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STUDIES ON TRILOBITE MORPHOLOGY
Part Ill.

The ventral cephalic structures with remarks

on the zoological position of the trilobites.
BY

LEIF

A b s t ra c t.

STØRMER

The thJrd and last part of the stud ies on trilobite mor

phology deals chiefly with certain grinding series through the cephal·ic region

of specimens of Ceraurus pleurexanthemus Green, coLLected by the late Dr.
Ch. D. Wakott from the Middl•e Ordovioian Trenton Limestone in U. S. A.
Information is obtained on the ventml cephalic structures, the appendages in
The appendages, with the exception of the antenna, are found to

particu1ar.

be constructed on the s.ame patt.ern as those in thorax and pygidium and the
cephaHc coxæ are not develo:ped as true jaws such as genera]i]y assumed by
the paleontologists.

Criticism in connection with my previous descripti, ons an:.l

interpretation of the t6Iobitan appenda,ge is me.t with.

With reganl to the

zoological position of the Trilobita, the affinities to the Chelicerata are regarded
as

very probable.

The Trilohita probahly had a position not far from

the

ancestors of the Che-Hcerata, but whether they also stood near the ances·tor:<
of the Crustacea, still remains an open question.
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Introduction.

Part I of the present studies (Stønner 1939) dealt with the
thoracic appendages of trilobites, and discussed the proba:ble affini
ties between the Trilohita and the Chelicerata. In part li (1942) the
larva! development as well as the segmentation and sutures of the
shell were discussed.
In the abstract of the ·last paper I indicated the appearance of a
part III dealing with the cephalic appendages and presenting a general
discussion of the trilobite affinities. During my studies it became
apparent, however, that a general discussion of the trilobite affinities
also involved a thorough study of several other fossils and recent
arthropod groups. As the work proceeded, l found it appropriate to
publish in a separate paper (1944) a general discussion of the affi
nities of a number of fossils and living arthropod groups, arnongst
them the trilobites, wh ic h I regarded as mutually related and be
Ionging to one major group, the phylum Arachnomorpha.
Part Ill of the studies on trilobite morphology was therefore
postponed, and the chapters on the affinities oorrespondingly abbre
viated. The paper deaI: s mainly with certain section series cutting
through the head of Ceraums pleurexantlzemus Green from the Middle
Ordovician Trenton Limestone, Trenton Falls, New York State, U. S.A.
In connection with the description and discussion O·f the cephalic
appendages it has become necessary �to discuss some of my earlier
described series and to meet certain criticism which has appeared
since part I was published. In dealing with the affinities of the tri
lobites I have considered new evidence and new views published on
the subject.
The material and methods applied are the same as those men
tioned in part I ( 1939). The section series were carried out at Har
vard University in U. S. A. in 1931--32, contemporaneously with
those previously described. I wish a:lso on this occasion to express
my thanks to professor P. E. Raymond for his permission to use the
collection and the facilities he offered me during the work. In con
nection with the studies and descriptions of the remaining series new
glass- and wax models have been prepared.
In preparing the wax models I have had valuable assistance by
Miss Lily Monsen. The photographs of the different models were
taken by Miss Bergliot Mauritz and the drawings made by Miss Helga
Lid, and Miss Lily Monsen under the supervision of the author.
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Section series through the cephalic region of Ceraurus.

T!he section series are unfortunately 'not very complete and the
preservation of the appendages is often less satisfactory. Nevertheless
the remains give an impression of the original structures. The most
complete series (H) comprises the frontal part of the head reaching
hackwards almost to the hind border of the labrum. Other series
(J and K) demonstrate the remaining part of the head, but in these
specimens the appendages are very fragmentarily preserved.
Ser. H.

(text-fig. 1-3 and pl. l , 2).
Preliminary photographs of the wax model of this series have
been puhlished earlier (Stønner 1944, 1949).
The series comprises 64 sections. In preparing the magnifieu
camera lucida drawings for the glass- and wax models it appeared
that the magnification in the original photographs was not always
quite the same. This had to be readjusted when preparing the m agn i 
fied drawings. Succeeding drawings were compared and the adjust
ment of the magnification based on the known structures of the dorsal
shell. As shown in the illustrations, the specimen appears to be slightly
compressed at a right angle �to the section-planes. This may be due
to same inaccuracy in the magnification and in the measurements of
the thicknesses of the sections.
The sections cut through an enrolled specimen. Best preserved
are the sections through the anterior portion of the head. The sections
are here almost vertical, forming an angle of 15° with the transversal
plane. The most posterior section (no. l) runs across the lett lateral
eye, cuts off the posterior border of the labrum and transverses the
posterior margin of the cephalon just posterior to the right 'lateral
eye, and crosses thoracic segments on the ventral side.
T h e s h e I l. The sections givc same information on the shell
and its different sutures. The species Ceraurus pleurexanthemus was
redescribed by Raymond and Barton ( 1913) and further morpho
Iogical details were added by Whittington ( 1941) in his study of
silicified trilobites from Trenton Limestone of Virginia. The mor
phology of the thoracic segments was treated in my earlier paper
(1939).
As pointed out by the earlier authors the surface of the glabella
is ornarnented with Iarger and smaller tubercles. The larger ones
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occur more or less symmetrically in two rows diverging forwards
on the frontal lobe. Walcott mentions ( 1921, p. 440, pl. 96, fig. 4)
that his sections show each tubercle to be pierced hy a canal per
pendicular to the shell. Similar canals have been describecl in caly
menids by Shirley ( 1936, p. 414) and in Ceraurus by Whittington
(1941, p. 494).
The convex middle body of the labrum has numeruus small
tuberC'les and corresponding canals penetrating the test. This is well
demonstrated in sections 40-55.
The canals of the test are concentrated chiefly on the convex
exposed surfaces of the glabella and labrum and might have contained
sensory or tactile hairs as suggested by Shirley (1936).
The sutures of the test are also indicated in the sections. The
course of the facial sutures are well demonstrated in Whittingtons
silicified spedmens. Raymond ( 1920, p. 60) and later Whitting:on
(1941, p. 499) did not actually find an epistoma or rostrum. Ray
mond assumed the epistoma either to be entirely absent or be i n g so
narrow as not to be seen in specimens in the ordinary state of pre
servation. Whittington (l 941, p. 499) d id not recognize an epistoma
in his material but assumed the presence of the plate from the shap-.'
of the head when placing specimens of cephalon and labrum in
correct association to each other. An epistoma was demonstrated in
Ceraurus aculeatus by Opik (1937, pl. 17, figs. 2, 3).
As shown in text fig. l the cephalic sutures are well demon
strated in sections in the frontal portion of the head. The facial, epi
stomal and connective sutures appear in sec. 60. A transverse labral
(hypostomal) suture appears in sec. 57 distinguishing a narrow epi
stoma in front of it. The epistoma, traceable on the left side down
to sec. 46, thus forms a narrow transversc plate situated on the
ventral part of the steep anterior border.
T h e a p p e n d a g e s. The section-series cut through an
enrolled specimen. Numerous sections of more or less fragmentarily
preserved appendages are exposed in the photographs (pl. I). The
best preserved appendages occur in the cephalon on the right side
of the labrum. The glass- and wax models prepared are confined
to the cephalon and the appendages below it. The appendages below
the thoracic test ( opposite the labrum in the enrolled specimen on
pl. l) are too rnuch dissolved to permit a closer identification. On
the left side of the specimen (right side in photograph) a jointed
appendage is demonstrated in sec. 1--6.
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Ceraurus pleurexantlzemus

strating the small epistoma.

fs

=

facial suture,

la

=

Green.

a = antenna,

labrum,

appendages.
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=

es =

connective suture,

labra! (hypostomal) su ture.

61-52

=

H demon

Part of grinding series

eps

=

I- I Il

epistoma,

=

pastoral

number of sections.

The cavity between the glabella and the labrum is filled with
calcite. This probably means that this part of the body was kept
intact, not filled by the surrounding mud. It is difficult, however, to
trace a definite body wall (integument) on either side below the
glabella. The first sections (pl. l) illustrate the indistinct borders.
Below the cheeks of the cephalon the integument must have been
destroyed since no calcite fillings indicate the border of the original
softer tissues between �the test and the ventral integument.
The distal portions of the cephalic appendages preserved on the
right side of the labrum, are broken off along the anterior margin of
the cephalon. The appendages are to a great extent dissolved and
foreign bodies or calcite fillings rather, disturb the general picture.
In the model shown in text-fig. 2 a 'longitudinal body on the 3rd
appendages is removed. In the following the different appendages
are described, starting with the first one in front.

T h e a n t e n n a ( a ) . Dorsal to the lateral ear of the labrum
an appendagc emerges from the more or less vertical body wall
between the glabella and the labrum (text-figs. 1��3a). As mentioned
above the body wall is not distinct, but the general structures Ieave
little douht as to this anterior attachment of the appendage. From the
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Text-fig. 2. Ceraurus pleurexanthemus Green. Part of wax mode t pre pa red from
S er . H. V entra! and slightly lateral view of cephalon. a =antenna, cox= coxa,
lab=

labrum, I-IV = postoral cephalic appendages, (comp. pl. 2).

base of the appenda,ge an indication of two moæ or J.ess p1ate-shaped
for.matio·ns extend backwards and unite -with 'the body wall dorsa'i
to the labrum. These f.onmatio
· ns do not seem to belong to the append
age or the primary stmctures at all.
From the body wall the appendage first has an antelateral direc
tion, then turns an1teriorly and slightly anteriomedialily. The append
a•ge has a·n ·elliptical a1most constant cross-section, the smaller dia
meter being Yz-73 of the greater. The modei indicates (text-fig. 2
and pl. 2) that the appendage is somewhat twisted round its axis
at the poi:nt Wihen it changes its direction. SH>ght thkkendngs before
and af.ter the bend of the appendage might suggest a divisio·n of the
appendage into three separate joints. Dorsal to the presumed sec-ond
joint, just below the dorsal test of the cephalon, a plate-shaped
thickening unit-es this joint with the next appendage (I). This
thickening also appears to be a secondary formation.
The appendage described, being unira1111ous, and apparently
multijointed, and ættached to the body wall far in front below the
protecting antelateral ear of the 1abrum, ·evidently represents the
antenna or antennule (or first antenna) in other arthropods. This
appendage has previously not actually been recognized in this genus.
Norsk geo!. tidsskr. 29.

