadia,0196
Nevadiinae, 0151, 0161,0196
NIESZKOWsKt,041
Nieszkowskia, 072, 0109,0436
nileid suture pattern, 067, 01S9
Nileidae, 054, OS6, 066, 067,

070, 072, 096, 0105, OISO,
0152,0159,0162,0356

Nileinae, 0148, 0152
Nileoides,0341
Nileus, 056, 064, 07l, 0101,

0109,0356
Ninaspis,0519
Ningkianolithus, 0423
Niobe, 061,0109,0350
Niobella, 0350
Niobides, 0349
niobiform suture, 061
Niobina,0350
Niobinae, 0162, 0350
NitidllIopyge, 0503
Nixonella, 0312
node, 0123
Norinia, 0350
NorwoodeJla, 0303
Norwoodia, 0302
Norwoodiacea, 0162, 0301
Norwoodidae, 0151, 0301
Norwoodidea. 01S0, 0301
Norwoodiidae, 0150,0151, O1S2,
01S9, 0162, 0232, 0302

Norwoodina, 0302
NontJoodiinae,01S2
Notasaphus,0218
Notocoryphe, 0525
Notopeltis, 09S, 0349
NOVAK, 041, 096

0108, Novakaspis, 0405
Novaspidinae, 0152, 0163, 0424
Novaspinae, 01S2, 0424
Novaspis, 0424
nuchal furrow, 0123
nuchal ring, 0123
nuchal node (or spine), 0123

Namanoia, 0513
Namanoiidae, 0513
Namuropyge, 0408
Nanillaenus, 0373
Nankinolithus, 0423
Nannopeltis, 0523
Naraoia, 015, 02S, 030
Naraoidae, 030
Naraoiidae, 028, 030
Nasocephalus, 0308
Nassovia, 0234
Nassoviinae, 0161, 0234
NassotJinae, 0234
Nathorstia, 076, 0149
nauplius,OI3
neanic stage, 0123
neck furrow, 0123
neck node (or spine), 0123
neck ring, 0123
NECTASPIA, 030
NECTASPIDA, 028, 030
Neltneria, 0196
NeJtneriinae, OISI, 0161, 0196
Neoacrocephalites, 0519
Neoagnostus, 0173
Neoasaphus, OS6, 0103,

0336
Neochilonorria, 0224
Neocobboldia, 0190
Neogriffithides, 0401
Neolenlls, 0218
Neometacanthus, 0480
Neoplzil/ipsia, 0401
Neoprobolium, 0120,0472
Neoproetus,0401
Neoredlichia, 0120, 0201
Neoredlichiidae, 053, 0151, 0161,

0201
Neosynphoria, 0472
Neosynphoriinae,0lS2
Neosynphorinae, 0468
Neotaenicephalus, 0308
neoteny, 0159
Nepea, 0251
Nepeacea, 0161,0250
Nepeidae, 01SI, 0161, 0251
Nephranomma, 0468
Nephranops, 088, 091, 01OS,

01l!,0465
nepionic stage, 0123

morphology, of Arthropoda, 04
morphology, of Euarthropoda, 021
morphology, of Onychophora, 017
morphology, of Trilobita, 041
morphology, of Trilobitoidea, 024
movable cheek, 0123
Moxomia, 0267
muscle scar. 0123
Myinda, OS2, 0512
Myindidae, 0167, 0512
MYRIAPOOA, 04, 08, 011, 013,

016
Myopsoleninae, OISl, 0161, 02U
Myopsolenus, 02U
Myopsomicmacca, 0208
Mytocephala, 0473
Myttonia,0423

metamere, 07, 0123
Metanomocare, 0288
rnctaparian suture, 060, 062, 0123
Metaphil/ipsia, 0399
Metapilekia,0441
Metapliomerops,0441
metaprotaspid stage, 0128
mctaprotaspis, 0123
metastoma, 043, 058, 0123
metastome,0123
Meteraspis.02S0
Meteroaspis, 0250
Metisaspina,0513
Metisaspis, 0301
Metisia, 0306
Metopias, 0496
Metopolichas, 0496
Metoptogyrus, 0355
Mexicaspidinae,0lS1
Mexicaspinae, O1S1, 0227
Mexicaspis, OS7, 0227
Mexicella, 0240
Miagnosttls, 0178
Micmacca, 0208
Micmaccopsis, 0207
Micragnostidae, OISI, 0161,0179
Micragnostus, 0179
Micmgratllidae,0lS1
Miaagratllos,OS2S
Microdiscidae, 0148
Miaodisetls, 0188
Microparia, 0362
Mit1'ophthalmtls, 0463
Miaopyge, 0276
M1CROPYGIA, 0148, 0190
micropygous, 073, 0123
microstructure of trilobite exo,

skeleton, 08S
middle body (of hypostoma), 0123
middle furrow, 0123
Millardia, 0304
MILNE EDWARDS, 040, 0146
Mimana, OS25
MIOMERA, OISI, 0172
Miraspidinae, 0152, 0163,0506
Miraspinae,OIS2
Miraspis, OS I , 072, 0506
Missisquoia,0510
Missisquoiidae, OIS2, 0167, 0510
Mitchellaspis, 0447
Mitchel/ia, 0447
MOBERG, 062, 096
Motlocia, 0306
Mohicana, 0208
Molaria, 026,031
Mollisonia, 024, 037
molting, 07,058, OUO
Monadina, 0276
Monkaspis, 0288
Monocheilus, 0288
Monodechenella, 0388
MonorachtlS,0494
Monorakeidae, 0493
Monorakeinae, 0493
Monorakidae, 0163, 0493
Monorakos, 0494
Monorhadis. 0494
M oosia, 0296
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ODONTOPLEURIDA, 0149, Ondoliehas, 0496 pacdcumiid suture pattern, 067
0163,0231,0504 Onchometopus,0336 Pagetia, 049, 051, 058, 067,

Odontopleuridae, 048, 056, 076, Onchonotopsis, 0519 0147,0159,0189
094, 0120-0122, 0147-0150, Onchonotus,0523 Page/idae, 0188
0152,0163,0504 Onchopeltis, 0283 Pagetides,0190

Odontopleurinae, 0152, 0163, ONCOPODA, 015,018 Pagetiellus, 0190
0504 Onnia, 099, 0135, 0138, 0139, Pagetiidae, 058, 059, 067,0151,

