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INTRODUCTION

By Raymonp C. Moore

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

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

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

In my capacity as general director of the
organization of Treatise volumes, it is ap-
propriate to acknowledge the co-operative
attitude, patience, and especially the very
great amount of painstaking labor that the
numerous authors have provided. Without
these things and teamwork of unusually
high order, it would be impossible to accom-
plish our goal, particularly in view of the
fact that no monetary compensation goes
to anyone. Acknowledgment consists simply
in publication of the names of authors. For
some units, such as general descriptions and
discussions prepared by H. J. HarriNGTON,
LErr StgrmMer, and H. B. WHITTINGTON, NO
difhculty is encountered in specifying au-
thorship, but the situation is otherwise in
recording the authors of systematic descrip-
tions. Because the allocations of taxonomic
units to individual authors deviate widely
from arrangement of these units in zoologi-
cal order, the segregation of descriptions and
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illustrations by authorship would be a most
effective way to destroy utility, and the
adoption of a zoological order requires a
highly interspersed listing of authorship of
taxonomic segments having diverse rank.
Complications have been introduced by re-
visions of classification during the progress
of work, transferring genera from one fam-
ily assignment to another and revising
familial classification; commonly, such
changes have served to blur the distinctness
of authorship boundaries. Accordingly, as
the most practicable means of specifying the
authors of intermingled taxonomic descrip-
tions, record is given in connection with the
tabular outline of classificatory divisions of
the trilobites (p. 0160). Reference should be
made to this list in order to determine the
author or authors of any given taxonomic
description.

Some contributors to the volume on Trilo-
bitomorpha were active in undertaking
work on their assignments virtually from
the time they were accepted in 1949 and
1950. In this group, along with C. J. Stue-
BLEFIELD, belong CHrisTiNa LocHMAN-BALK,
CurisTiaN Poursen, Franco Raserry, J. M.
WEeLLEr, and H. B. WarrtinetoN. When
their work on systematic descriptions was
finished, most of these paleontologists ac-
cepted an additional load and thus have
aided importantly in completing the whole
task. Meanwhile, death intervened to prevent
Evsa WarsurG from doing much Treatise
work and later (1956) both Emma RicHrer
and Ruporr RicuTer died before more than
a fraction of their important assignment on
Phacopacea had been sent to the Editor.
These were unhappy losses. Special acknowl-
edgment and thanks are due to persons who
have filled in the ranks, at relatively late
dates accepting responsibility for organizing
descriptions and illustrations of taxa in un-
finished groups; these contributors are Gun-
NAR HENNINGSMOEN, VALDAR JAANUSSON,
Herta Scumint, WoLFcang STRUVE, Kraus
Spzuy, and Rownarp Tripp. In much the
same way but for other reasons, important
segments of the trilobitomorph volume still
were lacking in 1956, which made the date
of readiness for publication very doubtful;
these segments included general description
of the nature of Arthropoda, treatment of
the Trilobitoidea, and discussion of the mor-
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phology and classification of the Trilobita.
Lerr StgrMER accepted the assignment to
contribute materials on the first two men-
tioned segments, and H. J. HarriNGTON ex-
pressed willingness to grapple with the ap-
preciably larger task of preparing intro-
ductory sections on the trilobites, It is al-
most superfluous for me to express thanks
for this help. Also, I should not omit state-
ment of appreciation to B. F. HoweLL for
the efforts given by him to completion of a
rather formidable assignment of systematic
descriptions in time to permit organization
of the typescript when other sections were
ready.

It is appropriate here to record the valu-
able support furnished by Professor Per
TrorsLUND of the Paleontological Institu-
tion of Uppsala in authorizing work done
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by VaLpar Jaanusson for this volume and
in furnishing highly competent services of
an illustrator. Likewise, the Carlsberg Foun-
dation financed illustrations needed by Cur.
Pouvsen. Thanks for this aid are expressed.
Special acknowledgments are made to
CaroLe F. Bamey, Editorial Assistant, for
careful attention to innumerable tasks re-
lated to preparation of this volume, es-
pecially in dealing with complexities of re-
arrangements among various authors of
work on systematic descriptions and in
supervising parts of the organization of fig-
ures. Finally, the Editor has been aided
greatly by Gunnar HENNINGSMOEN in com-
pletion of the text on systematic descriptions
and in dealing with some unsettled ques-
tions of trilobite classification. This was
made possible by his visit at the University
of Kansas in January and February, 1958.
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The joint-legged invertebrates grouped to-
gether in the phylum Arthropoda (Gr.
arthros, joint; podos, foot) are an extremely
numerous and varied assemblage that is
represented by fossils of extreme antiquity.
They include several kinds of complexly

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

Phylum ARTHROPODA Siebold &
Stannius, 1845

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

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

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

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

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

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

together as Pararthropoda by VanpiL
(1949).
MORPHOLOGY
BODY WALL

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

The outer integument (cuticula) is se-
creted from the cellular epidermis (Fig. 2).
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In the stratified cuticula an endo- and exo-
cuticula may be distinguished, the latter
more dense and pigmented. The cuticula
chiefly consists of chitin, a very characteristic
substance that occurs in various invertebrate
groups. It is a polyacetyl-glucosamin re-
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Fic. 1. Division of the arthropod body in representative types.
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spine
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sclerite

membrane

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

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

sclerite

cuticula

epidermis apodeme

Fic.. 3. Morphological features of the arthropod exoskeleton.
membrane between sclerites, membrane not infolded.

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

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

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

membrane

articulating joint

membrane

membrane

sclerite

D

4. Formation of apodeme. B. Flexible
C. Same as B but showing infolded membrane.

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

BODY SEGMENTS

The body of annelids and arthropods is
divided into a number of segments (somites
or metameres) primarily alike. In the gen-
eralized annelid the cylindrical body has

transverse muscle

segment border

o7

transverse grooves marking the border of
segments (Fig. 4a). Movements of the body
are controlled by transverse and longitudinal
muscles. Among arthropods the cylindrical
body segments may be more or less sclero-
tized. A dorsal sclerite is called a tergite,
and the ventral a sternite. The intermediate
lateral parts, mostly membranous, are
termed pleurites. The articulation between
succeeding segments may not necessarily
follow the primarily segmental borders, for
each tergite commonly has a part of the
frontal one incorporated in it (Fig. 45).

APPENDAGES

In its typical development each body seg-
ment is provided with a pair of locomotor
appendages. As expressed in the name of
the group, jointed appendages are char-
acteristic of the Arthropoda, each segment
otdinarily bearing one pair of appendages.
Throughout the phylum, as well as within

longitudinal muscle

exit of appendage

sternite

Fic. 4. Internal views of body segments of an annelid (A4) and an arthropod (B), diagrammatic.
(Mod. from Weber.)
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a single individual, the appendages show a
diversity in form that is unique in the ani-
mal kingdom. The limbs are adapted to the
most different functions, some forming
highly specialized tools needing a highly
developed nervous system. The appendages
are situated in the lateral (or ventrolateral)
pleural part of the segment, between the
tergite and sternite (Fig. 45). The limbs
form hollow outgrowths of the body wall,
connected with the body by various muscles,
chiefly promotor and remotor types. Each
limb has several sclerotized cylindrical joints
mutually connected by membranes or articu-
lations (Fig. 34), these joints being regarded
as true joints only when they have separate
muscles inserted at their bases. A secondary
division into numerous separate rings does
not mean appearance of new joints.

