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EDITORIAL PREFACE

From the outset the aim of the Treatise on
Invertebrate Paleontology has been to present
a comprehensive and authoritative yet com-
pact statement of knowledge concerning
groups of invertebrate fossils. Typically,
preparation of early Treatise volumes was
undertaken by a small group with a synoptic
view of the taxa being monographed. Two or
perhaps three specialists worked together,
sometimes co-opting others for coverage of
highly specialized taxa. Recently, however,
both new Treatise volumes and revisions of
existing ones have been undertaken increas-
ingly by teams of specialists led by a coordi-
nating author. This volume, Part O, Arthro-
poda 1, Revised, the first of a series of
volumes on the trilobites, has been prepared
by such a team of specialists whose work was
coordinated by Professor H. B. Whittington.
Editorial matters specific to this volume are
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discussed near the end of this editorial pref-
ace.

ZOOLOGICAL NAMES

Questions about the proper use of zoo-
logical names arise continually, especially
questions regarding both the acceptability of
names and alterations of names that are al-
lowed or even required. Regulations pre-
pared by the International Commission on
Zoological Nomenclature (ICZN) and pub-
lished in 1985 in the International Code of
Zoological Nomenclature, hereinafter referred
to as the Code, provide procedures for an-
swering such questions. The prime objective
of the Code is to promote stability and uni-
versality in the use of the scientific names of
animals, ensuring also that each generic
name is distinct and unique, while avoiding



unwarranted restrictions on freedom of
thought and action of systematists. Priority
of names is a basic principle of the Code, but
under specified conditions and by following
prescribed procedures, priority may be set
aside by the Commission. These procedures
apply especially where slavish adherence to
the principle of priority would hamper or
even disrupt zoological nomenclature and
the information it conveys.

The Commission, ever aware of the
changing needs of systematists, is undertak-
ing a revision of the Code that will further
enhance nomenclatorial stability. Neverthe-
less, the nomenclatorial tasks that confront
zoological taxonomists are formidable and
have often justified the complaint that the
study of zoology and paleontology is too of-
ten merely the study of names rather than
the study of animals. It is incumbent upon
all systematists, therefore, at the outset of
their work to pay careful attention to the
Code to enhance stability by minimizing the
number of subsequent changes of names, too
many of which are necessitated by insuffi-
cient attention to detail. To that end, several
pages here are devoted to aspects of zoologi-
cal nomenclature that are judged to have
chief importance in relation to procedures
adopted in the Treatise, especially in this vol-
ume. Terminology is explained, and ex-
amples are given of the style employed in the
nomenclatorial parts of the systematic de-
scriptions.

GROUPS OF TAXONOMIC
CATEGORIES

Each taxon belongs to a category in the
Linnaean, hierarchical classification. The
Code recognizes three groups of categories, a
species-group, a genus-group, and a family-
group. Taxa of lower rank than subspecies are
excluded from the rules of zoological no-
menclature, and those of higher rank than
superfamily are not regulated by the Code. It
is both natural and convenient to discuss
nomenclatorial matters in general terms first

© 2009 University of Kansas Paleontological Institute

and then to consider each of these three, rec-
ognized groups separately. Especially impor-
tant is the provision that within each group
the categories are coordinate, that is, equal in
rank, whereas categories of different groups
are not coordinate.

FORMS OF NAMES

All zoological names can be considered on
the basis of their spelling. The first form of
a name to be published is defined as the
original spelling (Code, Article 32), and any
form of the same name that is published later
and is different from the original spelling is
designated a subsequent spelling (Code, Ar-
ticle 33). Not every original or subsequent
spelling is correct.

ORIGINAL SPELLINGS

If the first form of a name to be published
is consistent and unambiguous, the original
is defined as correct unless it contravenes
some stipulation of the Code (Articles 11, 27
to 31, and 34) or unless the original publica-
tion contains clear evidence of an inadvert-
ent error in the sense of the Code, or, among
names belonging to the family-group, unless
correction of the termination or the stem of
the type genus is required. An original spell-
ing that fails to meet these requirements in
defined as incorrect.

If a name is spelled in more than one way
in the original publication, the form adopted
by the first reviser is accepted as the correct
original spelling, provided that it complies
with mandatory stipulations of the Code
(Articles 11 and 24 to 34).

Incorrect original spellings are any that fail
to satisfy requirements of the Codle, represent
an inadvertent error, or are one of multiple
original spellings not adopted by a first re-
viser. These have no separate status in zoo-
logical nomenclature and, therefore, cannot
enter into homonymy or be used as replace-
ment names; and they call for correction. For
example, a name originally published with a



diacritical mark, apostrophe, dieresis, or hy-
phen requires correction by deleting such
features and uniting parts of the name origi-
nally separated by them, except that deletion
of an umlaut from a vowel in a name derived
from a German word or personal name un-
fortunately requires the insertion of e after
the vowel. Where original spelling is judged
to be incorrect solely because of inadequacies
of the Greek or Latin scholarship of the au-
thor, nomenclatorial changes conflict with
the primary propose of zoological nomencla-
ture as an information retrieval system. One
looks forward with hope to a revised Code
wherein rules are emplaced that enhance sta-
bility rather than classical scholarship,
thereby facilitating access to information.

SUBSEQUENT SPELLINGS

If a subsequent spelling differs from an
original spelling in any way, even by the
omission, addition, or alteration of a single
letter, the subsequent spelling must be de-
fined as a different name. Exceptions include
such changes as an altered termination of
adjectival specific names to agree in gender
with associated generic names; changes of
family-group names to denote assigned taxo-
nomic rank; and corrections that eliminate
originally used diacritical marks, hyphens,
and the like. Such changes are not regarded
as spelling changes conceived to produce a
different name. In some instances, however,
species-group names having variable spell-
ings are regarded as homonyms as specified
in the Code (Article 58).

Altered subsequent spellings other than
the exceptions noted may be either inten-
tional or unintentional. If “demonstrably
intentional” (Code, Article 33, p. 73), the
change is designated as an emendation.
Emendations may be either justifiable or
unjustifiable. Justifiable emendations are
corrections of incorrect original spellings,
and these take the authorship and date of the
original spellings. Unjustifiable emendations
are names having their own status in nomen-
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clature, with author and date of their publi-
cation. They are junior, objective synonyms
of the name in its original form.

Subsequent spellings, if unintentional, are
defined as incorrect subsequent spellings.
They have no status in nomenclature, do not
enter into homonymy, and cannot be used as
replacement names.

AVAILABLE AND
UNAVAILABLE NAMES

Editorial prefaces of some previous vol-
umes of the Treatise have discussed in appre-
ciable detail the availability of the many
kinds of zoological names that have been
proposed under a variety of circumstances.
Much of that information, while important,
does not pertain to the present volume, in
which authors have used fewer terms for
such names. The reader is referred to the
Code (Articles 10 to 20) for further details on
availability of names. Here, suffice it to say
that an available zoological name is any that
conforms to all mandatory provisions of the
Code. All zoological names that fail to com-
ply with mandatory provisions of the Code
are unavailable and have no status in zoologi-
cal nomenclature. Both available and un-
available names are classifiable into groups
that have been recognized in previous vol-
umes of the Treatise, although not explicitly
differentiated in the Code. Among names
that are available, these groups include invio-
late names, perfect names, imperfect names,
vain names, transferred names, improved or
corrected names, substitute names, and con-
served names. Kinds of unavailable names
include naked names (see nomina nuda be-
low), denied names, impermissible names,
null names, and forgotten names.

Nomina nuda include all names that fail to
satisfy provisions stipulated in Article 11 of
the Code, which states general requirements
of availability. In addition, they include
names published before 1931 that were un-
accompanied by a description, definition, or
indication (Code, Article 12) and names



published after 1930 that (1) lacked an ac-
companying statement of characters that dif-
ferentiate the taxon, (2) were without a
definite bibliographic reference to such a
statement, (3) were not proposed expressly as
a replacement (nomen novum) of a preexist-
ing available name (Code, Article 13a), or (4)
for genus-group names, were unaccompa-
nied by definite fixation of a type species by
original designation or indication (Code,
Article 13b). Nomina nuda have no status in
nomenclature, and they are not correctable
to establish original authorship and date.

VALID AND INVALID NAMES

Important considerations distinguish
valid from available names on the one hand
and invalid from unavailable names on the
other. Whereas determination of availability
is based entirely on objective considerations
guided by articles of the Code, conclusions as
to validity of zoological names may be partly
subjective. A valid name is the correct one
for a given taxon, which may have two or
more available names but only a single cor-
rect, hence valid, name, which is also gener-
ally the oldest name that it has been given.
Obviously, no valid name can also be an
unavailable name, but invalid names may be
either available or unavailable. It follows that
any name for a given taxon other than the
valid name, whether available or unavailable,
is an invalid name.

One encounters a sort of nomenclatorial
no-man’s land in considering the status of
such zoological names as nomina dubia
(doubtful names), which may include both
available and unavailable names. The un-
available ones can well be ignored, but names
considered to be available contribute to un-
certainty and instability in the systematic lit-
erature. These can ordinarily be removed
only by appeal to the ICZN for special ac-
tion. Because few systematists care to seek
such remedy, such invalid but available
names persist in the literature.

© i)

NAME CHANGES IN
RELATION TO GROUPS OF
TAXONOMIC CATEGORIES

SPECIES-GROUP NAMES

Detailed consideration of valid emenda-
tion of specific and subspecific names is un-
necessary here, both because the topic is well
understood and relatively inconsequential
and because the Treatise deals with genus-
group names and higher categories. When
the form of adjectival specific names is
changed to agree with the gender of a generic
name in transferring a species from one ge-
nus to another, one need never label the
changed name as nomen correctum. Similarly,
transliteration of a letter accompanied by a
diacritical mark in the manner now called for
by the Code, as in changing originally
briggeri to broeggeri, or eliminating a hy-
phen, as in changing originally published
cornu-oryx to cornuoryx, does not require the
designation nomen correctum. Of course, in
this age of computers and electronic data-
bases, such changes of name, which are per-
fectly valid for the purposes of scholarship,
run counter to the requirements of nomen-
clatorial stability upon which the prepara-
tion of massive, electronic databases is predi-
cated.

GENUS-GROUP NAMES

Conditions warranting change of the
originally published, valid form of generic
and subgeneric names are sufficiently rare
that lengthy discussion is unnecessary. Only
elimination of diacritical marks and hyphens
in some names in this category and replace-
ment of homonyms seem to furnish basis for
valid emendation. Many names that for-
merly were regarded as homonyms are no
longer so regarded, because two names that
differ only by a single letter or in original
publication by the presence of a diacritical
mark in one are now construed to be entirely
distinct.
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As has been pointed out above, difficulty
typically arises when one tries to decide
whether a change of spelling of a name by a
subsequent author was intentional or unin-
tentional, and the decision has often to be
made arbitrarily.

FAMILY-GROUP NAMES

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 of any
of these groups, whether tribe, subfamily, or
family (superfamily being almost inevitably
a later-conceived taxon). Accordingly, if a
family is divided into subfamilies or a sub-
family into tribes, the name of no such sub-
family or tribe can antedate the family name.
Moreover, every family containing differen-
tiated subfamilies must have a nominate sub-
family (sensu stricto), which is based on the
same type genus as the family. Finally, the
author and date set down for the nominate
subfamily invariably are identical with those
of the family, irrespective of whether the
author of the family or some subsequent
author introduced subdivisions.

Corrections in the form of family-group
names do not affect authorship and date of
the taxon concerned, but in the Treatise re-
cording the authorship and date of the cor-
rection is desirable because it provides a
pathway to follow the thinking of the sys-
tematists involved.

Family-Group Names: Use of nomen
translatum

The Code specifies the endings only for
subfamily (-inae) and family (-idae) names,
but all family-group taxa are defined as coor-
dinate (Code, Article 36, p. 77): “A name
established for a taxon at any rank in the
family group is deemed to be simultaneously
established with the same author and date
for taxa based upon the same name-bearing

i)

type (type genus) at other ranks in the fam-
ily group, with appropriate mandatory
change of suffix [Art. 34a].” Such changes of
rank and concomitant changes of endings as
elevation of a tribe to subfamily rank or of a
subfamily to family rank, if introduced sub-
sequent to designation of a subfamily or
family based on the same nominotypical ge-
nus, are nomina translata. In the Treatise it is
desirable to distinguish the valid alteration in
the changed ending of each transferred fam-
ily-group name by the term nomen
translatum, abbreviated to nom. transl. Simi-
larly for clarity, authors should record the
author, date, and page of the alteration.

Family HEXAGENITIDAE Lameere,
1917

[nom. transl. DEMOULIN, 1954, p. 566, ex Hexagenitinae LAMEERE, 1917,
p. 74]

This is especially important for superfami-
lies, for the information of interest is the
author who initially introduced a taxon
rather than the author of the superfamily as
defined by the Code. The latter is merely the
individual who first defined some lower-
ranked, family-group taxon that contains the
nominotypical genus of the superfamily. On
the other hand, the publication that intro-
duces the superfamily by nomen translatum is
likely to furnish the information on taxo-
nomic considerations that support definition
of the taxon.

Superfamily AGNOSTOIDEA
M’Coy, 1849

[nom. transl. SHERGOLD, LAURIE, & SUN, 1990, p. 32, ex Agnostinae
M’Coy, 1849, p. 402]

Family-group Names: Use of nomen
correctum

Valid name changes classed as nomina
correcta do not depend on transfer from one
category of the family group to another but
most commonly involve correction of the
stem of the nominotypical genus. In addi-
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tion, they include somewhat arbitrarily cho-
sen modifications of endings for names of
tribes or superfamilies. Examples of the use
of nomen correctum are the following.

Family STREPTELASMATIDAE
Nicholson, 1889

[nom. correct. WEDEKIND, 1927, p. 7, pro Streptelasmidae NICHOLSON in
NIcHOLSON & LYDEKKER, 1889, p. 297]

Family PALAEOSCORPIDAE
Lehmann, 1944

[nom. correct. PETRUNKEVITCH, 1955, p. 73, pro Palacoscorpionidae
LEHMANN, 1944, p. 177]

FAMILY-GROUP NAMES:
REPLACEMENTS

Family-group names are formed by add-
ing combinations of letters, which are pre-
scribed for family and subfamily, to the stem
of the name belonging to the nominotypical
genus first chosen as type of the assemblage.
The type genus need not be the first genus in
the family to have been named and defined,
but among all those included it must be the
first published as name giver to a family-
group taxon. Once fixed, the family-group
name remains tied to the nominotypical ge-
nus even if the generic name is changed by
reason of status as a junior homonym or jun-
ior synonym, either objective or subjective.
Seemingly, the Code requires replacement of
a family-group name only if the nomino-
typical genus is found to have been a junior
homonym when it was proposed (Code, Ar-
ticle 39, p. 79), in which case “. . . it must be
replaced either by the next oldest available
name from among its synonyms, including
those of its subordinate taxa, or, if there is no
such name, by a new replacement name
based on the valid name of the former type
genus.” Authorship and date attributed to
the replacement family-group name are de-
termined by first publication of the changed
family-group name. Recommendation 40A
of the Code (p. 81), however, specifies that
for subsequent application of the rule of pri-
ority, the family-group name “. . . should be
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cited with its own author and date, followed
by the date of the replaced name in paren-
theses.” Many family-group names that have
been in use for a long time are nomina nuda,
since they fail to satisfy criteria of availabil-
ity (Code, Article 11f). These demand re-
placement by valid names.

The aim of family-group nomenclature is
to yield the greatest possible stability and
uniformity, just as in other zoological names.
Both taxonomic experience and the Code
(Article 40) indicate the wisdom of sustain-
ing family-group names based on junior sub-
jective synonyms if they have priority of
publication, for opinions of the same worker
may change from time to time. The reten-
tion of first-published, family-group names
that are found to be based on junior objec-
tive synonyms, however, is less clearly desir-
able, especially if a replacement name de-
rived from the senior objective synonym has
been recognized very long and widely. More-
over, to displace a widely used, family-group
name based on the senior objective synonym
by disinterring a forgotten and virtually un-
used family-group name based on a junior
objective synonym because the latter hap-
pens to have priority of publication is unset-
tling.

A family-group name may need to be re-
placed if the nominotypical genus is trans-
ferred to another family-group. If so, the
first-published of the generic names remain-
ing in the family-group taxon is to be recog-
nized in forming a replacement name.

Suprafamilial Taxa: Taxa above Family-

Group

International rules of zoological nomen-
clature as given in the Codle affect only lower-
rank categories: subspecies to superfamily.
Suprafamilial categories (suborder to phy-
lum) are either not mentioned or explicitly
placed outside of the application of zoologi-
cal rules. The Copenhagen Decisions on Zoo-
logical Nomenclature (1953, Articles 59 to
69) proposed adopting rules for naming sub-
orders and higher taxa up to and including



phylum, with provision for designating a
type genus for each, in such manner as not to
interfere with the taxonomic freedom of
workers. Procedures were outlined for apply-
ing the rule of priority and rule of hom-
onymy to suprafamilial taxa and for dealing
with the names of such taxa and their au-
thorship, with assigned dates, if they should
be transferred on taxonomic grounds from
one rank to another. The adoption of termi-
nations of names, different for each category
but uniform within each, was recommended.

The Colloquium on Zoological Nomen-
clature, which met in London during the
week just before the 15th International Con-
gress of Zoology convened in 1958, thor-
oughly discussed the proposals for regulating
suprafamilial nomenclature, as well as many
others advocated for inclusion in the new
Code or recommended for exclusion from it.
A decision that was supported by a wide
majority of the participants in the collo-
quium was against the establishment of rules
for naming taxa above family-group rank,
mainly because it was judged that such regu-
lation would unwisely tie the hands of tax-
onomists. For example, a class or order de-
fined by an author at a given date, using
chosen morphologic characters (e.g., gills of
bivalves), should not be allowed to freeze
nomenclature, taking precedence over an-
other class or order that is proposed later and
distinguished by different characters (e.g.,
hinge teeth of bivalves). Even the fixing of
type genera for suprafamilial taxa would have
little, if any, value, hindering taxonomic
work rather than aiding it. No basis for es-
tablishing such types and for naming these
taxa has yet been provided.

The considerations just stated do not pre-
vent the editors of the Treatise from making
rules for dealing with suprafamilial groups of
animals described and illustrated in this pub-
lication. Some uniformity is needed, espe-
cially for the guidance of Treatise authors.
This policy should accord with recognized
general practice among zoologists; but where
general practice is indeterminate or nonexist-
ent, our own procedure in suprafamilial no-
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menclature needs to be specified as clearly as
possible. This pertains especially to decisions
about names themselves, about citation of
authors and dates, and about treatment of
suprafamilial taxa that, on taxonomic
grounds, are changed from their originally
assigned rank. Accordingly, a few rules ex-
pressing Treatise policy are given here, some
with examples of their application.

1. The name of any suprafamilial taxon
must be a Latin or Latinized, uninominal
noun of plural form, or treated as such, with
a capital initial letter and without diacritical
mark, apostrophe, diaeresis, or hyphen. If a
component consists of a numeral, numerical
adjective, or adverb, this must be written in
full.

2. Names of suprafamilial taxa may be
constructed in almost any manner. A name
may indicate morphological attributes (e.g.,
Lamellibranchiata, Cyclostomata, Toxo-
glossa) or be based on the stem of an in-
cluded genus (e.g., Bellerophontina, Nauti-
lida, Fungiina) or on arbitrary combinations
of letters (e.g., Yuania); none of these, how-
ever, can end in -idae or -inae, which termi-
nations are reserved for family-group taxa.
No suprafamilial name identical in form to
that of a genus or to another published
suprafamilial name should be employed
(e.g., order Decapoda LATREILLE, 1803, crus-
taceans, and order Decapoda LeacH, 1818,
cephalopods; suborder Chonetoidea MUIR-
Woob, 1955, and genus Chonetoidea JONES,
1928). Worthy of notice is the classificatory
and nomenclatorial distinction between
suprafamilial and family-group taxa that,
respectively, are named from the same type
genus, since one is not considered to be
transferable to the other (e.g., suborder
Bellerophontina ULricH & SCOFIELD, 1897
is not coordinate with superfamily Bellero-
phontacea McCoy, 1851 or family Bellero-
phontidae McCoy, 1851).

3. The rules of priority and homonymy
lack any force of international agreement as
applied to suprafamilial names, yet in the
interest of nomenclatorial stability and to
avoid confusion these rules are widely



applied by zoologists to taxa above the fam-
ily-group level wherever they do not infringe
on taxonomic freedom and long-established
usage.

4. Authors who accept priority as a deter-
minant in nomenclature of a suprafamilial
taxon may change its assigned rank at will,
with or without modifying the terminal let-
ters of the name, but such changes cannot
rationally be judged to alter the authorship
and date of the taxon as published originally.
A name revised from its previously published
rank is a transferred name (nomen transla-
tum), as illustrated in the following.

Order CORYNEXOCHIDA
Kobayashi, 1935

[nom. transl. MOORE, 1959, p. 217, ex suborder Corynexochida KosavasHr,
1935, p. 81]

A name revised from its previously pub-
lished form merely by adoption of a different
termination without changing taxonomic
rank is a nomen correctum.

Order DISPARIDA Moore &
Laudon, 1943

[nom. correct. MOORE in MOORE, LALICKER, & FISCHER, 1952, p. 613, pro
order Disparata MOORE & LAUDON, 1943, p. 24]

A suprafamilial name revised from its pre-
viously published rank with accompanying
change of termination, which signals the
change of rank, is recorded as a nomen
translatum et correctum.

Order HYBOCRINIDA
Jaekel, 1918

[nom. transl. et correct. MOORE in MOORE, LALICKER, & FISCHER, 1952, p.
613, ex suborder Hybocrinites JAEKEL, 1918, p. 90]

5. The authorship and date of nominate
subordinate and supraordinate taxa among
suprafamilial taxa are considered in the T7ea-
tise to be identical since each actually or po-
tentially has the same type. Examples are
given below.