Odon/opleuroidae, 0152,0504 0422 0159,0161,0188
Odon/opyge,0262 ontogeny, of Arthropoda, 013 Page/ina, 0189
Oedicybele,0449 ontogeny, of Trilobita, 0127 Pagodia, 0310
Oedorhachis, 0185 ontogeny, of Trilobitoidea, 026 Pagodidae, 0310
OEHLERT, 041, 0110 ONYCHOPHORA, 04, 015,016 Pagocliidae, 0162, 0310
Ogmasaphus,0336 Onychollyge,0364 Pagul"O,0216
Ogygia,0352 Onycopyge,0438 paired eye ridges, 0123
Ogyginus, 0352 Opabinia, 014, 024, 032 Paladin, 056, 0401
Ogygiocarella,0352 OPABINlDA,032 PALAEADES,040
Ogygiocaris, 0352 Opabinidae,032 PALAEANOSTRACA, 028, 032
Ogygiocaridinae, 0152, 0162, OPABINIIDA, 028, 032 Palaeocrepieephalus,0250

0334,0350 Opabiniidae, 028, 032 Palaeolenidae,0151
Ogygioearinae,0152 QPIK, 041,096,0109,0160 Palaeoleninae, 0151, 0161, 0209
Ogygites,0352 OPISTHOPARlA,0147-0151, Palaeolenus,0209
Ogygitoides, 0341 0231 Palaeophillipsia,0413
Ogygopsidae, 067, 0151, 0161, opisthoparian suture, 059, 0123, Palella, 0288

0218 0154 Paleomerus, 014
Ogygopsis,0219 opisthothorax, 070, 0[23 palpebral area (of fixed cheek),
Oidalagnostus,0175 Opsidiscus, 0147,0159,0188 0123
0Iekmaspis,0211 Ordosia,0315 palpebral area (of fixigena), 0123
Olenacea, 0162,0261 Ordosiinae,0313 palpebral furrow, 050, 0123
0lenaspella,0274 Orimops, 0452, 0525 Palpebralia, 062, 0394
Olenellaeea, 0191 Orkekeia,0525 palpebral lobe, 050, 0123
OLENELLlDA,0191 Orlovia, 0240 palpebral region (of fixed cheek),
Olenellidae, 053, 054, 057, 059, Orloviella, 0516 0123

066, 067, 070-073, 76, 086, Ormathops, 091, 0473 palpebral region (of fixigena),
100, 0121, 0122, 0124-0126, Orometopidae, 0152, 0163, 0424 0123
0148-0151,0154,0161,0191 Orometopus, 066, 0158, 0424 palpebral rim, 0123

Olenellidea, 0191 Orphanaspis,0508 palpebro-ocular ridge, 051,0123
olenellid suture pattern, 067 Orria, 0224 Panarchaegonus, 0408
OLENELLINA, 0161, 0191 Orriella,0225 Panderia,0374
Olenellinae, 0151, 0161,0192 Or,.iinae, 0151, 0220 panderian opening, 0106, 0123
Olenelloidae, 0151, 0191 Oryctocara,0220 panderian organ, 0105. 0123
Olenelloides, 053, 0197 Orye/ocarinae,0151 panderian protuberance, 0105,
Olenelloidinae, 0151, 0161, 0197 Oryctocephalidae, 059, 066, 067, 0123
Olenellus, 044, 057, 072, 073, 0149-0151,0158,0161,0219 pander organ, 0123

076,078,0192 oryctocephalid suture pattern, 067, Papillicalymene, 0452
olenid mode of molting, 0112 0158 Papyriaspididae, 0162, 0268
olenid suture pattern, 067, 0159 Orye/ocephalina,0525 Papy"iaspidinae,0152
Olenidae, 053, 067, 075, 076, Orye/ocephalinae, 0147, 0151 Papyriaspinae, 0152, 0268

091, 092, 096, 0100, 0113, Oryctocephalites,0220 Papyriaspis,0269
0147-0150, 0152, 0154,0159, Oryctocephalops,0220 Paraaulacopleura,0406
0162,0232,0262 Oryctocephalus, 059,0220 Parabailiella, 0244

Olenidea, 0261 Orygmaspis,0272 Parabarrandia, 0358
OLENINA,0149 Osceolia,0254 Parabarrandiinae, 0152
Oleninae, 0147,0152,0162,0262 Osceolinae, 0152 Parabasilicus, 0342
Olenoidae, 0152, 0261 Osekaspis,0433 Parabellefontia,0353
Olenoides, 010, 026, 056, 058, OSTRACODA, 016 Parablackwelderia,0318

076, 078,080,082-084,0117, Otarion, 0122, 0405 Parabolina, 056,075,0113,0114,
0149,0218 Otarionidae, 067, 0148, 0150, 0262

Olenopsidae, 0205 0152,0163,0403 Parabolinella, 047, 0113, 0267
Olenopsis, 0207 Otarioninae, 0152 0163 0404 Parabolinites, 0262
Olentella, 0260 Ouijjania 0211" Parabolinoides, 0272
OIenus, 0132, 0155, 0262 ' Parabolinoididae, 0162, 0271
OLlGOMERlA, 0148 Pachyaspis, 0241 Parabolinopsis,0266
Oligometopus, 0519 Pachycranium, 0278 Parabriscoia, 0254
Omeipsis,0356 PACKARD, 015 Paracalmonia, 048, 053, 0125,
ommatidia, 012 Paenebeltella, 0266 0486
Oncagnos/tls,0173 Paedeumias, 063, 065, 067, 072, Paracedaria, 0300
Onchaspis, 0507 0107,0109,0114,0130,0131, Paracedariidae, 0152
Onchocephalus, 0237 0136,0192 Paracoosia,0288
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Paracrepiaplzalus, 0250
Paracrocephalites, 0276
Paracybcloides, 0448
Paradalmanites, 0484
Paradechenella, 0388
Paradisl'l/$,Ol88
PARADOXIDA,0212
Paradoxidacea, 0161, 0212
Paradoxidae, 0149
I'aradoxideae, 0148
Paradoxides (family), 0212, 0213
Paradoxides, 042, 057, 059, 093,