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

The arthropod limb may have lateral
lobes, either fixed or movable. The outer
(lateral) ones are called exites and the in-
ner (median) ones are endites (Fig. 5¢,g,7).
Exites of the precoxa, coxopod (coxa), and
basis (Ist trochanter) are called pre-epipo-
dite, epipodite, and exopodite. The pre-

Arthropoda—General Features

epipodites and epipodites are generally de-
veloped as a respiratory organ in the Crusta-
cea (Fig. 5d,g,). The exopodite forming
the lateral branch of the biramous crustacean
limb has mostly a natatory function. In
Crustacea the basal uniramous part of the
biramous appendage, the so-called sympod,
may have 3 joints (precoxa, coxopod,
and basipod or basis), 2 joints (coxopod
and basipod), or a single joint (proto-
pod consisting of an undivided coxopod and
basipod). Although some authors (Hansen,
Lanc) assume that the 3-jointed sympod
is most primitive, others (CaLman, Hee-
6AARD, VANDEL) regard the single-jointed
(protopod) limb as the ancestral type. A
correct assumption is important for inter-
pretation of the trilobite limb, which has a
characteristic structure that is found in
various trilobites of different age and like-
wise in crustacean- and merostome-like
arthropods of the Middle Cambrian. In
biramous trilobite appendages (Fig. 5¢) the
lateral gill branch is attached to the very
base of the limb, although uncertainty exists
as to whether the attachment is to a short
precoxa or the basal part of a large basal
joint, According to the different inter-
pretations mentioned, the lateral branch of
the trilobite limb may be explained as a pre-
epipodite or epipodite (SnNopcrass, STgRr-
MER) or an exopodite (HEEGAARD, VANDEL).
If the first view is correct, the trilobitan and
crustacean legs are fundamentally different,
leaving little support for assumptiogs of a
close relationship between these major
groups, whereas if the second interpretation
is true, the Trilobita and Crustacea are
shown by this character to be closely related.

RELATIONS OF BODY SEGMENTS
AND APPENDAGES

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

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

tergum

primary joints — femoral
A tibial
B
gill

.,

o

N

i

gill branch
E F

Fic. 5. Appendages of arthropods.
with primary joints (diagrammatic, hypothetical).

(Decapoda), diagrammatic.
(Anaspidacea).
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fusion of segments may be so complete that
the borders of original segments have be-
come quite obsolete. The naming of tagmata
differs among the major groups of Arthro-
poda (Fig. 1) to such extent that the same
names do not necessarily embrace corre-
sponding segments (for example, cephalo-
thorax in the Crustacea).

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

precoxo

gill branch

cercopod
propod
dactylopod

A. Transverse section of arthropod body segment and attached limb
B. Limb of type belonging to insects and arachnids.
——C. Biramous trilobite limb showing gill branch and walking leg.
E,F. Abdominal appendages of xiphosurans.
H. Crustacean thoracic appendage (Copepoda).

.D. Biramous limb of crustacean
G. Crustacean maxilliped
1. Crustacean thoracic leg (Branchio-

poda). ( A-B, after Weber; G-1, after Hansen.)



010

Arthropoda—General Features

2nd antenna

Ist antenna

protocerebrum
deutocerebrum

tritocerebrum

frontal ganglion

labrum

mandible

ST

. "\\ /

2nd maxilla

Ist maxilla

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

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

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

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

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

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

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

Preoral region and Appendages
postoral segments
(1-VI) MyRr1aPODA
TRILOBITA CHELICERATA CRUSTACEA INSECTA

acron. | | e e
preantennal | | e
antennal antennae = | . lst antennae antennae
I legs chelicerae 2nd antennae | ...
11 legs pedipalpi mandibles mandibles
m legs legs 1st maxillae maxillae
v legs legs 2nd maxillae labia
v legs maxillipeds | ...
vl legs | e e

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

pre-ontennal segment

antennal
segment

A B

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

acron

eye

X segment

pre-antennal
segment

antennal segment

Flo. 7. Cephalic segmentation in an annelid-like arthropod prototype (4), generalized typical arthropod

(B,C), and a trilobite (D). Ventral views in A4,B; lateral views in C,D. The backward migration of the

mouth is indicated in B,C. Traces of an “x segment” in trilobites (D) suggest that at least one segment
is incorporated in the acron. (Mod. from Weber and Hupé.)
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cornea

cuticula

Fic. 8. Simple eye and part of compound eye of arthropods in section.

(Formica).

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

SENSE ORGANS

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

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

crystal cone

retinula cell

rhabdom

-A. Median ocellus of an insect

B. Diagrammatic section of compound eye normal to surface. (Botk after Snodgrass.)

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

In typical development the compound
eyes are composed of a large number of in-
dividual elements, termed ommatidia, each
having a group of elongate retinal cells en-
closing a long rhabdom with a crystal body
and corneal lens above (Fig. 85). Compound
eyes occur in the earliest trilobites and are
characteristic also of crustaceans, insects,
and possibly extinct types of myriapods. In
merostomes  (xiphosurids and probably
eurypterids) the primitive compound eyes
have a common cornea with groups of rhab-
dom-forming sense cells below. The com-
pound eyes, so very similar in crustaceans
and insects, have evidently developed inde-
pendently in several major arthropod

groups,
FEEDING AND DIGESTIVE ORGANS

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

RESPIRATORY AND CIRCULATORY
SYSTEMS

Very small arthropods, including both
aquatic (Copepoda) and terrestrial (Pauro-
poda) types, have cutaneous respiration. The
gills or branchiae are the characteristic
respiratory organs in aquatic forms. These
generally form lateral lobes extending from
the basal portion of the appendages (Figs.
5¢,d,f). Terrestrial arthropods (Myriapoda,
Insecta, Arachnida, Onychophora, and cer-
tain Crustacea) have tracheae, consisting of
invaginated parts of the integument that
form either branched tubuli or so-called
book lungs (Fig. 9).

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

ONTOGENY

The arthropod egg, which is rich in yolk,
exhibits a discoidal cleavage. The 1st larva
may be more or less developed when it is
hatched. In several crustacean groups a small
larva, called the nauplius, is very character-
istic. It has a convex elliptical body with
only 3 pairs of appendages (1st and 2nd an-
tennae and maxillae). The corresponding 3
body segments, 2 of which are postoral, have
been regarded as primary somites, suggest-
ing development from an annelid with the
same number of primary segments (Ivanov,
1933). This interpretation, however, is un-
certain (VanpEL, 1949). In trilobites the
small larva, called protaspis (pl., protas-
pides), has a circular outline with a seg-
mented convex dorsal surface. The early
trilobite larva seems to have had 4 postoral
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Fic. 9. Lung books of an arachnid (Phrynichida).
(After Kdstner.)

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

GEOLOGICAL OCCURRENCE

No arthropod remains are known certain-
ly from Precambrian rocks. The so-called
Protadelaidea of Australia (Davip & TiLr-
Yarp, 1936) and Beltina (Wavrcorr, 1911)
are evidently inorganic formations (Hurk,
1952). The onychophoran-like fossil Xenu-
sion (PompECKy, 1927) has been referred to
the Precambrian but it may be younger.

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

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

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

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

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

The Pycnogonida are represented in the
Lower Devonian.
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Fic. 10. Geological distribution of major arthropod
groups. (For “Pseudocrustacea,” read ‘“Pseudono-
tostraca.”)

PHYLOGENY

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

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

Arthropoda—General Features

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

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

The Arachnida probably branched off
carlier. The Xiphosura, both earliest and
Recent representatives, have features sug-
gesting a relationship with trilobites.

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

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

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

In phylogenetic discussions of arthropods,
certain Middle Cambrian fossils described
by Wavrcorr (1911, 1912, 1931) have played
an important role. The specimens, though
flattened to films in shale, show fine details
of the exoskeleton, including minute setae.
They vary considerably in general appear-
ance. Some (Pseudonotostraca, including
Burgessia, Yohoia, Opabinia, Waptia) are
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very crustacean-like, whereas others (Mar-
rellomorpha, containing Marrella) are trilo-
bite-like or resemble merostomes (Mero-
stomoidea, including Emeraldella, Naraoia,
Leanchoilia, Sidneyia). In development of
the appendages, however, all these different
arthropods seem to be linked together by
their apparently common trilobitan append-
ages (or modifications of these structures).
This points to existence of a mutual rela-
tionship of the forms mentioned and at the
same time suggests definite affinities to trilo-
bites. The Middle Cambrian arthropods dis-
cussed are mostly regarded as representatives
of a primitive, more or less ancestral group
called Trilobitomorpha by StgrmEer (1944)
and Proarthropoda by VanpeL (1949); it is
from this group that the 2 stems, Crustacea
and Chelicerata, are generally presumed to
have been developed (Raymonp, 1920,
1935). On the other hand, the crustacean-
like features may be interpreted as indicating
homeomorphy, the whole group including
the trilobites (Trilobita) belonging to the
trilobite-chelicerate stem (StgrmEer, 1944).
The problem is not settled. A monophyletic
origin of the Arthropoda has been advocated
among others by Hevmonps, LANKESTER,
CARPENTER, SNobGrass, WATERLOT, and
Hercasrp. In recent years the idea of a
polyphyletic origin has become more com-
mon (Packarp, KiNgsLey, PLaTE, FEDOTOV,
Ivanov, StgrmEr, VaNDEL, TiEGs, WEBER).