8
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T h ,e f i r s t l e g ( I). This appendage is attached just behind
the antenna (tex,t-fig. 3, I) , thus Ieaving hardly any space f.or a
reduced "second antenna" such as suggested by some authors. As
shown in text-fig. 1-3 and pl. 2, the first sections cut through the
basal portion of the appendage. This basal portion communicates
with the body wall, or more correctly the calcified space between the
glabella and the labrum. This indicates that the appendage was
attached dorsal to the postlateral portion of the labrum. The pre
servation does not permit a more detailed study of the basal structures.
A branchial ramus (preepipodite) is attached to the dorsa!
portion of the elongate basal body. The ramus is only fragmentarily
preserved. The proximal joints seem hardly to have been reached
by the section-series starting anterior to the posterior margin of the
labrum. Judging from the more complete thoracic branchial rami
earlier described (Størmer 1939), the first preserved joint might be
the 3rd joint of the ramus. The 4th is almost completely dissalved
and the 5th, forming the expanded distal joint, is but fragmentarily
preserved. It forms a broader lobe with about 11 gills (text-fig. 3 l)
directed anteriolaterally.
The coxa is narrow and slightly convex-concave with the concave
side medially. The joint, which has a vertical position, is less tetra
hedron-shaped than those described from the thorax (Stønner 1939.
p. 177). The narrow basal portion might be due to the crowding up
of the lirnbs round the mouth. Otherwise the coxa is much like those
of the thorax. A basendite of the same type is present.
The first joint of the walking leg is separated from the coxa by
a crossing furrow suggesting a jointline. The other joints of the
walking leg are not distinct. Thickenings of the partly dissolved
joints might suggest the positions of the articulating jointlines. Since
the joints were partly ielescoped one might assume that these portions
were those !east dissolved. Three transverse thickenings might sug
gest remnants of 3-4 joints, the fourth only represented by a very
short basal fragment. The joints are flattened in a similar way as
, rmine on
the coxa. The actual cross-section is, however, difficult to dete
account of the incomplete preservation. The first joim seems to be
a little Ionger than broad, while the other ones seem to have a more
equal length and width. A secondary cleft ,is seen in the second joint.
T h e s e c o n d l e g ( Il). This appendage has an extra body
attached to the walking leg (pl. 2). In text-fig. 2 this is removed.
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Text-fig. 3.

Ceraurus pleurexantilemus Green.

Outlines of individual appendages

demonstrated in wax model of Ser. H. Ventral view of cephalon.
br

=

branchiæ,

cox

=

coxa, la

=

labrum.

(comp. pl.

This leg (text-fig.

a=

antenna,

l-Il= pastoral cephalic appendages

2).

2) shows more of vhe fourth joint of the walking
leg, but less of the basal portion of the coxal region and the branchial
ramus. The sections comprise only parts of the two distal joints of
the hranchial ramus. The gills are fairly well preserved, the fringe
lying in a plane ventral to the gills of the first leg. The number of
gills preserved is here also about 1 1. The coxa is similar to that of
the first leg. The convex-concave joint is almost vertical and tilted
somewhat towards the labrum. The distal border of the coxa is
suggested by a transverse furrow just as in the first leg.
The walking leg appears to be divided by three transverse
thickenings into four joints. The outlines of the joints are, however,
little distinct. The leg having a fairly constant width, is strongly flat
tened, the greatest width being about twice the smallest one or more.
The greater axis in the cross-section forms an acute angle of about
3
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30°-40° with the horisontal plane, giving the walking legs the
capacity of sliding over each other.
T h e t h i r d a n d f o u r t h l e g s ( Ill, IV). On! y a small
triangular portion of the coxa is included in the sections. Three
fragmentary gi1ls belonging to this appendage Iie in a plane ventral
to that of the gills in the second leg. The walking legs res·emble
those of the two anterior Iegs. Transv·erse thickenings indicate similar
joints. A strong inclination of the leg at the third to fourth joints
is indicated.
The last cephalic (IV) and the first thoracic leg (V) are much
dissolved, but they appear to be similar to the three legs in front
of them.
The seotion series described above has rendered valuable sup
port to our general knowledge of the structuæs of the cephalic
appendages in Ceraurus.
A pair of preoral uniramous antennae (or antennules) are
attached to the body wall dorsal to the antelateral ears of the labrum.
The 4 postoral appendages are built on the :same pattern as those
of the thora x •thus clearly demonstrating the uniformity of the ap
pendages in different parts of the body. Only a slight specialization
is indicated in the narrowness of the cephalic coxæ. The first pair
of postoral appendages (Il) are situated on either side of the posterior
portion of the labrum which probably just covered the most median
portion of the coxa of these appendages. The basendites of the
cephalic coxæ are not developed as gnathit,es.
,

Ser.

J.

PI. 3 fig. 8, pl. 4, text-fig. 4.

This section series was partly dealt with in my previous paper
in connection with the description of thoracic tergites ( 1938, text
fig. 6).
The 16 sections, running nearly parallel to the horisontal plane,
cut through the dorsal portion of the cephalon and the main part of
the thorax. In the cephalic region the most ventral section Iies just
dorsal to the posterior part of the labrum, the most dorsal section
just above the right .](llteral eye and at the base of the left laterarl eye.
The sections give some information on the structure and position
of the posterior cephalic coxæ, structures not demonstrated in the
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Text-fig. 4.

Ceraurus pleurexanthemus

Green.

Detail of wax model of Ser. j.

Ventral view of middle portion of cephalon and two anterior tergites.
basal portions of the cephalic appendages are preserved (comp. pl. 4). ap
for the attachment of muscles to the appendages,

m

=

=

Only the
npodemes

probable position of the

mouth, prpd = preepipodite, th1, th2 thoracic tergites.
l-IV
postoral cephalic appendages.
=

=

above described H-series. A glass- and wax model have been pre
pared of ser. J (text-fig. 4 and pl. 4) .
The space between the glabeH.a and ·the labrum is also in this
specimen filled with calcite. The vertical posterior wall of the calcite
filled portio n has a dorsal position in relatio·n to the ·Jabrum and
might suggest the position of the mouth.
T h e a p p e n d a g e s. The basal portion of the f i r st w a l k 
i n g l e g ( I ) is appar.ently traced on bo�h sides of the calcite-filled
area. The portion preserved forms a -Iongitudinal body attached to
the body wall ( ?) along the median side and having an anteriolateral
direcHon similar to that of the .coxa of the post.erior cephalic append
ages. The pronounc.ed antelateral positi-on might at first sight suggest
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a distinct preoral position, but one has to bear in mine! that only the
more dorsal portions of the cephalon is cut by the sect:ions. The
frontal portion including the antenna is not demonstrated in the series.
T h e s e c o n el l e g (Il) is represented by the .coxa preserved
on both sides. Because of the oblique transverse section the append
age on the left side (right �in photograph) appears to be stronger
and reaches further back. The incomplete preservation does not
permit a doser morphological study of the basal region. One notices,
however, that the coxa forms an elongate, fairly narrow body attached
to the postlateral portion of the body wall dorsal to the labrum. In
ventral view the body appears to tilt slightly backwards. The
median acute border of the coxæ, the basendite, does not reach the
median line.
The coxa of t h e t h i r d l e g ( III) is not connected with the
cakite-filled centra:I portion. The coxa is elongate with the Iong axis
forming an angle about 60° with the median line and is tilted back
wards (in ventral view) in the same way as the coxa of the second
leg. Possible fragments of the basal joint of the branchial ramus
is seen lateral to the coxa on the right sid e (left in ventral view).
The coxa of t h e f o u r t h a p p e n d a g e (IV) has a more trans
verse position than those in front, forming an angle of 80°-90c
with the median line. The elongate coxa on the right side is nearly
vertical, not tilted backwards as those in front. The median borders
of the three posterior pairs of the coxa Iie more or less on a Hne and
those on the right and left side are well separated from each other.
The coxæ of the succeeding thoracic segments are not preserved.
The reiation between the dorsa>J apodemes (gabellar furrows)
and the cephalic coxæ are demonstrated. The fourth coxa, or rather
a precoxa dorsal to it, is attached just below the posterior glabellar
apodeme (belonging to the occipital ring) just as 'the precoxa of the
appendages of the thorax (Stønner 1939) . The third coxa has a
more posterior position than the corresponding apodeme or glabellar
furrow. The tilting of the coxa might, however, be seen in connection
with this. The same is the case, and more so, with the second coxa
which is pushed backwards so that it has a position partly below the
succeeding apodome. Since only parts of 'the first coxa is preserved,
its connection with the dorsal test is less distin ct.
The section series described illustrates the position of the ce
phalic cox<r in relation to the dorsal test. Although the coxæ are
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incompletely preserved not permitting any closer study of the basal
coxal region, they show that their basendites did not meet in the
median Jine. The position of the coxa in relation to the corresponding
apodemes on the glabella (glabellar furrows) indicates an inc! ination
hackwards of the basal portions of the appendages.
Ser. K.