Subclass ENDOCERATOIDEA
Teichert, 1933

[nom. transl. TEICHERT in TEICHERT & others, 1964, p. 128, ex order
Endoceroidea TEICHERT, 1933, p. 214]
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Order ENDOCERIDA
Teichert, 1933

[nom. correct. TEICHERT in TEICHERT & others, 1964, p. 165, pro order
Endoceroidea TEICHERT, 1933, p. 214]

TAXONOMIC EMENDATION

Emendation has two distinct meanings as
regards zoological nomenclature. These are
alteration of a name itself in various ways for
various reasons, as has been reviewed, and
alteration of the taxonomic scope or concept
for which a name is used. The Code (Article
33a and Glossary, p. 254) concerns itself
only with the first type of emendation, ap-
plying the term to intentional, either justi-
fied or unjustified changes of the original
spelling of a name. The second type of emen-
dation primarily concerns classification and
inherently is not associated with change of
name. Little attention generally has been
paid to this distinction in spite of its signifi-
cance.

Most zoologists, including paleontolo-
gists, who have emended zoological names
refer to what they consider a material change
in application of the name such as may be
expressed by an importantly altered diagno-
sis of the assemblage covered by the name.
The abbreviation emend. then must accom-
pany the name with statement of the author
and date of the emendation. On the other
hand, many systematists think that publica-
tion of emend. with a zoological name is val-
ueless because alteration of a taxonomic con-
cept is introduced whenever a subspecies,
species, genus, or other taxon is incorporated
into or removed from a higher zoological
taxon. Inevitably associated with such clas-
sificatory expansions and restrictions is some
degree of emendation affecting diagnosis.
Granting this, still it is true that now and
then somewhat more extensive revisions are
put forward, generally with a published
statement of the reasons for changing the
application of a name. To erect a signpost at
such points of most significant change is
worthwhile, both as an aid to subsequent
workers in taking account of the altered no-



menclatorial usage and to indicate where in
the literature cogent discussion may be
found. Authors of contributions to the 7rea-
tise are encouraged to include records of all
especially noteworthy emendations of this
nature, using the abbreviation emend. with
the name to which it refers and citing the
author, date, and page of the emendation.
Examples from Treatise volumes follow.

Order ORTHIDA
Schuchert & Cooper, 1932

[nom. transl. et correct. MOORE in MOORE, LALICKER, & FISCHER, 1952, p.
220, ex suborder Orthoidea ScHUCHERT & COOPER, 1932, p. 43; emend.,
WiLLiams & WRIGHT, 1965, p. 299]

Subfamily ROVEACRININAE
Peck, 1943

[Roveacrininae PECK, 1943, p. 465; emend., PECK in MOORE & TEICHERT,
1978, p. 921]

STYLE IN GENERIC
DESCRIPTIONS

CITATION OF TYPE SPECIES

In the Treatise the name of the type species
of each genus and subgenus is given imme-
diately following the generic name with its
accompanying author, date, and page refer-
ence or after entries needed for definition of
the name if it is involved in homonymy. The
originally published combination of generic
and trivial names of this species is cited, ac-
companied by an asterisk (*), with notation
of the author, date, and page of original pub-
lication, except if the species was first pub-
lished in the same paper and by the same
author as that containing definition of the
genus of which it is the type. In this instance,
the initial letter of the generic name followed
by the trivial name is given without repeat-
ing the name of the author and date. Ex-
amples of these two sorts of citations follow.
Orionastraea SMITH, 1917, p. 294 [*Sarcinula phillipsi

McCoy, 1849, p. 125; OD].

Schoenophyllum Sivprson, 1900, p. 214 [*S.
aggregatum; OD].

If the cited type species is a junior synonym

of some other species, the name of this latter

also is given, as follows.
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Actinocyathus D’ORBIGNY, 1849, p. 12 [*Cyatho-
phyllum crenulate PHiLLIPS, 1836, p. 202; M;
=Lonsdaleia floriformis (MARTIN), 1809, pl. 43; vali-
dated by ICZN Opinion 419].

In some instances the type species is a jun-
ior homonym. If so, it is cited as shown in
the following example.

Prionocyclus MEEK, 1871b, p. 298 [*Ammonites ser-
ratocarinatus MEEK, 1871a, p. 429, non STOLICZKA,
1964, p. 57; =Prionocyclus wyomingensis MEEK,
1876, p. 452].

In the Treatise the name of the type species
is always given in the exact form it had in the
original publication except that diacritical
marks have been removed. Where other
mandatory changes are required, these are
introduced later in the text, typically in a
figure caption.

Fixation of Type Species Originally

It is desirable to record the manner of es-
tablishing the type species, whether by origi-
nal designation (OD) or by subsequent des-
ignation (SD). The type species of a genus or
subgenus, according to provisions of the
Code, may be fixed in various ways in the
original publication; or it may be fixed sub-
sequently in ways specified by the Code (Ar-
ticle 68) and described in the next section.
Type species fixed in the original publication
include (1) original designation (in the Trea-
tise indicated by OD) when the type species
is explicitly stated or (before 1931) indicated
by n. gen., n. sp. (or its equivalent) applied
to a single species included in a new genus,
(2) defined by use of zypus or typicus for one
of the species included in a new genus (ad-
equately indicated in the Zreatise by the spe-
cific name), (3) established by monozypy if a
new genus or subgenus has only one origi-
nally included species (in the Treatise indi-
cated as M), and (4) fixed by tautonymy if the
genus-group name is identical to an included
species name not indicated as the type.

Fixation of Type Species Subsequently

The type species of many genera are not
determinable from the publication in which
the generic name was introduced. Therefore,
such genera can acquire a type species only



by some manner of subsequent designation.
Most commonly this is established by pub-
lishing a statement naming as type species
one of the species originally included in the
genus. In the Treatise such fixation of the
type species by subsequent designation 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 publication date and
page number of the subsequent designation.
Some genera, as first described and named,
included no mentioned species (for such
genera established after 1930, see below);
these necessarily lack a type species until a
date subsequent to that of the original pub-
lication when one or more species is assigned
to such a genus. If only a single species is
thus assigned, it automatically becomes the
type species. Of course, the first publication
containing assignment of species to the ge-
nus that originally lacked any included spe-
cies is the one concerned in fixation of the
type species, and if this publication names
two or more species as belonging to the ge-
nus but did not designate a type species, then
a later SD designation is necessary. Examples
of the use of SD as employed in the Treatise
follow.

Hexagonaria GURICH, 1896, p. 171 [*Cyathophyllum
hexagonum GOLDFUSs, 1826, p. 61; SD LaNG,
SMITH, & THoMaAs, 1940, p. 69].

Mesephemera HANDLIRSCH, 1906, p. 600 [*Tineites
lithophilus GERMAR, 1842, p. 88; SD CARPENTER,

herein].

Another mode of fixing the type species of
a genus is action of the International Com-
mission of Zoological Nomenclature using
its plenary powers. Definition in this way
may set aside application of the Code so as to
arrive at a decision considered to be in the
best interest of continuity and stability of
zoological nomenclature. When made, it is
binding and commonly is cited in the Trea-
tise by the letters ICZN, accompanied by the
date of announced decision and reference to
the appropriate numbered opinion.

Subsequent designation of a type species is
admissible only for genera established prior
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to 1931. A new genus-group name estab-
lished after 1930 and not accompanied by
fixation of a type species through original
designation or original indication is invalid
(Code, Article 13D). Effort of a subsequent
author to validate such a name by subse-
quent designation of a type species consti-
tutes an original publication making the
name available under authorship and date of
the subsequent author.

HOMONYMS

Most generic names are distinct from all
others and are indicated without ambiguity
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 two or more distinct
taxonomic units, however, it is necessary to
differentiate such homonyms. This calls for
distinction between junior homonyms and
senior homonyms. Because a junior hom-
onym is invalid, it must be replaced by some
other name. For example, Callophora HaLL,
1852, introduced for Paleozoic trepostomate
bryozoans, is invalid because Gray in 1848
published the same name for Cretaceous-to-
Holocene cheilostomate bryozoans. Bassler
in 1911 introduced the new name Hallo-
phora to replace Hall’s homonym. The Trea-
tise style of entry is given below.

Hallophora BassLer, 1911, p. 325, nom. nov. pro
Callophora HaLL, 1852, p. 144, non Gray, 1848.

In like manner, a replacement generic name
that is needed may be introduced in the 77ea-
tise (even though first publication of generic
names otherwise in this work is generally
avoided). An exact bibliographic reference
must be given for the replaced name as in the
following example.

Mysterium DE LAUBENFELS, herein, nom. nov. pro
Mpystrium SCHRAMMEN, 1936, p. 183, non ROGER,
1862 [*Mystrium porosum SCHRAMMEN, 1936, p.
183; OD].

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



Synonymous Homonyms

An author sometimes publishes a generic
name in two or more papers of different
date, each of which indicates that the name
is new. This is a bothersome source of errors
for later workers who are unaware that a sup-
posed first publication that they have in
hand is not actually the original one. Al-
though the names were separately published,
they are identical and therefore definable as
homonyms; at the same time they are abso-
lute synonyms. For the guidance of all con-
cerned, it seems desirable to record such
names as synonymous homonyms. In the
Treatise the junior of one of these is indicated
by the abbreviation jr. syn. hom.

Not infrequently, identical family-group
names are published as new names by differ-
ent authors, the author of the name that was
introduced last being ignorant of previous
publication(s) by one or more other workers.
In spite of differences in taxonomic concepts
as indicated by diagnoses and grouping of
genera and possibly in assigned rank, these
family-group taxa, being based on the same
type genus, are nomenclatorial homonyms.
They are also synonyms. Wherever encoun-
tered, such synonymous homonyms are dis-
tinguished in the T7eatise as in dealing with
generic names.

A rare but special case of homonymy ex-
ists when identical family names are formed
from generic names having the same stem
but differing in their endings. An example is
the family name Scutellidae RICHTER &
RICHTER, 1925, based on Scutellum PuscH,
1833, a trilobite. This name is a junior hom-
onym of Scutellidae Gray, 1825, based on
the echinoid genus Scutella Lamarck, 1816.
The name of the trilobite family was later
changed to Scutelluidae (ICZN, Opinion
1004, 1974).

SYNONYMS

In the Treatise, citation of synonyms is
given immediately after the record of the
type species. If two or more synonyms of
differing date are recognized, these are ar-

©*%)09 University of Kansas Paleontological Institute

ranged in chronological order. Objective

synonyms are indicated by accompanying

designation obj., others being understood to
constitute subjective synonyms, of which the
types are also indicated. Examples showing

Treatise style in listing synonyms follow.

Mackenziephyllum PEDDER, 1971, p. 48 [*M.
insolitum; OD) [=Zonastraea TSYGANKO in SPASSKIY,
Kravrsov, & TSYGANKO, 1971, p. 85, nom. nud.;
Zonastraea TSYGANKO, 1972, p. 21 (type, Z. graciosa,
OD)].

Kodonophyllum WEDEKIND, 1927, p. 34 [*Strepte-
lasma Milne-Edwardsi Dysowski, 1873, p. 409;
OD; =Madrepora truncata LINNE, 1758, p. 795, see
SmrTH & TREMBERTH, 1929, p. 368] [=Patrophontes
LANG & SMITH, 1927, p. 456 (type, Madrepora
truncata LINNE, 1758, p. 795, OD); Codonophyllum
LANG, SMITH, & THoMaAs, 1940, p. 39, obj.].

Some junior synonyms of either the objec-
tive or the subjective sort may be preferred
over senior synonyms whenever uniformity
and continuity of nomenclature are served
by retaining a widely used but technically
rejectable name for a genus. This requires
action of the ICZN, which may use its ple-
nary powers to set aside the unwanted name,
validate the wanted one, and place the con-
cerned names on appropriate official lists.

OTHER EDITORIAL MATTERS
BIOGEOGRAPHY

Purists, Treatise editors among them,
would like nothing better than a stable world
with a stable geography that makes possible
a stable biogeographical classification. Glo-
bal events of the past few years have shown
how rapidly geography can change, and in all
likelihood we have not seen the last of such
change as new, so-called republics continue
to spring up all over the globe. One expects
confusion among readers in the future as
they try to decipher such geographical terms
as U.S.S.R., Yugoslavia, or Ceylon. Such
confusion is unavoidable, as books must be
completed and published at some real time.
Libraries would be limited indeed if publica-
tion were always to be delayed until the po-
litical world had settled down.

Insofar as possible, trilobite genera from
the former Soviet Union are referred to the



republics in which they are found, but in
some instances other kinds of information
may be given instead. In addition, such
terms as central Europe and western Europe
are likely to mean different things to differ-
ent people. Some imprecision is introduced
by the use of all such terms, of course, but it
is probably no greater than the imprecision
that stems from the fact that the work of
paleontology is not yet finished, and the geo-
graphical ranges of many genera are imper-
fectly known.

NAMES OF AUTHORS:
TRANSLATION AND
TRANSLITERATION

Chinese scientists have become increas-
ingly active in systematic paleontology in the
past two decades. Chinese names cause an-
guish among English-language bibliogra-
phers for two reasons. First, no scheme exists
for one-to-one transliteration of Chinese
characters into roman letters. Thus, a Chi-
nese author may change the roman-letter
spelling of his name from one publication to
another. For example, the name Chang, the
most common family name in the world re-
portedly held by some one billion people,
might also be spelled Zhang. The principal
purpose of a bibliography is to provide the
reader with entry into the literature. Quite
arbitrarily, therefore, in the interest of infor-
mation retrieval, the Zreatise editorial staff
has decided to retain the roman spelling that
a Chinese author has used in each of his
publications rather than attempting to adopt
a common spelling of an author’s name to be
used in all citations of his work. It is entirely
possible, therefore, that the publications of a
Chinese author may be listed in more than
one place under more than one name in the
bibliography.

Second, most but by no means all Chinese
list their family name first followed by given
names. People with Chinese names who
study in the West, however, often reverse the
order, putting the family name last as is the
Western custom. Thus, for example, Dr. Yi-
Maw Chang, recently of the staff of the Pa-

©%009 University of Kansas Paleontological Institute

leontological Institute, was Chang Yi-Maw
when he lived in Taiwan. When he came to
America, he became Yi-Maw Chang, and his
subsequent bibliographic citations are listed
as Chang, Yi-Maw. The Treatise staff has
adopted the convention of listing family
names first, inserting a comma, and follow-
ing this with given names or initials. We do
this even for Chinese authors who have not
reversed their names in the Western fashion.

Several systems exist for transliterating the
Cyrillic alphabet into the roman alphabet.
We have adopted the American Library As-
sociation/Library of Congress romanization
table for Russian and other languages using

the Cyrillic alphabet.

MATTERS SPECIFIC TO THIS
VOLUME

This volume departs from previous vol-
umes of the Treatise in several important re-
spects. Stratigraphical ranges of genera are
typically given as zones rather than exclu-
sively as universal stage names. In order to
represent these zones clearly, we have used or
in place of the solidus (/) and #0 in place of
the en-dash (-). Replacing the dash with 7
eliminates ambiguity in zones with hyphen-
ated names. This use of refined stratigraphy
has obviated the traditional Treatise range
charts of genera and higher taxa. In its place
is presented a detailed chart of Cambrian
stratigraphy that correlates stage names and
zones in numerous geological regions. Fi-
nally, unlike previous volumes of the Treatise,
the classification of the trilobites is presented
here in preliminary form. Publication of a
final classification must await the completion
of the research that is underway for prepara-
tion of future volumes on the trilobictes.

ACKNOWLEDGMENTS

The Paleontological Institute’s Assistant
Editor for Text, Elizabeth Brosius, and the
Assistant Editor for Illustrations, Jane Kerns,
have faced admirably the formidable task of
moving the volume through the various



stages of editing and into production. In this
they have been ably assisted by members of
the other editorial team, Jill Hardesty and
Karen Renteria; by Jack Keim with photog-
raphy; and by Jean Burgess with word pro-
cessing. Jill Krebs, the remaining member of
the Paleontological Institute staff, is involved
with preparation of PaleoBank, the paleon-
tological database for future Treatise vol-
umes, and has not been closely involved with
the trilobite Treatise.

This editorial preface and other, recent
ones are extensive revisions of the prefaces
prepared for previous Treatise volumes by
former editors, including the late Raymond
C. Moore, the late Curt Teichert, and Rich-
ard A. Robison. I am indebted to them for
preparing earlier prefaces and for the leader-
ship they have provided in bringing the 7rea-
tise project to its present status.

Finally, I am pleased to extend on behalf
of the members of the staff of the Paleonto-
logical Institute, both past and present, our
most sincere thanks to Professor H. B.
Whittington for the unwavering scholarship,
dedication to the task, and scrupulous atten-
tion to detail that have marked his involve-
ment with the project from the outset and,
indeed, his entire career as a specialist on the

Trilobita.

REFERENCES

Ride, W. D. L., C. W. Sabrosky, G. Bernardi, and R.
V. Melville, eds. 1985. International Code of Zoo-
logical Nomenclature. International Trust for Zoo-
logical Nomenclature. University of California
Press. Berkeley & Los Angeles. xx + 338 p.

Roger L. Kaesler
Lawrence, Kansas

July 15, 1997

STRATIGRAPHIC DIVISIONS

The major divisions of the geological time scale are reasonably well established throughout
the world, but minor divisions (e.g., substages, stages, and subseries) are more likely to be
provincial in application. The stratigraphical units listed here represent an authoritative ver-
sion of the stratigraphic column for all taxonomic work relating to revision of Part O. They
are adapted from the International Union of Geological Sciences 1989 Global Stratigraphic

Chart, compiled by J. W. Cowie and M. G. Bassett.

Paleozoic Erathem
Permian System
Upper Permian Series
Lower Permian Series
Carboniferous System
Upper Carboniferous Subsystem
Stephanian Series
Westphalian Series
Namurian Series (part)
Lower Carboniferous Subsystem
Namurian Series (part)
Visean Series
Tournaisian Series
Devonian System
Upper Devonian Series
Middle Devonian Series
Lower Devonian Series
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Silurian System
Pridoli Series
Ludlow Series
Wenlock Series
Llandovery Series
Ordovician System
Upper Ordovician Subsystem
Cincinnatian Series
Champlainian Series (part)
Lower Ordovician Subsystem
Champlainian Series (part)
Canadian Series
Cambrian System
Lower Cambrian Series
Middle Cambrian Series
Upper Cambrian Series



AUTHOR'S PREFACE

The introduction is intended to correct
and amplify the general description given by
Harrington in the first edition of Treatise,
Part O (in Moore, 1959, p. 38-117), in the
light of research published by the end of
1993. Historical matters such as early stud-
ies and the development of ideas on classifi-
cation are omitted. Particularly the discovery
and description of new silicified material
have greatly added to knowledge of exoskel-
etal morphology, as the section on this sub-
ject shows. In the following section new and
earlier information on the limbs is summa-
rized, before considering possible muscula-
ture, mode of walking, and sensory devices.
The publication of Memoir 67 on paleoecol-
ogy by the Geological Society of America in
1957 and the publication in 1955 of Profes-
sor A. Seilacher’s studies on trace fossils at-
tributed to trilobites stimulated work in
these fields. In conjunction with the increas-
ing knowledge of sedimentary rocks and di-
agenetic processes, much research has been
published on matters unrepresented in the
1959 edition. Other new studies have re-
sulted in plausible reconstructions of Paleo-
zoic world geography and enabled fresh
thinking on faunal realms. The sections on
mode of life, habits, occurrence, and use of
numerical and cladistic methods are no more
than an introduction to these subjects by
reference to examples in which additional
works are listed.

I am indebted to Dr. Euan N. K.
Clarkson, Edinburgh University, for kindly
contributing the account of the trilobite eye
and for his collaboration in describing
coaptative structures. Professor Brian D. E.
Chatterton, University of Alberta, and Dr.
Stephen E. Speyer have provided an entirely
new account of ontogeny; Dr. Richard A.
Fortey, Natural History Museum, London,
has provided the classification to be used in
this revision and in collaboration with Dr. R.
M. Owens, National Museum of Wales, an
account of evolution. Dr. Nadine V. Wilmot
collaborated in describing the microstructure
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of the exoskeleton and provided the originals
of Figures 70 and 71.

Throughout the text, when considering a
specific exoskeletal structure, reference is
made to structures found in related taxa or
the affinities of a particular genus are indi-
cated. As Fortey points out in his discussion
of classification, many family-group names
are long established, widely understood, and
accepted. Such familiar names are used here
to indicate relationship, either formally or
informally. For example, Cheirurus and re-
lated genera may be referred to as
Cheiruroidea (the superfamily), Cheiruridae
(the family), or Cheirurinae (the subfamily).
Informally, a superfamily group may be re-
ferred to as cheiruroids or a family group as
cheirurids. Such informal terms as cheirurine
or cheiruride lack precise meaning and will
not be used. At a higher taxonomic level
there is little or no agreement on natural
groups, and a new, as yet incomplete, group-
ing into orders and suborders is outlined
below by Fortey. In the text, names of these
ordinal and subordinal taxa are used formally
to indicate that it is the group defined in this
new arrangement that is being referred to—
i.e., as Olenellina (the suborder) or Proetida
(the order). This procedure means that a
suborder composed of a single superfamily,
for example Eodiscina or Calymenina, may
be referred to also as ecodiscoids or
calymenoids, but this is not the case with
suborders that include more than one super-
family. For example, the suborder Agnostina
is not embraced by the informal term
agnostoid, which refers only to the super-
family Agnostoidea.

In the preparation of this introduction I
have benefited from discussions and corre-
spondence with Drs. W. T. Dean, R. A.
Fortey, C. P. Hughes, P. D. Lane, R. M.
Owens, A. W. A. Rushton, J. H. Shergold,
D. J. Siveter, and A. T. Thomas, but respon-
sibility for its content remains with me. I
express my gratitude to the Leverhulme Trust
for their support of my research and the



Department of Earth Sciences, University of
Cambridge, for the provision of facilities in
the preparation of this account, including all
the new figures. Mrs. Sandra J. Last has put
much skill and effort into the preparation of
the text.