CLASSIFICATION

A detailed clasification of arthropod as-
semblages is given in the individual treat-
ments of the various groups. Here only the
major groups are considered.

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

The typical arthropoda (Euarthropoda
LANkEsTER, 1904) comprise 5 major groups.
(1) The Trilobitomorpha (=Proarthro-
poda, VanbEL, 1949) comprehend the host
of trilobites that together form the class
Trilobita and the chiefly Middle Cambrian
forms known as Marrellomorpha, Mero-
stomoidea, and Pseudonotostraca. These lat-
ter are here ranked as subclasses of nontrilo-
bite Trilobitomorpha collectively designated
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as the class Trilobitoidea. (2) The Cheli-
cerata is a well-defined group that includes
xiphosurans and arachnids (Treatise, Part
P). (3) The Pycnogonida (sea spiders),
which 1n some respects seem comparable to
the chelicerates and by many authors have
been classified with them, are regarded as a
distinct subphylum (Treatise, Part P). (4)
The Crustacea are a very distinct assemb-
lage consisting of the branchiopods, ostra-
codes, copepods, cirripeds, and malacostra-
cans. (5) The myriapod-insect group com-
prises the Pauropoda, Diplopoda, Chilopoda,
Symphyla, and Hexopoda (Collembola,
Protura, Insecta).

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

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

Main Divisions of Arthropodal

Protarthropoda (supersubphylum). ?Precam., Cam.-
Rec.
Pentastomida (subphylum ). Rec.
Tardigrada. Rec.
Onychophora. ?Precam., Cam.-Rec.
Euarthropoda (supersubphylum). Cam.-Rec.
Trilobitomorpha (subphylum). Cam.-Perm.
Trilobitoidea (class). Cam.-Dev.
Merostomoidea (subclass). Cam.-Dey.
Pseudonotostraca. Cam.
Marrellomorpha. Cam.
Trilobita (class). Cam.-Perm.
Chelicerata (subphylum). Cam.-Rec.
Merostomata (class). Cam.-Rec.
Xiphosura (subclass). Cam.-Rec.
Eurypterida. Ord.-Perm.
Arachnida (class). Sil.-Rec.
Latigastra (subclass). Sil.-Rec.
Stethostomata. Carb.(Penn.)
Soluta. Dev.-Carb.(Penn.)
Caulogastra. ?Dev., Carb.(Penn.)-Rec.
Pycnogonida (subphylum). Dev.-Rec.
Mandibulata. Cam.-Rec.

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

Ostracoda, Ord.-Rec.,
Copepoda. Rec.
Cirripedia. Ord.-Rec.
Malacostraca. Perm.-Rec.

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

Pauropoda. Rec.

Hexapoda (class). Dev.-Rec.
Collembola (subclass). Dev.-Rec.
Protura. Rec.

Insecta. Penn.-Rec.
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PROTARTHROPODA

By Ravymonp C. Moore

INTRODUCTION

The Protarthropoda (6) include inverte-
brates having subcylindrical, wormlike form
and morphological characters intermediate
between those of annelids and typical arthro-
pods. No members of the group, however,
are entitled to serious consideration as pos-
sible ancestors of the Arthropoda, for they
possess obvious marks of evolutionary di-
vergence that distinguish them as more or
less aberrant stocks. Three assemblages, each
classified as a subphylum, are recognized:
Onychophora, Tardigrada[ and Pentastom-
ida. The onychophores are surely a very an-
cient group that exhibits hardly any per-
ceptible change in external form during ap-
proximately 500 million years of their ex-
istence from Cambrian, or possibly Pre-
cambrian, time down to the present, al-
though they have changed from originally
marine habitats to a present exclusively ter-
restrial mode of life. The tardigrades (so-
called “water bears”) are very minute ani-
mals found on land, in fresh waters, and in
the sea; they are unknown as fossils. The
pentastomids are exclusively parasitic

protarthropods that also have no fossil rec-
ord.

ONYCHOPHORA

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

The Onychophora are elongate cylindri-
cal animals of wormlike appearance ranging
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Fic. 11, Types of living Pararthropoda.
whole animal, X2; 15,¢, side and ventral views of same, X 2.5 (Mod. from Snodgrass).

Macrobiotus from side, a cosmopolitan genus, X 60 (Mod. from Cuenot).

1. Onychophora; 1a, Peripatus, from South Africa, side view of

2. Tardigrada;
3. Pentastomida; Cephalo-

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

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

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

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

OTHER GROUPS

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

SYSTEMATIC DESCRIPTIONS

Supersubphylum PROTARTHRO-
PODA Lankester, 1904

[=Pararthropoda, VanpeL, 1949; Oncopoda WEBER, 1954]
[Type—Peripatus GuiLping, 1825]

Wormlike invertebrates having some
characteristics of arthropods, which may in-
clude occurrence of molts, but lacking rigid
or semirigid chitinous body covering and
possession of jointed appendages; mouth
with pair of modified appendages serving as
mandibles. Includes some aberrant special-
ized forms, in part parasitic (6). ?Precam.,
Cam -Rec.

It is true that Lankester (1904, p. 565)
assigned only the Onychophora to the
“grade” Protarthropoda, but the lack of
mention by him of the Tardigrada and Pen-
tastomida (or Linguatulida) is not con-
strued to be a significant omission, (1) be-
cause at the time of his writing these groups
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had received little attention from the stand-
point of general taxonomy, being unrecog-
nized as entitled to rank correlative with
the Onychophora, and (2) because modi-
fication of the assigned limits of the as-
semblage named Protarthropoda does not
require rejection of the taxon itself since
the essential concepts relating to it and its
content of the Onychophora remain. Ac-
cordingly, designations proposed a half cen-
tury after publication of Lankester’s classi-
fication are here treated as synonyms; they
are Pararthropoda (Vanper, 1949) and On-
copoda (Weskr, 1954).

Subphylum ONYCHOPHORA
Grube, 1853

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

Order PROTONYCHOPHORA
Hutchinson, 1930

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

Family AYSHEAIIDAE Walcott, 1911

[mom. correct. Moore, herein (pro Aysheaidac WaLcort,
91

Characters of the order. M.Cam.

Aysheaia WaLcorT, 1911 [*4. pedunculata]. Small
(length 15-50 mm.), body unsegmented, but on
basis of paired appendages divisible into 11 parts,
each with 4 transverse rings of minute papillae;
anterior pair of appendages antenniform, with 4
laterally diverging branchlets, attached above mid-
line of sides and directed obliquely forward; other
appendages consisting of short, blunt, tapered
walking legs that are transversely annulated and
provided with 6 terminal claws; unbranched ali-
mentary canal extending length of body; obscure
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ventral or internal organs, possibly respiratory in
function, located near extremities of legs (4,5,9).
Burgess Shale, W.Can.(B.C.). Fic. 12,1. *A.
pedunculata; lab, type specimen, X2, X4 (6);
le, another specimen, X 1.5 (5); Id, reconstr.,
X2.5 (5). [Species known from 9 specimens.]

L nmavse
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Family UNCERTAIN

Xenusion PompEcky, 1927 [*X. auerswaldae). Body
subcylindrical, moderately large (length more than
100 mm.), weakly segmented, with pair of
rounded prominences on ventral side of each seg-
ment except at ?posterior extremity (opposite end

Xenusion

Fic. 12. Fossil Onychophora.

1. Aysheaia pedunculata Warcotrt, M.Cam., W.Can.(B.C.); Iab, type
specimen, X2, X4 (6); Ic, another specimen, X1.5 (5); Id, reconstr., X2.5 (5).

2. Xenusion auers-

waldae PoMPECKT, ?Precam., Swed.; ventral side, X1 (4).