(pl. 3, fig. 7, 9, text-fig. 5) .
The specimen sectioned is not enrolled, but like many other
specimens of Ceraurus in the Trenton Limestone, it shows a charac
teristic bend along the joint-line between cephalon and thorax. The
22 oblique transverse sections cut through this arched dorsal portion
of the body. The most dorsal section (22) cuts off the median and
lett portions of the anterior tergites, while the most ventral one (l)
runs through the posterior p or tio n of th e cepha lo n, from the lett
lateral eye across the glabella to the posterior margin just behind
the genal angle on the right side, cutting through three tergites on
the right side and four on the left.
The preservation is not satisfactory. The remnants of the ap
pendages give little information of the morphological details. A glass
and wax model were prepared of the series, the former being sterio
graphically photographed (text-fig. 5) .
T h e s h e I l. Tlhe sections through ,the posterior portion of the
glabella show very well the larger tubercles penetrated by a central
canal suoh as described above under ser. H. The deep apodemes of
the two posterior glabellar furrows (the posterior one in the occipital
furrow) are demons1trated. These structures are very distinct also in
ser. J (pl. 4 f{f) and in Wittington's silicified specimen ( 194 1) .
T h e v e n t r a l i n t e g u m e n t. In Triarthrus Beecher ( 1895)
described the ventral integument which he found to be segmented
below the axis (mesotergite) . Similar structures are indicated in
W alcott's sections of Ceraurus and Calynzene from the Trenton Lime
s tone (Walcott 19 18, 192 1) .
In the specimen sectioned parts of the surface of the ventral
integument seem to be preserved below the axis. Below the two
posterior segments of the cephalon and the anterior tergite of the
thorax, the integument is divided in segments, each forming a roll
apparently on account of the hending of the body at this point.
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T h e a p p e n d a g e s. Also in this specimen the space below
the glabella is filled with calcite. On the left side (right side in ventral
view) the remnants of the coxa and basal part of walking legs of the
posterior cephalic appendages (Ill and IV) are indicated. Anterior
to the third coxa (Ill) a triangular portion probably belongs to the
calcite-filled space rather than representing a dislocated anterior
coxa. The fourth coxa has a concave anterior border and is tilted
slightly forward probably on account of the crowding up of the coxa
due to the inclinatiton of the 'head. The slenderneSis of the coxæ, at
!east those of the two anterior thoracic segments, may to some extent
be due to incomplete preservation. The thick,er basal portions with
their blunt median border might suggest the presence of precoxæ.
On the right side (left side in ventral view) only the more dorsal
portions of the appendages are demonstrated. While both the basal
and more distal portions of the appendages on �the left side were
directed anteriolateraHy, the basal joints on the right side are directed
postlaterally and the more dis,tal ones anteriolaterally. It is charac
teristic that the median basal portion of � t he coxal region is blunt
tran sve rse not wedge-shaped such as in the typical coxa. The same
is found in the �thoracic appendages of ser. C (text-fig. 8) and in
s�ections figured by Walcott (text-fig. 10) . This basal portion I have
interpreted as a precoxa (Størmer 1939) . The hranchial rami attached
to the precoxæ (?) of III-V, turn almost at a right angle forwards.
The exact structure of ' t he rami is not demonstrated, but a connection
with fragments of branchiæ is indicated.
The described section-series demonstrates the segmenta! cha
racter of the ventral integument below the axis. It also furnishes
some information on the structure and position of the posterior ce
phalic and the anterior thoracic appendages. The presence of a
medially broader portion of �the basal coxal region supports the
assumption of the presence of a precoxa.
,

V entral cephalic structures in trilobites.
General structure of the arthropod head.

The frontal p01·tion of the arthropod body is covered by a con
tinuous exoskeleton. This part of the body, the head, prosoma or
cephalothorax, is separated from the rest of the body by a transverse
joint-line. As pointed out particularly hy Snodgrass ( 1938) the head
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2mm

Text-fig. 5. Cera.urus pleurexanthemus Green. Stereoscopic photograph of glass model
of Ser. K. Transverse section of enrolled specimen (comp. pl. 3, fig. 7).
(pros.oma or cephalothorax)

does not include the same number of

somites in the various arthropod groups.
l'he segmenta•tion of 'the frontal portion of the arthropod .head
is difficul1t to mak·e out, hut some inftormation has been obtained by
detailed studi·es of the nervous system.

The arthropod brain is nor

mally divided into three parts: the protocerebrum, deutocerebrum and
tritocerebrum.

The gangliæ of the 1two first parts ar·e preoesop.hageal

(preoral), while the gangliæ of the tritocerebrum are postoesophageal
(postoral), belonging to 'the v-entra! nerve-oord, thus bein:g of the
same type as thos·e enerving the somites (segment.s) of the rest of the
body.

We may easily distinguish a tritocerebral somite, but it is

diffi.cult to point out a division into separate somites of the preoral
portion of •the head.

As 'Pointed out in part

Il (1942, p. 120-123)

the protaspis larva in primitive trilobites may suggest a division into
two parts, the preantennal segmenta! complex and the antenna! seg
ment or somite.

AJ.so the pæsence in .certain Iarvæ, ·Of rudimentary

preoral coelomic .sacs and rudimenta-ry antennæ in front of ·the an
tennæ enerved from the deutocerebrum, may suggest the pæsenoe of
several segments .jn the preoral porUon of the head.

Studies ·on the

arthropod brain have on the other hand Iead to the conoeption that
the preoral pontion of the 'head was primarily undivided, di·ffering
considerably from the postoral porUon of the body. Future studies,
not the ·leas•t on fossil forms, may settle this problem, but at present
it seems useful to r·eg
. ard the frontal portion

as

one unit and apply the

•
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term acron to this primarily preoral portion of the head (Vandel,
1949, p. 97).
A head consis,ting of the acron and 4 pastoral somites is most
common in the Arthropoda. It is found in trilobites, indicated in the
embryo of the Xiphosura, occurs in most of the Entomostraca, and in
the Leptostraca, Amphipoda and Isopoda among the Malacostraca.
and is a constant feature in the head of Myriapoda-Insecta.
As pointed out by Snodgrass ( 1938, p. l 07) this type of head
hardly represents an early stage in the development of the Crustacea.
A head composed of the acron and one pastoral somite only, the so
called protocephalon, occurs in Anostracan Branchiopoda and in
larva! stages O·f many other forms. It is not certain whether the
crustacean nauplius comprises the acron and two postoral somites,
or possibly o ne or two more somites (Stønner 1944, Vandel 1949).
A head, or more correctly a prosoma composed of an acron and
six postoral somites, is found in the Arachnida. In the Xiphosura
the transverse joint-line between the prosoma and the metasoma or
abdomen, crosses the primary more oblique segmentation, leaving a
prosoma with six-seven

postoral

somites,

the sixth

and

seventh

helonging partly to the prosoma and partly to the metasoma.
The cephalo-thorax of the Malocostraca includes a considerable
number of somites.
Turning now to the ventral side of the head, we find considerable
variation in the development of the appendages and the structures
connected with the mouth.
The mouth has a ventral position. A more frontal (terminal)
position in the Arachnida is a secondary formation. In front the mouth
is bordered by an upper lip or Jabrum ( hypostoma in trilobites)
enervatecl from the tritocerebrum and therefore hardly representing
a separate somite such as suggested by some authors. Tthe onto
genetic development of the mouth and the labrum is recently demon
strated by Kastner ( 1948) in the Pedipalpi of the Arachnida (text
fig. 6) . It appears that the labrum is primarily paired, being formed
hy the fusion of the two sides of the longitudinal mouth-slit. At the
base (in front of) of the labrum a special plate, an epistoma, may be
developed. The labrum forms a broad overhanging plate in certain
arthropods such as in the Branchiopoda and particularily in the Tri
lobita, but in most groups it i,s reduced to a narrnw plate between the
appendages crowded around the mouth.
=
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b
La

d
Text-fig. 6.

The ontogenetic development of the mouth and frontal appendages in

the Pedipalpi among the Arachnida.
et= ecdysial tooth, la = Iabrum, li
I

Il

=

Thelyphonus candatus. (After Kastner 1949.)
�=

lower lip,

m

=

mouth,

so

=

sensory organ,

first and second postoral appendages.