Authorship of the systematic sections is
indicated, the diagnoses of the class Trilobita,
orders, and suborders being by R. A. Fortey
and me. I am indebted to these authors for
their willingness to contribute and for their
patience and promptness in answering que-
ries and giving additional information at the
editorial stage. A grant from Treatise funds
enabled Professor W. T. Chang to substitute

photographs for drawings of Redlichiina.
Most helpful has been Dr. J. H. Shergold’s
willingness to provide the section on Cam-
brian correlation. Work began on this revi-
sion in 1980, and two further volumes on
systematics are proposed. I am happy, now
that Volume 1 is completed, to pass the reins
of coordinating authorship into the hands of
Dr. R. A. Fortey and to wish him well in a
daunting task.

H. B. Whittington

Sedwick Museum

Downing Street

Cambridge

England

REPOSITORIES AND THEIR ABBREVIATIONS

Abbreviations and locations for museums
and institutions holding type material,
which are used throughout the systematic
sections of this volume, are listed below.

AGSO: Australian Geological Survey Organisation
(formerly Bureau of Mineral Resources, BMR),
Canberra, Australia

AMF: Australian Museum, Sydney, Australia

AMNH: American Museum of Natural History, New
York, USA

ANU: Australian National University, Canberra, Aus-
tralia

AUGD: South Australian Museum, Adelaide, Austra-
lia

BAF CB: Universidad de Buenos Aires, Departmento
de Biologia, Buenos Aires, Argentina

BGS: British Geological Survey (formerly the Geologi-
cal Survey and Museum, GSM), London, U.K.

BGU: Geological Museum, Buryat Geological Board,
Ulan-Ude, Russia

BMNH: British Museum (Natural History), London,
U.K. (now Natural History Museum, London,
NHM)

BU: Department of Geology, Birmingham University,
Birmingham, U.K.

CAGC: Chinese Academy of Geological Sciences,
Beijing, China

CIGMR: Chengdu Institute of Geology and Mineral
Resources, Chengdu, Sichuan, China

CNIGR: Central Scientific Research Geological Explo-
ration Museum (Chernyshev Museum), St. Peters-
burg, Russia

CSGM: Central Siberian Geological Museum, United
Institute of Geology, Geophysics and Mineralogy,
Siberian Branch of the Russian Academy of Sci-
ences, Novosibirsk, Russia

CU: Cornell University, Ithaca, New York
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CUGB: China University of Geosciences, Beijing,
China

GGU: Gronlands Geologiske Undersogelse (Geologi-
cal Survey of Greenland), Copenhagen, Denmark

GIN: Geological Institute, Academy of Sciences, Mos-
cow, Russia

GIT: Geological Institute of Tallinn, Estonia

GMAN: Geological Museum, Geological Institute,
Kazakhstan Academy of Sciences, Alma Ata,
Kazakhstan

GMU: Geological Museum, Ukrainian Academy of
Sciences, Kiev, Russia

GPCN: Paleontological Division, Museum of West
Siberian Geological Production Company,
Novosibirsk, Russia

GSC: Geological Survey of Canada, Ottawa, Ontario,
Canada

GSE: Institute of Geological Sciences, Edinburgh,
Scotland

GSI: Geological Survey of India, Calcutta, India

HBG: Hunan Provincial Bureau of Geology,
Changsha, Hunan, China

HMB: Museum for Natural Science, Humboldt-Uni-
versity, Berlin, Germany

ICS: Institute for Cambrian Studies, Boulder, Colo-
rado, USA

IGGN: see CSGM

IGiG: Institute of Geology and Geophysics,
Uzbekistan Academy of Sciences, Tashkent,
Uzbekistan

IGR: Institut of Geology, University of Rennes, France

IGUW: Institute of Geology, University of Warsaw,
Warsaw, Poland

IPM: Institut de Paléontologie, Museum National
d’Histoire Naturelle, Paris, France

IRScNB: Institut Royal des Sciences Naturelle de
Belgique, Brussels, Belgium

KazIMS: Kazakhstan Scientific Research Institute of
Mineral Resources, Alma Ata, Kazakhstan



KUMIP: Museum of Natural History, University of
Kansas, Division of Invertebrate Paleontology,
Lawrence, Kansas, USA

KGC: Kunming Geological School, Kunming, China

LACMIP: Los Angeles County Museum, Los Angeles,
California, USA

LGSB: Laboratory of Geology, Sorbonne, Paris, France

LO: Geological Institute Museum, Department of
Historical Geology, University of Lund, Lund, Swe-
den

LU: Department of Geology and Mineralogy, Laval
University, Montreal, Quebec, Canada

MCZ: Museum of Comparative Zoology, Harvard
University, Cambridge, Massachusetts, USA

MGUH: Geological Museum, Copenhagen University,
Copenhagen, Denmark

MHN: Museo de Historia Natural de Argentina,
Mendoza, Argentina

MLU: Museum fiir Mitteldeutsche Erdgeschichte,
Martin-Luther Universitit, Halle, Germany

MMG: Museum of the Ministry of Geology, Tashkent,
Uzbekistan

MMK: Geological Museum, Copenhagen University,
Copenhagen, Denmark

MNHN: Institut de Paléontologie, Museum National
d’Histoire Naturelle, Paris, France

MWSGPC: Paleontological Division, Museum of
West Siberian Geological Production Company,
Novokuznetsk, Russia

NIGMR: Nanjing Institute of Geology and Mineral
Resources, Nanjing, China

NIGP: Nanjing Institute of Geology and
Palacontology, Academia Sinica, Nanjing, China

NMING: National Museum of Ireland, Dublin, Ire-
land

NMP: Narodni Muzeum of Natural History, Prague,
Czech Republic

NMVP: National Museum of Victoria, Melbourne,
Australia

NMW: National Museum of Wales, Cardiff, U.K.

NYSM: New York State Museum, Albany, New York,
US.A.

OMR: Regional Museum of B. Hordk, Rokycany,
Czech Republic

OUM: Oxford University Museum, Oxford, U.K.

PIN: Paleontological Institute, Russian Academy of
Sciences, Moscow, Russia

PIW: Paleontological Institute, Wiirzburg University,
Wiirzburg, Germany

PM: Palacontological Museum, Uppsala University,
Uppsala, Sweden

PMO: Palacontological Museum, University of Oslo,
Oslo, Norway

PU: Department of Geology, Princeton University,
Princeton, New Jersey
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RM: Swedish Museum of Natural History, Stockholm,
Sweden

SAMA: South Australian Museum, Adelaide, Australia

SG: Museo di Paleontologia, Servizio Geologico
d’Italia, Rome, Italy

SGM: Geological Survey of Morocco (Service
Geologique du Maroc), Rabat, Morocco

SGU: Swedish Geological Survey, Uppsala, Sweden

SM: Sedgwick Museum, Department of Earth Sci-
ences, University of Cambridge, Cambridge, U.K.

SMEF: Senckenberg Museum, Frankfurt am Main, Ger-
many

SMNH: Shanghai Museum of Natural History, Shang-
hai, China

SNIIGGIMS: see CSGM

TsGM: Central Scientific and Geological Museum, St.
Petersburg, Russia

UBA: Department of Geology, University of Buenos
Aires, Buenos Aires, Argentina

UBC: Department of Geology, University of British
Columbia, Vancouver, British Columbia, Canada

UCR: Department of Earth Sciences, University of
California, Riverside, California, U.S.A.

UM: Department of Geology, University of
Montpellier, Montpellier, France

UMC: Department of Geology, University of Mis-
souri-Columbia, Columbia, Missouri, USA

UMU: Geological-Paleontological Museum, Miinster
University, Miinster, Germany

UMUT: University Museum, University of Tokyo,
Tokyo, Japan

UP: Museum of Paleontology, University of Pisa, Pisa,
Ttaly

UQF: Department of Geology, University of
Queensland, Brisbane, Australia

USNM: U.S. National Museum, Washington, D.C.,
USA

UTGD: Department of Geology, University of Tasma-
nia, Hobart, Tasmania

VNIGNI: All Union Scientific Institute of Oil Pros-
pecting, Moscow, Russia

XIGMR: Museum of the Xinjiang Institute of Geology
and Mineral Resources, Geological Bureua of
Xinjiang Uygur Autonomous Region, Urumqi,
China

YIGS: Yunnan Institute of Geological Sciences,
Kunming, Yunnan, China

YPM: Yale University, Peabody Museum of Natural
History, New Haven, Connecticut, USA

YPM(PU): Yale University (Princeton University
specimens), Peabody Museum of Natural History,
New Haven, Connecticut, USA

ZSGU: West Siberian Research Institute for Geology,
Geography and Mineral Resources, Novokuznetsk,
Russia



MORPHOLOGY OF THE EXOSKELETON

H. B. WHITTINGTON

This section deals exclusively with the
mineralized portion of the cuticle, the exo-
skeleton, other portions of the trilobite body
being considered in the following section. In
both these sections reference is to the exo-
skeleton and body of a trilobite in which the
specific number of thoracic segments is
present, a holaspis. To avoid ambiguity, all
paired structures are described in the singu-
lar.

SIZE, FORM, AND
ORIENTATION

The exoskeletons of trilobites are found in
a wide variety of marine sediments, the origi-
nal mineral matter apparently little changed
or recrystallized, replaced, or removed to
leave a mold. The exoskeletons may be pre-
served complete, or lacking ventral sclerites
and librigena, partially or wholly disarticu-
lated, or in a fragmentary state. When pre-
served in limestone, in a concretion, or in
coarser clastic sediments, the exoskeleton
may retain its original convexity; in finer
clastic sediments the exoskeletons are flat-
tened and distorted as a result of compaction
of the sediment. Distortion may also result
from subsequent stress of the enclosing rock,
such as that producing cleavage. Exoskel-
etons preserved by silicification, which may
be freed from the limestone matrix by dis-
solving it away with acid, have given much
knowledge of morphology and growth. Im-
proved methods of casting, in latex or plas-
tic compounds, have greatly facilitated study
of exoskeletal molds.

The exoskeleton is ovoid or subelliptical
in outline and convex, the convexity of indi-
vidual portions and of the entire exoskeleton
differing greatly between taxa. It extends in-
ward, for a distance that varies between taxa,
beneath the ventral side of the animal.
Spines, hollow projections from the exoskel-
eton, may be developed in any portion of the
exoskeleton. These spines are typically closed

© 2009 University of Kansas Paleontological Institute

structures, apart from the minute canals and
openings described below in the section on
exoskeletal microstructure and sculpture (p.
74). Another exception is the intergenal
spine during the instar stages of development
of Olenellus (PALMER, 1957, pl. 19, fig. 2, 3,
12), which is not closed on the ventral side.
Presumably it became closed during the last
instar stage when it was reduced to a small
remnant.

While many holaspid exoskeletons are
between 3 and 10 cm in length along the
midline (excluding anterior or posterior
spines in this line), one example, Acantho-
pleurella stipulae, is 1.07 to 1.50 mm in
length and is believed to be the smallest
known (FORTEY & RusHTON, 1980). Ray-
MOND (1931) listed and discussed large
known trilobites, including Middle Cam-
brian paradoxidids; Ordovician asaphids,
lichids, and homalonotids; and Devonian
lichids, homalonotids, and dalmanitids.
Lengths range from 30 to 70 cm, the maxi-
mum being that of the Ordovician Uralichas,
which RaBano (1989) gave as 66 cm.
BERGSTROM and Levi-SETTI (1978) described
a specimen of Paradoxides davidis with a sag-
ittal length of 37 cm, and DAILy and others
(1979, p. 16) recorded an individual of
Redlichia with a length of 35 cm. Dr. R. J. E
JeNkiNs, University of Adelaide, informs me
(personal communication,1989) that this
latter figure may be incorrect, the largest
specimens he has traced being about 25 cm
in length. In the early Middle Cambrian of
Morocco occur an Olenellina, specimens of
which attain a maximum length of 23 cm,
and a paradoxidoid of a maximum length of
39 cm (GEYER, 1993). N. C. HUGHES (1993,
p. 9) considered that the largest individuals
of the Upper Cambrian Dikelocephalus were
40 to 45 cm in length. A complete exoskel-
eton of an isotelid of Ordovician (Ashgill)
age, with a sagittal length of 43 cm, has been
recorded from the Hudson Bay area of
Canada (M. E. JOHNSON, SKINNER, &
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FiG. 1. Dorsal and right-lateral outlines of the Silurian illaenid Bumastus, X1 (new). See text (p. 2-3) for discussion
of orientation and directions.

MacLeop, 1988, fig. 13), and REIMANN
(1943) considered that the Devonian lichid
Terataspsis grandis attained a length of at least
50 cm. It is common experience when col-
lecting to find fragments of larger portions of
the exoskeleton than any found entire (e.g.,
RaymMOND, 1931), and records of large Devo-
nian dalmanitids and homalonotids appear
to be based on such fragments.

In order to describe without ambiguity
what is meant by length and width of an exo-
skeleton or any portion of it, the direction in
which a measurement is being made is best
referred to either a longitudinal or a trans-
verse direction in the entire exoskeleton (Fig.
1). Sagittal (abbreviated to sag.) is the direc-
tion along the axial midline, exsagittal (ab-

breviated as exs.) is that direction parallel to
but outside the sagittal line, and transverse
(abbreviated as #r.) is the direction at right
angles to sagittal. Thus an axial ring may be
described as wide (tr.), i.e., wide in a trans-
verse direction, but short (sag. and exs.), i.e.,
short in the midline or outside it but paral-
lel to it. As W. ZHANG and JELL (1987, p. 35)
have advocated, it would be advantageous if
long and short were used uniformly with
reference to longitudinal (sag. and exs.) di-
mensions and broad and narrow with refer-
ence to transverse (tr.) dimensions. To de-
scribe the direction away from the sagittal
line, abaxial is used, whereas adaxial is to-
ward the sagittal line. In illustrations of tri-
lobite exoskeletons, partial or complete, con-
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ventions may be needed to explain the direc-
tion in which the specimen is being viewed.
These conventions are not necessary if the
specimen is flattened in the bedding plane,
when a view at right angles to this plane will
suffice. In specimens retaining some or all of
the original convexity, views described with
respect to the animal as dorsal and right lat-
eral (Fig. 1) may be given, supplemented by
anterior, posterior, ventral, or oblique views.
The line AL may be considered to lie in the
horizontal plane with respect to the animal,
but then the dorsal view does not show fully
the external surface of the cephalon. Hence
WHITTINGTON and EvITT (1954) used views
termed exterior and interior, taken at right
angles to the vertical plane in which the line
BL lies. BRUTON (1968a) preferred the term
palpebral for the exterior view which is ap-
proximately vertical to the surface of the
palpebral lobe. The problems inherent in the
use of the term horizontal with reference to
the exoskeleton were made evident by
Fortey (1975b, p. 15). How to orient the
exoskeleton or its parts for the purpose of
taking measurements has been debated
(TEMPLE, 1975); for example, the measure-
ment of BL rather than AL is reccommended
for length of cephalon (cf. BRuTON & OWEN,
1988). What is important is that each study
should state precisely what has been mea-
sured and how the specimen was oriented,
the latter being less obviously necessary
when dealing with flattened material.
When the exoskeleton is preserved in cal-
careous rock, it may have been partially
stripped off as the rock was split to reveal the
specimen. Such specimens, where exfoliated,
show a mold of the inner surface of the exo-
skeleton similar to the internal molds that
are extracted from clastic rocks. The features
shown by the external surface of the exoskel-
eton are different from the visceral features,
those of the inner or parietal surface of the
exoskeleton. It is important that the external
and internal (parietal) features of an exoskel-
eton be described from the exoskeleton or
from casts made from molds or of exfoliated
specimens. Confusion arises when the pari-
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etal surface is described as it appears on the
mold (of an exfoliated specimen) or an inter-
nal mold is described as if it showed the ex-
ternal surface of the exoskeleton.

DIVISIONS OF THE
EXOSKELETON

The trilobite exoskeleton is divided by
shallow infolds, evident externally as fur-
rows, appearing on the inner surface as low
ridges (Fig. 2). The longitudinal axial furrow
isolates the convex median axis from the lat-
eral portion. The axis is crossed by transverse
furrows (lateral glabellar, occipital, articulat-
ing, and inter-ring furrows) at similar inter-
vals (gradually decreasing posteriorly) from
one another; these furrows are considered to
correspond to the boundaries of the somites
of the body. On the lateral region of the exo-
skeleton, each furrow (posterior border and
pleural furrow) commences opposite a trans-
verse axial furrow, and extends outward and
slightly backward. The exoskeleton is also
divided by transverse articulations (Fig. 2),
which separate an anterior group of fused
somites, the cephalon; each of the series of
segments forming the thorax; and a poste-
rior group of fused somites, the pygidium.
The lateral portion of the cephalon is the
gena, which may extend in front of the axis
to the sagittal line. The pleural region is the
lateral portion of either thorax or pygidium
and in the latter may extend behind the axis
to the sagittal line. The posterior border fur-
row of the gena and the pleural furrows of
the thorax run outward and slightly back-
ward in relation to the articulations. It has
been assumed that the articulations lie at the
boundaries of the somites, i.e., that each tho-
racic segment is the exoskeleton of a somite.
Others have argued that the posterior border
furrow of the cephalon and the pleural fur-
rows of the thoracic segments and pygidium
mark the boundaries of the somites and that
the articulations are secondary divisions (see
discussion of cephalic segmentation, p. 132).
The furrows, infolds of the exoskeleton, are
primary features of trilobites, some or all of
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FiG. 2. Terminology of the exoskeleton illustrated by the Ordovician asaphid Isotelus, X8 (new). Dashed line on left
side outlines limits of axial region, gena, and pleural region. Articulating furrows are hidden beneath posterior margins
of glabella and axial rings of thorax.

them appearing early in development (see
section on ontogeny, p. 173).

The exoskeleton is continued on the ven-
tral side beneath the outer portions of the
gena and pleural region as the doublure.
Beneath the anterior of the axis there is a
ventral sclerite, the hypostome, which may
be attached to the doublure anteriorly.

CEPHALON

The outline of the cephalon in dorsal as-
pect varies from subcircular to semielliptical
and subtriangular and may be transversely
subelliptical. The convexity varies widely
between taxa. The size of the cephalon in
relation to the thorax and pygidium varies



Morphology of the Exoskeleton 5

considerably, and a trilobite may be de-
scribed as micropygous (pygidium small in
relation to cephalon), isopygous (pygidium
and cephalon of similar size), or macro-
pygous when the pygidium is larger than the
cephalon (see section on the pygidium for
further discussion of these terms, p. 59). The
cephalon may be evenly convex and unfur-
rowed; but in most taxa the raised axial re-
gion, the glabella, is outlined by the axial
and preglabellar furrows, and the occipital
ring is set off from the rest of the glabella by
the occipital furrow. The gena bears the eye
lobe (if present), and with rare exceptions
the facial suture traverses the eye lobe, an
anterior and a posterior branch crossing the
gena and extending on to the doublure. The
facial suture divides the gena into an inner,
adaxial portion, the fixigena, and an outer,
abaxial portion, the librigena. That portion
of the cephalon that lies adaxial to the facial
sutures is the cranidium.

GLABELLA

A small circular or oval depression, the
fossula, when developed, may be used to
separate the preglabellar furrow from the
axial furrow, the two furrows that are con-
tinuous and outline the glabella (Fig. 3). The
fossula lies immediately in front of the junc-
tion of the eye ridge with the axial furrow.
The size relative to the cephalon, shape, and
convexity of the glabella vary greatly; and in
some trilobites the glabella may not be out-
lined by furrows, but wholly or only poste-
riorly by a convexity differing from that of
the rest of the cephalon. In the majority of
trilobites the most posterior subdivision of
the glabella, the occipital ring, is defined by
the occipital furrow, and an occipital
doublure is present, longest sagittally (Fig.
4-5). Abaxially the occipital ring may be
inflated, and a lateral occipital lobe may be
set off by its independent convexity (Fig. 3).
A shallow furrow, which curves in an arc
across the occipital ring, has been termed the
band furrow in olenids (NIKOLAISEN &
HENNINGSMOEN, 1985, fig. 2) and some
asaphids (HENNINGSMOEN, 1960, p. 218),
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but it may be that in these flattened speci-
mens this supposed furrow is an impression
made by the anterior margin of the doublure
of the ring. A narrow posterior band of the
occipital ring, lower than the main body of
the ring and set off from it by a change in
slope is characteristic of the odontopleurid
Ceratocephala (WHITTINGTON & EvITT,
1954, p. 55).