O 2009 University of Kansas Paleontological Institute
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unknown); legs thick, rounded and annulated,
tapering distally, without observed claws; antenni-
form appendages unknown (4). ?Precam. (erratic
in glacial drift), Swed. Fic. 12.2. *X. auers-
waldae; cast made from type (only known speci-
men), which is a mold, ventral side, X1 (4).

Order EUONYCHOPHORA
Hutchinson, 1930

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

Family PERIPATIDAE Evans, 1901

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

Family PERIPATOPSIDAE Bouvier, 1907

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

Euarthropoda—General Features
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EUARTHROPODA—GENERAL FEATURES
By Ravymonp C. Moore

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

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

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

The Euarthropoda are characterized by
their segmented, externally jointed body
that is covered by a hardened exoskeleton
containing chitin. This covering firmly in-
closes the internal soft parts, allowing essen-
tially no change of dimensions, expansion
in growth being provided for by periodic
molts. The body commonly is divided into
a head, thorax, and abdomen, but these parts
vary in distinctness and in some euarthro-
pods the different regions may be fused to-
gether. Appendages consist basically of one
pair to each somite and each appendage has
few or many hinge joints that are moved by
opposed sets of muscles; the appendages may
be reduced in number, however, and gen-
erally they are differentiated to serve var-
tous functions. The digestive tract is a sim-
ple or complex tubular structure extending
from the mouth, mostly located on the un-
derside of the head, to the anus at the rear
of the abdomen; elaborate diverticula may
exist. The mouth commonly is provided
with lateral jaws adapted for chewing or
sucking. Respiration is effected by gills, air
ducts (tracheae), so-called book lungs, or by
the body surface. A dorsally placed heart
forces blood through arteries to the various
organs and body tissues, return of blood to
the heart being through open body spaces.
A well-developed nervous system consists
of paired dorsal ganglia connected to ventral
nerve cords leading to ganglia in each so-
mite and branches serving the appendages.
Eyes generally are present; they include both
simple and compound types, although many
euarthropods possess only one kind or the
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other. Tactile and chemoreceptor hairs, an-
tennae, statocysts, and auditory organs are
widely occurring sensory equipment of these
invertebrates. The sexes usually are separ-
ate, with fertilization of eggs inside of the
female. After hatching, the young almost
invariably pass through a series of larval
stages that lead gradually or with abrupt
metamorphosis to the adult form (7,8).

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

Supersubphylum EUARTHRO-
PODA Lankester, 1904

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

accommodated by molts of exoskeleton
(6-8). ?Precam., Cam.-Rec.

REFERENCES

For references see the preceding section
on Protarthropoda.
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Trilobitomorpha—Trilobitoidea

TRILOBITOMORPHA
By LEIF ST@RMER

INTRODUCTION

The name Trilobitomorpha was intro-
duced (StgrMmER, 1944)! to include the
Trilobita and trilobite-like forms, particu-
larly several peculiar Middle Cambrian
arthropods found and described by War-
cort (6-8). These forms, occurring in the
Burgess Shale of British Columbia, are ex-
cellently preserved. Although flattened into
films in the shale, the outlines, even of finest
details such as bristles of the appendages,
are very well preserved (Fig. 13). In spite
of favorable preservation of these fossils,
our knowledge of the various species repre-
sented is hardly sufficient to warrant definite
determination of their taxonomic position.
Whereas the trilobites apparently are very
conservative as regards their basic struc-
tures, the nontrilobite members of the Trilo-
bitomorpha exhibit a considerable variation
both in development of the body and of the
appendages. This suggests that the trilo-
bites represent a well-established group, in
contrast to the others that seem to be in a
state of radiation, with ability to develop
new and different groups.

The characteristic structure of appendages
forms the connecting link between different
members of the Trilobitomorpha. On its
basic structure the trilobite appendage con-
sists of a jointed, cylindrical walking leg
with a lateral gill branch attached to its very
base (Fig. 14). As far as can be ascertained
from materials available, the nontrilobite
forms have trilobitic appendages or deriva-
tions of this type. In some genera the walk-
ing leg is more or less reduced and in others
the gill branch (certain appendages such as
those interpreted as 2nd antennae) is too
specialized to justify comparison with the
trilobite limb.

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

1 Literature cited in this section is included in ‘‘Refer-
ences”” at the end of the following section on Trilobitoidea.

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

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

SYSTEMATIC DESCRIPTIONS

Subphylum TRILOBITOMORPHA
Stgrmer, 1944

[=Proarthropoda VanpeL, 1949]

Aquatic Arthropoda with preoral anten-
nae and remaining appendages of typical or
modified trilobite type, biramous appendages
characterized by presence of a lateral gill
branch attached to very base of walking leg.
L.Cam.-M.Perm.
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Practically all forms referred to the Trilo-
bitoidea come from the Middle Cambrian
Burgess Shale of British Columbia. The
fossils generally appear as thin films in the
shale. Only in forms having a relatively
solid exoskeleton is a certain relief pre-
served. Dark imprints of the intestine are
seen in a number of specimens, signifying
that they represent dead individuals rather
than shed molts.

difficult to establish a satisfactory taxonomy
for the many different forms. Warcorr (6),
Ravymonp (3) and Stgrmrr (4) have sug-
gested major classifications that contain
features now considered unacceptable. The
recognition of separate classes and subclasses
for these arthropods as here outlined, simi-
larly may be somewhat premature. For the
following description of the morphology and
relationships of the Trilobitoidea, all non-
trilobite forms of the Trilobitomorpha are
treated together.
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Trilobitomorpha—Trilobitoidea

Fic. 13. Leanchoilia superlatza WaLcort, M.Cam., W.Can.(B.C.); dorsolaterally compressed specimen (un-
retouched photo), X 1.5 (3).

MORPHOLOGY

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

CEPHALIC REGION

A head shield is well defined, particular-
ly in merostomoid forms but also in Opa-
binia. It is not possible to decide the num-
ber of postoral segments in the head. Only
Mollisonia and Yohoia show traces of a
dorsal segmentation of the head shield. In
Leanchoilia, Emeraldella, Burgessia, and
Marrella, the appendages suggest about 4
postoral segments (as compared with 4 such
segments in trilobites). The Devonian
Cheloniellon has a short “protocephalon”
with only a single postoral segment, but the
coxal development of the appendages indi-
cates a functional cephalon having 5 pos-
toral segments. In the trilobite-like Marrella
the head shield is prolonged into 4 promi-

© 2009 University of Kansas Paleontological Institute

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

Eyes have not been distinguished in
Emeraldella and Sidneyia, and they are
identified only with doubt in Leanchoilia
and Helmetia. WaLcort thought that he
could recognize small (sessile) eyes in

Marrella

;ﬁt
Y

Leanchoilia

Olenoides

Fic. 14. Trilobite-type appendages of trilobito-

morphs. 1,2. Trilobites. 3. Marrellomorph.

——4. Merostomoid. (All diagrammatic, not to
scale.)
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Naraoia and Burgessia. Well-developed ses-
sile eyes occur in Cheloniellon. Of particu-
lar interest is the presence of apparently pe-
dunculate eyes in Opabinia and Waptia. In
other groups of arthropods, pedunculate eyes
characterize the Malacostraca. Similar types
of eyes, however, seem to develop independ-
ently in very different groups of the Arthro-
poda.

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

An upper-lip, resembling the hypostoma
of trilobites, has been described in Burgessia
and Marrella. A ventrally located plate in
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Cheloniellon may represent a postoral plate
or labium.

POSTCEPHALIC REGION

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

1st antenna

W

walking leg

4

gill branch

Fic. 15. Marrella splendens Warcorr, M.Cam., W.Can.(B.C.); 1,2, dorsal and ventral sides, X3, X4;
3, dorsal side (reconstr.), X3; 4, frontal appendages in ventral view showing one branch on either side
(reconstr.) (4,7).

© 2009 University of Kansas Paleontological Institute
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The trunk may be fairly broad and flat, its
pleural parts then forming a cover to the
appendages. A trilobation is characteristic
of many forms (Leanchoilia, Emeraldella,
Naraoia, Molaria, Yohoia, Opabinia, and to
some extent in Cheloniellon) but is absent in
Sidneyia and the typical crustacean-like
forms in which the pronounced carapaces
function as a protecting cover.