A lo\ver lip or postoral plate may form the posterior horder of
the mouth. According to the ontogenetic development of the Pedipalpi
(text-fig. 6) the lower lip develops as a swelling of the integument
just behind the mouth. This would indicate that the lower lip is
formed by tritosternum i. e. the sternum of the first pastoral somite (I).
Such a structure is indicated in the Palpigradi, but in other arachnids
the 'lower lip (underlip) is formed either by more posterior sternites,
or by the coxæ of the cephalic appendages ( Snodgrass 1948, p. 14).
In the Acarina �the structure is called hypost, oma, a name which might
easily be confused with the trilobite hypostoma meaning the labrum.
The Xiphosura and the Eurypterida have an endostoma forming the
posterior wall of the mouth opening. In the Eurypterida a larger
ovate plate, the metastoma, forms a pastoral plate below the endo
stoma. The metastoma is probably homologous with the chilaria of
the Xiphosura, thus representing the rudimentary seventh postoral
appendages. In the Myriapoda-Insecta the lower lip, the labium, is
formed by the fusion of the bases of the second maxillæ (IV).
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It is evident that the lower Jip in different groups of the Arthro
poda is cleveloped from very different structural elements. lt is there
fore difficult to apply one term such as the 1abium for all types of
a rth ropods. The more neutral term lower lip or p a stor al plate seems
appr o pri ate until a common name is founcl.
The cephalic appendages v a ry consid er ably both with regard to
position and structure. Primarily only the first antennæ or antennules
(a) have a preoral po sition. The other appendages are attached to
the sternum on the ventral surface of the transverse somites behind
the mouth. This developm ent is found more or ,less in the Crustacea
and lnsecta. In the Chelicera:ta on the other hand, a considerable
displacement of the appendages in relation to 'the mouth has ,taken
place. The preoral antennæ are c o m pletely reduced. The chelicera
forming the first appendages, belong to the tritocerebral somitte and
are thus primarily p a storal, but in the Chelicerata these appendages
(I) have a distinct preo ral posHion. Even the seconcl and third pai r
of prim a nily postoral appendages have a preoral position in the
Xiphosura. Ontogenetic studies (tex t -fig. 6) have shown ,this to be
d ue to a backwards migration of the labrum and then also the mouth
in relation to the posi,t i on of the appendages.
Primarily the appe n cl ages of the arth ropod head were set well
apart demonstrating the sternites in the middle between th em. In
many groups, however, a particular dev elopment of the coxæ reduces
and conceals the s t ernites. Especially when the bases of the appe nd
ages form parts of the feeding organs, the st ructu res differ consider
ably from the original one or the primitive conditions demonstrated
in the l arva.
The develop m ent of the feeding organs of th e Arthropods de-·
pends on the kind of food they are co nsuming. The arachnids absorh
liquid food only and hav,e hence no jaws developed. Because of the
liquid diet a specia l sucking apparat us and a preoral cavity fonned
by the coxæ devel op in connection wi,th the mouth.
Nor the Xiphosura ha,ve true jaws, but the powerful coxæ
with thei r spiniferous median ma rgins were p ro bably able to serv e
to some cxtent as mastica:tory organs. The prey is seized by the
legs and the chelicera, partly crushed by the spiniferous coxæ ancl
the blunt median procoss of the sixth append ages (VI) , but the
che wi ng or grinding of the food take place in the proventricular giz
zard. (Snodgrass 1948, Fage 1949) .
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In the Eurypterida the masticatory function of the prosomal coxæ
were somewhat more advanced. In the large forms in particular, the
median border of the powerful flat coxæ were provided with strong
teeth and knobs. With their only partly masticatory function, the
cephalic coxæ of the Chelicerata cannot, however, be regarded as true
jaws comparable to those <in Crustacea, Myriapoda and Insecta.
In the Crustacea, Myriapoda and Insecta the second pair of
postoral appendages (Il) are transformed into powerful jaws, the
socalled mandibles. Also the �third and fourth pairs of appendages,
the first and second maxillæ (III, IV) , serve as accessory feeding
organs. In the maxillæ the distal portion of the appendages are not
reduced to the same degree as is the case in the mandibles.
The cephalic limbs are distinctly biramous in most Crustacea.
Somewhat similar limbs are found in the Trilobitomorpha (trilobites
and certain other extinct arthropods), but the Iimbstructures of these
forms seem in my opinion hardly to be homologous with those of
the Crustacea. A biramous appendage built on the same plan as in
the Trilobitomorpha is indicated in the Xiphosura and probab1y in
the Arachnida (Stønner 1939, 1944) . A biramous appendage is not
present in the Myriapoda-Insecta. Certain structures reoalling bi
ramous appendages exist in certain forms, but hardly significant
(Stønner 1939, p. 258-26 1 ). The biramous legs of the Trri:obito
morpha and Chelicerata are charaderized particularly hy the possihle
presence of a precoxa, a powerful coxa, a gill-branch with plate
shaped gHls attached to the presumed precoxa, and a walking hranch
(telepod) normally with a patella intercalated between the femur and
ribia. In the Crustacea, on the other hand, the two branches of the
appendages are attached to a basal stem, the protopodite or sympod,
the outer branch, exopodite, has setæ, but no gills, the inner branch,
the endopodite, has no patella.
After this general introduction we shall discuss the ventral ce
pha!ic structures of the trilobi,tes.
Ventral cephalic structures in Trilobites.

As soon as the appendages of trilobites became known, particular
interest was attached to the problem of 'the cephalic appenclages, their
structure, function and relation to the mouth.
Already W akott's ( 188 1) studies on thin sections of Calymenc
and Ceraums gave some informa�tion, and the descriptions by Mickle-
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borough ( 1883) and Wak
: ott ( 1884) of appendages in Isotelus migh t
also be mentioned.
Not untH the discovery of the beautifully preserved specimens
of Triarthrus a more detailed study of the cephalic appendages could
be carried out. AHer having deaned a considerable number of the
pyrite spee:imens, Beecher ( 1895) was able to present a description
and preliminary recons•truction of the cephalic appendages. In addi
tion to the appendages he describes the ventral integument and post
oral plate.
Beecher interpreted the cephalic appendages as antennules, an
tennæ, mandibles and two pairs of maxiHæ, just as the appenda:ges
in the head of crustaceans. He assumed that the coxæ of the cephalic
appendages in trilobit·es served as gnathites, the inner edges on gna
thobases of the ·coxæ being "apparenrtly finely denticulate".
Beecher's work was completed by Raymond ( 1920) . He fouml
the cephalic coxa of Triarthrus ·to be less Hk·e those of the thorax,
otherwise his studies corroborated those of Beecher. Like Beecher,
Raymond expæssed the definit: e opinion thæt the cephalic coxæ
( coxopodites) served as gnathites.

This opinion seems to a certain

extent to have been •influenced by the conception of a crustacean
nature of 'the trilobites. As evidence in favour of a gnathic function
of the ·Coxæ Raymond describes ( 1920, p. 152) the occurrence in o ne
specimen (only) of the inner edges of the cephalic cox æ as be ing
"distinctly nodulose, and roughened for mastkation".
Valuable information on the structure of the cephalic appendage
was presented by Wakott in two papers ( 19 18, 192 1) dea1ing chiefly
with the appendages in Olenoides1, Calymene and Ceraurus, but alsu
describing other known forms. Concerning the structures of the
cephalic appendages Wa:lcott's studies largely conform with those of
Beecher and Raymond. Walcott also interprets the cephælic coxæ as
gnathHe· s and meant to find traces of spines on the inner (median)
margin of the coxa ( 1918, pl. 26, figs. 4, 15) .
The works of Beecher, W alcott and Raymond are valuable not
the !east because of the many fine illustra.Uon s forming important
sources of information.
1

As pointe:cl out by Kobayashi Oourn. Fac. Sei. lmp. Univ. Tokyo, Sec. 2,
4, 2, p.

154. 1935)

the name Neolmus

replaced by Olenoides
Matthew

1899

serratus

serratus (Rominger)

(Roming·er)

since the genus

ha<S to be

Neolenus

hard! y differs from the genus Olenoides Meek 1877.
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The labrum, mouth and pastoral plate.
With its solid test the labrum or hypostoma is commonly pre
served in the trilobite specimens. Numerous forms have been described
belonging to many different genera. It mi.ght be mentioned that among
certain families the labrum is rarely preserved.

This is the case i. g.

In the appendage-bearing

with the Cryptolithidae and Harpidae.

specimens of Cryptolithus the smaii labrum is only fragmentarily
preserved (Raymond

1920,

p.

62),

indicating a less solid :test.

The size and shape of the :labrum vary considerrably.
spee ies ,such as Ptychopyge angustifrons

D:alman

In cer ta in

(Brøgger

188fi
pl. 3, f ig. 42) and Cheirurus ( Crotalocephalus) gibbus ( Barrande
1852) the labrum reaches almost to the hind border of the cephalon,
in the case .of :the former, however, wHh a deep median cleft in the
plate. The ·labrum is in front attached along the labral (hyp ost omal )
suture.

A possible independent movement of :the •labrum has been

discussed by voarious authors (Brøgger

1936. p. 410

and Wh�ttington

1941,

1886, opik 1929, Stui:Jblefield
514-515). Only a slight

p.

vertical movement and a possible vibration seems to have 'been able
to h av e taken place.

Tihe ontogenetic
Whittington

(1941,

p.

development

496,

pl.

72,

the Jabrum

of
fig.

metaprotaspis of Flexicalymene senaria

is JittJ.e

(Conrad)

with a labrum

provided with four pairs of short, thkk spines.

The m

t h has not adually bee n recognized in

ou

known.

text-fig. l) has found a

2,

t rilob ites ,

hut

the ventral surface (the ventral membrane) of the cephalon as well

as the posit io n of fhe po s tor al plate might give s ome information of

its •location.

(1921,

Some of Walcott's se cti on s of Calymene in par tic ula r

101, fig s . 1--4,

pl.

pl. 105, f ig .

ve nt ra l
pos ition of

2) sh o w the

curving in beneath the ·labrum, su ggesti ng the

membrane
the mou�J1

slightly in f ro nt of the posterior margin of the labmm. Series J and K

drescribed above suggest a similar posi•tion.
ment

of

th e

app e n da g es.

The p

o s

mouth
t

o

ra l

scribed by Beeoher

is

discussed

helow

A bac kwa rds displace

in

connection

with

the

p l a te, "metastoma" or labium was first de

( 1895)

in Triar.thrus: "The metastoma is generall y

cJ.early shown as a conv·ex arcuate plate

j ust

posterior to th e

ex

tremity of the hypostoma. On each side, at the angles, are •two small
elevations, or Jappets, wh ich suggest simil.ar structures in many higher
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Crustacea, and apparently represent the entire metastoma in
and some other forms''.

Apus

Raymond (1920, p. 42) remarks thil't the

postoral p late (metastoma) is larger and more nearly circular than
Beecher's earlier preparations led him to suppose.
In one of his thin sections of

(pl.

27,

Ceraurus

(not

Calymene)

Walcott

fi g. 12) meant to trace a section of a postoral plate between

the cephalic coxæ.

The structures are, however, little distinct and

no trace of a postoral plate is found in the material sectioned by me.
Examining the colledions of

U.

S.

Olenoides serratus

National Museum in Washington,

I

(Rominger) in

no,ticed one specimen.

p r eviously not described, which has the postoral plate fairly well
preserved (text-fig.

7

and Stønner 1949 f'i>g. 11

D).

The dorsal test

of the cephalon is broken off demonstrating �he labrum, postoral plate

and fragments of the appendages.

Just behind the posterior margin

of the labrum, the semicircular pastoral pla te is su r roun ded , except

along the transverse frontal ho !'d er, hy a narrow rim. The lateral part
of the plate Iies ventrally in relati:on to one of the coxæ, probably

helonging to one of the third cephalic legs (III).

This indicates that

in ventral view the lateral p o r tio n s of the postoral plate covered parts
of the �cephalic coxæ.
judging from the posi,tion of the postoral plate in trilobites it is
natura! to regard it as a sternal formation.

Probably the main part of

the frontal sternite (or sternites) is 'transformed into a pastoral plate
or

lower lip with its late ral lappets covering to some extent the median

portions of the coxæ.
As mentioned above the postoral plate in trilobites is probably
lwmologous

w ith

the lower lip in primitive arachnids and with the

endostoma of the Xiphosura--Eurypterida.