Further subdivision of the glabella (Fig.
3-5) in front of the occipital ring may be
indicated by furrows or pits, usually in lateral
pairs, the lateral glabellar furrows. The best
defined of these furrows is generally that next
to the occipital furrow, with furrows in front
of this becoming successively shorter (tr.)
and less well defined. In the olenid Hyper-
mecaspis (FORTEY, 1974b, p. 45), however,
the furrow next to the occipital is shorter (tr.)
than those in front, a relatively unusual situ-
ation. A similar short furrow was termed an
intervening furrow in Asilluchus Orix (1963,
p. 67) but may well be the basal lateral gla-
bellar furrow. In the oryctocephalid San-
doveria (SHERGOLD, 1969, p. 13, fig. 3) a gla-
bellar furrow regarded as the intervening
furrow curves back to meet the occipital fur-
row, isolating an intervening glabellar lobe
considered to intervene between the occipi-
tal ring and the basal lateral glabellar lobe.
The occipital apodeme lies in the occipital
furrow behind this intervening lobe, so that
the latter might alternatively be regarded as
the basal lateral lobe. In this case there would
be five pairs of lateral glabellar lobes in
Sandoveria. Up to four pairs of lateral glabel-
lar furrows are present in many trilobites,
and a fifth pair is said to be present in the
immature glabella of Daguinaspis (HupE,
1951; 1953a, p. 261). These furrows are
numbered from the posterior forward as S
(sulcus) O, the occipital furrow, and S1, S2,
S3, etc. (Fig. 4.2-5). Between these lateral
furrows are the lateral glabellar lobes, num-
bered correspondingly L (lobe) 1, L2, L3,
etc.; the lateral occipital lobe is designated
LO. These lateral lobes may be inflated and
so have a convexity independent from that of
the adjacent portions of the glabella. The
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FiG. 3. Terminology of the cephalon illustrated by a ptychopariid trilobite; the labelled portions are differentiated
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In the Agnostina a different notation and
terminology, initiated by Rosison (1964,
1982), has been applied to the glabella (Fig.
6.1). The basal lobes and narrow (sag. and
exs.) occipital band are excluded from the
glabella, which is divided by the trans-
glabellar furrow into the anteroglabella and
posteroglabella. The posterior portion of the
posteroglabella projects back between the
basal lobes as the glabellar culmination and
may be inflated and prominent, rounded, or
angulate. Lateral furrows of the glabella are
numbered F1 to F3 from the posterior for-
ward, F3 being the transglabellar furrow.
Axial rings defined at the anterior margin by
these furrows are numbered M1 to M3 from
the posterior forward. This terminology was
not applied to the Eodiscina by JELL (1975a),
who regarded the basal lobe as occipital and
used the notation S and L for glabellar fur-
rows and lobes as applied to all trilobites
except the Agnostina (Fig. 5). In trilobites
(except Agnostina) the portion of the gla-
bella in front of the most anterior pair of lat-
eral furrows is the frontal lobe (Fig. 3), for
which HENNINGSMOEN (19574, p. 12, fig. 1)
used the abbreviation LA. The portion of the
glabella lying between the frontal lobe, oc-
cipital furrow, and adaxial ends of the lateral
glabellar furrows is the central area of the gla-
bella. The frontal lobe and central area may
be referred to as the fronto-median glabellar
lobe. Other subdivisions of the glabella are
developed in particular taxa, including the
occiput in trinucleids (C. P. HUGHEsS,
INGHAM, & ADDISON, 1975, p. 558, fig. 1),
the intercalating ring in phacopids (RICHTER
& RICHTER, 1926, fig. 14) (both of these ly-
ing immediately anterior to the occipital fur-
row), and the median preoccipital lobe in
the proetid Ditomopyge (WELLER, 1935). In
lichids a longitudinal furrow may be di-
rected exsagittally and join the inner ends of
the lateral glabellar furrows, enclosing two or
three lateral lobes or a single composite lat-
eral lobe between the longitudinal and axial
furrows (Fig. 7.2-6). There have been differ-
ing interpretations of the origins of these
lobes, whether they are part of the glabella,
and whether the most posterior was an oc-

© 2

cipital lobe. Studies of ontogeny have shed
light on some of the problems, in particular
the recognition of the bulla swelling in early
growth stages and its development into the
bullar lobe. The posterolateral cranidial
lobe, a swelling adjacent to the base of the
glabella, appears to belong to the fixigena
and not the glabella. The history of views on
glabellar lobation in lichids was reviewed by
TrHomas and HorLLoway (1988), and the ter-
minology they accepted is given in Figure 7.
The most posterior lateral lobe is considered
to be part of L1, which is consequently sub-
divided into L1a (the more posterior) and
L1b. In two subfamilies (Selenopeltinae and
Ceratocephalinae) of the Odontopleuridae,
subdivisions of L1 and L2 have been recog-
nized by RamskoLp (1991b, fig. 6). L1 is
subdivided into L1a (exterior), L1b (inte-
rior), and L1c (anterior) sublobes; and L2 is
subdivided into L2a (interior) and L2b (ex-
terior) sublobes.

On the inner surface of the exoskeleton,
occipital and lateral glabellar furrows are re-
flected as ridges. In particular species, SO,
S1, and S2 may be deepened a short distance
adaxial to the axial furrow, and this deepen-
ing is reflected on the inner surface as a knob
or bladelike extension of the ridge that pro-
jected into the body as an apodeme (Fig. 5).
Such apodemes are characteristic of
Cheirurinae and Deiphoninae but not of
Acanthoparyphinae or Sphaerexochinae
(CHATTERTON & PERRY, 1984), for example;
are well developed in encrinurids (CHAT-
TERTON & LUDVIGSEN, 1976, pl. 14-15;
Evitt & Trirp, 1977) and pterygometopids
(LUDVIGSEN & CHATTERTON, 1982, pl. 6-7);
and are less strongly developed in odonto-
pleurids (CHATTERTON & PERRY, 1983). In
Phacopoidea (CAMPBELL, 1976; STORMER,
1980) areas of muscle attachment other than
apodemes have been described as pits in the
external surface or darker areas distributed
widely on the exoskeleton. In asaphids
(ForTEY, 1975b, p. 17; 1980c, fig. 1, 3),
illaenids (JaaNussoN, 1954, p. 549-551),
styginids (LANE & THoOMas, 1983, fig. 1-2),
and raphiophorids (WHITTINGTON, 1965, pl.
10-12; ForTEY, 1975b, pl. 22, 24-25),

009 University of Kansas Paleontological Institute
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smooth areas that may be slightly depressed
and appear as raised areas on the internal
mold are considered to be areas of muscle
attachment corresponding to the glabellar
furrows (see Fig. 20). As some of these ex-
amples show (Fig. 8), these areas may appear
dark, particularly when the specimen is im-
mersed in liquid. A particular such area, the
lunette, in the illaenid Bumastoides (Fig. 9.1
2) is crescentic in outline and raised on the
inner surface of the exoskeleton. Smooth or
dark areas, representing areas of muscle at-
tachment or glabellar furrows, have been rec-
ognized in other trilobites such as olenids
(HENNINGSMOEN, 1957a, p. 92), Telephina
(WHITTINGTON, 1965, pl. 37), and Remo-
pleurides (WHITTINGTON, 1959a, pl. 5).

In Agnostina the external surface of the
glabella and occipital (basal) lobes may dis-
play smooth patches, some faintly depressed
(Fig. 10) (see also HuNT, 1967, pl. 22, fig.
44-47). Similar patches may be outlined by
an impressed rim on the internal mold
(FortEY, 1980b, p. 30; SHERGOLD, 1975, pl.
3, fig. 3, pl. 11, fig. 5), indicating that the
exoskeleton was thickened. In other speci-
mens similar areas may appear dark
(RoBISON, 1984, p. 42). These areas are con-
sidered to have been for muscle attachment,
and study of these impressions in internal
molds by Orik (1963, 1967) and SHERGOLD
(1975) has given rise to a complex terminol-
ogy for them and the associated ridges,
grooves, and pits (Fig. 11.1). A paired ridge,
the axial glabellar carina, may run sagittally
between the axial glabellar node and the ter-
minal glabellar node, and a notula is a
minute pit (in the internal mold) associated
with a muscle area. A possibly analogous
structure, a sagittal ridge (carina) on the in-
ternal mold of the glabella, has been recog-
nized in such illaenids as Panderia (BRUTON,
1968a, pl. 1, fig. 1-3) and Stenopareia
(OweN & BrutoN, 1980, pl. 3, fig. 10). In
asaphids rows of impressions on either side
of the sagittal line of the internal mold of the
glabella, in some examples separated by a low
sagittal ridge, were described by HENNINGS-
MOEN (1960, p. 213); a low sagittal ridge is

© 2009 University of Kansas Paleontological Institute

FiG. 4. Cephalon of the cheirurid Ceraurus whittingtoni
EvirTt, 1953, Middle Ordovician, Virginia, USA. The
visual surface of the eye lobe is missing. J, Anterior view,
X3 (new); 2,3, dorsal and oblique ventral views, X3
(Whittington, 1960b, fig. 1a,c).

present in the glabella of Sregnopsis
(WHITTINGTON, 1965, p. 347, pl. 22, fig. 3).

The glabella may bear median or paired
spines or nodes on the frontal or fronto-
median lobes, and in many taxa there is a
median or paired occipital spine or node. A
spectacular example is the encrinurid
Perirehaedulus (Fig. 12), which also shows a
sagittally directed anteromedian depression
or longitudinal median glabellar furrow
extending back from the anterior margin of
the frontal glabellar lobe. Such a furrow or
an associated pit or more elongate (tr.) me-
dian depression in the preglabellar furrow is
characteristic of encrinurids (FORTEY, 1980b,
pl. 22; Evrrt & Triee, 1977). Similar depres-
sions are present in some pliomerids
(WHITTINGTON, 1961b), and cheirurids
(muscle scars in Fig. 4.1) show a median
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1953 (see Fig. 4) to show terminology of the cephalic features (new).



10 Trilobita
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FiG. 6. Terminology applied to the external surface of the Agnostina; 1, cephalon and 2, pygidium (Shergold, Laurie,
& Sun, 1990, fig. 1-2).

furrow flanked by a pair of depressions. A
necklace arrangement of pits on the frontal
lobe in phacopids (ST@rMER, 1980, p. 263)
has long been known and includes deep pits
in the preglabellar furrow. These pits and
grooves, which form projections on the inner

surface, have been regarded as points of
muscle attachment. In Dalmanites a pair of
smooth areas on the frontal glabellar lobe,
pierced by minute pores, were regarded as
muscle-attachment areas by RAMSKOLD
(1985, p. 35).
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FiG. 7. Cranidial morphology of Lichida. Composite lobe formed by fusion of bullar lobe with L1b or Lla. 1,
Lichakephalus; 2, Platylichas (Platylichas); 3, Dicranopeltis; 4, Echinolichas; 5, Ampbhilichas; 6, Acanthopyge (Jasperia)
(Thomas & Holloway, 1988, fig. 2).

GENA

The gena has a convex border in many
trilobites, the area enclosed within this bor-
der being the genal field (Fig. 3). The term
acrolobe (Fig. 13) was applied to the area
within the border in Agnostina by Orik
(1967), but whether it was intended to in-
clude the axial region is not specified. The
border extends to the midline in front of the
glabella, and there may be a preglabellar
field between the preglabellar furrow and the
border (Fig. 14). The preglabellar field may
be long (sag. and exs.) or short, flattened and
gently sloping, or convex and steeply slop-
ing. In such Cambrian trilobites as
Ctenocephalus and Nepea (see Fig. 23), the
preglabellar field is occupied by a prominent,
subcircular preglabellar boss; in others there
may be a median preglabellar ridge. This

© 2009 University of Kansas Paleontological Institute

ridge may be narrow (tr.), of constant width,
or may be broader, widening forward to
merge with the anterior border to form the
structure distinguished as the plectrum by

FiG. 8. Illaenus lacertus WHITTINGTON, Upper Ordovi-

cian, Baffin Island, Canada. Dorsal view of enrolled exo-

skeleton, immersed in liquid, showing darker muscle

areas of glabella, X3 (Whittington, 1954b, pl. 61,
fig. 1).
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3

FI1G. 9. Bumastoides milleri (BiLLINGs), Middle Ordovician, Ontario, Canada. 1,2, Dorsal and anterior views of in-

ternal mold of cranidium, showing impression of lunette, X3; 3, dorsal view of cephalon of enrolled specimen, X4.5;

4, exterior view of thorax and pygidium, latter broken to show mold of outer surface of doublure, X4.5 (Whittington,
1954b, pl. 62, fig. 18, 25-26, 29).

Orik (1967, p. 58). FORTEY (1990a, p. 547,
fig. 9) has described the plectrum stage in the
development of Ptychoparioidea. In other
trilobites there may be a median preglabellar
furrow (e.g., Fig. 6). In some proetids a
transverse preglabellar ridge occurs immedi-
ately inside the border furrow (see Fig. 19).
The gena bears the eye lobe (when present),
and in many trilobites an eye ridge runs in-
wards and forward from the anterior end of
the eye lobe to the axial furrow opposite the
anterolateral portion of the glabella. Where
present, the fossula lies immediately in front
of the intersection of the eye ridge and the
axial furrow. The gena is divided by the in-
ner edge or furrow of the border, by the eye
ridge, and by the facial suture; terminology
for these separate areas is given in Figure 14.

© 2009 University of Kansas Paleontological Institute

The eye lobe is convex, and may be
strongly so, or raised on a stalk. In trilobites
having a facial suture (Fig. 5), the eye lobe is
divided by the suture, in an abaxially curving
arc (points Y, 0, and € in Fig. 3), into the
adaxial palpebral lobe and an abaxial visual
surface. Below the visual surface there may
be a ridge and furrow, the eye socle and eye
socle furrow (Fig. 15), separating it from the
genal field. Abaxial to the eye lobe in
proetids, however, there may be a smooth
subocular area or a depressed subocular
groove bounded on the outside by a sub-
ocular ridge. The palpebral lobe, subsemi-
circular in dorsal outline, is separated from
the fixigena by a change in slope or a palpe-
bral furrow. It may be subdivided (by this
change in slope or furrow) into a convex
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palpebral rim bordering the facial suture and
a lower adaxial portion. The palpebral ledge
is a flattened edge or furrow abaxial to the
rim. The palpebral lobe and eye ridge may
form a continuous structure, the palpebro-
ocular ridge. Olenellina lack the facial su-
ture; consequently the gena is not subdivided
by it, nor is the palpebral lobe outlined
abaxially (Fig. 16). Hence a different termi-
nology has been employed. HurE (1953a)
used ocular lobe (lobe oculaire) for the com-
bined eye ridge (créte oculaire) and eye lobe
(lobe palpebral ), without mention of the vi-
sual surface. Orik (1961a) termed the eye
ridge and eye lobe the palpebral lobe, di-
vided longitudinally into inner and outer
portions by a furrow, the ocular striga.
BERGSTROM (1973a) used anterior and poste-
rior (rather than outer and inner) palpebro-
ocular ridge. Here ocular lobe is preferred
for the combined eye ridge and eye lobe, in-
cluding the visual surface. This lobe divides
the genal field into interocular and extraocu-
lar areas and is itself divided by the ocular
furrow into inner and outer bands (Fig. 16).
The ocular furrow is the ocular striga of Orix
or epipalpebral furrow of Cowie and
McNaMARa (1978). In many specimens of
Olenellina, the ocular lobe is broken so that
only the outline is preserved (e.g., FriTz,
1972; 1991). In rare specimens (e.g., WHIT-
TINGTON, 1989, fig. 8-9) the visual surface is
sharply outlined, as it is partially even when
the lobe is broken (e.g., Fritz, 1972, pl. 1,
fig. 7-8, pl. 15, fig. 16; 1991, pl. 11, fig. 8-
9). Opik (1967, p. 54) argued that there was
a circumocular suture surrounding the vi-
sual surface in this and other Cambrian tri-
lobites. In Olenellina and protolenids the
inner and outer ridges of the ocular lobe may
divide adjacent to the glabella, the posterior
ridge reaching the axial furrow immediately
in front of the outer end of glabellar S3,
the anterior either merging with the
anterolateral edge of the frontal glabellar
lobe or the pair uniting around the anterior
margin of the preglabellar furrow to form a
parafrontal band (HurE, 1953a, p. 105).
This band is developed in ellipsocephaloids,
particularly in protoleninids (GEYER, 1990b)

©2

FiG. 10. Galbagnostus galba (BiLLINGS), Middle Ordovi-
cian, Table Head, Newfoundland. 7,2, External surface
of cephalon, dorsal and oblique views; 3, dorsal view of
pygidium, to show sculpture and smooth areas, X20

(Whittington, 1965, pl. 3, fig. 7, 15; pl. 4, fig. 9).
009 University of Kansas Paleontological Institute
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FiG. 11. Terminology applied to the visceral features of the Agnostina revealed by the parietal surface of the exo-
skeleton; 7, cephalon and 2, pygidium. This surface is preserved in many examples as an internal mold of the exo-
skeleton and illustrated as such (Shergold, Laurie, & Sun, 1990, fig. 6).

and in the redlichioid Lemdadella (SpzUY,
1978). It has been observed in the Middle
Cambrian Asthenopsis, and in some speci-
mens of A. opalensis the eye ridge is divided
along most of its length into three parallel
ridges (JELL, 1978b). In a small cephalon of
Daguinaspis, HUPE (1951) described a third

branch from the eye ridge adjacent to the
glabella and illustrated similar structures in
Fallotaspis (HUPE, 1953a, pl. 1, fig. 1-3); this
structure was used by HurE (1951) in his
discussion of cephalic segmentation. The
most recent consideration of the morphol-
ogy of the palpebro-ocular ridge and the
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parafrontal band was by PiLLora (1991, p.
79-84, fig. 47), who concluded that the
trisegmented eye ridge is best known in
Lower Cambrian trilobites. In younger
forms the structure of the eye ridge is
simplified.

A pattern of radiating, distally anastomos-
ing ridges, the genal caeca, is developed with
varying intensity on the frontal area and ad-
jacent librigenal field or over the entire genal
field in many Cambrian and Ordovician tri-
lobites (Orik, 1961a) and in Silurian and
Devonian proetids (SNAJDR, 1980, pl. 63, fig.
3—4). The ridges are numerous and narrow
in comparison with the size of the cephalon.
They may become stronger as they approach
and cross the border furrow or may not be
evident on the border. The pattern of the
genal caeca is well displayed by Harpides,
extending from the axial and preglabellar
furrows across the genal field and border to
the narrow marginal rim (Fig. 17.1). This
cephalic border (described below as the
fringe) is wide (sag. and tr.), gently concave
dorsally, and bilaminar, the two lamellae ly-
ing close together. The external surface of the
lamella on the underside bears a pattern of
radiating ridges corresponding to those on
the upper lamella (Fig. 17.2). This suggests
that the ridges enclose a system of canals that
lay between the lamellae [cf. FORTEY’s
(1974b, p. 53) description of the olenid
Tropidopyge]. Fritz (1972, p. 23) has shown
that in certain Olenellina the median ridge
of the preglabellar field is part of the genal
caeca (Fig. 18). In Redlichia a ridge on the
preocular area of the fixigena, directed out
close to the anterior branch of the facial su-
ture or situated more adaxially to it, was
termed the facial line (WHITEHOUSE, 1939,
p. 189; Orik, 1961a, fig. 8; W. CHANG,
1966, fig. 1, as the preocular facial line). This
ridge is similar in width to those of the genal
caeca and has been considered to be part of
this system of canals by some authors (Opix,
1970b, p. 25, pl. 4, fig. 1). In harpids and
harpetids, pits lie between the ridges of the
genal caeca, and in some olenids (FORTEY,

1974b, fig. 4), for example, pits occur in the

)
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FiG. 12. Perirehaedulus caprus (THOMAS in THOMAS &

NARBONNE), Silurian, Arctic Canada. 1,2, Anterior and

dorsal views of the holotype, an incomplete cranidium,
X3 (Thomas & Narbonne, 1979, pl. 4, fig. ¢, ¢).

border furrow between the ridges. The genal
caeca may radiate from the eye ridge, the eye
lobe, or the axial furrow behind the eye ridge
(Fig. 17.1). Thus the eye ridge runs across
the radiating caeca, as does the genal ridge,
curving outward and backward toward the
genal angle. The genal ridge may branch
abaxially and may not reach the genal angle.
It is present in Olenellina (Fig. 16), in
redlichioids (the para-ocular facial line of W.
CHANG, 1966, fig. 1), and, for example, in
Churkinia (PALMER, 1968, pl. 1, fig. 6). In
trilobites lacking an eye lobe or eye tubercle
(e.g., Conocoryphe, Lonchodomas, Anisono-
tella), a single genal ridge may extend
outward from the axial furrow and curve
back to the genal angle. The intergenal ridge

009 University of Kansas Paleontological Institute
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FiG. 13. Terminology applied to the external surface of the Agnostina; 1, cephalon and 2, pygidium (Shergold, Laurie,
& Sun, 1990, fig. 1-2).

in Olenellina is a ridge that arises from the
posterior end of the inflated palpebral (inter-
ocular) area and curves outward and back-
ward to the posterior border and base of the
intergenal spine (Fig. 16). The ridge is
prominent in early developmental stages of
Olenellus (PALMER, 1957) and Elliptocephala
(WHITTINGTON, 1957a) and is retained in
the holaspis. In Elliprocephala a less promi-
nent ridge, the posterior ocular line or ridge,
runs back from the posterior end of the eye

© 2009 University of Kansas Paleontological Institute

lobe to the border, outside the intergenal
ridge (Fig. 16). Both ridges are present in
holaspides of Fallotaspis (HUPE, 1953a, pl. 1,
fig. 1) and Eofallotaspis (Spzuy, 1978, pl. 1,
fig. 1, 4).

In Agnostida (Orik, 1961a; RoBISON,
1978, p. 4; JELL, 19754) a radiating, branch-
ing pattern of ridges, rugae, separated by
furrows or scrobiculae that rarely anasto-
mose, extends from the axial furrow to the
border furrow. These ridges are relatively
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FiG. 14. Terminology of areas and fields of the cephalon illustrated by a ptychopariid trilobite, labelled portions
differentiated by shading (new).

much coarser than those of other trilobites
and have few main connections to the axial
furrow; according to RoBISON these ridges
are always anteromedially divided, unlike
those in other trilobites. In the Ordovician
Galbagnostus (WHITTINGTON, 1965, p. 307)
and Arthrorbachis (ForTEY, 1980b, p. 31) a
much finer pattern of radiating ridges has
been detected crossing the border furrow.

The tropidium (Fig. 19) is a ridge, con-
centric with the cephalic margin, which
traverses the preglabellar and genal fields in-
side the margin of the doublure (OWENS,
1973; MorzaDEC, 1983, pl. 1, fig. 4-6); it
may form more than one continuous ridge.
OwENS termed similar discontinuous ridges
tropidial ridges. OrMISTON (1971) described
silicified material that showed that the
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F1G. 15. Remopleurides plaesiourus WHITTINGTON, Middle Ordovician, Virginia. Oblique view of isolated free cheek
to show visual surface of eye (e), eye socle (s), and eye socle furrow (f), X6 (Whittington, 1959a, pl. 5, fig. 6-7).

tropidium was not reflected as a groove in
the parietal surface. According to SNAJDR
(1980, p. 18) the tropidium is present as a
groove on the parietal surface in forms with
a thin exoskeleton; when the exoskeleton is
thick it is not so represented.