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

APPENDAGES

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

Trilobitomorpha—Trilobitoidea

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

DIGESTIVE TRACT

In some trilobitoid fossils, traces of the
intestine appear as a dark staining along
the median line of the body. In Naraoia and
Burgessia beautifully distinct imprints of
the anterior part of the intestine with di-

verticulae are preserved in many specimens
(Figs. 18,21).

ONTOGENY

Larval stages of described species of Trilo-
bitoidea are unknown but certain fossils,
such as those named Mollisonia and Ton-

toia, may actually represent larval forms
(Fig. 26).

MODE OF LIFE

Among the Trilobitoidea flat forms with
a length of more than 10 cm. (Helmetia,
Cheloniellon) probably were benthonic ani-
mals. The tail of Sidneyia suggests that this
species was a good swimmer. The middle-
sized species, with a length of about 4 to 8
cm., probably were able swimmers also.
The shrimplike nature of Waptia suggests
a corresponding mode of life (Fig. 21). It
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Ist antenna !
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2nd antenna?

Fic. 16. Sidneyia inexpectans WaLcort, M.Cam., W.Can.(B.C.); I, dorsal side with impressions of ventral
structures, X 0.7; 2, dorsal and ventral sides, X0.5; 3, ?2nd antenna; 4, distal parts of trunk appendages

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

RELATIONSHIPS

As pointed out previously, the Trilobito-
morpha are linked together by the seeming-
ly common basic structure of their append-
ages. Since the trilobite limb appears to be
a characteristic and conservative structure,
its presence in fossil arthropods may be in-
terpreted as evidence of close relationship
between the many different forms possessing
1t.

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

©

(6).

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

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

The Cambrian crustacean-like forms that
here are assigned to the Trilobitoidea have

2009 University of Kansas Paleontological Institute
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been regarded by WaLcorr, CaLmaN, Ray-
MoND, HENRIKsEN, and others as true crus-
taceans belonging to an ancestral group
from which Recent crustaceans evolved. On
the other hand, merostome-like trilobitoids
have been regarded as more or less definitely
ancestral to Recent merostomes.

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

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

CLASSIFICATION

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

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

Divisions of Trilobitoidea (16 genera)
Marrellomorpha (subclass) (1). M.Cam.
Marrellida (order) (1). M.Cam.
Marrellidae (1). M.Cam.
Merostomoidea (subclass) (7). M.Cam.
Limulavida (order) (2). M.Cam.
Sidneyiidae (2). M.Cam.
Emeraldellida (order) (1). M.Cam.
Emeraldellidae (1). M.Cam.
Nectaspida (order) (3). M.Cam.
Naraoiidae (3). M.Cam.
Leanchoiliida (order) (1). M.Cam.
Leanchoiliidae (1). M.Cam.
Pseudonotostraca (subclass) (2). M.Cam.
Burgessiida (order) (1). M.Cam.
Burgessiidae (1). M.Cam.
Waptiida (order) (1). M.Cam.
Waptiidae (1). M.Cam.
Subclass uncertain (2). M.Cam.-L.Dev.
Opabiniida (order) (1). M.Cam.
Opabiniidae (1). M.Cam.
Cheloniellida (order) (1). L.Dev.
Cheloniellidae (1). L.Dev.
Subclass and order uncertain (4). M.Cam.
Yohoiidae (1). M.Cam.
Family uncertain (3). M.Cam.

SYSTEMATIC DESCRIPTIONS
Class TRILOBITOIDEA
Stgrmer, nov.

Trilobitomorpha lacking distinctive mor-
phologic characters of Trilobita and, in ad-
dition, exhibiting divergent structural pe-
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1st antenna

Fic. 17. Emeraldella brooki WaLcort, M.Cam., W.
Can.(B.C.); dorsal side, X 1.2 (7).

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

Subclass MARRELLOMORPHA
Beurlen, 1934

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

Order MARRELLIDA Raymond,
1935

[nom. correct. StgrMER, herein (pro Marrellina Ravmonp,
1935)]
Characters of subclass (3). M.Cam.

Family MARRELLIDAE Walcott, 1912

Small Marrellida characterized by cepha-
lon with 4 flat horns directed backward,
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bearing facial sutures and sessile eyes; trunk
elongate, composed of about 24 segments,
probably with pleural areas; telson small,
plate-shaped; elongate labrum attached to
doublure; Ist pair of antennae uniramous
with numerous joints, 2nd antennae with
fewer joints, densely covered with setae,
other appendages probably of Triarthrus-
type; fringe of gills broad (7). M.Cam.
Marrella Warcorr, 1912 [*M. splendens). Char-
acters of family, order, and subclass. Burgess Sh.,
W.Can.(B.C.). Fic. 15. *M. splendens, Bur-
gess Sh.; 15,1,2, dorsal and ventral sides, X3,
X4; 15,3, dorsal side (reconstr.), X3; frontal ap-
pendages, in ventral view showing one branch on
cither side (reconstr.), X3 (4,7).

Subclass MEROSTOMOIDEA
Stgrmer, 1944

[nom. transl. STgRMER, herein (ex class Merostomoidea
STPRMER, 1944)]

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

Order LIMULAVIDA Walcott, 1911

[nom. correct. StorMeRr, herein (pro order Limulava WarL-
corr, 1912, nom. transl, (ex suborder Limulava WaLcorT,
1911)] [=Subclass Prochelicerata StgarMer, 1944 (partim)]

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

Family SIDNEYIIDAE Walcott, 1911

[nom. correct. StgrMER, herein (pro Sidneyidae Wavcorr,

1911)]

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

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

Sidneyia WarcorT, 1911 [*S. inexpectans] [=Sid-
neya STPRMER, 1944]. Characters of family (4,6).
Burgess Sh., W.Can.(B.C.). Fic. 16. *S. in-
expectans, Burgess Sh.; 16,1, dorsal side with im-
pressions of ventral structures, X0.7; 16,2, dorsal
and ventral sides, X 0.5; 16,3, antenna (?2nd), X 1;
16,4, distal parts of trunk appendages, X1 (all 6).

Amiella WaLcotT, 1911 [*4. ornata). Little known,
possibly synonym of Sidneyia. Burgess Sh., W.Can.
(B.C.).

Order EMERALDELLIDA Stgrmer,
1944

[nom. transl. STgrMER, herein (ex subclass Emeraldellida
ST@RMER, 1944)]

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

Family EMERALDELLIDAE Raymond,
1935

Body narrow, divided into semicircular
cephalon, preabdomen of 10 segments, and
narrow, probably 2-segmented postabdomen
bearing styliform telson expanded at base,
postabdomen without appendages; eyes un-
known; labrum elongate; 1st antennae long,
uniramous, with many joints, other ap-
pendages probably biramous, of trilobitic
type (3). M.Cam.
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Emeraldella Wavrcorr, 1912 [*E. brocki]. Char-
acters of family. Burgess Sh., W.Can.(B.C.)—
Fic. 17. *E. brocki; dorsal side, X1.2 (7).

Order NECTASPIDA Raymond,
1920

[nom. correct. STgRMER, herein (pro order Nectaspia
Raymonp, 1920)]

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

Family NARAOIIDAE Walcott, 1912

[nom. correct. STgrMER, herein (pro Naraoidae WaLcorT,
1912)

Small Nectaspida with subelliptical, trilo-
bate body, cephalon with small sessile eyes,
postabdomen short and narrow with ?single
segment and short lanceolate telson bear-
ing lateral spines that protrude from below
abdominal shield; 1st antennae short, with
numerous setiferous joints, other ap-
pendages probably of trilobitic (Triarthrus)
type; intestinal diverticulae with 5 pairs of
basal branches (7). M.Cam.

Naraoia Warcorr, 1912 [*N. compacta]. Char-
acters of family. Burgess Sh., W.Can.(B.C.).
Fic. 18. *N. compacta; 18,1,2, dorsal side, photo,
X2, and reconstr., X1.5; 18,3, intestinal diverti-




Pseudonotostraca

culae, X4.5; 18,4, trunk appendages (reconstr.),
xX4.5 (4,7).