The postoral plate in tri

lobites has been clescribed as a metastoma, but since this organ in the

Eurypterida prohably represents the modified

appendages

of

the

seventh postoral somite, this name is less appropriate (Stønner 1944.

p.

32).

In previous papers

(l 944

and 1949, p. l 74) I have u sed the

name labium for the postoral plate in trilobites. Since the term labium
is a well known structure in the insects, meaning a lower lip f01·med

by

the second maxillæ, this term is hardly appropriate. Until more details
are k n o wn concerning these structures in trilobites, I prefer provision

ally to use the more neutral tenn pastoral pla t e for the s tructure s

men t ion ed.
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PP
Text-fig. 7.

Olenoides serratus

lY?

Rominger.

fragments of appendages (dotted).

a

=

Cephalon with the

antenna,

la

=

labrum,

pastoral plate and

pp

=

pastoral plate.

/-/V= pastoral cephalic appendages. Specimen from the Middle Cambrian Burgess
shale, British Columbia, Canada. Walcott's collection. U.S. Nat. Museum.

The appendages.

T h e a n t e n n æ are known more or less 1in spedes of the
genera Olenellus, Olenoides, Kootenia, Ptychoparia, Cryptolithus,
Triartlzrus, Phacops, Asteropyge and Ceraurus (comp. Størmer 1939,
p. 153-154) . Tihe antennæ ,have a preoral position, being attached
to the bodywall on either side of the frontal portion of the labrum.
The attachment ,of the antennæ is demonstrated in the sections of
Ceraurus. The antenna 1is attached to the moæ vertkal integument
above the labrum and the point of attachment is evidently protected
by the lateral ears of he labrum. Similar ears crn the labrum of other
trilobites may thus suggest the location of the antenna 1in the,se forms.
Special indentations in he lateral borders of the labrum, i. g. in
Cheirurus ? forlis Barrwnde (Prantl and Pribyl 1947, pl. 2, fig. 1-2)
probably indicate the posiHon of the antennæ.
The uniramous, multijointed antennæ differ lbut slight.Iy in the
different genera known. Reconstrudions of Triarthrus (Raymond
1920, text-fig. l O) indicate a oomparatively long and strong basal
joint of the antenna. In Ceraurus this s�eems hardly to be the case.
The antennæ of Cryptolithus have longer joints than in otiher forms
and the specimens preserved have the antennæ directed backwards.
The position and structure of the antennæ in trilobites s;tmngly
indicate these appendages to be homologous wHh tihe antennules
Norsk geo!. tidsskr. 29.

9
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(or first antennæ) dn crustaceans and with the antennæ in insects,
thus being preoral appendages enerved fro m the deutocerebrum.
There are no signs of a r·educHon of a second p air antennæ
such as sugg·ested by Opik ( 1937).
T h e f o u r b ,i r a m o u s a p p e n d a g e 's occupy most of
the spa:ce on the ventra.J side of the !head. Beecher ( 1895) showed
that the posterior pairs of appendages and apparently also the an
terior ones in Triarthrus were biramous and huilt on the same pattern
as those of the thorax and pygidium. The cephalk appendag·es in
Olenoides are not well demonstrated. The pre
· sent material of Cerau
rus p æ sen t s new information on vhe structures of the cephalic append
ages in 1this genus. The sedions demonstrate four pairs of legs
mutually much alike. The frontal ones being o·nly somewiha:t 'smaller
than the pairs further back. The section series have shown tillat also
the first and second pairs of cepha1ic app endages are provided with
a branchial ramus (preepipodite) attached to the basal portion of
the appendage.
The present studies v1erif y the current conception of t h .e t r i
lobi·te head havi ng o ne p air of preora.J uni
r a m o us a n t e nnæ a nd f o u r p a i r s of pas to r a l bi 
r a m ou s a pp·e n dages bui li on t h e same pa t t ern as
tho s·e o n t h e t h o r a x a n d p y g i d i u m .
Raymond ( 1920 p. 42) found the cephalic coxa of Triarthrus
to be distinctly different fro m the coxa of the thorax. He also
assumed (1. c. p. 67) the two anterior pairs of oe phalic appendages
in Calymene and Ceraurus to be r·educed because of a Iack of func
tion in connection with a backwands migration of the mouth in these
genera. Concerning �the last mentioned genera the present studi.es
have shown this not to be the ·case as mentioned bølow.
With regal'd to the dev,el:opment of the cephalic coxæ in Tri
arthrus, both Beeoher's and Raymond's reconstructions ar-e chiefly
based on specimen 2 1 1 (Raymond 1920, p.t. 2, fig. 5, and Wakott
1921, p. 104, fig. 15). In thi's specimen the coxæ on either 'Side are
overlapping eaoh othe.r forwards, expos,ing their flat posterior sur
faces. This give the impæssion of the •Cephalic ,coxæ being ·con
siderably stronger than those· on the thorax. As I pointed in part I
( 1939, p. 204) , Ray mond's pt'esumed difference in the devdopm en t
of the cephalic and thoradc coxæ mig�ht to a lange extent be due to
-
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'the thoracic coxæ hav1ing a more vertical position and 'therefore
appearing more narrow and �less strong 1in v�entral view.
As mentioned above the cephalk appendages appear to be
mutually alike showing no �individual spedalization. Tlhis is demon
strated in section 'Series H of Ceraurus where the biramous first post
oral appendage is preserved. The f,irst coxa is considerably flattened
and slightly concave-convex with the concave surface on the ante
median side. No postlateral process is apparently developed such as
in the thoracic coxæ, but the short endobase appears to be of the
same type as that found in the thorax. There is no sight of a long
median "gnathite" provided wHh teeth. llhe Jack of a spiniferous or
nodolous median margin of the cephalic coxæ might to some extent
be due to incompiete preservation, but on the other hand the general
correspondance in structure with the coxæ of tihe thorax hardly
speaks in favour of the presence of such structures. Walcott ( 19 18,
pl. 26, fig. 4, 15) figures and descdbes certain structures which he
interprets as spines on the 1inner ( median) margin of the coxæ.
Having studied Walcott's original sections of Ceraurus and Calymene
I am little convinced, however, of the pr�imary nature of the spine
like structures occurring particularly in his less well-pres�erved spe
eimens. In several spedmens the margins of the test are partly dis
solved and drawn out into "threads". The same was the case with
the gills ( Størmer 1939, p. 187-188) .
Nor the other tri'lobite genera seem to show distinct traces
of special teeth, dentides m knobs on the cephalic coxæ. The spines
on the cephalic coxæ of Olenoides appear to be li�e those on the
thoracic coxæ. In one spedmen of Triarthrus, Raymond ( 1920,
p. 152) describes the inner edges of the cephalic coxæ as "distinctly
nodulose, and roughened for mastication", but this single case, hardly
represent any strong evidence in favour of the development of speciarl
gnathites.
As mentioned in part I ( 1939, p. 205-206) a faint indicaii' on
of a transverse line across the base of the cephalic coxæ is suggested
in spedmens of Triarthrus figured by Raymond. The line might in
dicate the presenoe of a precoxa such as suggested in the thorax.
The position of the cephalic coxæ is not quite the same in the
different triiobite genera. In Triarthrus the coxæ have an almost
transverse position such as in the thorax, only the two frontal ones
tend �to have a more antelateral direction. In Ceraurus the cephalk
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coxæ turn gradual1ly forward when passing from the four1:ih to the
first Iegs. Because of the change in the direction of the coxæ the
median portions aæ cmwded together Ieavin
. g J.itHe space in be1ween
the 'individual .coxæ. At the same time the ooxæ of the frontal pairs
of appendag:es are tirlted baokwards. The general structures ·suggest
a b a c k w a r d s m i g r a t i o n o f t h e m o u t h i n t r i I o b i t e s.
The migration is less pronouncred .in Triarthrus wher·e the ooxæ are
more transverse and tend to be tilted forwards inst·ead of backwards.
A posterior migration of the mouth is also suggested in the dorsal
segmentation of the trilobite larva as pointed out in part Il ( 1942,
p. 122) . A simHar but more pronounoed backwards .migration of the
mouth is øharacteristic of the Merostomata as mentioned above.
The cephalic coxæ just Iike the thoracic ones are set well apart,
having, as discussed below, no possibility of meeting each other
along the median line.
The feeding organs of the trilobites.