On the genal field adjacent to the base of
the glabella there may be a low, elongated
(exs.) swelling, the baccula (FORrTEY, 1975b)
(see Fig. 73). This swelling may be con-
nected to the anterolateral corner of the oc-
cipital ring, separated from L1 by a furrow,
separated from the glabella by the axial fur-
row, or separated in addition from the genal
field by the baccular furrow. The different

forms of the baccula in unrelated trilobites

outer band

ocular furrow

inner band

anterior ocular line

genal ridge

circumocular suture

posterior ocular line

‘ intergenal ridge

intergenal spine

have led some authors to consider it part of
the glabella, others to regard it as part of the
genal field. In Harpides (Fig. 17) and harpids
such as Dolichoharpes (CHATTERTON &
LubviGseN, 1976, pl. 7, fig. 8-9, 16), a semi-
circular depressed area lacking reticulate
ridges lies at the inner posterior corner of the
genal field, opposite L1, and is termed the
ala. An area in a similar position in styginids
(Fig. 20), also smooth, has been called the
lateral muscle impression (FORTEY, 1980b, p.
59; LaNE & THoMAs, 1983, fig. 1-2); it has
been compared with the lunette in Bumas-
toides (Fig. 9.1-2) and other illaenids. The
paraglabellar area in homalonotids (COOPER,
1982) is in the same position. Some, if not

ocular lobe

FiG. 16. Terminology of the cephalon of Olenellina, after HurE (1953a) and Fritz (1991) (new).
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FiG. 17. Harpides atlanticus BILLINGS, Middle Ordovician, Table Head, Newfoundland. I, Dorsal view of incomplete
genicranium, to show radiating pattern of genal caeca, X5; 2, exterior view of fragment of lower lamella of fringe,
showing genal caeca as raised ridges, with intervening pits and strong concentric ridges, X9. Abbreviations: 4, ala;
& genal ridge; 7 rim (Whittington, 1965, pl. 5, fig. 3; pl. 6, fig. 2).
O 2009 University of Kansas Paleontological Institute
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FiG. 18. The median preglabellar ridge in two Olenellina, Lower Cambrian, Canada, which suggests that the ridge
is composite and part of the genal caeca. 1, Nevadella baculenta Fritz, 1972, X10; 2, Olenellus sp., X8 (Fritz,1972,
pl. 5, fig. 3; pl. 13, fig. 14).

all of these areas, project from the parietal
surface and appear as depressions in the in-
ternal mold. They are considered to be areas
of muscle attachment, but the paraglabellar
area in Trimerus (WHITTINGTON, 1993b)
bears impressions of the genal caeca and
hence cannot have been an attachment area.

The genal angle may be rounded, but in
many trilobites it bears the prominent genal
spine, called librigenal or fixigenal according
to whether the suture is opisthoparian (Fig.
3) or proparian (Fig. 5), i.e., whether the
spine is borne by the librigena or the
fixigena. These terms indicate merely the
position of the genal spine of the holaspid

© 2009 University of Kansas Paleontological Institute

trilobite with reference to the suture and do
not imply homology. The genal spine may be
short or long so that it extends back beyond
the rest of the body. In trilobites lacking a
genal spine, the posterior branch of the su-
ture may cross the border at the genal angle,
a condition called gonatoparian.

The form of the anterior and lateral
cephalic border (Fig. 3) varies. In many tri-
lobites the border is dorsally convex, defined
by border furrows (Fig. 4), and, in combina-
tion with the ventrally convex doublure,
forms a tubular structure around the outer
edge. This structure is continued into the
base of the genal spine, where present, and
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into the distal extremity of the posterior bor-
der. The inner edge of the doublure of the
lateral cephalic border (Fig. 4) lies a short
distance ventrally of the border furrow. This
tubular type of anterior and lateral cephalic
border characterizes many Cambrian trilo-
bites (see Fig. 27-28, 30, 37) and is present
in many post-Cambrian forms such as
proetids and Phillipsiinae (see, for example,
Fig. 31.4). In the latter example, however,
the doublure is flattened, giving a sharply
flexed cephalic margin, as it is in Agnostina
(see Fig. 27.1). This modification is associ-
ated the close fit of cephalic and pygidial
doublures when fully enrolled (see section on
enrollment, p. 67). In Isotelus (Fig. 2) lateral
and anterior borders are ill-defined by the
change in slope between glabella and genal
field and the faintly convex border. The
doublure is flat abaxially beneath the lateral
border, curving up adaxially to lie close be-
neath the dorsal surface of the librigena
(CuaTTERTON & LUDVIGSEN, 1976, pl. 2).
This type of border is characteristic of
asaphids (JaaNUSsON, 1953a, 1953b; HENN-
INGSMOEN, 1960) and styginids (SNADJR,
1960); it is also developed in the bathyurid
Punka (FORTEY, 1979), but Bathyurus (see
Fig. 31.2) has a tubular border. In trilobites
in which the frontal glabellar lobe is ex-
panded, for example in some cheirurids (see
Fig. 34.1) or in phacopids (see Fig. 36.2), the
anterior border faces anteriorly and may be
greatly restricted, the lateral borders retain-
ing their tubular form and facing upward
and outward. In such encrinurids as Encri-
nuroides (see Fig. 34.3) the anterior border
faces anteriorly, and the preglabellar field
(between the preglabellar furrow and ante-
rior border furrow) is long (sag. and exs.) and
convex. The anterior branches of the suture,
together with the narrow (tr.) rostral suture,
divide the preglabellar field transversely. This
division has resulted in the use of special
terms (EviTT & TRipp, 1977)—anterior bor-
der of cranidium and precranidial lobe—the
latter for the lobe of the librigena between
the connective and facial sutures and ante-
rior border furrow. Lateral and anterior bor-
ders may be lost altogether by effacement in

© 2009 University of Kansas Paleontological Institute

F1G. 19. Warburgella stokesii (MURCHISON), Silurian,

Wenlock Limestone, U.K. I, Cranidium, showing

transverse preglabellar ridge (r) and tropidium () on

preglabellar field, X13; 2, librigena, showing tropidium

continued on genal field, X6 (Owens, 1973, pl. 13,
fig. 12-13).

some illaenids (see Fig. 1, 33), but the tubu-
lar form is retained laterally by the doublure.

A different type of cephalic border is that
of the trinucleid Cryprolithus (see Fig. 29.1,
129). The border slopes steeply downward
anteriorly and laterally and has a vertical
edge, the doublure underlying it closely. Pits
in the outer surfaces of border and doublure
join the two surfaces by opposed, funnel-
shaped structures. The cephalic suture runs
around the steep margin of the border and
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FiG. 20. Kosovopeltis? pompilius (BILLINGS), Lower Devonian, Maine. Dorsal view of cranidium, showing sculpture
and lateral (L) and glabellar (0-3) muscle impressions, X6 (Whittington, 1960a, pl. 54, fig. 25).

curves inward to the posterior border at the
genal angle; it also divides the funnel-shaped
structures. This type of border, the fringe,
thus consists of two pitted lamellae, the up-
per and lower lamellae, separated by the su-
ture, with the lower lamella extended into
the genal spine. Details of the structure of
the fringe in trinucleids were given by C. .
HucHES, INGHAM, and ADDISON (1975).
Similar in structure is the fringe of harpetids
(WHITTINGTON, 1949; CHATTERTON &
LuDVvIGSEN, 1976), harpidids (Fig. 17), and
dionidids (WHITTINGTON, 1952a). A single
row of pits in the anterior border furrow is
developed in a number of different trilobites,
and in Redlichia (see Fig. 30.2) and certain
olenids (FORTEY, 1974b) these are opposed
by pits in the doublure.

The posterior cephalic border has the
form of a raised ridge, defined on the inner
side by a change in slope or the border fur-
row. This border extends transversely in the
horizontal plane from the axial furrow to the
fulcrum (Fig. 5), abaxial to which it is flexed
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down. The doublure extends adaxially from
the genal angle, narrowing (exs.) and disap-
pearing at the fulcrum. In trilobites, such as
Olenellus (see Fig. 45), in which the posterior
border curves outward and downward from
the axial furrow, there is no fulcrum dividing
the border into inner and outer portions, but
the doublure extends inward to a corre-
sponding position in an exsagittal line with
the inner edge of the thoracic doublure. The
posterior cephalic border thus duplicates the
form of the thoracic segments in being either
fulcrate or nonfulcrate (see discussion of tho-
rax below); such duplication is necessary for
articulation of cephalon and anterior tho-
racic segment. In trilobites in which the tho-
racic pleural furrow is effaced, as in illaenids
(WHITTINGTON, 1963, pl. 16), the posterior
border furrow is also effaced, and the poste-
rior cephalic border consequently is not de-
fined (see Fig. 33). Nevertheless, the poste-
rior edge of the cephalon is fulcrate (i.e.,
bent down at the fulcrum) and so articulates
with the fulcrate thorax.

009 University of Kansas Paleontological Institute
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F1G. 21. Reconstruction of cephalon of Bowmania americana (WaLcotT), Upper Cambrian, North America; based
on new material from R. LUDVIGSEN and from LUDVIGSEN, 1982, fig. 24 (new).

In many trilobites the only relatively large
cephalic border spine is the genal spine. This
spine is backwardly directed and may termi-
nate at some point beside the thorax or ex-
tend behind the body. In most trilobites this
spine tapers progressively to a sharp point.
Exceptions include the Cambrian Peachella
(PALMER & REPINA, 1993, fig. 4.2) and such
Carboniferous proetids as Spinibole and
Cystispina (BRAUCKMANN, 1978; OWENS &
TiLsLEY, 1995). In Spinibole the genal spine
is long, tubular, and bluntly pointed; in
Cystispina the club-shaped spine is divided
into two cysts. Many additional cephalic
border spines (less prominent than the genal
spine) are present in such Cambrian trilo-
bites as Bowmania (Fig. 21), and in some
post-Cambrian odontopleurids (Fig. 22)
there are many additional border spines.
These spines may project almost horizontally
as in Bowmania or be downwardly and out-
wardly directed as in Acidaspsis. The anterior
border and doublure of the cephalon may be

drawn out into a frontal spine, as in asaphids
such as Megistaspis (Megistaspidella) (JaaNUs-
SON, 1956b; WANDAS, 1984). An extraordi-
nary example of such a spine, three times the
length (sag.) of the rest of the cephalon, is
that of the dalmanitid Psychopyge (MoOR-
ZADEC, 1988). In other dalmanitids the spine
may be shorter, but bifid or trifid (CAMPBELL,
1977), and has been referred to as a frontal
process. Short spines (the median and ante-
rior fixigenal spines) project from the lateral
border in holaspid cheirurids such as
Sphaerocoryphe and are remnants of relatively
longer spines in earlier growth stages. In the
Devonian Paracalmonia a similar short spine
is present on the border of the librigena.
Striking is the long, upward curving
intergenal spine in the Cambrian Nepea
(Fig. 23). Similarly situated but smaller
intergenal spines are present in the develop-
mental stages of Olenellina, Paradoxides
(WHITTINGTON, 1957b), and dolichome-
topids (Opik, 1982); and remnants may be
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e,

F1G. 22. Reconstruction of cephalon of Acidaspis brighti MURcHISON, Silurian, Europe, North America. 1, Dorsal,
2, anterior, and 3, right lateral views, X3 (Whittington, 1956b, fig. 1).

retained in holaspides (Fig. 16). In most tri-
lobites the adaxial portion of the posterior
cephalic border is directed transversely, the
abaxial portion curved back (to different
degrees) into the base of the genal spine. In
some Olenellina and redlichioids, however,
the genal spine is advanced, in that the base
of the spine is situated on a transverse line in
advance of the occipital ring at the mid-
length of the cephalon or even farther for-
ward. In these forms the posterior cephalic
border is flexed forward, in Olenellina at or
adaxial to the intergenal spine (Fig. 16), in
redlichioids at about where it is crossed by
the posterior section of the facial suture. This
marked flexure in the posterior border was
termed the intergenal angle by W. CHaNG
(1966, fig. 1). A terminology for the angle
between the lateral and posterior borders and
the genal spine was proposed by HEN-
NINGSMOEN (1957a, fig. 1). An unusual
cephalic spine is the posterolateral spine of
the fixigena in Ancyropyge (ORMISTON,
1967), as prominent as the librigenal and
occipital spines.

In the posterolateral corner of the genal
field of the metagnostids Geragnostus,
Galbagnostus (Fig. 10.2), and Arthrorhachis
(WHITTINGTON, 1965, p. 297; HuNT, 1967,
pl. 22, fig. 35, 47), there is a smooth, oval
area that differs from the muscle areas of the

glabella in being slightly raised; what this
area represents is uncertain. A structure in
the same position in a different metagnostid
has been interpreted as an eye lobe
(AHLBERG, 1988). STORMER (1980, p. 263—
266) described pits and darker areas in the
genal field (including the palpebral lobe and
furrow) of Chasmops and interpreted them as
areas of muscle attachment. Similar pits are
present in the genal field in cheirurids,
pliomerids, and encrinurids; whether these
were areas of muscle insertion is an open
question.

CEPHALIC SUTURES AND THE
VENTRAL CEPHALIC
EXOSKELETON

The facial suture, divided into an anterior
and posterior branch (or section) by the eye
lobe when present, may divide the dorsal
cephalic exoskeleton into the cranidium and
librigena (Fig. 3), and this suture may be met
by other sutures in the ventral exoskeleton
(Fig. 5). The dorsal and ventral sutures com-
prise the cephalic sutures. On molting the
exoskeleton parted along these sutures, so
that not only may the sutures be visible in
entire exoskeletons, but the parts into which
it separated (librigena, cranidium, rostral
plate, hypostome) may be preserved. The
course of the sutures is different in different



Morphology of the Exoskeleton 25

trilobites, and a particular pattern has long
been recognized as characteristic of some
family groups (as has the form of the hypo-
stome), hence the importance that has been
placed on cephalic sutures in classification
(STUBBLEFIELD, 1936). The extraction and
study of silicified specimens has provided
much new information, and the preservation
in full relief has enabled a better appreciation
of the course of the sutures. The following
account of cephalic sutures, the nature of the
hypostome, and its relationship to the rest of
the cephalic exoskeleton is based on recent
reviews (WHITTINGTON, 1988a, 1988b).
ForTEY and CHATTERTON (1988, fig. 5, p.
178; see FORTEY, 1990a, for further discus-
sion) introduced the term natant condition
to describe that in which the hypostome was
detached from the cephalic doublure, and
conterminant condition for that in which
the hypostome was attached by a suture to
the doublure, the latter extending inward to
a position beneath the preglabellar furrow.

PATTERNS OF CEPHALIC AND
FACIAL SUTURES

In cephala having an opisthoparian facial
suture (Fig. 1-3) the two branches may sub-
tend abaxially an oblique angle, the anterior
branches curving inward to become
confluent along the margin. This arrange-
ment characterizes many species and has
been called ptychopariid (see Fig. 27.4), a
term carrying the implication that the con-
nective suture is present on the doublure,
defining the abaxial margin of the rostral
plate. In the conterminant condition this
suture connects the facial suture to the
hypostomal suture (Fig. 4.1-5). When in the
conterminant condition only a median su-
ture transects the doublure, no rostral plate
is developed, and the cephalic suture is
termed asaphid (see Fig. 35). In the
remopleuridioid Kainella the anterior branch
is strongly outwardly directed from the eye
lobe, then curves inward to cross the anterior
border and meet the median suture. This
pattern, in which the anterior branches sub-
tend a wide angle in front of the eye lobes, is
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FiG. 23. Reconstruction of cephalon of Nepea narinosa

WHITEHOUSE, Middle Cambrian, Australia, dorsal view.

The upper of the two pairs of spines is the intergenal
spine, X2 (Opik, 1970a, fig. 2).

described as kainelliform. In Centropleura
(Orik, 1961b, fig. 37) the anterior branch of
the suture curves to run outward and back-
ward, before curving forward to the cephalic
margin and is termed retrodivergent. In the
cedariidiform type of suture the posterior
branch is directed outward from the eye
lobe, then curves back over the posterior
border to a point just inside the base of the
genal spine, as in Cedaria. The proparian
suture (Fig. 5), typical of the post-Cambrian
Cheirurina and Phacopina, is also present in
such unrelated Cambrian forms as Nor-
woodella. Special variants of this suture are
the burlingiiform type (as in Burlingia and
Schmalenseeia), in which both anterior and
posterior branches run outward and forward
from the eye lobe to the margin, and the
dalmanitidiform (as in Dalmanites), where
the anterior branches are confluent along the
dorsal surface of the anterior border. In tri-
lobites having either opisthoparian or
proparian facial sutures, the anterior
branches may be confluent; but the doublure
is not crossed by a median or connective su-
ture; this is described as the nileiform (see
Fig. 36.1) facial suture.

The above kinds of facial sutures all cross
the eye lobe, but facial sutures may be
present when the eye lobe is absent. For

009 University of Kansas Paleontological Institute
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FiG. 24. Dorsal view of genicranium of Brachymetopus
ornatus WOODWARD, Carboniferous (Dinantian), U.K.,
X6 (Owens, 1986, pl. 5, fig. 10).

example, a ptychopariid facial suture is
present in the Devonian proetid Erbeni-
coryphe (see Fig. 119), and a proparian suture
occurs in the Devonian phacopid Trimero-
cephalus (see Fig. 118.4). On the other hand,
a prominent eye lobe may be present, al-
though the facial suture is lacking, as in
Brachymetopus (Fig. 24).

A marginal or submarginal suture charac-
terizes trinucleids (see Fig. 29.1), harpetids,
and dionidids; and a variant is seen in
Entomaspis (RASETTI, 1952a), where two
branches run outward and backward from
the eye lobe to the base of the genal spine
where they join the marginal suture
(entomaspidiform type). In trilobites with a
marginal suture the cephalic exoskeleton is
divided into a dorsal portion, for which
HENNINGSMOEN (1959, p. 155) coined the
term genicranium, and a ventral portion,
which he called the doublural plate; the lat-
ter is referred to in harpetids and trinucleids
as the lower lamella of the fringe.

In some trilobites either branch of the fa-
cial suture may be situated on or beside a
narrow ridge, the sutural ridge. In Olenel-
lina STORMER (1942, fig. 14; pl. 2, fig. 1, 3—
5) showed not only the intergenal and pos-
terior ocular ridges but also described a
fainter ridge curving from the anterior end of
the eye lobe, outward and backward over the
genal field (see Fig. 122). Some species of
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Fallotaspis Hurk (1953a, fig. 20, 23; pl. 1,
fig. 3, 5) also have an anterior ocular line or
ridge extending backward to cross the poste-
rior border just outside the base of the genal
spine. There has been much discussion of the
significance of the anterior and posterior
ocular lines (STORMER, 1942, p. 137-139
and references; HUPE, 1953a, p. 118-119,
fig. 68; HARRINGTON in MOORE, 1959, p.
62-63; BERGSTROM, 1973b, p. 285).
HARRINGTON, following HUPE, concluded
that they represented the fused facial suture
and applied the name metaparian to such a
suture. STORMER was not convinced of this
interpretation, and there is no evidence for it
from what we know of ontogeny in Olenel-
lina. The notion of secondary fusion of facial
sutures in Olenellina is considered improb-
able (WHITTINGTON, 1989).

The above terms that purport to describe
the course of all or part of the cephalic suture
or supposed suture have only limited use
because the exact course differs even between
species attributed to one genus.

DOUBLURE AND ROSTRAL PLATE

At the inner edge of the doublure the exo-
skeleton becomes thin except along the
hypostomal suture (e.g., WHITTINGTON &
Evrrt, 1954, pl. 12, fig. 30). As a result of
compaction, the trace of the inner edge of
the doublure of the lateral and anterior bor-
ders may be impressed on to the dorsal exo-
skeleton to give a paradoublural line. In
uncompressed trilobites this line may be
marked by a slight change in slope of the
dorsal exoskeleton. The doublure may ex-
tend inward beneath the genal field for a
short distance adaxially, closely beneath the
dorsal exoskeleton, but never extends below
the eye lobe.

The cephalic doublure may be impressed
by a vincular furrow, subparallel to the mar-
gin (see Fig. 36.2), or by one or more
notches (see Fig. 27.1) or folds below the
lateral or posterolateral border. These
vincular structures are coaptative (see section
on enrollment and coaptation, p. 67). In cer-
tain asaphids, silicified specimens (Ross,
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1951b, pl. 12, fig. 3—8; CHATTERTON &
LupviGseN, 1976, pl. 2, fig. 10, 12—-14) show
not only a vincular fold near the lateral mar-
gin but a small opening in the doublure
posterolaterally that has one margin raised,
the panderian opening (see Fig. 35.3). In
other trilobites this opening is presumed to
have lain within a small embayment in the
inner margin of the doublure (see Fig. 29.3,
31.4, 35.1).

In Olenellina (see Fig. 30.1) there were no
facial sutures, but the cephalic doublure is
divided by a perrostral suture that runs
along the arc of the doublure from beneath
one genal angle to the other, a short distance
abaxially from the inner margin. This suture
isolates a narrow (sag. and tr.), crescentic
rostral plate. A similarly shaped rostral plate
is isolated in the brachymetopid Australo-
sutura (Fig. 25) by the rostral suture that
curves over the doublure between the inner,
posterior edges. In Brachymetopus (Fig. 24)
the rostral plate is crescentic (OwENs, 1986)
as in Australosutura (Fig. 25), but facial su-
tures are absent. A crescentic ventral plate
has been described in the cephalon of the
metagnostid Arthrorhachis (see Fig. 27.1).
Such ventral, rostral plates are the widest
known (measured along the arc of the
doublure) and are present in extremely dif-
ferent trilobites.