0110, 012R, 0131,0138,0140,
0142,0143,0213

Paradoxididae, 042, 053, 057,
059, 066, 067, 071, 0148
0151,0158,0161,0213

Paradoxidinae, 0151, 0213
Paradoxinae, 0147, 0213
Paradoxidoidae, 0151
parafrontal band, 0123
paraglabellar area, 0123
Paragllostus, 0174
Paragraulos, 0513
Paragriffithides, 0401
Paraharpes, 064, 0418
Parahomalonotus, 0461
Parahystricurus, 0278
Parairvingella, 0295
Parakainella, 0330
Parakoldinioidia,0519
Paralichas, 0498
Pm'aleiultls, 0369
Paralejurus,0369
ParamanSl/yella, 0319
ParamanSl/yia, 0319
Paramegalaspis, 0349
Paramicmacca, 0208
Paranorwoodia, 0303
ParanilellS, 0343, 0358
Paraolenoides,0218
Parao1enus, 0262
Paraorlovia, 0292
Paraphillipsia, 0401
Parapilekia,0441
Paraplethopeltis, 0410
parapodia, 04
Parapoliella, 0221
paraprotaspid stage, 0128
paraprotaspis, 0124
Parararia, 0516
Pararedlichia, 0200
Pararedlichiinae, 0151, 0161,

0200
PARARTHROPODA, 04, 018
Parasolenop1eura, 0275
Parasolenoplettridae, 0151
Parasolenopleuroidae, 0151,0274
Paratermierella, 0211
Paratollaspis, 0230
Paratrinucleus, 0420
Pardailhania, 0276
Parehmania, 0241
Pareops, 0201
Pareuloma, 0234
Parevenkaspis, 0495
paria,0124
parial spine, 0124

Arthropoda

Parbspis, 0226 086, 088, 090, 0103, 0105,
Particeps, 0525 Olll, 0120, 0154, 0463
patella, 08, 078, 0124 Phaetoncllus, 048, 0386
Pateraspis,0435 Phaetonides, 0396
pathology, 0107 Phalacroma, 064, 0141, 0181
PAUROPODA, 010, 014, 016 Phalacromidae, 0151, 0161, 0181
Peachella,0192 Phalacromides.0181
Pedinocephalus,0260 Phalagnostus, 0181
Pcishania, 0292 Pllanoptes, 0213
Pcltabellia,0379 Pharostoma, 095-097, 0454
Pcltocare, 0154, 0159, 0266 Pharostomatidae, 0152
Peltoura, 0264 Pharostomatinae, 0163, 0454
Peltura, 072, 089, 0139, 0154, pharostomian scars, 096

0155,0159,0264 Pharostomidae, 0152, 0454
Pelturina, 0266 Pharostomina, 0453
Pelturinae, 0162, 0264 Phillibole,0392
Pemphigaspis, 073, 075, 0285 Phillipsella, 0409
Pcnnaia,0486 Phillipsia, 0107, 0109, 0126,
Pentagnostus, 0185 0399
PENTASTOMIDA, 04, 015, 018 Phillipsiidae, 056, 0152, 0163,
perfixigenal spine, 0124 0399
periglabellar area, 0124 Phillipsli'nae, 0152
Perimeto/)tls,0525 Phillipsinella, 045, 056, 0103,
Periomma, 0237 0409
Periommellinae, 0161, 0234 Phillipsinellidae, 056, 067, 0152,
Periommella,0234 0163,0408
Perioura,0241 phillipsinellid enrollment, 0104
Peripatidae,020 Philonyx, 0479
Peripatopsidae, 020 Phlysacimn, 0213
Peripatus,017 Phoidagnostus,0181
Perischoclonus,0523 Phoreotropis,0519
Perischodory,0315 Pllylacops, 0361
Perliproetus,0387 Phylacterus, 0519
PermopI'oetinae, 0152 Phyllaspis, 0398
Permoproetus,0401 phylogeny, of Arthropoda, 014
Perneraspis, 0275 Pianaspis, 0269
Perneria, 0275 Piazella,0237
Peronopsidae,0184 Piedmontia, 0248
Peronopsis,0186 Pilekia, 0441
perrostral suture, 063, 0124 Pilekiidae, 0441
Perunaspis,0413 Pilekiinae, 0163, 0441
Pesaia, 0276 Pilgrimia, 0300
Petigurus,0379 Pilgrimiidae, 0299
Phacopacea, 0163, 0462 Piliolites,0524
Phacopacea, 0461 Piriproetus, 0386
PHACOPIDA, 0163, 0430 Placoparia, 071, 091, 0148, 0155,
Phacopidaaa, 0461 0445
Phacopidae, 054, 056, 062, 067, Placopariinae, 0152, 0163, 0445

076, 091, 092, 0102, 0105, Placoparina,0435
0147-0152,0155,0159,0163, Plaesiacomia, 0458
0462 Plagiolaria, 0465

Phacopidea, 0150,0461 Plagiops, 0465
Phacopidella, 0105, Olll, 0467 Plagiura,0516
Phacopidellinae, 0126, 0152, Plagiurella, 0516

0163,0467 Plagi/winae, 0151
phacopid enrollment, 0104 Planiscutellum,0369
Phacopides,0462 Plasiaspis, 0449
Phacopidina,0486 Platagnostidae, 0151, 0181
phacopid mode, of molting, Olll Platagno,tlls, 0181
phacopid suture pattern, 067, 0159 Plataspella, 0282
PHACOPINA, 0163, 0461 plate, 015
Phacopina, 0489 Platillaenus, 056, 096, 0374
Phacopinae, 0126, 0152, 0163, Platopolichas, 0496

0462 Platyantyx, 0379
PHACOPlNl, 0146, 0430 Platycalymene, 0452
PI,acopoidae, 0152, 0461 Platycolpus, 0380
Phacops, 044, 048, 056, 058, Platycoryphe,0524

062,076,078,081,082,085, Platydiamesus, 0380
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postaxial ridge, 073, 0124 Preveedoria,0241
posterior area (of fixed cheek), Pribylia,0387

0124 Pricyclopyge,0362
posterior area (of fixigena), 0124 primary suture pattern, 0153
posterior band of occipital ring, Primaspis, 0506

0124 Princetonella,0296
posterior border (of cephalon), P"ionoc!lei/tIS,0454

0124 Prionopeltitlae, 0152
posterior border furrow (of cepha- Prionopellis,0396

Ion, 0124 Prionopyge, 0364
posterior branch (of facial suture), Prionlfrides, 0382