Harving described the ventral cephalic structures in trilobites
might c onsider

we

the relaHon between the mouth and the surr ounding

•Iabrum, appendages and :postoral plate in order to get some idea of
the way of feeding in these primitive arthropods.
As mentioned above most authors have claimed a ma:sticatory
function of the cephalic ·coxa in trilobites. T1he coxæ have been re
garded as ading powerful jaws (Richter 1932, p. 847) just like the
mandibles .in Crustacea and Insecta. Erikson ( 1934, p. 254) men
tions that no decisive proof of the presence of a gnathobase in tri
Iobites is presented in the published photographs, but since such a
structure is demonstrated in Beecher's careful reconstruction he
thinks they were ·evidently present. Erikson points out, thowever,
that the elongate median endobase had to be very long because
of the great distance between the wws of appendages. In part I
( 1938, p. 204) I doubt the presence of the long gnathobase (basen
dite) and at the same time Snodgrass ( 1938, p. 1 1O) refers to the
trilobites as non-mandibulate arthropods, a view also expressed by
me (Størmer 1944, p. 34) . More recently Snodgrass ( 1948, p. 2)
points out that the leg bases in trilobites "oould have had Iittle use
as feeding organs other than perhaps that of stirring up the mud
from which the animals obtained their food".
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The present material gives further information on ·the function
of the cephalic appendages. Be1cause of the somewhat radial arrange
ment of the cephalic ·coxa, the frontal pairs of coxæ probably were
situated near the mouth. The coxæ have no elongate gnatho:base or
basendite developed. The median border of the coxæ is but slightly
protruding forming a basendite of the same type as those in the
thorax. The median border my have been provided with spines such
as the coxæ of the thorax, but theæ is no unmistakable evidence of
a specia.J deveiopment of teeth and nodules such as would be ex
pected on the surface of true gnathites. At the same time the
c e p h a l i .c c o x æ, j u s t l i k ·e t h e t h o r a c i ·C o n .e s, a r e s e t
we ll a p a r t m a k,i n g i t im p o s s i b l e f o r t he m·e d i a n
m a rrg i n s of t h e c o x æ t o m e e t e a ch o t h e r a l o n g t h e
m e d i a n l i n e. The structures mentioned make it very probable
that t h e ·c e p h a l i c c o x æ i n t r i l o b i t e s d i d n o t s ·e r v e
a s j a w s.
In ·order to comprehend �the mode of feeding in trilobites it is
us·eful to .compare the trilobite structuæs with those in other arthro
pods particularly the Xiphosura. Neither the Xiphosura are true
mandibulate arthropods. In the Iimulids the coxæ are radiaHy ar
ranged round the mouth with the spiny median lobes almost meeting
across the mouth. The food, consisting principally of worms and
small molluscs, is caught by the pincers of the legs and placed
between the coxæ whioh ·with their spines push it forward to the
mouth. The coxæ are apparently to some extent able to crush t1he
food, but the grinding is carried out in the proventricular gizzard
into which the prey is ingested. (comp. Snodgrass 1948, p. 17).
Larger, not assimilable pieces of food are gulped up and rejected
(Fage 1949, p. 232).
In the Eurypterida the prosomal coxæ might have formed a
similar feeding organ. The eurypterid coxæ seem, however, to have
been more ablie to crush the food.
As mentioned above the Arachnida have no indication of jaws.
Tlhese arthropods live on liquid food only, the food being ingested
by means of an efficient sucking pump. A ; an exception it might be
mentioned that the primitive Phalangida (Opiliones) also ingest
fragments of their food besides the liqui.d (Snodgrass 1948, p. 50).
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In the Arachnida the prey is brought by the chelicera into a specially
dev;eloped intercoxal anteohamber or preoral cavity.
Judging from the development of the cephalic coxæ, the trilo
bites were hardly able to crush the food such as is the case in the
Xiphosura and evidently even more so in the Eurypterida. Otherwise
the feeding organs seem to have been much arlike although no trace
of a gizzard ·has been found evw in the well preserved trilobite spe
eimens from the Middle Cambrian Burgess Shale.
The strong development of the labmm in trilobites indicates the
formation of a p re o r a l c a v i t y bordered lateraJ,Jy by the cephalic
coxæ and posteriorly by the pastoral plate. In this preoral cavity
the food was probably brought in by the legs (telopodites) . By
means of a sucking organ or pharynx the food might have been
ingested and ground in some kind of a gizzard in the frontal portion
of the head. As discussed in part I ( 1939, p. 224-227) the food
might have been transported to the pre- oral cavity not only be means
of the legs. The filamentous gills of the appendages might have
served as filters holding back the ,food-partides from the water
passing thr ough them. By a certain un du'i a tin g c ontracti on of the
gillbearing appendages the food particles might possibly have been
pushed forward to the head region where they might have entered
the preoral cavHy in front of the coxæ.
We may condude by stating that the fe e d i n g o r g a n s
o f t h e T r i l o b i t a d i d n o t i n clude t r u e ja w s s u c h
a s i n t h e C r u s t a c e a a n d t h e M y r i a p o d a - I n s e c t a.
The food, consisting either of sotter bodies, or finer food particles
embedded in mud or extracted from it by means of fiHers, was prob
ably brought into the pr eoral cavity from which it was ingested by
means o ofa sucking organ and carried into a more or less developed
gizzard lying in the frontal portion of the head. l'he trilobites seem
thus to a large extent to have been mud feeders.
Remarks on the previously
described section series of the thoracic appendage
in Ceraurus.

In part I ( 1939) the general structures of the thoracic append
ages in trilobites are discussed. From studies on Ceraurus in par
ticular, I arrived at the conclusion that the trilobHe appendage com
prises a precoxa with two branches attached to it: a branchial ramus
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(pæepipodite), and a walking leg ('telopodite) with a power�ul basal
joint forming a �coxa.
In a paper not accessibie to me until after the war, Garstang
(1940) criticises my int,erpretations of the thoracic structures demon
strated in my section series. He publishes certain drawings based on
slnal,l-size photographs reproduced in my paper. In order to meet
his criticism I have reproduoed in stronger magnification (pl. 3, fig.
1-6) certain details of the photographs, and prepared outline draw
ings of the sections series (text-fig. 8) and of the wax-model pre
pared from the series (text-fig. 9).
In Garstang's drawings, and also pointed out by him in the
text (p. 62), there appears to be a .gæat differenoe between sec. 39
and 40.

As shown in text-fig. 8 this is not the case, but this may

have been somewhat difficult to acertain from the photographs re
produced i n my paper.

Garstang points out that whi'le I claim the

diamet�er of the precoxa to be 1.4 mm, the sections only show 0.8 mm.
As shown in the drawings (tex't-fig. 8) the sections 45, 41 and 40
have a diameter of about 1.2 mm and the hgure 1.4 mm was sti
pulated not from a single section, but from the dimension suggested
in the wax model.
Garstang means to find a discrepancy in my treatrrnent of the
sections which in my opinion formed a transition hetween �he pre
sumed precoxa and the coxa.

He indicates (p. 63) that in the text

I treat the sections 36-39 as coxal, while in the ,Jettering of the
sections I draw the limit between coxa and precoxa at a higher leve!,
viz., between 34 and 36.

His argument is chi�efly based on his as

sumption that in sections 36-39 the long backwards extension is
identical with the postlateral process of the coxa described by me and
shown in my wax models and reconstructions.

This is not the case.

As indicated in the drawing of the model in text-fig. 9, 2 (extended
portion marked with an arrow and 39), this backwards extension
was regarded by me as part of the branchial ramus, not as part of
the coxa.

In my description (1. c. p. 198, 181) I said that the post

lateral margin of the coxa covered the first joint of the preepipodite
(branchial ramus) and the proximal part of the sewnd joint. Gar
stang evidently misunderstood this expression although the recon
structions (text-fig. l O and pl. 11) showed that less than half of the
second joint is wvered by vhe postlateral process. In the sections
36-39 the back\vard extension may seem to be composed of two
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bodies lying side by slide as mentioned by Garstang, but a careful
study of the photographs might suggest a further division as indicated
in text-fig. 8 se
· c. 39, and pl. 3, fig.

5.

In my description of the precoxal re�ion (36-48) I say: "we
notice a distinct line nf division between the two elongated segments
lying side by side".

Garstang finds that this reference, "though not

explicit, can only be the two dark strips in the coxcul shield of
sections 36-39", and there
. fore is ·of the opinion that I have caHed
the same thing coxa in one place and precoxa-preepipodite in another
connection and thus have no real grounds f·or my views. To this I
want to point out: 1. that Garstangs criticism ev1idently is based on his
erroneuos conception of the postlateral process on the coxa (sec.

39),

and 2. when mentioning "two elongated segments lying side by side",
I meant, as pointed out in the text, the segments demonstrated in
sections 36-48, not only ��hose in sections 36-39.

I admit that the

expression "lying side by side" might be somewhat inacurate as ·long
as the two segments are actually separated from each other in several
sections.
T,o summarise bfi.efly, my opinion on the basal portion of •the
appendages was that the subcoxal membrane was Iimited to the
sections below
(fmm

49

(dorsal) to sec. 49

( ?).

In the sections following

to about 36) 1he two proximal points were interpreted as

preooxa and basal segment of the branohial ramus or preepipodite
attached to it.

The border-line between the precoxa and the over

lying

coxa was not actuaHy demonstrated but indicated

(ventral)

by the general shape and direction of the basal porfi.on of the
appendage.
Garstang interprets my precoxa (as far up as to section 40-41)
as the collapsed subcoxal membrane

(L

c. p. 62). The other proximal

joint or body is interpreted by him as the basal joint of the branchial
ramus, but since my precoxa is interpreted as a subcoxal membrane
he has to have the basal segment of the branchial ramus attached
to the inner surface of the coxal shield

(1.

c. p.

64).

He points out

that tihe mentioned basal joint of the branchial ramus exactly under
Hes a part of the ·coxa.
In the text-fig. 8 it is possible to foHow the first joint of the
branohial ramus from s•ec. 49 and upwards (ventrally) through the
series. The joint Hes close to the precoXJa in sec. 47, but is more or

less separated from this joint upwards through the seri·es. 'rhe first
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Outline drawings of sections of one thoracic appendage in Ser. C of

Ceraurus pleurexanthemus Green. Ser. 32-49. br =gilis, cox= coxa, pre= precoxa,
1-5

=

joints of branchial ramus (preepipodite).
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joint of the branchial ramus is easily separable from the precoxa
and also from the second joint of the ramus in all sections up
to 39.

Here the secon:d joint of the branchial ramus seems to be

morec losely connected, both with the pr,ecoxa and the first joint
of the ramus, a fact which led Garstang to the erroneous conception
that the whole backwards extension belonged to the coxa.

As shown

in the text-fig. 8 it ,seems possible to trace the first joint of the ramus
up to sec. 34.

The structure is illustrated in the drawings of the

wax model (text-fig. 9, c, d).

If we follow Garstang's view assuming

a collapsed subcoxal membrane up to sections 40-41, only a very
small portion of the first segment of the branchial ramus abuts to the
coxa.

Garstang's definite conclusion that the branchial ramus is an

outgrowth from the inner surface of the coxal shield, seems therdore
most unlikely.
Garstang's interpretation of one of the basal bodies being a
collapsed
reasons.

subcoxal

membrane

seems

also

improba�ble

for

other

It is hardly likely that of two well-preserved basal bodies,

one should represent a collapsed membrane and the other a solid
joint.