A narrower rostral plate is present in trilo-
bites in which the connective suture crosses
the anterior portion of the doublure; the
shape of the plate is determined by the
course of the suture, the distance separating
the pair of sutures, and the form of the
doublure. JaAANUSSON (1956a, p. 37) pro-
posed that the ptychopariid type of cephalic
suture in which a rostral plate is present
should be subdivided as euptychopariid and
stenoptychopariid, referring respectively to
forms in which the rostral plate was broad
(see Fig. 27.4) or narrow (tr.) (see Fig. 31.1).
The connective suture may be straight, in-
ward as well as backwardly directed, giving a
subrectangular or thomboidal outline to the
rostral plate, or the suture may be sinuous or
run in a curve concave abaxially, resulting in
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FiG. 25. Cephalon of Australosutura sp., Carboniferous;
1, dorsal and 2, ventral views. Abbreviations: 7p, rostral
plate; 75, rostral suture; s, facial suture (Whittington,

1988b, fig. 13).

an hourglass-shaped outline (see Fig. 28.1b,
31.2b). In certain encrinurids (see Fig. 34.3)
the connective suture is close to the midline,
and the rostral plate is an extremely narrow
(tr.) strip. The doublure may be flat or gently
convex anteriorly but may be sharply flexed,
as in calymenids (see Fig. 34.2) or illaenids
(see Fig. 33). In the former group the outer,
anterior portion of the rostral plate (shown
in the ventral view, Fig. 34.2b) is referred to
as the border sector; the inner portion
(which is bent sharply upwards and so hid-
den in the ventral view but shown in section
in Fig. 34.2d) is the doublure sector. The an-
terior margin of the rostral plate, the rostral
suture, lies in most trilobites on the margin
of the border or on the ventral side; however,
in xystridurids (see Fig. 30.3) and homa-
lonotids it is dorsal to the margin.

NATURE OF CEPHALIC SUTURES

The course of the cephalic sutures and the
nomenclature of sections of them and of the
portions into which they divide the cephalon
have been given above. The hypostomal su-
ture is described below, a suture that sepa-
rates hypostome from cephalic doublure. In
entire specimens of the cephalon preserved
in limestone, the suture lines may be visible
as impressed lines; in such specimens in shale
or silt compaction may have caused slight
displacement along the suture lines so that
they are readily visible. Portions of the
cephalic exoskeleton, separated at the su-
tures, comprise the vast majority of fossils.
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Such material that has been silicified has
shown that the relatively thick exoskeleton is
truncated at a flat edge along suture lines,
and the precise fit along these lines is re-
vealed by rare silicified specimens in which
the portions are in juxtaposition (Fig. 4).
This sutural edge of the exoskeleton con-
trasts with the thin edge at the inner margin
of the doublure, to which the unmineralized
ventral integument was attached. Silicified
material of Proetus (WHITTINGTON & CAMP-
BELL, 1967, pl. 2, fig. 3), for example, shows
the difference in appearance between these
edges.

In specimens of the odontopleurid Cerazo-
cephala from Bohemia (BRUTON, 1968b, p.
49) facial sutures cannot be seen, and they
are described as fused and indistinct in a spe-
cies described by CHATTERTON and PERRY
(1983, p. 48); in other species (e.g., BRUTON,
1966, p. 25) there is clear evidence of these
sutures. Other examples could be cited, and
Stelckaspis is characterized (CHATTERTON &
PERRY, 1983, p. 32) as having fused facial
sutures in the holaspid stages and lacking
sutural ridges. Whether facial sutures can be
traced in a specimen may depend on the
mode of preservation (cf. BRUTON, 1968b, p.
49), and it may also depend on whether a
specimen is the exoskeleton of a molt or of a
whole animal that died between molts. In
the latter the suture may not have been func-
tional, whereas in the former it would have
been. In Upper Cambrian (RaseTTI, 1952c,
p. 892) and Ordovician trilobites (LubviG-
SEN, 1979b, p. 4) the median suture may be
present in some species of a genus but absent
in others. In such examples the absence of
this suture does not appear to have taxo-
nomic significance.

HYPOSTOME

The hypostome is a ventral cephalic exo-
skeletal plate, situated beneath the anterior
portion of the glabella and consisting of a
convex, oval or subcircular middle body sur-

rounded by borders (Fig. 4, 26). The width
corresponds to that of the frontal glabellar
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lobe, and in Cambrian trilobites the plate
appears to have extended back to a point
beneath L2 or L1. In younger trilobites the
length (sag.) is greater, in some instances
reaching to a point beneath the occipital
ring. The middle body of the hypostome is
subdivided into a larger anterior lobe and
smaller posterior lobe by a middle furrow
directed inward and backward from the lat-
eral border furrow; the posterior lobe may
have a convexity that is independent from
that of the anterior lobe. The middle furrow
dies out adaxially, and at the inner end there
may be a flat or convex area, the macula,
situated in the furrow or on either side of the
slope down to the furrow, characteristically
on the posterior side of this slope. The
macula may be flag, lie in a deep depression,
or be gently or strongly convex; it may be
oval or lenticular in outline. Examples of the
macula have been described in which the
external surface is smooth (LINDSTROM,
1901; WHITTINGTON, 1988a, p. 600; 1988b,
p. 336) or in which it is tuberculate
(ORMISTON, 1967, pl. 2, fig. 6); examples in
which the exoskeleton is thinner than in ad-
jacent areas or shows an internal cellular
structure have also been described. An
anteromedian protuberance of the middle
body, the rhynchos (see Fig. 34.2-3), is a
coaptative device present, for example, in
remopleuridids, calymenids, and encri-
nurids.

An anterior border of the hypostome may
not be developed. If developed it may be flat,
narrow, and downward- and forward-sloping
or narrow and convex and complete or in-
complete medially. The lateral and posterior
borders, separated from the middle body by
furrows, are of many different forms and are
extended dorsally and inwardly as a dou-
blure. In post-Cambrian species a rounded
projection, the shoulder, is present at the
anterior end of the lateral border; in older
species such a projection lies farther back on
the lateral border. The anterolateral edge of
the hypostome is extended upward and out-
ward as an anterior wing; on the inner sur-
face of the wing a wing process may project,
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FiG. 26. Incomplete cephalon and hypostome of Ceraurinella typa WarrTINGTON & EvITT. I, Anteroventral view

of cranidium with attached right free cheek, to show doublure of occipital ring (4 ), apodemes of SO and S1, and

pit (p) in fossular apodeme, X6 (Whittington & Evitt, 1954, pl. 10). 2,3, Hypostome in ventral and oblique inte-

rior views, X9 (Whittington & Evitt, 1954, pl. 11). 4,5, Diagrammatic representation of hypostome to indicate
terminology of ventral and oblique views, respectively (new).

a corresponding pit being present on the
outer surface. In specimens in which the
hypostome has been found in place, the tip
of the wing or the wing process lies immedi-
ately beneath the fossular apodeme (Fig.
26.1) projecting from the dorsal exoskeleton.
Where the internal surface of the hypostome
is known, a posterior wing projects dorsally
from the inner edge of the doublure of the

© 2009 University of Kansas Paleontological Institute

lateral border, beneath the shoulder. Between
the shoulder and anterior wing is the
embayment of the lateral notch, which is
broad in many Cambrian trilobites and in
Proetida and is a narrow channel in such
groups as Phacopida. The posterior border
may bear one or more spines and may have
a median notch developed or be deeply
forked as in some Asaphida. The
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remopleuridid Hypodicranotus (WHITTING-
TON, 1952b; LubVvIGSEN & CHATTERTON,
1991) is unique in that the prongs of the
fork extend back beneath the thorax to the
pygidium. The varied structures of the
doublure of the posterior border, revealed by
silicified specimens, include a median projec-
tion, a median groove, and sharp granulation
(WHITTINGTON, 1988b, p. 335).

Hypostomal Attachment Conditions

The hypostomes of holaspid trilobites and
their relationship to the rest of the cephalic
exoskeleton were described by WHITTINGTON
(1988a, 1988b). It was shown that in species
of particular genera or families the hypo-
stome was inserted into the ventral cephalic
integument and in others that it was at-
tached at a suture to the cephalic doublure.
In the same year ForTEY and CHATTERTON
(1988, p. 178) proposed terms to describe
the different attachment conditions and por-
trayed both holaspid and protaspid hypo-
stomes. ForTey (1990a) discussed different
hypostomal conditions in more detail, as
well as their possible evolution and impor-
tance to classification. In the light of this
work, the cephalic types proposed by
HARRINGTON (in MoorEg, 1959, p. 67),
which have been little used and are known to
be partly in error, are not given here.
Hypostomal conditions are described in the
terms of ForTey and CHATTERTON.

In the natant condition the hypostome is
inserted into the ventral integument of the
cephalon below the anterior portion of the
glabella, not attached to the inner edge of the
doublure but lying a short distance behind it.
In the remarkable specimens of Agnostus
pisiformis (MULLER & WALossEK, 1987), a
natant hypostome is preserved in place (see
Fig. 78, 80, 82); in species of other genera in
which only the exoskeleton is preserved (e.g.,
WHiTTINGTON, 19884, pl. 55, fig. 8-9;
ForTey, 19904, pl. 1) it is slightly displaced.
Many Cambrian (Fig. 27.2—4, 28) and fewer
post-Cambrian trilobites (Fig. 27.1, 29) have
the hypostome in this position. They are re-
stored with the anterior wing lying beneath
the anterior end of the axial furrow, in front
of the intersection of this furrow with the eye
ridge (if this ridge is developed), or beneath
the corresponding position, the fossula, in
Cryptolithus and Ampyx. In the latter two
genera and in Proetus (Fig. 29.3), a pre-
glabellar field is absent, this field being well
developed in the Cambrian examples. In
some trilobites with a natant hypostome the
doublure is not crossed by sutures (Fig. 28.2;
29.1-2), while in others it is traversed by
connective sutures that isolate a rostral plate
of differing sizes and shapes (Fig. 27.2-3,
28.1, 29.3). In Proetus the anterior edge of
the hypostome lay close to the inner edge of
the doublure. Well-preserved silicified speci-
mens (WHITTINGTON & CampgeLL, 1967, pl.

Fic. 27. Cephala with natant hypostome. 1, Arthrorhachis sp., Middle Ordovician, with dashed outline of possible
hypostome (Whittington, 1988b, fig. 1). 2, Pagetia ocellata JeLL, Middle Cambrian (Whittington, 1988a, fig. 1).
3, Dolerolenus sp., Lower Cambrian (Whittington, 1988a, fig. 7). 4, Ptychoparia striata (EmmricH), Middle Cam-
brian (Whittington, 1988a, fig. 11). All a views are partial dorsal, b, partial ventral, c, right lateral, and d, sagittal
section of cephalic exoskeleton combined with a right lateral view of the hypostome. The position of the rostral suture
is shown by a gap in the section; the heavy dashed line indicates crest of ridge formed by axial furrow on inner (pa-
rietal) surface of exoskeleton.

Abbreviations for this figure and Figures 28-37: ab, anterior boss; ap, anterior pit or fossula; aw, anterior wing;
bs, border sector of rostral plate; cs, connective suture; d, doublure of cephalon; ds, doublure sector of rostral plate;
g, girder; gr, genal ridge; h, hypostome; hs, hypostomal suture; imd, inner margin of cephalic doublure; In, lateral
notch of hypostome; m, median suture; mc, macula; mt, median tongue (narrow median extension inward of the
posterior doublure of the hypostome); oa, oval area of middle body of remopleuridid hypostome; p, pit in anterior
cephalic doublure of remopleuridid; pa, panderian notch; pi, pit in anterior border furrow or corresponding pit in
doublure; pr, perrostral suture; pw, posterior wing of hypostome; pyg, pygidium; rf, rostral flange; rh, rhynchos; rp,

rostral plate; rs, rostral suture; s, facial suture; sh, shoulder; v, vincular furrow or notch; wp, wing process.
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Fic. 28. Cephala with natant hypostome. 1, Aphelaspis sp., Upper Cambrian (Whittington, 1988a, fig. 17). 2,

Parabolinella sp., Upper Cambrian (Whittington, 1988a, fig. 19). 3, Conocoryphe sulzeri (ScHLoTHEIM), Middle

Cambrian (Whittington, 1988a, fig. 12). 4, Agraulos ceticephalus (BArRraNDE), Middle Cambrian (Whittington,

1988a, fig. 14). All a views are partial dorsal, b, partial ventral, ¢, right lateral, and d, sagittal section of cephalic

exoskeleton combined with a right lateral view of the hypostome. The position of the rostral suture is shown by a

gap in the section; the heavy dashed line indicates crest of ridge formed by axial furrow on inner (parietal) surface
of exoskeleton. See Figure 27 (p. 30) for list of abbreviations.
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Fic. 29. Cephala of post-Cambrian trilobites with a natant hypostome. 1, Cryptolithus sp., Ordovician (Whittington,

1988b, fig. 15). 2, Ampyx sp., Ordovician (Whittington, 1988b, fig. 16). 3, Proetus (Proetus) sp., Silurian

(Whittington, 1988b, fig. 11). All a views are partial dorsal, b, partial ventral, c, right lateral (including thorax and

pygidium in part 1), and d, sagittal section of enrolled exoskeleton (of cephalon only in part 3) combined with a

right lateral view of the hypostome. The position of the rostral suture is shown by a gap in the section; the heavy

dashed line indicates crest of ridge formed by axial furrow on inner (parietal) surface of exoskeleton. See Figure 27
(p. 30) for list of abbreviations.

2, fig. 1) show that the anterior edge of the
hypostome was rounded and slotted, not a
thick, flat sutural edge. This suggested that
the hypostome was natant.

ForTey (19904, fig. 11) drew attention to
the similarity in morphology between ex-
amples of the natant hypostome. This gener-
alization embraced what we know of hypo-
stomes in Eodiscina (Fig. 27.2), but that of

Agnostus pisiformis (MULLER & WALOSSEK,
1987, p. 11, fig. 5) and other Agnostina
(RosisoN, 1972b) is different. The hypo-
stome in Agnostina is highly convex and
lacks borders, the more heavily sclerotized
portions surround and divide the middle
body, and the anterior and posterior wings
are elongate and dorsally directed. The
middle body is divided into a pair of oval
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areas, the hypostomal lobes (see Fig. 80),
which were less heavily sclerotized; openings
in silicified specimens described by Rosison
may represent similar areas. An outline of
this type of hypostome is suggested for
Arthrorhachis (Fig. 27.1), an example of a
unique find among Agnostina of a species
having a wide rostral plate and rostral suture.
MucLer and WaLossek (1987, p. 4446, fig.
26) discussed the similarities and differences
between the hypostome of Agnostina and
that of other trilobites and commented that
the hypostome was a homologous structure
in all trilobites.

In a wide range of trilobite groups the
hypostome is attached to the inner margin of
the cephalic doublure by the hypostomal
suture. This is the conterminant condition.
In Holmia (Fig. 30.1) the hypostome is wide
(tr.) anteriorly, corresponding in width to the
frontal portion of the glabella, and the ante-
rior wing is large and triangular, its tip lying
beneath the axial furrow immediately in
front of the eye lobe. The hypostomal suture
is narrow (tr.), the anterior wing curving up
dorsal to the rostral plate. The form and re-
lationship of the hypostome to the dorsal
exoskeleton is similar in Xystridura (Fig.
30.3) to that in Holmia. In Xystridura, how-
ever, there is a facial and a rostral suture, the
latter on the dorsal surface of the border, and
the connective suture curves back to reach
the inner margin of the doublure beneath
the genal angle. In Redlichia (Fig. 30.2) the
hypostome is narrower (tr.) anteriorly, corre-
sponding to the form of the frontal lobe of
the glabella, but a relatively large anterior
wing is present. A furrow in the external sur-
face of the rostral plate in Redlichia runs be-
neath the anterior border furrow, and pits in
each of the furrows project inward and inter-
lock (according to Orik, 1958; cf. ForTEY,
19904, fig. 6).

Many post-Cambrian trilobite groups are
characterized by having the hypostome at-
tached to a doublure in which rostral and
connective sutures define a rostral plate.
Among Cambrian trilobites, Welleraspis (Fig.
31.1) is a probable example, but specimens
of Cambrian trilobites showing such an ar-

rangement, with the hypostome preserved in
place, have not been figured. Among post-
Cambrian trilobites, a number of such speci-
mens are known, as well as undistorted
silicified material that allows reconstruction
in three dimensions. Examples are Dysplanus
(Fig. 31.3), Bathyurus (Fig. 31.2), Paladin
(Fig. 31.4), Acanthopyge (Fig. 32.1), and
Acidaspsis (Fig. 32.2), in all of which the an-
terior wing extends up so that the tip lies
closely beneath the ridge formed on the pa-
rietal surface by the axial furrow; in
Dysplanus and Paladin a wing process is de-
veloped. The large size of the anterior wing
in Bathyurus means that, if the hypostome
were attached, it must have been inclined
steeply downward and backward. The angle
of inclination of the hypostome was less in
Paladin, while in Acanthopyge it was moder-
ate but the hypostome was large in relation
to the rest of the cephalon. In Illaenus (Fig.
33) and Bumastus the rostral plate was
curved posteriorly through 180° to form an
inwardly facing rostral flange, the hypo-
stomal suture extending along the inner edge
of the flange and the adjacent edges of the
doublure. The backward and upward incli-
nation of the hypostome has been recorded
in lllaenus (Jaanusson, 1954), and in species
of this genus and of Bumastus the anterior
wing is large; in Bumastus the tip may have
been situated close beneath the fossular
apodeme.

While in most of the above-mentioned
genera the tip of the wing process lies close
to, against, or in a pit in the fossular apo-
deme, this device is particularly well devel-
oped in such genera as Ceraurus (Fig. 5),
Ceraurinella (Fig. 26), Deiphon (Fig. 34.1),
Encrinuroides (Fig. 34.3), and Calymene (Fig.
34.2). In addition to process and apodeme
being in contact, the distal portion of the
wing was wrapped around the apodeme to
aid in keeping the process in position. The
size of the wing and its process and the con-
vexity of the cephalon lead to a downwardly
sloping attitude of the hypostome, strongly
so in Deiphon and other cheirurids. The
presence of the rhynchos in some encrinurids
and calymenids appears to be related to co-
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Fic. 30. Cephala in which the hypostome was probably conterminant. 1, Holmia kjerulfi (LinNARsSsON), Lower

Cambrian (Whittington, 1988, fig. 3). 2, Redlichia sp., Lower to Middle Cambrian (Whittington, 1988a, fig. 6).

3, Xystridura sp., Middle Cambrian (Whittington, 1988a, fig. 9). All a views are partial dorsal, b, partial ventral,

¢, right lateral, and d, sagittal section of cephalic exoskeleton combined with a right lateral view of the hypostome.

The position of the rostral or perrostral suture is shown by a gap in the section; the heavy dashed line indicates

crest of ridge formed by axial furrow on inner (parietal) surface of exoskeleton. See Figure 27 (p. 30) for list of
abbreviations.

aptation—that is, to the fit of the pygidium
below the cephalon when the hypostome is
inclined downward.

The combination of an attached hypo-
stome and a median suture crossing the
doublure is known in species of the Upper
Cambrian genera Proceratopyge and Eurekia

(Fig. 35.1-2). In these species the hypo-
stomal suture is narrow (tr.), and an anterior
wing extends upward to the ridge formed on
the ventral side of the axial furrow. The po-
sition of this ridge in Eurekia determines the
angle of inclination of the hypostome. In
Ordovician asaphids such as Stegnopsis (Fig.
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Fic. 32. Cephala with a conterminant hypostome and rostral plate. 1, Acanthopyge sp., Silurian to Devonian

(Whittington, 1988b, fig. 25). 2, Acidaspis sp., Ordovician to Devonian (Whittington, 1988b, fig. 26). All a views

are partial dorsal, b, partial ventral, c, right lateral, and d, sagittal section of cephalic exoskeleton combined with a

right lateral view of the hypostome. The position of the rostral and hypostomal suture is shown by a gap in the sec-

tion; the heavy dashed line indicates crest of ridge formed by axial furrow on inner (parietal) surface of exoskeleton.
See Figure 27 for list of abbreviations.

35.3) the arrangement is similar, but the
hypostomal suture is wider (tr.) and runs in
a curve along the upturned doublure, so that
the close fit is not in a single plane. In
Remopleurides (Fig. 35.4) the suture also has
this curved course, and a long wing process
extends to the pit in the fossular apodeme
and to the tip of the process formed by the
pit in the anterior doublure. Peculiar to
remopleuridids is the oval area that occupies
much of the middle body, over which the
exoskeleton is thinner and is either smooth
externally or bears raised lines.

ForTey and CHATTERTON (1988) included
in the Asaphida the Anomacaroidea, a super-
family that includes Auritama. In one species

of this genus, Opik (1967, fig. 75) described
the marginal rostral suture, from each end of
which a connective suture is directed inward,
the two meeting to isolate a small triangular
plate on the anterior edge of the doublure,
the rostellum. From the posterior tip of this
plate a median suture traverses the cephalic
doublure. The rostellum is also known in a
species of Pterocephalia (CHATTERTON & Oth-
ers, 1994, fig. 6.6).

In Symphysurus (ForTey, 1986) and Nileus
(Fig. 36.1) the hypostome is attached and
braced by a long, upwardly directed anterior
wing, but the cephalic doublure is not
crossed by a median or connective sutures.
This latter condition is thought to be

Fic. 31. Cephala with a conterminant hypostome and rostral plate. 1, Welleraspis swartzi (TascH), Upper Cambrian

(Whittington, 1988, fig. 18). 2, Bathyurus sp., Middle Ordovician (Whittington, 1988b, fig. 10). 3, Dysplanus sp.,

Ordovician (Whittington, 1988b, fig. 8). 4, Paladin sp., Carboniferous to Permian (Whittington, 1988b, fig. 12).

All a views are partial dorsal, b, partial ventral, c, right lateral, and d, sagittal section of cephalic exoskeleton com-

bined with a right lateral view of the hypostome. The position of the rostral or hypostomal suture is shown by a gap

in the section; the heavy dashed line indicates crest of ridge formed by axial furrow on inner (parietal) surface of exo-
skeleton. See Figure 27 (p. 30) for list of abbreviations.
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3

Fic. 33. Cephalon of Ordovician lllaenus sp.; the hypostome is conterminant and held at an unusual angle; 1, par-

tial dorsal view; 2, posteroventral view, dashed line showing course of suture where hidden; 3, right lateral view; 4,

sagittal section of cephalic exoskeleton combined with a right lateral view of the hypostome; position of rostral and

hypostomal sutures shown by a gap in the section (Whittington, 1988b, fig. 7). See Figure 27 (p. 30) for list of
abbreviations.

secondary in nileids, Platypeltoides (FORTEY
& OweNs in Owens & others, 1982) having
a median suture. In Phacops (Fig. 36.2) the
hypostome is attached and braced by a large
anterior wing bearing a small wing process,
and the cephalic doublure is entire. In early
Phacopina (Henry, 1980a) the condition of
the doublure is similar, so the lack of median
or connective sutures may be a cardinal char-
acter of this group. Jaanusson (1975), how-
ever, described the Early Ordovician genus
Gyrometopus, which is phacopid in appear-
ance but has the cephalic doublure divided
by a rostral plate. He pointed out that this
species fulfills the requirements of an imme-
diate ancestor of Phacopina but that the
presence of a rostral plate might be consid-
ered to exclude it from that group.