0124 PriOllllrtlS, 0396
posterior flange, 0124 ProagnOS/IIs, 0173

0159, posterior genal ridge, 0124 Proampyx, 0278
posterior limb, 0124 PROARTHROPODA, 015, 022
posterior lobe (of glabella), 0124 Proasaphiscus, 0292
posterior lobe (of hypostoma), Proaulacopleura.0269

0124 Probolichas, 0498
posterior margin (of cephalon), Probolillm,04il

0124 Proboloides, 0486
posterior pleural band, 0124 Probolops,0486
posterior pleural spine, 0124 Probowmania,0247
posterior region (of fixed cheek), Proceratocephala, 0508

0124 Proceratopyge, 067, 0159, 0364
posterior region (of fixigena), PROCHELlCERATA, 028, 029,

0124 031
posterior section (of facial suture), Prochuangia,0319

059,0124 procranidial spine, 0125
posterior spine, 075, 0124 proctodeum, 013
posterior wing (of hypostoma), Proerbia,0231

054,0124 Proerbiidae, 0151, 0230
posterolateral limb, 0124 Proetacea, 0163, 0382
posterolateral spine (of pygidium), Proetidae, 056, 067, 091, 092,

0124 0102,0105, 0147-0150, 0152,
post-eyeline, 0124 0163,0382
postocular area (of fixed cheek), Proetidella, 0395

0124 Proetidellinae, 0152, 0163, 0395
postocular branch (of facial su- Proetidell,0382

ture), 0124 Proetides, 0414
posterior region (of fixed cheek), Proetina,0415

0124 Proetinae, 0152, 0163,0384
postocular ridge, 0124 Proe/oidae, 0152, 0382
postoral plate, 0125 Proetus, 056, 096, 0384
POULSEN, 02, 041, 062, 0147, profixigenal spine, 053

0149,0153,0155 progenal spine, 053
Poulsenia, 0237 Prohedinella, 0516
Pradesia, 0512 Prohedinia, 0269
Praedechenella, 0388 Prokootenia, 0219
PRANTL & PRIBYL, 041 prolongation, 0125
Prantlia, 0395 prolibrigenal spine, 053, 0125
preantenna,OIO Proliostracus, 0237
Precambrian arthropods, 04 Promegalaspides, 072, 0353
precoxa, 08, 078, 0125 Promegalaspidinae, 0162, 0352
pre-epipodite, 08, 078, 0125 PROPARIA, 0147-0151, 0430
prefemur, 08, 078, 0125 proparian olenid suture pattern,
preglabellar area, 0125 0159
preglabellar field. 050, 0125 proparian suture, 060, 0125, 0154
preglabellar furrow, 046, 0125 propod,08
preglabellar keel, 0125 Prosaukia,0324
preglabellar pit, 0125 Prosaukiinae, 0152
preglabellar ridge, 0125 Prosopiscus,0449
preoccipital glabellar furrow, 0125 Prosymphysurus, 0226
preoccipital glabellar lobe, 0125 Protadelaidia, 04, 013
preocular branch (of facial su- Protagraulos,0207

ture,0125 Protapatokep1laltts, 0329
preocular ridge, 0125 Protarchaeogonus,0524
Presbynileus,0343 PROTARTHROPODA, 04, 015,
pre tarsus, 08, 078, 0125 016

Platyharpes, 0418
Platylic!ladinae. 0152
Platylichas, 0498
Platymetopus, 0498
Platynottts, 0496
Platypeltis, 0358
Platypeltoides, 0358
Plectasaphus, 0336
Plesiomegalaspis, 0347
Plesioparabolina, 0262
Ple/hagnosttls, 0182
Plethometopus,0410
Plethopeltella,0315
Plethopeltidae, 068, 0151,

0163,0409
P1elhopeltis, 049, 0409
pleura, 011,0124
Pleuracanthlts, 0477
pleural band, 0124
pleural field, 075, 0124
pleural furrow, 072,073,0124
pleural lobe, 0124
pleural platform, 0124
pleural pygidial spine, 0124
pleural region (of pygidium),

0124
pleural rib, 0124
pleural spine, 0124
pleurite, 07
Pleuroctenium, 0141, 0174
pleuron,0124
pleurothorax,0124
Plicatolina, 0113, 0268
Pliomera, 072, 075, 0105, 0155,

0439
Pliomeraspis, 0439
Pliomerella, 0445
Pliomerellinae, 0163, 0445
PLlOMERIA,Ol48
Pliomeridae, 051, 054, 056, 065,

067, 072, 091, on, 0148,
0152,0155,0159,0163,0439

Pliomerillinae, 0152
Pliomerina, 0439
Pliomerinae, 0152, 0163, 0439
Pliomeroides,0444
Pliomerops,0440
Plt/siarges, 0503
Plutonia, 0213
PltUonides, 0213
podite,0124
Poliella, 0226
Poliellaspis,0226
Poliellina, 0226
Polyeres, 0508
POLYMERA,Ol51
Polypleuraspis,0226
Polytomt/ms, 0424
Pompeckia, 0436
POMPECKJ, 041, 0147
pore, 0124
Portentosus, 0331
Porterfieldia, 091, 092, 0268
PORTLOCK, 0109
Portlockia, 0463
postaxial field, 0124
postaxial furrow, 0124
postaxial keel, 0124

© 2009 University of Kansas Paleontological Institute



0556 Arthropoda

Quadraf<nostinae, 0184
Quadragnostus,0186
Quadraticephalus, 0322
Quebecaspis, 0279
QUENSTEDT, 0146, 0148
Querandinia, 0525

protaspid period, 0125, 0127 pseudopalpebral furrow, 0125 Punetulariidae, 0152, 0305
protaspis, 013, 0125, 0127 Pseudoperonopsis,0186 pustule, 0125
Protemnites,0247 Pseudophillipsia, 0402 PYCNOGONIDA, 04, 013, 016,
prothorax, 070, 0125 Pseudoproetus,0396 pygaxis,0125
Protillaenus,0292 pseudoproparian suture, 060, 0125 PYGIDATA, 0146
protocerebrum,09 Pseudoptyehoparia,0212 pygidial region, 073, 0125
PROTOLENIDA,0207 PseudOl'haptagnosttts, 0183 pygidium, 09, 043, 073, 0125
Proto!enidae, 050, 0151, 0161, Pseudosalteria,0520 pygopleura, 0125