With the assumed iheight of the membrane (a heg
i ht which

seems to have been the same in appendage Il of the same series) no
articulation

could

have

taken

place between

the

body

and

the

appendage.
To me it hardly seems doubtful that the branchial ramus was
attaohed to the very basal portion of the appendage, i. e. to the
portion interpreted by me as the precoxa. The fact that the basal
joint of the branchial ramus and the presumed coxa are separated
from each other in many sections does not contradict this explanation.
The intersegmental membrane might have been destroyed so that the
mud penetrated in between he joints. Concerning the presence of a
separate distinct precoxa, >it must be admitted that the proximal and
distal border lines are not dristinctly demonstrated in the section seri,es.

It has, however, to be remembered that such a line may not have been
distinguishable in sections more or less paraHel to the joints.

The

evidence which led to the assumption of such a joint is the general
difference in shape and direction of this joint compared with the
coxa (text-fig. 9, l).
As pointed out above I do not agree \vith Garstangs niticism
and interpretation of the secHons.

I may admit, however, that some

of my expressions might have been more accurate, and with regard
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Text-fig. 9. Outline of wax model of thoracic appendage of Ceraurus pleurexanthemus
Green.

The model

pre= precoxa, vm

=

is

based

on

Ser. C

ventral membrane, wl

(Stormer 1939).
=

br = gills,

walking Jeg (telopodite).

of branchial ramus (preepipodite), 39,

41=

cox=

1-5

=

coxa,
joints

position of sections.

to the presence of a s e parate precoxa the opinion expressed by me
might have been a :samewhat less conclusive.
The section series described in the present paper do not, on
account of tihe incomplete preservation, giv'e any decisive evidence
in favour of the presence of a precox'a. A blunt median m argin on
the b asal portion of the appendag es in series K, however, suggests
structures similar to those described in part I ( 1939).
One of Walcott ' s slides (text-fig. 10 a) aiso shows the blunt
median marg ins of the basal po rtion of the appendag es. The coxæ on
the other hand, have an acu te median marg,in. W alcott ( 1921, p. 397
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a = Ceraurus pleurexantlzemus Green. Transverse section of enro!led

specirnen dernonstrating basal portions of appendages. b

=

Calymene senaria Conrad.

Longitudinal section, showing ventral rnernbrane and basal portion of appendages.

cox= coxa, pre= precoxa.

(After Walcott

1 921 .)

and p. 40 l) also considered the possibility of a pr-ecoxa in Calymene
and Ceraurus. In certain speoimens of Calymene and Ceraurus (text
fig. l O b) he found suggestions of a smaH very short joint between
the ·coxopodite and the ventral surf,ace. It deserves to be mentioned,
however, that he also ventilated another interpretation suggestting the
narrow connection between the coxop.odite and the ventral side to be
"a cross section of tthe space occupied by the musdes connecting the
ventral integument and the axial processes and mesotengite of the
dons al t.est". W alcott pr(Jibably meant a proximal .portion surroundect
by a subcox.al m embrane
Judging from the structures demonstrated in Calymene and
Ceraurus we arrive at the following conclusions· concerning the ap
pendages of these forms:
The biramous appendages have a prominent •coxal reglion.
Whe�her the elongat·e basal portion of this region represents a sepa
rate joint, a pæcoxa, is not decisively determined as long as tthe
actua.l jointline is only indicated in one of Walcott's sl-ides. The
pres·ence of a separate joint ·is, however, 1sugge· sted by the difference
in shape and dir-ection of the hasal elongate portion in comp.arison
with the typical coxa. The branchnal ramus is attached to tihe basal
body (a smal portion seems to ·abut to the ·lateral base of the
coxal body) .
.

·
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Reconstructions of Ceraurus and Olenoides.

Reconstructions of 'these g,enera have been published by Walcott
( 1918, p. 30 and 1921, pl. 94) and Raymond ( 1920, text-fig. 8 and
pl. 11) . Since new infonmations have been obtained since then, I have
found it appropriate to present new reconstructions of the two genera.
In the reconstruction of Ceraurus (text-fig. 1 1) the gills are
diæcted backwards such as demonstrated in Olenoides and Triarthrus.
In fact specimens of Ceraurus often show the gills turned forwards
(Størmer 1939, text-fig. 8, 9 and text-fig 3 of the present paper).
The position of the gills may 'therefore hav,e been somewhat different
from what is suggeste d in the reconstruction. The tuberc ulati on of
the dorsal test is somewhat schematk. Probably øach tubercle was
provided with one sensory hair not indicated in the re,construction.
Hrairs or setæ were pwba!bly also present on the antennæ and other
appenda ges. A lower lip was present, bu t since it is not actually found,
the pro bable outline is just sugge, sted.
The reconstruction of Olenoides (pl. 12) is to a la rge extent
based on Walcott's figures and descriptions. The structure of the
gill branches (Størmer 1933) and the find of a lower 1ip furnish the
new evidence.
In both reconstructions the ventml ,int,egument is dotted.
,

.

,

,

-

lnterpretations of the coxal region
of the trilobite appendage.

DiHerent opinions have been expressed in connedion with the
interpret,ation of the basal stmctures of the trilobite appendages.
Calman ( 1939) is inclined to regard the sihort precoxa as a proto
podite (sympod or peduncle) with the branchial ramus repl:"lesenting
the exopodit·e. A s im ilar vi,ew has more recently ooen advocated by
Heegaard (1945, 1947) and suggested by Vandel ( 1949, p. 90) .
When Calman int,erprets the basal joint as a protopodite it is
apparently because he is convinced that the tri lobites are crustaceans
rand because an unjointed protopodite (peduncle) oocurs in ,not a few
crustaceans.
I have previously ( 1944, p. 121) pointed out that Calman's
interpretation meets with �considerable difficulties. It involves among
others a peculiar rather unique development of the ischiopodite and
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Text-fig. 1 1.

Reconstruction of Ceraurus pleurexanthemus Green
from the Middle Ordovician of U.S. A.
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Text-fig. 12.

Reconstruction of Olenoides serratus (Rominger)

from the Middle Cambrian of U. S. A.
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necessitates the pres•ence of -eight (possibly seven) segments in the
endopodite, structure appar·ently unknown in the Crustac·ea. I also
pointed out that since primi·tive Crustacea, according to Hansen ( 1925,
1930) and others, had a symP'od of three separat·e joints, a short
undivi.ded pro.topodite in the very primitive TrBobita was mos•t
unlrikely.
Heegaard (1945, 1947) has questioned Hans-en's conception of
a primary three-jointed sympod, a conception which Hansen arrived
at from his extensive co:mparative studie· s on r'ecent Arthropoda.
Heegaard beJ.ieves the unsegment·ed sympod to be the primitive struc
ture. The division into three joints is thought to be a s.econdary
formation. He bases his opinion on ontogenetk studies on copepods,
parasitic in particular. Trhe c.rustacean appendagoe first develops as
a bud which becomes bifurcate befare any articuJ. ation appears. In
the nauplius the endo- and exopodites contain several joints while the
sympod is still undivided. According to Heegaard the division of the
sympod appears later in the ·ontogeny and ·is therefore believed by
him to be a s·econdary formation. As an example of this he ment:ons
the late appearance of a middle joint in the sympod of Calanus
tonsus (Campbell 1934) .
But does this ontogentic development give any r·eal due to the
phylogenetic development? When Heegaard puts such weight on the
laok of separate joints in the sympod of the ontogenetic stages I think
he is carrying the biogenetic law a little too far. Even if the primitive
arthropods had a tihreejointed sympod one would hardly expect to
find the early, imperfectly developed bifurcate appendag·e in later
forms divided into a complete number of segments. Lang ( 1946,
1948) strongly criticises Heegaard's conclusions which he finds not
well founded. Lang mentions ( 1946, p. 8) that although he at first
was very soepticaJ.ly inclined towards Hansen's theory on the three
jointed sympods, he aHerwards changed his mind: "l was, therefore,
very astonishe.d after an extremely .careful examination of the extre
mities of ·the harpactiddes, to find myself convinced that Hans-en is
right after all".
Only the foss:il mat·erial is able to decide whether or not the
larger number of joints in the appendage is the primitiv·e character.
Unfortunately the fossil record on early primitive crustaceans is rather
incompiete as far as the appendages are ·concemed. It might be
mentioned that :in the Middle Devonian Lepidocaris rhyniensis (Scour-