A special case of the conterminant condi-
tion of the hypostome is fusion with the ros-

tral plate, so far known only in Cambrian
trilobites. In Paradoxides (Fig. 37.1) this con-
dition is considered to be a diagnostic char-
acter of the genus, and it also obtains in
Oryctocephalus (SHercoLD, 1969, pl. 1, fig.
4, pl. 2, fig. 4) and many genera of corynexo-
choids. In Fieldaspis (Fig. 37.2), a corynexo-
choid, a long, steeply inclined anterior wing
extends dorsally so that the tip lies beneath
the axial furrow immediately in front of the
eye ridge. In Paradoxides there is a similar
arrangement, the wide (tr.), inflated, middle
body lying beneath the expanded anterior
portion of the glabella. Thus the rostral-
hypostomal plate in these genera is rigidly
braced against the rest of the cephalic exo-
skeleton.

The ventral cephalic sutures in the Lower
Cambrian Bathynotus (Fig. 37.3) are unique,
in that they diverge at about 100° from the
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Fic. 34. Cephala with a conterminant hypostome and rostral plate. 1, Deiphon sp., Silurian (Whittington, 1988b,

fig. 19). 2, Calymene sp., Silurian to Devonian (Whittington, 1988b, fig. 23). 3, Encrinuroides sp., Ordovician to

?Silurian (Whittington, 1988b, fig. 20). All a views are partial dorsal, b, partial ventral, c, right lateral, and d, sag-

ittal section of cephalic exoskeleton combined with a right lateral view of the hypostome. The position of the ros-

tral and hypostomal suture is shown by a gap in the section; the heavy dashed line indicates crest of ridge formed by
axial furrow on inner (parietal) surface of exoskeleton. See Figure 27 (p. 30) for list of abbreviations.

midpoint of the anterior edge of the dou-
blure to isolate a hypostome that is pentago-
nal in outline. Whether these two sutures are
sections of the hypostomal suture or whether

they should be regarded as connective su-
tures is uncertain. If the latter, the supposed
hypostome is composed of the true hypo-
stome fused with a triangular rostral plate.
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Fic. 35. Cephala with a conterminant hypostome, the doublure crossed by a median suture. 1, Eurekia ulrichi

(RaseTT1), Upper Cambrian (Whittington, 1988a, fig. 20). 2, Proceratopyge sp., Middle to Upper Cambrian,

Tremadoc (Whittington, 1988a, fig. 16). 3, Stegnopsis sp., Ordovician (Whittington, 1988b, fig. 3). 4, Remopleurides

sp., Ordovician (Whittington, 1988b, fig. 6). All a views are partial dorsal, b, partial ventral, c, right lateral, and d,

sagittal section of cephalic exoskeleton combined with a right lateral view of the hypostome. The position of a su-

ture is shown by a gap in the section; the heavy dashed line indicates crest of ridge formed by axial furrow on inner
(parietal) surface of exoskeleton. See Figure 27 (p. 30) for list of abbreviations.

No other species is known with such a ven- ForTey and CHaTTERTON (1988, p. 178,
tral structure or with a triangular rostral plate  fig. 5) proposed the term impendent for a
in which the apex of the triangle is directed  condition seen, for example, in Nileus (Fig.
forward. 36.1), Remopleurides (Fig. 35.4), Dysplanus
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Fic. 36. Cephala with a conterminant hypostome, but lacking a connective or a median suture. 1, Nileus sp., Or-

dovician (Whittington, 1988b, fig. 5). 2, Phacops sp., Devonian (Whittington, 1988b, fig. 21). Both a views are

partial dorsal, b, partial ventral, ¢, right lateral, and d, sagittal section of cephalic exoskeleton combined with a right

lateral view of the hypostome. The position of a suture is shown by a gap in the section; the heavy dashed line indi-

cates crest of ridge formed by axial furrow on inner (parietal) surface of exoskeleton. See Figure 27 (p. 30) for list
of abbreviations.

(Fig. 31.3), and Phacops (Fig. 36.2). Here the
direct relationship between the hypostomal
position and the glabella is supposedly lost.
As may be seen, the connection between the
fossular apodeme and anterior wing process
is retained in these forms, as it is in other
species with the conterminant hypostome.
What is different is that the glabella and pre-
sumed preglabellar area or field are merged
into a continuous slope, which becomes ver-
tical, overhangs the anterior margin, or, in
the case of Phacops, overhangs an extremely
short (sag.) anterior border. The doublure is
relatively broad (sag. and exs.) so that the an-
terior margin of the hypostome appears to lie
farther posteriorly and is not approximately
beneath the preglabellar furrow in Phacops,
for example. The impendent condition ap-
pears to reflect an expansion of the anterior
glabellar lobe (possibly related to an expan-
sion of the anterior portion of the alimentary
canal) at the expense of the anterior border,
with the basic relationship of hypostomal
wing and fossula being retained.

The foregoing account has shown that the
position of the tip of the anterior wing of the
hypostome, close beneath the fossula or
equivalent position in the axial furrow, was
homologous in all trilobites (cf. ForTEy,
19903, p. 531). This arrangement appears to
have been maintained, whatever the
hypostomal attachment condition may have
been.

MOVEMENT OF THE HYPOSTOME

The possibility of such movement has
long been discussed (e.g., ScHeviLL, 1936;
ELDREDGE, 1971; WHITTINGTON, 1988a,
1988b). In trilobites having a conterminant
hypostome (and especially in those having a
fused rostral-hypostomal plate), the hypo-
stome was held rigidly in relation to the re-
mainder of the cephalic exoskeleton. The
anterior wing resting against the fossula
or inner surface of the axial furrow braced
the hypostome and determined its attitude,
as the lateral views and sagittal sections
of Figures 30 through 37 illustrate. The
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Fic. 37. Cephala in which rostral plate and hypostome are fused (possibly so in Bathynotus). 1, Paradoxides davidis

SALTER, Middle Cambrian (Whittington, 1988a, fig. 8). 2, Fieldaspis celer (WaLcoTT), Middle Cambrian

(Whittington, 1988a, fig. 10). 3, Bathynotus holopygus (HALL), Lower Cambrian (Whittington, 19883, fig. 5). All a

views are partial dorsal, b, partial ventral, c, right lateral, and d, sagittal section of cephalic exoskeleton combined

with a right lateral view of the hypostome. The position of the rostral or facial suture is shown by a gap in the sec-

tion; the heavy dashed line indicates crest of ridge formed by axial furrow on inner (parietal) surface of exoskeleton.
See Figure 27 for list of abbreviations.

hypostome hence formed part of a capsule in
the axial region of the exoskeleton, which en-
closed the U-shaped anterior portion of the
alimentary canal. In trilobites that had a na-
tant hypostome (Fig. 27-29), the relation-
ship was less rigid. Any movement of the
natant hypostome would have depended
upon musculature, the flexibility of the ven-
tral integument into which it was inserted,

and the nature of the link between anterior
wing and fossular apodeme.

THORAX

The thoracic region of the trilobite body
consists of a number of similar somites that
articulate with one another and with the
fused somites of the cephalic and pygidial
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regions. The thorax (Fig. 2) is the exoskel-
eton of this region, including the doublure,
and the exoskeleton of each somite is referred
to as a segment. Each segment consists of the
axial ring, the exoskeleton of the axis, and
the pleura, that of the pleural region. The
number of segments in the thorax may be 2
(Agnostina) or 3 (Eodiscina), whereas in
most other trilobites the number is between
approximately 6 and 15. This generalization
led JaekeL (1909) to propose the terms
Miomera for trilobites with 2 or 3 thoracic
segments and Polymera for trilobites with 6
or more such segments. Thus Miomera
could be used as an inclusive term for
Agnostida and Polymera for all other trilo-
bites. However, it is known that these other
trilobites include species that had 2, 3, or 4
thoracic segments (e.g., RoBisoN &
CaMmPBELL, 1974; W. ZHANG, 1980; FoRrTEY
& RusHTON, 1980); and Miomera is a jun-
ior synonym of Agnostida (Moore, 1959, p.
172). Hence these terms cannot be used for
formal taxonomic categories, but only infor-
mally as adjectives (miomerid and poly-
merid) to describe trilobites with few or
many segments (cf. RoBisoN & CAMPBELL,
1974, p. 281). In some groups of trilobites
other than Agnostina and eodiscoids, a
specific number of thoracic segments may be
present in most if not all species, such as 6 in
trinucleids, 8 in asaphids, or 13 in calyme-
nids. In other groups the number may vary
to a greater extent between species of closely
related genera or species of one genus as, for
example, in the 17 to 32 segments in the
thorax of species attributed to Alokistocare
(Rogison, 1971).

The maximum number of segments
known in any species appears to be 61, in an
emuellid (Pocock, 1970). The specimen on
which the oft-quoted figure of 40 is based is
the original of WaLcoTT (19164, pl. 26, fig.
4b,c) of Menomonia calymenoides. In this
specimen the convex thorax of many seg-
ments narrows backward gradually, and
more than 40 axial rings may be counted.
Preservation is poor; it is uncertain whether
the thorax is complete anteriorly, and the

boundary between thorax and pygidium
cannot be ascertained. This difficulty of de-
termining, in a series of similar segments
diminishing progressively backward in width
(tr.) and length, where thorax ends and py-
gidium begins applies also to specimens of
hapalopleurids (HARRINGTON & LEANZA,
1957, p. 203-205). In Seleneceme, a similar
problem has been solved by examining new
material (Kenneby, 1989). BurLinG (1916)
claimed that the specimen of Olenellus
robsonensis exhibited 44 thoracic segments,
but a re-examination (WHiTTINGTON, 1989)
suggests that the number does not exceed 40.
The pygidium is not preserved, so that the
original total number of segments in the tho-
rax is unknown. Specimens of the emuellids
described by Pocock (1970) show much of
the pleural region posteriorly and the minute
pygidium, so that the basis for a maximum
number of 61 thoracic segments appears to
be sound.

The axial ring of the thorax is separated
from the pleura by the axial furrow (Fig. 2).
The depth of this furrow and the transverse
convexity of the axial ring vary; the trans-
verse profile of the axial ring may be evenly
curved and subtend an arc of up to 180° or
may be flattened medially. The ring may be
flat or convex in longitudinal (sag. and exs.)
profile, the slope being steepest posteriorly;
it slopes anteriorly into the transverse articu-
lating furrow (Fig. 38—39) and has an ante-
rior extension, the articulating half ring, the
anterior edge of which curves in an arc so
that the half ring is longest sagittally. This
half ring projects forward beneath the simi-
larly shaped doublure of the next ring in
front (Fig. 38.2, 39) or of the occipital ring
of the cephalon (Fig. 26). It acted as a guide
during flexure of the thorax and covered the
gap that opened between adjacent axial rings
during flexure. It was absent only from the
first thoracic segment of almost all species of
Agnostina. In silicified examples of remo-
pleuridids (CHATTERTON & CAMPBELL, 1993,
p. 121), a small, transverse plate along the
anteromedian margin of the articulating half
ring is isolated by a suture. The lateral
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Fic. 38. Ceraurus whittingtoni Evitt, Middle Ordovician, Virginia, USA. 1, Dorsal view of portions of 5 thoracic
segments, X4.5 (new). 2, Ventral view of portions of 5 segments and the pygidium, X4.5 (Whittington, 1960b,
fig. 1g).

extremity of the articulating furrow may
deepen into an apodemal pit, which varies in
depth and projects into the body as an apo-
deme. Such apodemes form a graded mor-
phological series with those of the cephalon
(Fig. 26.1) and pygidium (Fig. 38.2, 39.2)
(LubvigseN & CHATTERTON, 1982, pl. 6;
CHATTERTON & PERRY, 1983, pl. 1, 13). In
some species the axial ring is divided (Fig.
40.2) by an intra-annular furrow into the
smaller preannulus and a larger postannu-
lus. The axial ring may bear a tubercle or
axial spine, which may be median and borne
by some or all the segments of the thorax in
asize series or by only one segment. The long

O ”

axial spine on the 15th segment of Olenellus
(see Fig. 45) is well known, but equally con-
spicuous are the spines on the 13th segment
of the Ordovician Balnibarbi (ForTEy,
1974b, fig. 4), on the 10th segment of the
Silurian Encrinurus (RamskoLp, 1986, pl.
39, fig. 1), and on the 6th segment of the
Devonian Otarion (MorzapEec, 1983, pl. 3,
fig. 3). Axial spines or tubercles may be
paired close to the midline, and additional
pairs may occur. In some trilobites the lateral
extremity of the axial ring may be inflated
and rounded distally, in some sufficiently so
as to form a lateral axial lobe that may be
separated from the rest of the ring by a shal-
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Fic. 39. Diagrammatic representation of Figure 38 to show terminology of thoracic features (new).

low furrow. A serial homology between axial
rings is shown in many trilobites by their
duplication of the form of the axial spine or
tubercle and lateral lobes of the occipital
ring. On the other hand, RamskoLp (1985,

p. 36) has noted that in some species of
Dalmanites the lateral axial lobe is more
prominent on particular segments.

The pleura of the segment extends out-
ward from the axial furrow, and in most
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Fic. 40. Thoracic segment of Proetus pluteus WHITTINGTON & CampBELL. 1-4, Anterior, dorsal, ventral, and poste-
rior views, respectively, showing terminology and mode of articulation (adapted from Whittington & Campbell,
1967, pl. 2, fig. 14, 25, 31-32).

trilobites (as seen in anterior or posterior
views, Fig. 40.1,4) is divided at the fulcrum
into an inner portion that is horizontal and
an outer portion that slopes downward out-
side the fulcrum. The same division obtains
in Ceraurus (Fig. 38-39) at the fulcral pro-
cess and socket between the inner, horizon-

tal portion and the downwardly directed
pleural spine. In contrast, in Olenoides the
inner portion of the pleura is not horizontal
(Fig. 41.5); but, after ascending from the
axial furrow, it curves to slope gently down-
ward and outward and there is no fulcrum.
In Olenellus the pleura was similarly curved
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Fic. 41. Restoration of left halves of two midthoracic segments of Olenoides serratus (Rominger). 1,2, Dorsal and

left lateral views of extended position; 3,4, dorsal and left lateral views of flexed position; 5, posterior view. Dashed

line and x indicate position of hinge line; coarse stipple indicates portions of flange and articulating half ring exposed

by flexure; dotted line on left side of anterior segment in part 1 indicates position of inner margin of doublure
(Whittington, 19804, fig. 3).

and lacked the fulcrum (see Fig. 45.4). In
Remopleurides (CHATTERTON & LUDVIGSEN,
1976, pl. 1) the fulcrum is adjacent to the
axial furrow so that most of the pleura rep-
resents the outer portion; in Cybantyx the
horizontal inner portion of the pleura is ab-
sent and the pleura continues the slope of the
axial ring (see Fig. 47).

A pleural furrow (Fig. 39) commences at
the axial furrow, opposite the outer end of
the articulating furrow, and is directed out-
ward and slightly backward across the pleura,
dividing it into anterior and posterior
bands. The depth and slope of the sides of
this furrow vary, and the pleura may be al-
most flat or inflated to differing degrees.
Thus the pleural furrow may be flanked by
slightly inflated areas (or by ridges as in
odontopleurids) or may be broad and shal-
low and occupy much of the dorsal area of
the pleura. The pleural furrow may be absent

or may be replaced by a row of pits, as in
certain cheirurids (LANE, 1971, p. 44; C. P.
HucHEs, 1969, pl. 8, fig. 4-5). In trilobites
in which the outer portions of the pleurae
overlap during enrollment (Fig. 2, 40), the
anterolateral surface of this outer part is
bevelled to form an articulating facet. The
surface of this facet is gently concave (a sec-
tion of a cone), to enable it to glide closely
beneath the doublure in front of it. The
pleural furrow may continue for a short dis-
tance on the outer portion and die out, or it
may continue behind the facet (postfacetal
condition), as in asaphids such as Isotelus and
in the proetid Proetus (Fig. 40.2). In
phacopids and calymenids (HAMMANN,
1983, pl. 2; CHATTERTON & CAMPBELL,
1993, fig. 1d, 1h, 2f), for example, the pleu-
ral furrow crosses the posterior margin of the
facet and continues on the facet—the
epifacetal condition. The doublure extends
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inward beneath the outer portion of the
pleura to a varying distance; for example, in
Proetus it extends a short distance inside the
posterior and distal margins (Fig. 40), butin
Ceraurus, in which the outer portion is a
pleural spine, it extends to the fulcrum (Fig.
39). In trilobites in which the pleurae are fac-
etted and slide closely one over another in
enrollment, the doublure may carry a device
to limit the amount of overlap. This device
may be in the form of a notch in the narrow
doublure, the panderian notch, the anterior
side of which is raised to form a stop, the
panderian protuberance, as in Proetus (Fig.
40.3) and in the Early Cambrian Crassifim-
bra (PALMER, 1958, fig. 5) or the Ordovician
Dimeropyge. In trilobites with a wider (tr.)
doublure, the stop may take the form of a
sharp, raised fold directed outward and back-
ward, as in Symphysurus or Nileus. In
asaphids there may be a similar fold or a
notch with a raised margin, the panderian
protuberance, so called because of the small
elliptical or circular opening, the panderian
opening, immediately anterior to it. These
structures have been studied by SiEGFrIED
(1936) and Hure (1955b) and illustrated in
work on silicified (CHATTERTON & Lubvic-
sEN, 1976) and other specimens (BALASHOVA,
1976; Hammann, 1983, p. 38, pl. 22; CHAT-
TERTON & CAMPBELL, 1993).

The distal tip of the outer portion of the
pleura may be rounded as in Isotelus (Fig. 2)
or bluntly pointed as in Proetus (Fig. 41); the
doublure of the outer portion of the pleura
is either a narrow band around the tip and
along the posterior edge or is more extensive.
In forms in which the entire outer portion of
the pleura forms a spine as in Ceraurus (Fig.
39), Olenellus, or Remopleurides, the dou-
blure extends beneath the hollow spine to
the fulcrum (or its equivalent). In encrin-
urids and odontopleurids (Fig. 42—43), each
band of the pleura is extended into a spine,
the major spine being on the longer (exs.)
posterior band. The minor spine on the an-
terior band may be forwardly or upwardly
directed or, in Dicranurus, vertically down-
ward. It is apparently rare for the major spine

to arise from the anterior pleural band as it
does in Dorypyge (WEesTERGARD, 1948, pl. 2,
fig. 4; W. ZHaNnG & JELL, 1987, pl. 12, fig.
5).

The pleural or major pleural spines may
form a graded size series, progressively more
strongly backwardly directed posteriorly.
Odontopleurids illustrate this well; for ex-
ample, in Miraspis mira mira (BrRuTon,
1968b, pl. 7, fig. 3), Ceratocephala vesiculosa
(BruTon, 1968b, pl. 8, fig. 5-6), and
Dicranurus monstrosus (Fig. 42) the series of
major pleural spines is graded in direction
and length. In such trilobites as Dicranurus
hamatus elegantus (Fig. 43), the series of ma-
jor spines is not evenly graded in length,
there being long major spines on segments 4,
6, and 7 but a much reduced major spine on
the fifth segment. Different lengths of major
spines are also shown by species of Leonaspis;
for example, in L. tuberculatus (WHITTING-
ToN, 1956b, pl. 57, fig. 8) the series is graded
but is longest anteriorly, in L. jaanussoni
(CHATTERTON & PERRY, 1983, fig. 19) it is
graded but longest posteriorly, and in L.
brittanica (Morzapec, 1983, pl. 32, fig. 1)
the major spines on pleurae 5, 6, and 7 are
much longer than others. A single, conspicu-
ously longer spine is termed macropleural.
In odontopleurids and Cybeloides (INGHAM,
1968) it is the spine, the outer portion of the
pleura, that is long and stout. The inner por-
tion of the pleura is not enlarged relative to
the adjacent segments. This contrasts with
the condition in Olenellus (see Fig. 45.1), in
which the inner portion of the pleura be-
comes longer (exs.) abaxially. Emuella
(Pocock, 1970) and the olenellid Biceratops
(Fig. 44) provide additional examples of such
macropleurae, showing how the shape of the
inner portions of adjacent segments are
modified to accommodate the macropleura
and also illustrating the great length and
thickness of the outer spine compared to
those of other segments. Examples of
macropleurae in which the inner portion of
the pleura is enlarged are rare in post-Early
Cambrian trilobites, but one is the anterior
thoracic segment in the raphiophorid
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Fic. 42. Dicranurus monstrosus (BARRANDE), Devonian, Bohemia. 1, Anterior view of cephalon; 2, dorsal view of
exoskeleton; 3, right lateral view of exoskeleton, X1 (Whittington, 1956d, fig. 18).

Cnemidopyge (C. P. HugHEs, 1969). It may
be noted that the enlargement of the inner
portion of the pleura in the macropleura
takes place from the axial furrow outward,
the axial ring being one of a graded series and
not enlarged (e.g., Olenellus or Biceratops). In
trilobites that lack a macropleura, thoracic
segments may form a graded series, dimin-
ishing posteriorly, in length (sag.) of the axial
ring and length (exs.) of the inner portion of
the pleura. This is not invariably so, as was
shown by RamskoLp (1991b, fig. 8) in
odontopleurids. His measurements of the
original of Figure 43, for example, show an
increase in the lengths of segments 1 to 6
(segment 5 is slightly shorter than 4 and 6)
and a decrease in the lengths of 6 to 9. Such
a size gradation is characteristic of one sub-
family, the Selenopeltinae.