0210 Pseudosaratoll;ia, 0252 Pyraustocranium, 0524
Protoleninae, 0151,0161,0211 Pseudosaukia, 0520
Protolenus, 0211 Pseudosaukia, 0322
Protoliehas,0503 Pseudosaukianda, 0202
Protolloydolithus, 0423 Pseudosphaerexochus, 0435
PROTONYCHOPHORA, 018 Pseudosolenopleura, 0275
PROTOPARIA, 0149, 0150, 0191 Pseudotupoliehas, 0496
Protopeltura, 0266 Psilacella, 0362
Protopliomerella, 0444 Psilaspis, 0290
Protopliomeropinae, 0163, 0442 Psilocephalina,0358 rachis, 0125
Protopliomerops, 0123, 0444 Psychopyge,0483 Radiaspis, 051, 0506
Protopliomel'opsinae, 0152,0442 Ptarmigania,0226 Radiolichas,0503
protopod,08 Ptarmiganidae,0220 Rananasus, 0379
protopodite, 079, 0125 Ptarmiganiidae,0220 Raphiophoracea, 0419
Protopresbynileus, 0343 Ptarmiganoides,0226 Raphiophoridae, 056, 066, 067,
protopygidium, 0125, 0128 Pterocephalia, 0256 092, 096, 0148-0152, 0159,
Protostygina, 0367 Pterocephalidae, 0162, 0256 0163,0426
PROTRILOBITA,0146 PteroecphaIina,0259 raphiophorid suture pattern, 0159
PROTURA,016 Pterocephalops,0260 Raphiophorinae, 0152
Protypidac, 0151 PteroecphaItts, 0256 Raphiophorus, 047, 048, 0426
Protypus,0513 Ptcroliehas, 0496 RASETTt, 02, 041, 058, 059, 063,
proximal, 0125 Pteroparia, 051, 091, 0398 066,0151,0160
Prozacanthoides,0228 Pteropariinae, 0152 Rasettia, 067, 070, 0159, 0380
Pruvostina, 0120, 0211 Pterygometopidae, 0163,0489 RAW, 063, 091, 0111, 0127,
Pruvostinoides,0208 Pterygometopidella, 0468 0141,0153
Psalaspis,0273 Pterygometopinae, 0152,0163, Rawlinsella, 0305
Psalikilopsis, 0278 0489 RAYMOND, 015, 022, 028, 041,
Psalikilus,0278 Pterygometopus, 0490 075,077, 091-093, 096, 099,
Psephosthenaspis,0524 Ptychagnostus, 0179 0100,0107.0143,0147,0153
Pseudagnostidae, 0161, 0182 Ptychaspidacea, 0162,0320 RAYMOND & NARRAWAY, 96
Pseudagnostus,0182 Ptyehaspidac, 0152, 0320 Raymondarges, 0496
Pseudanomocarina,0290 Ptychaspididae, 0152, 0162, 0320 Raymondaspis, 0367
PSEUDANOSTRACA, 031, 032, Ptychaspidoidae, 0152, 0320 Raymondella, 0427

035 Ptychaspis, 0320 Raymondia, 0299
pseudantennary pit,0125 Ptychoeheilus,0350 Raymondina, 0299
Pseudasaphus,0337 Ptychometopus, 0452 Raymondinacea, 0162,0298
Pseudatops, 091, 0244 Ptychoparella, 0233 Raymondinidae, 0152, 0162,
Pseudoasaphus,0337 Ptychoparia, 048, 059, 061,0100, 0299
Pseudobasilicus,0338 0125,0157,0159,0233 Raymondininae, 0162, 0299
Pseudoceiandia,0524 Ptychopariacea, 0161, 0233 Raymondites, 0380
Pseudocheirurus,0433 Ptychoparidae, 0149,0150,0233 Reacalymene, 0452
PSEUDOCRUSTACEA, 014,031 ptychopariid suture pattern, 067 Redlichaspis, 0200
Pseudocryphaeus, 0482 PTYCHOPARIIDA, 0161, 0231 Redlichia, 059, 093, 0200
Pseudocybele, 056, 0128, 0134, Ptychopariidae, 067, 0100, 0149- Redlichiacea, 0161, 0198

0444 0151,0159, 0161,0233 Rcdliehidae, 0150
Pseudogygites, 0343 Ptychopariidea, 0150,0233 REDLICHIlDA, 0161, 0190
Pseudohysterolenus,0364 ptychopariiform suture, 061, 0125 Redlichiidae, 053, 059, 066,
Pseudokainella, 075,0114,0330 PTYCHOPARIINA, 0150, 0161, 067, 071, 0150, 0151, 0158,
Pseudolenus,0211 0231 0161,0199
Pseudolevinia,0525 Ptychopariinae, 0151, 0161,0233 Redlichiidea, 0150, 0198
Pseudoliostracina, 0516 PTYCHOPARINA, 0149, 0231 REDLICHIINA, 0150, 0161,
Pseudolisania, 0312 Ptychoparinae, 0233 0198,0231
pseudomegalaspid enrollment, 0104 Ptyenoparioidae, 0151, 0233 Redlichiinae, 0151, 0161, 0199
Pseudomegalaspis, 0103, 0109, Ptychoparoides,0233 Redlichina, 0205

0339 Ptychoparopsis,0241 Redliehioidae, 0151, 0198
Pseudomera,0440 Ptyehopleura, 0525 Redlichops, 0201
Pseudomonaspis, 0506 Ptyehopleurites, 0525 REED, 041, 096
Pscudonileus, 0343, 0358 Ptychopyge, 0109, 0339 Redia, 0466
PSEUDONOTOSTRACA,015, Ptyocephalus,0343 Reedocalymene, 0453