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

W.Can.(B.C.). Fic. 19,1,2. *M. spinifera; dor-
sal side and lateral view, X3 (7).
?Habelia Wavrcort, 1912 [*H. optata]. Little

known; body presumed to be similar to Molaria
but with long styliform telson; appendages trilo-
bitic (7). [Single known specimen is imperfectly
preserved and may belong to another genus (e.g.,
Burgessia with carapace lost).] Burgess Sh., W.
Can.(B.C.). Fic. 19,3. *H. optata; dorsolat-
eral view, X1.7 (7).

Order LEANCHOILIIDA Stgrmer,
1944

[mom. correct. StgrMER, herein (pro order Leanchoilida
StgrRMER, 1944)] [=—order Pseudanostraca Raymonp, 1935
(partim); subclass Prochelicerata STgrMER, 1944 (partim)]

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

Family LEANCHOILIIDAE Raymond,
1935

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

© 2009 University of Kansas Paleontological Institute
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Molaria

Fic. 19. Molaria and Habelia, M.Cam., W.Can.

(B.C.); 1,2, M. spinifera WarLcotT, dorsal and lat-

eral views, X3 (7); 3, H. optata WaLcotT, dorso-
lateral view, X 1.7 (7).

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

Leanchoilia Wavrcorr, 1912 [*L. superlata). Char-
acters of family. Burgess Sh., W.Can.(B.C.).
Fics. 13,20. *L. superlata; 13, dorsolaterally com-
pressed specimen (unretouched photo), X 1.5 (3);
20, dorsal and lateral views (reconstr., convexity
probably exaggerated), X 0.7 (4).

Subclass PSEUDONOTOSTRACA

Raymond, 1935
[nom. transl. StgrMer, herein (ex order Pseudonotostraca
Raymonb, 1935] [=Class Pseudocrustacea STgrRMER, 1944]

Carapace well developed, eyes sessile or
pedunculate; pleurae absent in trunk (at
least beyond posterior border of carapace);
styliform telson or tail fin formed by flat
cerci; st antennae and other appendages of
trilobitic type in postoral appendages with
one branch reduced in some; postabdomen
without appendages (except cerci) (3,4).
M.Cam.
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Fic. 20. Leanchoilia superlata Wavrcorr, M.Cam.,
W.Can.(B.C.); 1,2, dorsal and lateral views (re-
constr.), convexity probably exaggerated, X 0.7 (4).

Order BURGESSIIDA Stgrmer, 1944

{nom. correct. STPRMER, herein (pro order Burgessida
STgRMER, 1944)]

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

Family BURGESSIIDAE Walcott, 1912

[nom. correct. StgrMEeR, herein (pro Burgessidae WavrcorT,
1912)]

Body small, with trunk of 8 segments;
walking legs with endites; intestinal diverti-

culae with single pair of basal branches.
M.Cam.

Burgessia Warcorr, 1912 [*B. belia). Characters of
family and order. Burgess Sh., W.Can.(B.C.).
Fic. 21,1-5. *B. bella; 21,1,2, dorsal and ventral
sides, with one branch of appendages omitted on
either side, X4.5 (4); 21,3, trunk appendages
(endites not indicated), X 7.5 (4); 21,4, intestinal
diverticulae, X4.5 (4); 21,5, dorsal side with in-
testinal diverticulae visible below carapace, X3

7.
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Order WAPTIIDA Stgrmer, 1944

[nom. correct. STgRMER, herein (pro order Waptida
StgrMER, 1944)]

Carapace laterally compressed, covering
head, thorax, and part of ?preabdomen,
with rostrum and pedunculate eyes; trunk
lacking pleurae, postabdomen with 6 cylin-
drical segments; Ist antennae with compara-
tively long joints, cephalothoracic append-
ages little known, apparently trilobitic walk-
ing legs, preabdominal appendages fila-
mentous, with jointed shaft (Triarthrus
type); postabdomen with flat jointed cerci
on distal segment (4). M.Cam.

Family WAPTIIDAE Walcott, 1912

[nom. correct. StgrMer, h;rgn)n] (pro Waptidae WaLrcorr,
191

Medium size, with thorax of 5 to 7 short
segments, !preabdomen with 5 to 7 seg-
ments. M.Cam.

Waptia Warcorr, 1912 [*W. fieldensis]. Characters

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

Subclass UNCERTAIN
Order OPABINIIDA Stgrmer, 1944

[nom. correct. STgrMER, herein (pro order Opabinida Stgr-
MeR, 1944)] [=Suborder Palaeanostraca HurcHixson, 1930;
order Pseudanostraca RayMonb, 1935 (partim)]

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

Family OPABINIIDAE Walcott, 1912

[nom. correct. STgrMER, herein (pro Opabinidae WaicorT,
1912)]

Body fairly large, narrowly elongate, with
distinct trilobation; cephalon short and nar-
row, frontal organ long, with median canal
and distal paired portion with spines; trilo-
bitic cephalic limbs unknown; trunk with
?15 segments; postabdomen spatulate; trunk
appendages trilobitic, consisting of gill
branches of Olenoides type (7). M.Cam.
Opabinia WaLcort, 1912 [*O. regalis]. Characters
of family and order. Burgess Sh., W.Can.(B.C.).

[Opabinia generally has been regarded as belong-
ing to the Branchiopoda division of the Anostraca
(WaLcorT, 1912; Feporov, 1924; HuTcHINSON,
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labrum

intestine

4
Burgessia

Waptia

Fic. 21. Burgessia and Waptia, M.Cam., W.Can.(B.C.). 1-5, B. bella WarLcorT; 1,2, dorsal and ventral

sides, with one branch of appendages.omitted on either side, X4.5 (4); 3, trunk appendages, with endites

not shown, X7.5 (4); 4, intestinal diverticula, X 4.5 (4); 5, dorsal side with intestinal diverticula visible

below carapace, X3 (7). 6-8, W. fieldensis WaLcort; 6, dorsal side (reconstr.), X1.5 (4); 7.8, lat-
eral and dorsal views, X 1.5 (7, 8).

© 2009 University of Kansas Paleontological Institute
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-

frontal organ

Fic. 22. Opabinia regalis Warcort, M.Cam., W.Can.(B.C.); I, dorsal side wtih exoskeleton of trunk re-
moved, X2.5 (7); 3, dorsolateral and lateral views showing frontal organ (reconstr.), X1 (7).

© 2009 University of Kansas Paleontological Institute
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1st antenna
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2nd antenna

Fic. 23. Cheloniellon calmani BroiLi, L.Dev., Ger.; dorsal and ventral views (reconstr.), X0.4 (7).

1930). Ravmonp (1935), however, placed it in
a separate order (Pseudanostraca), interpreted as
probably leading to the Anostraca. Since homology
of the frontal organ with the fused and modified
2nd antennae in Anostraca is problematical and
since trunk appendages are fundamentally differ-
ent in the 2 forms, the taxonomic position of this
genus remains an open question.] Fic. 22.
*Q. regalis; 22,1, dorsal side, exoskeleton of trunk
removed, X2.5; 22,2, dorsolateral view, axis less
distinct, X2.5; 22,3, lateral and dorsal views of
frontal organ (reconstr.), X1 (7).

Order CHELONIELLIDA Broili,
1933

[nom. transl. StgrMER, herein (ex subclass Cheloniellida
BroiL1, 1933)]

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

Family CHELONIELLIDAE Broili, 1933

Body large, flat, subcircular, with narrow
axis; head with centrally sitnated lateral
eyes, ventral labrum or labium; 1st antennae

uniramous, many-jointed, 2nd antennae
uniramous, with 4 or 5 joints, basal one
with pit suggesting aperture of Pgland;
trunk with 9 radiating segments, of which
Ist is double; postabdomen narrow, 2-seg-
mented, with furca inserted between pleurae
of last pre-abdominal segments; trunk ap-
pendages trilobitic, with walking legs and
delicate gill branches, anterior 4 pairs of

coxae enlarged, probably forming gnathites.
L.Dev.

Cheloniellon BroiLt, 1932 [*C. calmani]. Charac-
ters of family and order. Ger. Fie. 23. *C.
calmani; dorsal and ventral sides (reconstr.), X0.4

).