Olenellus (Fig. 45) illustrates another type
of change that may take place in the series of

pleurae. The long, spinose pleura of the 14th
segment is directed exsagitally backward, so
that the pleurae of the 15th and succeeding
segments must necessarily be narrow (tr.)
and the pleural spine short, to fit between
the 14th pleural spines. A similar abrupt
change in size of the pleurae takes place in
the same position in the thorax in other spe-
cies of Olenellus, in which the pleural spines
of the 14th segment are less strongly back-
wardly directed. In other Olenellina a change
in form of the pleurae may occur much less
abruptly or not at all (WHITTINGTON, 1989).
This change in the form of the thorax in
Olenellina was discussed by WaLcoTT
(1910, p. 244-245), Hure (19533, p. 117-
118, footnote; p. 122-123), and Pocock
(1970, p. 551-552), HurE having intro-
duced the terms prothorax and post-thorax
(=opisthothorax) for the two portions. Hurg
considered that the first segment of the
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Fic. 43. Dorsal view of exoskeleton of Dicranurus

hamatus elegantus CampeeLL, Devonian, Oklahoma
(adapted from Campbell, 1977, 1982).

opisthothorax of Olenellus, bearing the long
median spine, was the 15th and that in this
portion of the thorax the pleurae were re-
duced or absent. The opisthothorax in
Olenellina is not well known (WHITTING-
ToN, 1989), but pleurae, though reduced in
size, are present. A subdivision of the thorax
is also well displayed by emuellids (Pocock,
1970), the prothorax having 6 segments, the
last two of which are fused, and the 6th be-
ing macropleural. The opisthothorax has
from 42 to 55 segments and, as in
Olenellina, has the axial rings diminishing
posteriorly in a graded continuum with
those of the prothorax. The pleura of the
anterior opisthothoracic segment is much
reduced compared to the macropleura, be-
hind this first segment the opisthopleurae
show a continuum in reduction posteriorly.
Thus some Lower Cambrian trilobites show

an abrupt change in the form of the entire
pleura rather than the characteristic graded
series of changes.

Articulation of the segments with one
another and with the cephalon and py-
gidium is characteristic of trilobites, enabling
flexure of the thorax in the vertical plane and
partial or complete enroliment. Segments
differ in form and convexity and in the way
in which the form is modified along the tho-
rax of a particular species to facilitate articu-
lation, enrollment, and the close fit of
coaptational devices. A thoracic segment of
Proetus (Fig. 40) from the midportion of the
thorax illustrates the mode of articulation,
termed fulcrate (Orik, 1970b, p. 4), that is
most widespread in trilobites. The hinge line
between segments runs through the ring and
axial processes and sockets in the axial furrow
and along the horizontal edge of the inner
portion of the pleura to the fulcrum. The
rounded, anterior edge of this inner portion
forms a flange, which fits into a groove below
the posterior edge of the inner portion of the
pleura next in front. The articulating half
ring fits below the doublure of the axial ring
of this next segment; corresponding struc-
tures are present on the posterior margin of
the cephalon and the anterior margin of the
pygidium. On enrollment, the outer portion
of each pleura slides below the one in front;
the facet enables this, and the raised anterior
edge (panderian protuberance) of the
(panderian) notch in the doublure limits the
amount of overlap. The articulation devices
in hystricurids (WHITTINGTON & EVITT,
1954, fig. 10) and otarionids (WHITTINGTON
& CawmpBELL, 1967) are like those of
proetids, and similar structures are present in
the Lower Cambrian Crassifimbra (PALMER,
1958) and probably in most Middle (e.g.,
Rosison, 1964, pl. 87, fig. 16, pl. 89, fig. 8—
9) and Upper Cambrian trilobites (e.g.,
STiTT, 1976, 1983; LuDVIGSEN, 1982, fig.
49). Many post-Cambrian trilobites, such as
calymenids (CampBELL, 1967; HAMMANN,
1983), phacopids (MiLLer, 1976), and
dalmanitids (CampBeLL, 1977; HoLLoway,
1981; Morzapec, 1983), have essentially
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similar segments, but a fulcral process and
socket (Fig. 39) may be developed at the
abaxial end of the flange as an additional aid
in articulation.

A different type of articulation was first
recognized by Orik (1970b, p. 3-4) in
Redlichia and is referred to as nonfulcrate. It
is known also in other Cambrian trilobites
such as Olenoides (Fig. 41), Olenellus (Fig.
45) and other Olenellina, and Paradoxides
(WHITTINGTON, 1990). In these trilobites the
pleura curves downward and outward and
lacks the inner horizontal portion and ful-
crum. The details of the structure need fur-
ther investigation, but in species of
Paradoxides (Fig. 46) there is an axial articu-
lating process and socket, and a concave
flange on the anterior margin of the pleura
fits beneath a narrow strip of doublure along
the posterior margin of the sclerite in front.
A projection at the distal corner of the flange
acted as a guide in articulation (the pleural
guide of Orpik, 1970b, or the marginal con-
nective device of BErcsTrOM, 19734, p. 13).
These devices are similar to those in
Olenellus (Fig. 45), Olenoides (Fig. 41), and
Redlichia (Opik , 1970b) and appear to have
allowed flexure of the body without the pre-
cision of the straight, horizontal hinge-line
of the fulcrate form. In his study of
xystridurids, Opik (1975a, p. 23) pointed
out that, while species of Xystridura had the
nonfulcrate type of exoskeleton, that of
Galahetes was fulcrate. Similarly in corynexo-
choids, Olenoides is nonfulcrate but Ogygop-
sis is fulcrate, and some redlichioids (for ex-
ample, species of dolerolenids, JELL in
BeEngTsoN & others, 1990, p. 272, 292)
were fulcrate.

In the trinucleids, raphiophorids, and
harpetids (WHITTINGTON, 1959a; CAMPBELL,
1975; CHATTERTON & LuDVIGSEN, 1976),
most of the width (tr.) of the pleura is the
horizontal inner portion, the outer portion
being narrow (tr.) and sloping. Articulation
along the wide (tr.), straight hinge line is by
a flange and grooved recess that extends from
the axial process or socket to the fulcrum.
The outer portion of the pleura has a narrow

© 2009 University of Kansas Paleontological Institute

Fic. 44. Biceratops nevadensis Pack & GALE, Lower
Cambrian, Nevada; dorsal view of paratype, X3
(Whittington, 1989, fig. 11).

doublure and panderian notch in Crypto-
lithus and Dolichoharpes, a process projecting
forward from the anterolateral tip fitted into
a recess in the doublure of the segment in
front, serving to limit enroliment (CHATTER-
ToN & CampBeLL, 1993, fig 8h).
Characteristic of asaphids (SIEGFRIED,
1936; JaanussoN, 1953a, 1953h; BaLasHO-
VA, 1976; CHATTERTON & LUDVIGSEN, 1976;
CHATTERTON & CampBELL, 1993, fig. 8d) is
the relatively wide (tr.), steeply sloping outer
portion of the pleura that is broadly facetted
and has the doublure extending far inward,
cut off along an exsagittal line anteriorly,
posteriorly extending up to the fulcrum.
This outer portion of the pleura is thus
shaped like a pocket and has a panderian
opening or notch and protuberance; these
flattened outer portions overlap on enroll-
ment. The horizontal inner portion of the
pleura (present in most genera) articulates by
an anterior flange and posterior recess, and
there are axial and ring processes and sockets.
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Fic. 45. Restoration of exoskeleton of Olenellus thompsoni (HaLL), Lower Cambrian, eastern United States. 1,2,
Dorsal and left lateral views, with portions of exoskeleton cut away to show articulating half ring (ahr), articulat-
ing furrow (af ), flange furrow (ff ) and flange (fl), pleural furrow (pf ), and doublure of thoracic segment (d); sub-
divisions of thorax shown; 3, left lateral view, partly enrolled, with segments 5 and 10 numbered (solid circles showing
position of axis of rotation between segments); 4, posterior view, partly enrolled (Whittington, 1989, fig. 1-2).

In the related nileids (WHITTINGTON, 1965;
ForTey, 1986) the inner portion of the
pleura is narrow (tr.) with large processes and
sockets at the fulcrum, and the outer portion
is formed like that of asaphids, a fold (di-
rected transversely) in the doublure acting to
limit enrollment. The facet in asaphids (see

Fig. 74) and the nileid Symphysurus is rela-
tively broad (exs.) and bears terrace ridges; it
has been described as petaloid by ForTEY
(1986) and ForTey and CHATTERTON (1988,
p. 178, fig. 13). In remopleuridids the struc-
ture of the pleura (WHITTINGTON, 1959a;
CHATTERTON & LuUDVIGSEN, 1976; CHAT-
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Fic. 45 (continued). For explanation, see facing page.

TERTON & CaAMPBELL, 1993) is similar—the
inner portion extremely narrow (tr.), the
fulcral process and socket prominent, the
doublure extending in to the fulcrum—and
enrollment of the falcate outer portions is
limited by a transverse fold in the doublure
and the way the anterior edge of the follow-
ing pleura fits into it.

In Cyclopygidae the bent-down, facetted,
outer portions of the pleurae become succes-
sively wider (tr.) posteriorly, giving a thorax
that is widest (tr.) across the last segment.
This form of the thorax is related to the
manner in which the tips of the pleurae fit
into the vincular notches beneath the
cephalon when enrolled (Marek, 1961, pl.
4, fig. 3-4; Han, 1978).

The thoracic segments of cheirurids (e.g.,
Ceraurus, Fig. 39) are known in detail from
silicified specimens (WHITTINGTON & EvITT,
1954; CHATTERTON & LuDVIGSEN, 1976;
HoLLoway, 1980; CHATTERTON & PERRY,
1984). The inner portion of the pleura is
horizontal with an anterior flange and poste-
rior recess; the outer portion is a spine, the
doublure curved in beneath the fulcral pro-
cess and socket to form a ventral flange in
Deiphon (HoLLoway, 1980, fig. 7). The pleu-
ral spines (usually a single spine, in some
species two) may be shaped and directed so
that they pass one behind the other in enroll-
ment; in Sphaerexochus the blunt, thick
spines may have projections and correspond-
ing recesses to give a close fit when enrolled.
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corner of flange
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corner of flange
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cross section of doublure

Fic. 46. Paradoxides (Hydrocephalus) carens BarranDE, Middle Cambrian, Bohemia, showing articulation devices in

the thorax of a nonfulcrate trilobite; x is the axis of rotation. 1, Dorsal view of left half of segment (dashed line shows

position of inner edge of doublure); 2, left lateral view of two segments in the extended position; 3, posterior view

of left half of segment; 4, left lateral view of two axial rings in the extended position, with inner portion of pleura

shown in cross section; 5, left lateral view of two segments in flexed position (dashed line shows anterior
edge of pleura) (Whittington, 1990, fig. 21).

The preannulus (Fig. 40.2) has been ob-
served in the axial ring of some species.
Thoracic segments of odontopleurids
(WHITTINGTON & EVITT, 1954; BRUTON,
1966; CHATTERTON & LuUDVIGSEN, 1976;
CHATTERTON & PERRY, 1983) resemble in
some respects those of cheirurids, particu-
larly in the flat inner portion of the pleura,
the spines (two) forming the outer portion,
and the narrow doublure beneath their bases
with the fulcral process and socket. A flange
on the anterior edge of the inner portion of
the pleura articulates with a groove on the
posterior edge of the segment in front; the
fulcral process and socket act as guides and
limit enrollment. In such odontopleurids as
Ceratocephala the pleural furrow is shallow
and indistinct. In others, however, the pleu-
ral furrow separates an anterior and posterior
ridge, the latter passing in to the base of the
principal pleural spine; the ridge may be in-
flated into a fulcral swelling at the base of
the spine. So far only known in Cerato-
cephala (WHiTTINGTON, 1956d, p. 240;
THomas, 1981, p. 96; CHATTERTON & PERRY,
1983, p. 48) is a peculiar posterior thoracic
segment, in which anterior and posterior

pleural spines are alike, and a curved suture
traverses (exs.) the inner portion of the
pleura. In silicified specimens this outer por-
tion of the pleura occurs in isolation, the
axial portion remains undetected. Unusual
also is the fenestra in the exoskelton of
Laethoprusia (RamskoLp, 1991a); these
openings occur in the segmental boundaries
of the pleural region, from the posterior
cephalic margin to within the pygidium. The
exoskeleton is curved downwards (ventrally)
around the margin of the ovate fenestra, and
each edge projects beside an intervening
trough, a form like that of the edge of the
articulating flange. Less well preserved but
seemingly similar structures are the
unmineralized slitlike areas between the in-
ner portions of the pleurae in the thorax of
species of asteropyginids (Morzapec, 1983;
SMEENK, 1983).

The encrinurid pleura (WHITTINGTON &
CAMPBELL, 1967; EviTT & TRIPP, 1977;
RamskoLp, 1986) has a horizontal inner por-
tion and steeply down-curved outer portion
and is characterized by the prominent poste-
rior pleural ridge that continues into the spi-
nose tip. WHiTTINGTON and CAMPBELL
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Fic. 47. Thoracic segment of Cybantyx anaglyptos LANE & THomas in THomas. 1,2,4, Posterior, dorsal, and left lat-
eral views; 3, sagittal section of axial ring, showing thick dorsal exoskeleton and ventral ridge (new).

(1967, p. 470-471) and CampBeLL (1967, p.
22) drew attention to the exceptional thick-
ness of the exoskeleton along the posterior
pleural ridge and the median, internal row of
canals that apparently did not traverse the
outermost layers of the exoskeleton. The
much lower anterior pleural ridge dies out
distally. The posterior pleural ridge with its
fulcral swelling is so shaped on the outer
portion that it acts to limit enrollment. An
anterior flange and axial processes and sock-
ets aid in articulation; the doublure extends
only to the base of the spine at the tip of the
outer portion of the pleura.

Articulation in the thorax of Phacops was
described in detail by MiLLer (1976), and

CampgeLL (1977) illustrated the doublure of
other phacopids with its raised stop and the
form of the pleural tips that fitted into
vincular sockets in the cephalon (see also
LEsPERANCE, 1991; BRuTON & Haas, 1997).
CawmpBeLL (1977) and Spever (1988) have
noted that the pleural furrow is postfacetal in
dalmanitids, not epifacetal as in phacopids,
and that details of the articulation and the fit
of the pygidium and cephalon are different
in the two groups.

In the Silurian Cybantyx (Fig. 47), the axis
is broad (tr.), the pleura narrow and curving
down in a continuation of the slope of the
distal portion of the axial ring; the fulcrum
is absent. The axial ring, longest sagittally,
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curves downward and forward and is not
interrupted by the downfold of an articulat-
ing furrow; the doublure has a similar down-
ward curvature. Exfoliated specimens show
that on the inner surface of the anterior por-
tion of the ring there is a transverse ridge,
steep on the posterior side, extending be-
tween the shallow axial furrows. An axial ar-
ticulating process projects ventrally at the
posterior edge of the ring and fits into a
socket at the anterior edge of the following
ring. The outer surface of the pleura is largely
occupied by the facet, which has a gently
concave surface. The doublure has a U-
shaped inner margin, the edges of which ex-
tend in to the axial furrow. In many Ordovi-
cian species of illaenids (WHITTINGTON,
1997), the axial region of the thorax is rela-
tively narrow (sag.), the axial ring and articu-
lating process similar to that of Cybantyx and
having the transverse ventral ridge. The
pleura is relatively broader (sag.), fulcrate,
the inner portion lacks a pleural furrow, the
outer portion similar in form to that of
Cybantyx. In contrast to the Illaenidae, the
thorax of Styginidae and Scutelluidae
(SNAIDR, 1960; CHATTERTON & CAMPBELL,
1980; ARCHINAL, 1994) has the axial ring (in
many species shortest sagittally) descending
to an articulating half ring that extends for-
ward almost horizontally and underlies the
almost horizontal doublure of the ring in
front. The fulcrate pleura has an articulating
flange on the inner portion, a fulcral articu-
lating process and socket, and the outer por-
tion is a spine that has the doublure extend-
ing in to the fulcrum.

The fulcrate form of articulation is seen in
Agnostina and eodiscoids (WHITTINGTON,
1963, 1965; HunT, 1967; MULLER &
WaLossek, 1987; JELL, 1975a), the inner
portion of the pleura horizontal, the outer
portion narrow (tr.), bent down, and shaped
so that the close fit enables complete enroll-
ment (Fig. 48.3). This close fit is edge to
edge; the outer portion lacks a facet, and
there is no overlap between adjacent sclerites.
A unique feature of Agnostina is the absence
of the articulating half ring on the first tho-

racic segment throughout ontogeny (Rosi-
soN, 1964, p. 515). It is present on the sec-
ond segment and the pygidium. Hence,
when the exoskeleton is enrolled, an ellipti-
cal opening appears in a median portion of
the axial region, the cephalothoracic aper-
ture, between the narrow (tr.), convex oc-
cipital band of the cephalon and a slight re-
cess in the anterior margin of the first
thoracic segment (Fig. 48; Rogison, 1964,
fig. 3). This aperture appears to be common
to Agnostina, the only exception being the
presence of an articulating half ring on the
first segment of a species of Leiagnostus (Pex
& SmoLA, 1989). In eodiscoids the articulat-
ing half ring is present on all segments and
the pygidium.

In discussing the articulation of the py-
gidium of Agnostina, Orik (1963, p. 31;
1967, p. 53) commented on the form of the
articulating half ring and articulating furrow
in different subfamilies. In the common or
basic type the half ring has the shape of a
segment of a circle, and the furrow is narrow
(sag. and exs.). In glyptagnostoids the half
ring is a narrow ridge curved forward, the
furrow a wide (sag.), elliptical depression. In
the clavagnostid Aspidagnostus the articulat-
ing half ring arched backwards, a form he
termed agnostoid and regarded as distinct
from that in glyptagnostoids. These distinc-
tions have been used as diagnostic by
SHERGOLD, LAurig, and Sun (1990). In his
later discussion of articulation in Agnostina,
Orik (1979, p. 25-28, 32-34) concentrated
on the structures at the fulcrum, which he
termed prongs. External prongs are short pro-
jections or spines directed backward from
the posterior cephalic border and the abaxial
posterior margin of each segment and are
visible in dorsal view. Similar prongs may
also project forward from the facet of the
pygidium and the abaxial anterior margin of
each segment but are concealed beneath the
external prongs in dorsal view. Opik consid-
ered that these fulcral prongs were the points
about which the sclerites of the exoskeleton
hinged. Earlier, Opik (1967, p. 55) referred
to the concavity of the facet of the pygidium
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Fic. 48. Geragnostus clusus WHiTTiINgTON, Ordovician, Newfoundland. 1,2, Dorsal views of first and second tho-

racic segments, showing thoracic recess, the posterior margin of the cephalothoracic aperture, and articulating half

ring of second segment; axial ring of segment divided into median and lateral lobes; pleura divided by pleural fur-

row into anterior and posterior bands; 3, posterolateral view of enrolled exoskeleton, to show segments, coaptation,

and cephalothoracic aperture; occipital ring divided into lateral lobes and median occipital band, X36 (Whittington,
1963, fig. 3).

in certain Agnostina in which a fulcral prong
was present. Possibly this concavity fitted
against the ventral side of the external prong
of the second thoracic segment.

The thoracic segment of the Silurian
illaenid Cybantyx (Fig. 47) lacks the inner,
horizontal portion of the pleura and the ful-
crum; the pleura continues the slope of the

axial ring. This nonfulcrate form of segment
differs from that of the Cambrian species
described above in that the axial region is
wide (tr.) and the pleural region narrow.
These segments articulate with each other,
and with the cephalon and pygidium, about
the deep axial process. A like form of seg-
ment occurs also in the unrelated Silurian
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and Devonian homalonotids, in which the
pleura continues the lateral slope of the
broad axial ring and has no horizontal inner
portion. These Silurian and Devonian
homalonotids also have, as in older species,
the straight, outward and backwardly di-
rected lateral margin of the axial ring (and
occipital ring), which gives a zigzag course to
the axial furrow (Henry, 1980b, p. 357;
1996), and the deep, narrow articulating fur-
row that is continuous across the axial furrow
with the pleural furrow and dies out on the
broad facet (WoLrarT, 1968, pl. 1-2; THo-
mas, 1977, pl. 24, fig. 12; MorzabEec, 1983,
pl. 4, fig. 1; WenNDoRF, 1990, pl. 15, fig. 3).
The articulating half ring formed a continu-
ous structure with the anterior band of the
pleura and is relatively long (sag. and exs.).
THomas and LaNE (1984) suggested that this
gave an unusual amount of dorsoventral flex-
ibility to the thorax. The great depth of the
pleural furrow and the ridge it formed on the
visceral surface were shown in a Devonian
example by Haas (1981, fig. 4), and both
BrasseL and BercsTROM (1978) and THomaAs
and Lane (1984) regarded this ridge as a
device to limit enrollment. The ridge is
present in the Silurian homalonotid Trimerus
(WHITTINGTON, 1993b) but cannot have
acted to limit enrollment.

In trilobites the segments were articulated
with one another and with the cephalon and
pygidium so that flexure of the exoskeleton
and (with rare exceptions) enrollment were
possible. The straight hinge line afforded by
the horizontal inner portion of the pleura
(Fig. 40), the abaxial fulcrum, and the facet
on the outer portion of the pleura were the
most widespread articulatory devices but
were not universal (Fig. 41). Back-arching of
the thorax, so that it was concavely flexed
dorsally, was possible to a limited extent by
many trilobites, depending on the form of
the axial ring. Such back-arching was facili-
tated if the ring had the anterior face for-
wardly concave in profile (as seen in dorsal
view) and in longitudinal section sloped for-
ward on the anterior side and backward on

the posterior side (cf. HammanN, 1985).
This allowed the axial rings, which were situ-
ated above the axis of articulation, to be ro-
tated close to each other. At the same time
the outer parts of the pleurae, lying below
the axis, were fanned out to cover the sides of
the body. CHaTTERTON and Perry (1983, p.
17) suggested that the function of the
preannulus (Fig. 40) was to allow concave-
dorsal flexure in odontopleurids, cheirurids,
and proetids, by allowing the axial ring of the
segment in front to rotate back over it. The
unusual structure of the axial ring in illaenids
(Fig. 47) means