022,028,031 Punetularia,0306 Reedoealymeninae, 0152
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Reedolithus, 091, 092, 0422 Rudagnostus,0179 Selenoharpes, 0418
Reedops,0466 Ruzickaia, 0238 Selenopeltidae, 0152, 0508
regeneration, 0107 Selenopeltides, 0508
region, 0125 sagittal, 0126 Selenopeltinae, 0167, 0508
Remipyga, 0433 sagittal line, 0126 Selenopeltis,0508
Remopleuridacea, 0162, 0326 Saimachia,0288 Selenopeltoides,0508
Remopleuridae,0149 Saltaspis, 0113, 0148, 0154, Selenoptycllt/s, 0361
Remopleurides, 089,0122,0327 0159,0266 Selenosema.0276
Remopleurides (family), 0326 SALTER, 041, 0111, 0146, 0148 Semiproetus, 0392
Remopleurididae, 053, 058, 072, Salteria,0428 Semnocephalus, 0306

0100,0121,0148-0150,0152, Salteria, 0244 Serrodiscus,0188
0154,0162,0327 Salterian molting, 0111 seta, 06

Remopleuridiella,0327 Salterolithus,0423 Sevillia, 0401
Remopleuridinae, 0162, 0327 Sao, 0128, 0130, 0132, 0136, Shangtungia,0248
reproductive system, of trilobites, 0138,0142,0155,0276 Shangtungia.0313

OlOl Saoidae, 0152, 0276 Shantungia, 0248, 0313
Reraspis, 095, 0435 Saoinae, 0162, 0276 Shickshockia,0309
respiratory system, OlOl Saratogia, 0252 shield, 0126
respiratory system, of Arthropoda, Sarkia, 0512 Shirakiella, 0271

013 Sarkiaidae.0152 Shirakiellidae, 0152, 0162,0271
RESSER, 041, 059, 01lO, 0114 Sarkiaiidae, 0512 shoulder, 054, 0126
RESSER & ENDO, 0102 Sarkiidae, 0152,0167,0512 Shumardia, 041, 048, 072, 0128,
Resseraspis,0381 Saukia,0323 0134-0136,0138,0142,0245
Resseria,0520 Saukianda,0202 Shumardidae,0149-0151
Resserops, 0125, 0202 Saukiandidae, 053, 0151, 0161, Shumardiidae, 041, 072, 091,
Retusites.0525 0202 092,0149-0152,0161,0244
Reuscholithus,0422 Saukiandiops, 0200 Shumardioidae, 0152
rhabdom, 012 Saukiella, 057,0325 Shumardops, 091,0246
rhachis,0125 Saukiidae, 056, 0152, 0162, side lobe, 0126
Rhadinopleura, 0430 0232, 0322 Sidneya, 030
Rhamphopyge,0524 Saukiinae, 0152, 0322 Sidneyia, 015, 024, 030
Rhaptagnostus,0183 Saukioides, 0322 Sidneyidae,029
Rhenops, 0483 Scabriseutellum,0369 Sidneyiidae, 028, 029
Rhinaspis,0347 Schagonaria,0215 SIEGFRIED, 0102, 0106
Rhodonaspis,0269 Schantungia,0313 SINCLAIR, 096, 0107
Rhodope,0374 Scharyia,0415 Sinolenus,0212
rib, 073,0125 Schistocephalus, 0215 Sinosaukia,0323
rib furrow, 0125 Schistometopus,0516 size, of Trilobita, 041
Richardsonella, 0329 schizochroal eye, 089, 0126 Skania, 099
Richardsonellidae, 0152 Schizophorus,0336 Skemmatocare, 0394
Richardsonellinae, 0162, 0329 Schizoproetus, 048, 049, 0118, Skemmatopyge,0394
RICHTER, 02, 059, 063, 083, 0389 Skreiaspis,0279

091,096,0111,0147,0150, Schizopyge,0486 Sneedl'illia,0248
0153,0156 Schizostylus,0487 SNODGRASS, 08,010,015,028

RICHTER & RICHTER, 041, 088, Schmalenseeia,0293 Solenagnostus,0179
0109 SCHMIDT, 02,041,0107 Solenoparia,0309

Richterarges, 0503 Schm~dtaspis,0295 Solenopariidae,0152
Richterops,0202 Schml.dtella,0406 Solenopleura,0275
Rimouskia 0276 Schmldtla,0195 Solenopleuracea, 0162, 0274
Rinconia,0212 Schmidtiellus,0195 Solenopleurella,0275
. 0125 SCHULTZE, 096 Solenopleurellinae, 0151
r~ng, Scinocephalus,0330 Solenopleuridae, 0149, 0150,
nng furrow, 0125 sclerite, 04, 06, 043, 0126 0152,0162,0274
rmg process, 0125 Scotiella,0489 Solenopleurina, 0275
nng soc:ket, 0125 Scotoharpes,0416 Solenopleurinae, 0152, 0162, 0274
Robergla,0327 scrobiculate, 0126 Solenopleuroidae, 0152, 0274
Rogersvillia,0301 SCIllptoproetus,0385 Solenopleuropsis, 0278
Rollia,0278 Scutellidae, 0150, 0152, 0367 SOLUTA,015
Ross, 0110, 0128, 0134 SClltelloidae, 0152, 0365 Somatrikelon, 0463
Rossaspis, 051, 0110,0134,0139, Sclltellllidae, 0152,0367 Somatrikopon,0463

0444 Scutellum, 048, 056, 075, 085, Sombrerella,0237
rostral flange, 0125 086, 093, 094, 0109, 0110, somite, 07,0126
rostral plate, 043, 054, 0125 0369 Sonoraspis,0224
rostral suture, 063, 0125 SDZUY, 02 spatulate, 0126
rostrum,0126 segment,0126 Spencia,0275
ROUAULT, 041, 0110 Seisonia,0441 Sphaeragnostidae, 0151, 0161,
Rowia,0241 Seleneceme, 048, 0120, 0428 0183
Rudagnostidae, 0184 Selenecemidae, 0152 Sphaeragnostus,0183
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Sphaerexochinae, 0152, 0163, Sulcocephalus, 0281 telson, 0126
0436 SUN,041 Temnoura, 0361

Sphaerexochus, 046, 075, 089, Sunia, 0222 Temnura,0361
0139,0140,0436 Sunina,0320 Temnurus,0361