Subclass and Order UNCERTAIN
Family YOHOIIDAE Henriksen, 1928

[=Order Pseudanostraca Ra¥monb, 1935 (partim)]

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

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

Yohoia WavrcorT, 1912 [*Y. tenuis]. Characters of
family (7). Burgess Sh., W.Can.(B.C.). [WaLcoTT
described Y. plena with bilobed telson or pair of
flat cerci. This species may represent another
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Fic. 25. Helmetia expansa WarLcort, M.Cam., W.
Can.(B.C.); dorsal side, with impressions of ventral
gills at right, 0.2 (8).
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genus, possibly little related to Yokoia. The small
size of Yohoia suggests that it may represent a
larval stage of Opabinia or a related form. Tax-
onomically, Yohoia may belong in intermediate
position between Merostomoidea and the Pseudo-
notostraca. Fic. 24. *Y. tenuis; dorsal side,
X3, X3.5 (7); 24,2 4, lateral views, X6, X4 (7).

Family UNCERTAIN

Helmetia Wavrcorr, 1917 [*H. expansa]. Body
large, flat, divided into cephalic shield, thorax, and
pygidium, trilobation faintly suggested; cephalic

Fic. 26. Yohoiidae (Mollisonia and Tontoia), M.

Cam. 1, M. symmetrica Warcort, W.Can.

(B.C.), dorsal side, X0.7 (7). 2, M. gracilis

WaLcorr, W.Can.(B.C.), dorsal side, X1.8 (7).

T. kwaguntensis Warcort, Tonto Ss., SW.
USA (Ariz.), dorsal side, X0.7 (7).




Subclass Uncertain

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

Mollisonia WaLcorT, 1912 [*M. symmetrica]. Body
small to medium in size, elongate, more or less
narrow, divided iato cephalic shield, thorax, and
pygidium of equal width, trilobation faintly indi-
cated; cephalic shield semicircular to elongate
subovate, with 5 transverse lobes and marginal
rim; thorax with narrow pleurae; pygidium sub-
circular, about equal to cephalic shield in size;
appendages unknown (7). M.Cam. (Burgess Sh.),
W.Can.(B.C.).—Fia. 26,l. *M. symmeirica;
dorsal side, X0.7 (7).——F1c. 26,2. M. gracilis
WacrcorT, dorsal side, X 1.8 (7).

Tontoia WaLcoTT, 1912 [*T. kwaguntensis]. Body
small, elongate, with convex somewhat indistinct
axis, divided into cephalic shield, thorax, and
pygidium; cephalic shield elongate subovate, with
marginal rim; thorax 4-segmented, with concave-
posterior margin; pygidium smaller than cephalic
shield, with rounded posterior margin; appendages
unknown. ([Since appendages are unknown in
Mollisonia and Tontoia, the subclass and order to
which they belong cannot be decided with cer-
tainty. The development of a cephalic shield,
thorax, and pygidium indicates, however, that they
belong to the Trilobitomorpha.] M.Cam., SW.
USA(N. Ariz.). Fic. 26,3. *T. kwaguntensis,
Tonto Ss.; dorsal side, X0.7 (7).
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INTRODUCTION

DEFINITION OF CLASS

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

OCCURRENCE

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

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

DEVELOPMENT OF STUDIES

The first known descriptions and figures
of trilobites were published by Luwyp in
1698, who called them Trinuclei. In 1745
LiNNE described several species under the
collective name of Entomolithus paradoxus,
regarding them as a division of his Insecta
(by modern standards, Arthropoda). The
name Trilobitac was proposed by WaLcu
in 1771, and though WanLenBERG (1821)
preferred Entomostracites and Daiman
(1826) used Palaeades, WaLch’s term (mod-
ified to “Trilobita”), alluding to the longi-
tudinal trilobation of the exoskeleton, is now
universally accepted.

The number of monographs dealing with
description of trilobites is large, and during
the last 130 years many paleontologists have
added greatly to our knowledge of the class.
Pioneers in the description of these fossils
are Bronconiart (1822), Darman (1827),
Green (1832), Emmricn (1839), MILNE
Epwarps (1840), BurmErster (1843), GoLp-
Fuss (1843), Bevricu (1846), Hawie &
Corpa (1847), and M’Coy (1849). Since the
middle 1800’s fundamental monographs
have been published on trilobites of various
regions: (1) Bohemia by BarranpE, Novik,
and PrantL & Phisve; (2) Germany by
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GoricH, Pompecky, and RupoLr & EmMma
Ricuter; (3) Scandinavia by AnceLIN,
BrgcoER, WARBURG, ST@RMER, and WESTER-
GARD; (4) Baltic region of Russia by Nigsz-
kowskl, Ercuwarp, Scummr, Orik, and
LermonTova; (5) Great Britain by SaLTER,
Woopwarp, Hicks, Reep, CorsoLp, and
Lakg; (6) France by Rouaurr, OEHLERT,
BercERON, Barrois, and Tuoravr; (7) Italy
by MenecHiNt; (8) North America by
HaiL, Forp, CLARkE, BiLLiNgs, MATTHEW,
BeecHER, WaLcoTT, REssEr, RaserTi, Ray-
MonD, WaItTiNGTON, and Poursen (Green-
land); (9) South America by Kavser,
CrarkE, KozrLowski, Knop, ULricH, KoBay-
asHI, and HarriNgTON & LEANZA; (10) Asia
by Lorenz, Mansuy, Warcorr, REsser,
Expo, Reep, Koeavasui, and Sun; (11)
Africa by Sarter and Hurf; and (12)
Australia by WHITEHOUSE.

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

The ventral appendages were first de-
scribed by Brrmves in 1870 from North
American Ordovician specimens of Isotelus.
Between 1895 and 1920, excellently pre-
served specimens of several Cambrian and
Ordovician species, showing all ventral ap-
pendages, were described by BEEcHER, WaAL-
corT, and Raymonb, and in 1930 Broiri de-
scribed those of 2 species from Lower Dev-
onian rocks. In recent years, our under-
standing of the trilobite appendages has
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greatly increased, thanks largely to Srtgr-
MER’s outstanding investigations.

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

MODE OF PRESERVATION

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

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

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

MORPHOLOGY OF EXOSKELETON

SHAPE AND SIZE

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

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

ORIENTATION

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

laenus katzeri (BARRANDE) Jaanusson, U.Ord., Boh.,

X1 (sag., sagittal line; exsag., exsagittal line; #r.,
transverse line) (79, 1954).

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

For the purpose of describing without am-
biguity the length and width of trilobite
parts, the descriptions are referred to the
longitudinal and transverse directions of the
whole animal (Fig. 27). Longitudinal mea-
surements, however, can be taken either
along the axial (sagittal) line of the body
(abbreviated “sag.”), or along lines running
parallel to it on either side and, therefore,
“exsagittal” in position (abbreviated “ex-
sag.”’). When a given part, such as an axial
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ring or occipital ring, is said to be “wide
(sag.),” the meaning is that its width has
been measured along the sagittal line of the
body. When “exsag.” is used, as in referring
to width of a pleural segment, this means
that the measurement has been taken along
an “exsagittal line,” namely, along a line
running parallel to the sagittal line on
cither side of the body. Transverse measure-
ments (abbreviated “#7.”) are always taken
along lines transverse to the whole body.

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

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

STRUCTURAL ELEMENTS

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

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

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

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

The external surface of the trilobite exo-
skeleton is usually smooth, but it may be
sculptured by pits, granulations, tubercles,
radial crests, and “terrace lines.” The ter-
race lines, running subparallel to the mar-
gins of the exoskeleton and usually arranged
in a Bertillon pattern, seem to represent
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Frc. 28. Nomenclature of exoskeleton.
mont), X1 (64). B. Phacops fecundus BARRANDE, Dev., Bohemia, X1 (2).
MEeExk, U.Cam., USA (Utah), X1 (488).




Cephalic Region

folds of the integument comparable to those
seen in living Arthropoda (ScruLze, 1937).
The granulations and tubercles may be per-
forated, as in some Calymenidae and Chei-
ruridae (noted in description of integumen-
tary sensory organs).