Sphaerocare,0524 sutural ridge, 0126 TEMPLE, 0138
Sphaerocoryphe, 053, 0125, 0438 suture, 058, 0126 Terataspis, 042, 051, 075, 0498
spheroidal enrollment, 0102 suture patterns, 0158 teratology, 0107
Sphaerometopus.0438 SUTURICEPHALIDA,0149 Teratorhynchus, 048, 0329
Sphaerophthalmella,0266 Svobodapeltis,0372 tergite, 07, 043, 0126
Sphaerophthalmoides,0266 SWINNERTON, 062, 0114, 0147- Termierella, 0123, 0210
Sphaerophthalmus, 053, 089, 0264 0149,0153 Termierellinae, 0151,0161,0210
Spinagnostidae, 0151, 0161, 0184 SYMPHYLA, 014, 016 terminal axial piece, 073, 0126
Soinagnostus, 0184 Symphysops, 087, 088, 0362 terminal axial segment, 0126
spine, 0126 Symphysuridae, 0150,0356 terminal axial spine, 075, 0126
Spinodiscinae, 0151,0187 Symphysurina, 075, 0353 terrace lines, 043, 0126
Spinodisms,0188 Symphymrinella,0353 Terranovella,0280
Stapeleyella,0423 Symphysurininae, 0162, 0334, Tesselacauda, 056, 0441
Staurocephalus, 0449 0353 test, 0126
Staurocephalinae, 0152, 0163, Symphysurioides,0353 Tetracnemis,0276

0449 Symphysurus, 0108, 0358 Tetralichadinae, 0152,0498
Staurogmus,0276 sympod,08 Tetralichas,0498
Stauroholcus,0275 sympodite,0126 Tetralichinae, 0163,0498
Stenelymus,0301 Synhomalonotus, 0453, 0456 Tetrapsellium, 0422
Stenochilina, 0285 Synphoria, 0472 Thaleops, 0374
Stenocombus,0292 Synphoriinae,0468 Theamataspidae, 0152, 0376
Stenopareia, 046, 056, 095, 096, Synphorinae,0468 Theamataspididae. 0152,0376

0374 Synphoroides,0472 Theamataspidinae, 0163, 0376
Stenopilus, 067, 068, 0159,0412 Syspacephalus,0237 Theamataspis, 048, 0376
Stenorhachis,0343 Syspacheilus,0310 Theodenisia, 067, 068, 0159,0285
Stenosaukia, 0324 Thomastus, 0374
Stephanocare, 0317 Tabatopygellina,0219 Thomondia, 0524
Stephenaspis,0229 Taenicephalina, 0309 Thompsonaspis,0241
sternite, 07, 043, 0126 Taenicephalus,0274 thoracic region, of Trilobita, 070,
STETHOSTOMATA,015 tagma,09 0126
Stigmacephalus,0274 Taianocephalus,0525 thoracic segment, 0126
Stigmametopus,0245 Taihungshania, 0356 THORAL,041
Stigmaspis, 0322 Taihungshanidae,0355 Thoralaspis, 0212
STjilRMER, 03, 08, 015, 022, 028, Taihungshaniidae, 075, 0162, 0355 thorax, 09, 043

041,062,077,079,083,092, Taihunshaniinae, 0152 THORSLUND, 03
093, 099, 0128, 0131, 0139, Taihtmshaninae,0152 Thysanopeltidae, 056, 067, 0147-
0147,0150,0153,0155 tail,0126 0150,0162,0367

Stoermeraspis,0372 tail shield, 0126 Thysanopeltides,0367
Stoermeria, 0372 Taishania, 0297 Thysanopeltis, 0369
stomodaeum, 09 Taitzuia,0312 Thysanopyge, 042, 075, 0354
STRAND,0155 Talaeomarrolithus,0423 Thysanopyginae, 0162,0354
Strenuaeva,0207 Talbotina, 049, 0279 Tibagya,0486
Strenuella, 057, 0119, 0207 Talbotinidae, 0152, 0305 tibia, 08, 078, 0126
Strenuellinae, 0151, 0161, 0207 TARDIGRADA, 04, 015, 018 TIEGS, 010, 014
Strettonia,0219 tarsus, 08, 078, 0126 Tingocephalinae,0152
Strigigenalis, 0381 Tasmanaspis,0524 Tingocephalus,0520
Strotactinus,0444 Tasmanocephalus,0524 Toernquistia,0413
Strotocephala, 0412 Tatonaspis,0271 Tornquistia,0413
Strotocephalus,0238 Tatulaspis, 0283 Toernquistiidae,0152
Strototropis,0444 Taxioura,0219 Tolanaspis,0219
STRUVE,02 tegument,0126 Tollaspidae,0230
STUBBLEFIELD, 02, 059, 062, TEICHERT,0107 Tollaspis, 0231

0131, 0136, 0141,0142,0147, Teinistion,0248 Tomagnostella, 0186
0151,0153,0159 Telephidaceae,0294 Tomagnostus, 0175

Stubblefieldia, 0435 Telephidae, 0152, 0297 Tomoligus,0525
Stygina, 056, 0366 Telephina, 048, 053, 0107, 0111, Tomorhachis,0174
Styginidae, 056,067.0152,0162, 0154,0298 Tonkinella, 0220

0365 Telephinidae, 053, 0162, 0232, Tonkinellidae,0151
subcoxa, 0126 0297 Tonkinellinae,0151
subcranial furrow, 0126 Telephoidae, 0152, 0294 Tontoia, 037 .
submarginal suture, 066 Telephus,0298 Tostonia,0326
subocular area, 0126 Telesiops,0525 Toxotididae,0152
subocular groove, 0126 Tellerina, 0325 Toxotis, 0516
Sulcatagnostus,0186 telopodite, 078,0126 tracheae, 013
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Xenasaphus, 0339
Xenocheilos, 0284
XENOPODA,028
Xenostegium, 075, 0353
Xenusion, 04, 013, 017, 019
Xiphogonium, 0387
XIPHOSURA, 08,014,015
Xystridura, 0214
Xystridurinae, 0151, 0161,0214

Yabeia,0309
Yanquetruzia, 0525
Yinites, 0205
Yinitidae, 075, 0151, 0205

041, Yohoaspis, 023~

062, 076, 077, 082, 099,
0114, 0130, 0148, 0153

Wa1cottaspis, 0254
Wanneria, 057, 063, 075, 0197
Wanneriinae, 0151, 0161,0197
Waptia, 014, 024, 032
WAPTlDA, 032
Waptidae,032

0163, WAPTIIDA, 028, 032
Waptiidae, 028,032
WARBURG, 02, 041, 062, 0153
Warburgaspis, 0396
Warburgella, 0396
Warburgella, 0367
Waribole, 0392
"water bears," 016
WATERLOT,015
WEBER,010
Weberides, 0401
Weberope1tis, 0372
Wedekindia, 0525
Weeksina, 0280
WELLER,02
We1leraspis, 0128, 0133, 0134,

0138,0139,0141,0156,0281
WELLS,0107
Wenkchemnia, 0226
Wentsuia, 0288
WESTERGARD, 041,0110,0148
Westergaardia, 076, 078, 0266
Westergaardites, 0268
Westonaspis, 0521
Weymouthia, 0188
Weymouthiidae, 0151, 0187
WHITEHOUSE, 041, 0149
Whitfieidina, 0302
WHITTARD, 096
WHITTINGTON, 02, 041, 096,

0106,0156
WHITTINGTON 8< EVITT, 063, 089,

093
Whittingtonia, 0508
Wilbernia, 0252
WILLIAMS, 0107
wing process (of hypostoma), 0126
Wongia, 0283
WOODS, 0147
WOODWARD,041
Wossekia,0374
Wuhuia, 0322
Wutingaspis, 0205
Wutingia,0522

WALCH,,040
WALCOTT, 014, 022, 028,

tritocerebrum, 09
trochanter, 08, 079, 0126
Trochuridae, 0152
Trochurinae, 0152
Trochurus, 0503
Iropidia, 0126
Tropidocoryphe, 0397
Tropidocoryphidae, 0152
Tropidocoryphinae, 0152,

0397
092, Tropidopyge, 0270

Trypaulites, 0472
Tschernyschewiella, 0406
Tsiania,0356
Tsinain,0356
Tsinania, 0356
Tsinanidae, 0356
Tsinaniidae, 0152, 0162, 0356
Tsinavia, 0356
tubercle, 0126
Tun~tzuella,0356
Turcopyge, 0495
Typhlonistus, 0487
Typhloproetus, 062, 091, 0395

Trachycheilus, 0241
TrachyIichas,0496
Tramoria, 0330
transglabellar furrow, 047, 0126
transitory pygidium, 0126, 0135
transverse, 0126
Trapelocera, 0507
Trematophorus, 0336
Tretaspidinae, 0152, 0163, 0421
Tretaspinae, 0152, 0421
Tretaspis, 085, 086, 091,

097,0422
Treveropyge, 0483
Triangulaspis, 0190
Trian/lreae, 0148
Triarthre11a, 0521
Triarthridae, 0267
Triarthrinae, 0148, 0152, 0162,

0267
Triarthroides, 0524
Triarthropsis, 0285
Triarthrus, 026, 058, 075, 083,

085,0113,0114,0267
tricomposite glabellar lobe, 0126
Tricrepicephalidae, 0161, 0250
Tricrepicephalus, 0107, 0250 Ucebia, 0285
Trigonaspis,0384 Ullaspis, 0516
Trigonocerca, 0343 ULRICH, 041
Trigonocercella, 0343 Ulrichaspis, 0521
T"igrypidae,0152 Uiricholithus,0422
Trigrypos,0424 Uncaspis, 0250
Trigryposidae,0152 Unguliproetus 0385
Trilobagnostus, 0179 upper lamella,' 0126
TRILOBITA, 04, 011, 015, 022, upper rim (external or internal),

038,0160,0172 0126
TRILOBITAE, 040 Uralichas, 042, 0143, 0496
TRILOBITOIDEA, 04, 015, 023, Urbanaspis,0309

028 Uromystrum,0380
TRILOBITOMORPHA, 04, 015, uropod,0126

022 Utia 0247
Trimerinae, 0152,0458 Utiadae 0152 0247
Trimerocephalus, 062, 091, 092, Utianae: 0247'

095,0111,0466 Utiidae 0152 0247
Trimerolichas,0496 Utiinae' 0247'
Trimerus, 042, 072, 075, 0460 Utioida~,0152 0246
Trinia, 0516 '
Triniidae, 0516
Trinodidae, 0151, 0176 VANDEL, 04, 08, 013, 015,022

Vanuxemella, 075, 0230
Trinodus, 0178 Yanuxemellinae, 0151, 0227
Trinucleacea, 0419 Varvia,0354
TrinucIeen, 0420 ventromarginal suture, 0126
TRINUCLEl,040 Vermilionites, 0309
TRINUCLElDA, 0149, 0231 Vermontella 0235
Trinculeidae, 056, 066, 067, 076, V'd' 040i

091, 0100,0104,0112,0119, y I, f1
k
a, , II 0525

0120-0122 0126 0147-0152 ma ame a,
0158 0163 0420' , vincular furrow, 0105, 0126

Trinucl~ides 0420 Vinicella, 0213
trinucleid su~ure pattern 067 0159 Vistoia, 0230
TR1NUCLEINA, 0163, 0231, visual surface of eye, 0126

0419 VOGDES, 040
Trinucleinae, 0152, 0163, 0420 Vogdesia, 0344
TrinucIeoidae 0152 0419 VOLBORTH, 096, 099
Trinucleoides: 0425' Yoiborthia, 0467
Trinucleus, 086,092, OlIO, 0147, Volonellus, 0521

0420
TriplagnosIus, 0179
TRIPP, 02
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Yunnanocephalidae, 0151,
0212

Yunnanocephalus, 0212

0560

Yohoia, 014, 024, 036
Yohoiidae, 028, 035
Yokuseniidae, 0151
Yokusenioidae, 0151
Yorkella, 0516
Youngia,0439
Yoyarria, 0525
Yuepingia,0350
Yuknessaspis,0233
Yukonaspis, 0271

Arthropoda

0161, Zacanthopsis,0230
Zacompsus,0521
Zbirovia, 0375
Zdicella, 0375

Zacanthoidae, 0149, 0150, 0227 Zeliszkella, 0473
Zacanthoides, 053, 0227 Zeliszkellinae, 0152, 0163,0473
Zacanthoididae, 053, 057, 059, Zethus, 0435

066, 067, 072, 075, 0149, Zetillaenus, 0374
0150, 0154,0158,0227 Zuninaspis,0354

Zacanthoididea, 0150 ZITTEL-EASTMAN,0147
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