CEPHALIC REGION

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

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

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

1 Noting that the rostral plate is commonly (though not
invariably) part of the cephalic doublure and that the
hypostoma almost universally is joined by suture or fusion
to the rostral plate (as subsequently described), C. J.

STuBBLEFIELD holds that these ventrally placed skeletal ele-
ments are correctly classed as parts of the cephalon.—R.C.M.
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Fic. 29. Diflerent cephalic shapes among trilobites.
A. Lonchodomas rostratus (Sars) ANGELIN, L.
Ord., Norway, X2.65 (reconstr. from 99, 1950).
B. Dicranopeltis scabra (BeyricH), Ord., Bo-
hemia, X0.65 (after 2). C. Eurycare latum
(Boeck) AnceLIN, U.Cam., Swed., X4 (after 97,
1922),——D. Phillipsinella parabola (BARRANDE)
Novik, U.Ord., Scot.,, X4 (after 99, 1950). E.
Ciceragnostus iruyensis (KAvseR) HARRINGTON &
LEanza, L.Ord., Arg., X4.8 (after 19).
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F1c. 30. Cephalic nomenclature of a typical ptychopariid trilobite.

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

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

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

GLABELLA
Typically, the glabella forms a distinctly
raised area along the axis of the cephalon,
being bounded laterally by axial furrows.

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

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

axial furrow
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Fic. 31. Morphological divisions of the cephalon of a ptychopariid trilobite.

chodomas, Fig. 29A; Raphiophorus, Fig.
32R). The shapes of glabellac are commonly
diagnostic characters of different genera
(Fig. 32).

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

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

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

The paired side portions of the glabella
between successive lateral glabellar furrows
are called lateral glabellar lobes. They are
numbered either from front to back or from
back to front, much as the lateral glabellar
furrows; using the latter method, Ip corre-
sponds to the preoccipital lobes. The portion
of the glabella between the preglabellar fur-
row and the lst (anterior) pair of lateral
glabellar furrows is called frontal glabellar
lobe. This may be continued backward
along the axial line of the glabella into a
central area delimited by the adaxial ex-
tremities of the lateral furrows. When fron-
tal lobe and central area are confluent, they
form a frontomedian lobe. In some special-

polpebral area
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Fic. 32. Different outlines of trilobite glabellae and occipital lobes.
( Ptychoparia).
E,F. Elliptical; E, Isocolus; F, Seleneceme.

anteriorly (Harpides); B, rounded anteriorly
( Brassicicephalus ). D. Subquadrate (Lloydia).

Evenly expanded forward, axial furrows straight;
J-M. Expanded forward; ], Phacops; K, Scutellum;
N,O. Contracted at middle; N, Birmanites; O, Phactonellus.
R. Rhomboidal ( Raphiophorus). (All diagrammatic, not to scale.)

(Famatinolithus ).

Q, Teratorhynchus.

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

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

A,B. Tapering forward; A4, truncate
C. Parallei-sided, rounded anteriorly
G,H.
T, Theamataspis. I. Pyriform
L, Hlaenopsis; M, Shumardia.
P,Q. Bell-shaped; P, Apatokephalus;

G, Ceratopyge;

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

OCCIPITAL RING

In most trilobites the rear part of the
cephalic axis is differentiated into a distinct
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Fic. 33. Glabellar segmentation in different genera, showing decreasing number of lateral glabellar fur-
rows from 5 pairs to none. A, Fallotaspis; B, Daguinaspis; C, Latiredlichia; D, Talbotina;
F, Plethopeltis.

E, Elrathiella;

Fic. 34. Composite lateral glabellar lobes in the
Lichidae. A,B. Bicomposite lobes (Dicranopel-
tis); shaded area in schematic interpretation (A4)
represents bicomposite lateral lobe resulting from
fusion of Ist (4p) and 2nd (3p) lateral glabellar
lobes.. C.D. Tricomposite lobes (Hoplolichas);
shaded area in schematic interpretation (D) repre-
sents tricomposite lateral lobe resulting from fusion
of Ist (4p), 2nd (3p), and 3rd (2p) lateral
glabellar lobes.

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

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

FRONTAL AREA

In most Cambrian trilobites and in many
later genera, the glabella does not extend

Fic. 35. Preoccipital and basal glabellar lobes. 4,

Ditomopyge; B, Schizoproetus; C, Geragnostus.

(Explanation: b/, basal lobes; mp, median preocci-
pital lobes; Ip, lateral preoccipital lobes).

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

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

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

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

FIXIGENAE

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

Trilobitomorpha—Trilobita

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

PALPEBRAL LOBES

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

EYE RIDGES

The eye ridges are raised, generally nar-
row bands running across the fixigenae from
the vicinity of the anterolateral corners of
the glabella to anterior extremities of the
palpebral lobes. In most trilobites the eye
ridges spring from the axial furrows close to
the glabella, but in some Cambrian forms
(Protolenidae, Daguinaspididae) they are
direct extensions of the anterolateral portions
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Fic. 36. Different types of eye ridges. AB. Trifid; A, Choubertella spinosa Huré, L.Cam.,

Moroceo, X 1.2; B, Kingaspis campbelli (King) KoavasHi, L.Cam., Morocco, X 1.8 (both after 24).

C. Bifid; Bigotina bivallara Comsorp, L.Cam., Fr.(Normandy), X4 (after 24).——D. Normal unseg-
mented ptychopariid type; Elrathina fecunda Deiss, M.Cam., USA(Montana), X2.2 (after 24). E.
Palpebro-ocular ridge; Rossaspis superciliosa (Ross) HarriNgTOoN, L.Ord., USA(Idaho), X5.3 (after 49).

of the glabella. In these trilobites, the ad-
axial extremity of the eye ridges may be
divided into two (Bigotina, Fig. 36C) or
three (Kingaspis, Choubertella, Fig. 364,B)
segments, which are direct lateral exten-
sions of the frontal glabellar and anterior
lateral glabellar lobes. The eye ridges may
end at the anterior extremity of the palpe-
bral lobes or continue backward-outward so
as to form the whole palpebral lobe or only
its raised outer rim. The length and direc-
tion of the eye ridges is variable according
to size and location of the palpebral lobes
and width of the palpebral area of the
fixigenae. In some Pliomeridae (Rossaspis,
Fig. 36E) with anterior eyes and narrow
(tr.) palpebral areas of the fixigenae, the
eye ridges and the palpebral lobes form
units termed palpebro-ocular ridges.

LIBRIGENAE

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

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

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

CEPHALIC SPINES

Numerous species of trilobites are char-
acterized by cephalic spines. These may
spring from the glabella, occipital ring, or
genae as projections of the dorsal integu-
ment, or from the cephalic margins, as pro-
jections of both the dorsal integument and
doublure. In many odentopleurids (Miras-
pis, Ceratocephala, Acidaspis, Odonto-
pleura, Radiaspis), as well as in some tele-
phinids (Glaphurus), there are numerous
pairs of marginal cephalic spines produced
from the lateral and anterior margins,
whereas in some lichids ( Terataspis) similar
spines are found also along the posterior
cephalic margin. These spines, which prob-
ably had a defensive purpose that was effec-
tive during enrollment, are secondary out-
growths having no relation to the primitive
cephalic segmentation. Therefore, they have
little taxonomic value. Of considerable im-
portance, on the other hand, are the so-
called genal spines that characterize many
trilobites. These are projections of the bor-
der and doublure of the posterolateral ex-
tremities of the cephalon, the genal angles,
which may be either carried by the libri-
genae (opisthoparian condition) or carried
by the fixigenae (proparian condition).
These spines, usually hollow and circular or
subtriangular in section, may diverge
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Fic. 38. Advanced cephalic spines.
(Utah), X7.2 (after 88, 1952).
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A. Menoparia genalunata Ross (Remopleurididae), L.Ord., USA
B. Sphaerophthalmus alatus (Boeck) ANGeLIN (Olenidae), U.Cam.,

Swed., X 10 (after 97, 1923).——C. Laudonia bispinata HarrINGTON (Olenellidae), L.Cam., Can.(B.C.),
X2.5 (new).

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

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

Classification of Paired Marginal Spines of
Trilobite Cephala

Located at genal an