145

STUDIES ON TRILOBITE MORPHOLOGY

field 1926) the sympod of the second ant,enna (I) is divided into 3
distint joints, the precoxa, coxa and basis (basipodite). This division
is even indicated in the small larva (text-fig. 14), although the
separation of the two basal joints is not quite distinct (Scourfield
1940). This one case is not conclusive, but �it shows at !east that a
three-jointed sympod occurs already in early and apparently primitive
crustaceans.
Among the Chelicerata we are more able to follow the develop
ment of the joints in fossil and recent forms. In earlier papers (Størmer
1936, 1939, 1944) I have pointed out the presenoe of a larger number
of joints in the appendages of early and primitive members of the
Chelicerata. This has been emphasized also by Vachon ( 1944-45,
1945). He points to the fact that in the Lower Devonian Weinbergina
(Richter and Richter 1929), a primitive Xiphosuran (Synziphosura) ,
the five prosomal Iegs (Il-VI) appears to have a larger number
of joints than the same Iegs in the recent Xiphosura (Limulus). In
Weinbergina aM the prosomal legs appear to have the same number
of joints as the last pair (VI) in Xiphosura. In the four frontal legs
of the recent form the number of joints is reduced both in the larva
and the adult. Since the more primitive Xiphosura evidently had more
joints in these appendages it is hardly doubtful that a reduction in
the number has ta�en pace. This impairs in my opinion Heegaard's
arguments against a primary three-jointed sympod in the Crustacea.
Vachon explains the reduction of joints as a case of partial
neoteny or merostasis (1945, p. 175). The division into several
joints was postponed or never acomplished. The same view might
be applied on the conditions in the Crustacea. The 'lat�e appearance
of the division of the sympod or protopodite into two or three joints
might be explained as due to partial neoteny rather than signifying
a one-jointed sympod in primitive forms such as advocated by Hee
gaard. The fossil record seems to support Hansen's conception of a
reduction rather than an increase in the number of joints in the
arthropod appendage during the phylogenetic development.
It thus appears to be but slight evidence in favour of interpreting
the short basal portion of the trilobite appendage as a protopodite
or sympod.
We shall now consider my arachnomorph interpretation of the
trilobite appendage ( Størmer 1939, 194 4)
.
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Among the Chelicerata Vachon Hnds it possibie to refer the
joints of the appendages to four primary groups: the protocoxa,
protofemur, prototibia and prototarsus. The fossil arachnids show
more joints than the related recent ones. In its complete development
the appendage is supposed by him to have had 9 joints composed of
3 + 2 + 2 + 2 joints. The trilobite appendage (in my interpretation)
would according to Vachon just demonstrate the primitive chelicerate
appendage such as it would be expected.
The interpretation of the trilobite appendage as oomposed of a
precoxa, coxa and a seven-jointed walking leg finds its chief support
in the identification of the coxa. A prominent coxa similar to that in
trilobites, is found in the Xiphosura which have so many other charac
teristics in common with the Trilobita.
The interpretation of the powerful plough-shaped joint in the
trilobite appendage as a coxa involves the identification of the basal
joint as a precoxa (or possibly as a basal portion of the coxa) and
the branchial ramus attached to it as a preepipodite (or possibly an
epipodite) .
Among the Chelicerata a precoxa is not at all a common struc
ture and its presence is not unanimously accepted. The presence of
a precoxa in the five posterior prosomal ap pendages (Il-VI) of the
Xiphosura is suggested by Coutit�re (1919) , Størmer (1939, 1944)
and Fage ( 1949) . The muse! es of the joints present, however, no
evidence for or against this assumption w'hich is based on certain
lines on the test (Vachon 1945, p. 292) . (Another in my opinion
less probable interpretation of the coxal region in Xiphosura has been
suggested by Heegaard 1947, p. 184-185) .
An unjointed appendage, the flabellum, is attached to the lateral,
possibly precoxal, portion of the coxa'l region. In the Japanese xipho
suran Taclypleus tridentatus the Iay outs of such appendages are
found also on the other prosomal Iegs. It seems natura! to homologize
these organs with the branchial ramus of the trilobites ( Størmer,
1939). In the abdomen of the Xiphosura a prominent giHbranch
similar to that in trilobites, is present and it is of importance to notice
that it is attached to the very base of the appendage just as in
:trilobites.
In the Arachnida a rudimentary precoxa has been demonstratecl
in the Acarina by Schulze ( 1932) anel by Ruser ( 1933) . Neumann
( 1941, p. 6 19) shows, by the attachment and course of the muscles,
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that the basal portion of vhe syncoxa represents a real pr:ecoxa.
The same author (l 942) has aJ,so meant to trace rudiments of
a precoxa or corresponding musdes in primitive arachnids such as
the Solifugae, Araneae and Pseudoscorpionidea.
In part I (l 939, p. 249) I suggest the possibi!Hy that a certain
organ, the cymatium, in the syncoxa of the Acarina may be inter
preted as a rudiment of a preepipodite of the type found in the
tri! obites.
Certain lateral sterno-coxal processes in the embryo of Euscor
pius are regarded by Dawydoff (l 949, p. 348) as without doubt
homologous with the flabeHum on the sixth prosomal appendage of
Xiphosura (Limulus). Median processes in the prosomal appendages
of the embryo of Araneae have been interpreted in the same way,
but I find it more probable that these processes are rudimentary
coxal endites such as explained by Schimkewitsch who originally
described them (Schimkewitsch 1911, p. 691-692, pl. l, fig. 28) .
Ecdysial teeth are a common feature in the embryo of the
Arachnida. The teeth serve to puncture the cuticle during the ecdysis.
In the primitive Pedipalpi Kastner (l 949) has demonstrated the onto
genetic development of the organ. Already in an early ontogenetic
stage (text-fig. 6) a small bud (et) on the lateral basal portion of
the pedipalps (Il) indicates the ecdysial too th. In a later stage (text
fig. 13) the lateral processes forming the ecdysial teeth are very
distinct. In this stage the shape and position of the coxæ in relation
to the mouth are much more trilobite-like than in later stages where
the coxæ form larger plates meeting along the median .Jine. The
general appearance and position of the ecdysial teeth in the Pedipalpi
might suggest these organs to be remnants of the lateral branch (pre
epipodite) in the ap pendages of the Trilobitomorpha. Other ecdysial
teeth may, however, have had an other origin.
As pointed out in earlier papers ( Størmer l 939, l 944) the walk
ing leg (telopodite) of the trilobite appendage corresponds well with
the legs of primitive Chelicerata.
In general we may state that t h e a p p e n d a ges of t h e
T r i l o b i t o mo r p h a o n one s i d e a nd t h e a p pen d
a g e s o f t h e Ch·e l i c e r a t a o n t h e o t h e r s i d e d e 
m o n s t r a te so ma n y c o m mo n fe a t u r e s t h a t it
s e e m s v e r y pr o b a b l e t h a t t h e l att e r type is
d e rived f r om t h e fo rm'e r .
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13.

Ventral

structures

of the prosoma in the embryo of

Thelyphonus

caudatus IArachnida, PedipalpiJ. Only the basal portions of the appendages indicated.
la= labrum,

et= ecdysial

tooth,

so= sensory organ,

appendages. (After Kastner

l-TV= primarily postoral

1 949.)

Remnants of the characteristic trilobitan appendage are recog
niz.ed in many diff.erent groups of the Chelicerata. The remnants are
preserved also in terrestrial forms having a mode life very different
from fhe marine trilobites.
It is possible also to trace a distinct connection between the
t ri l obitan and crustacean appendage? As mentioned above some
recent authors 'Such as Garstang and Gurney (1938) , Calman ( 1939,
Garstang (1940) and Heegaard (1945, 1947) have interpreted the
trilobitan appendage as homologous with the appendage of the
Crustacea. An essential featme in the crustacean appendage is the
bifurcation, the two branches (the endopodite and exopodite) at
tached to a basal sympodite or protopodite. The bifurcation also of
the trilobitan appendage is taken as a strong suggestio
, n of homology
of the two types of appendages. The trilobitan "exopodite" is at
tached to the very base of the appendage and differs in this respect
from the crustacean exopodite Which is attached to the distal end of
a sympodite. The sympodite may be short and consisting of one
joint only, but yet the attachment of the exopodite is different. The
"exopodite" of the Trilobitomorpha is normally provided with gills,
an organ which in the crustacean appendage is connected with the
preepipodite and epipodite, not the exopodite.
Of course a transition from the trilobitan to the crustacean type
of appendage may theoretically have taken place. It was assumed by
Raymond (1935) and by the more recent authors cited above. The
"crustacean" interpretation of the trilobite appendage meets, however,
with certain difficulties (p. 141) . Since the giHbranch is attached to the
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very base of the appendage, this portion has to be interpreted as the
sympodite or protopodite, an explana:tion which involves the presence
of eight or at !east seven joints in the "endopodite" (seven joints if
the coxa is regarded as belonging to the same joint as the basal one).
11his number exceeds the five to six joints in the crustacean endopodite
(Størmer 1944, p. 121).
In spite of the difficulties the possibility of a �transition from the
trilobitan to the crustacean appendage may not be excluded. But why
do we not find any distinct signs of such transition? The trilobitan
appendage is traced among numbers of the Chelicerata, particularly
in the aquatic ones, but apparently also in forms having attained a
terrestrial mode of life. My previous studies ( 1939) have shown the
trilobitan appendage to be a very conservative structure which is
maintained in very different form of Middie Cambrian Trilobito
morpha, forms belonging both to the benthos, necton and plankton.
It might be objected that some of the mentioned Middle Cambrian
arthropods in fact were crustacean, but even i1f ,this should turn out
to be the case, it is difficult to understand why no existing crustacean
shows distinct 1races of the trilobHan appendage. As mentioned above
the Middle Devonian Lepidocaris (text-fig. 14) has typical crustacean
legs. Garstang and Gurneys (1938) and Garstang ( 1940) explain
the elongate sympodit,e in the Crustaoea as being formed when the
appendage developed from a less movable appendage confined to
the sub-pleural chamber, into a free swimming organ. This develop
ment has not been demonstrated in the fossil record and it might be
mentioned that nor are any signs of elongate sy:mpodites found in
Middle Cambrian Trilobitomorpha with more or less freely exposed
appendages (Størmer 1939, p. 239). The mentioned authors also
state that the p}eural "scaies" which overlap the bases of the append
ages in Lepidocaris on one side ar,e clearly iioreruners of the pre
epipodites (proepipodites) of the Anostraca and on the other side no
less clearly homologous with the pleura of Trilobites. Jf we consider
homologies of this, in my opinion rather far-fetched type, any
transition may be possible. It seems, however, more safe to confine
ourselves to the observed facts.
With our present knowledge it seems to me less probable, though
not impossibie, that the crustacean appendage evolved from the
appendage of trilobitomorph ancestors.
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Text-fig. 14.
Devonian

ag

=

Early larva of

Rhynie

Chert,

second antenna

mm

Lepidocaris rhyniensis Scourfield from the Middle

Scotland.

(antenna),

m

Ventral view.
=

mandible,

a1
mx

=

=

first antenna
maxilla,

mp

(antennule),
=

maxilliped.

(After Scourfield 1940.)

The zoological position of trilobites.

In par1t I (1939, p. 147-152) I give a brief review of the various
conoeption.s of the zoologica�I position of the trilobires. It a:ppears that
the opinions have chang·ed considerably from time to time. Re1erring
to my previous æview of the Iiterature, I am in the present conne>Ction
dealing only with the more recent literature.
In my paper on the Arachnomorpha ( 1944) I have treated the
probl,em on the probable relationship between the Tr. ilobita, Chelicerata
and other groups of Arthropoda. I arrived at ·the condusion that the
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Trilobita and the Ghelicerata and certain other extinct arthropods
were mutually related forming one larger taxonomic unit for which
I adopted the name Arachnomorpha, a name primarily introduced by
Heider. The forms provided wi�h preoral antennæ and trilobitan
appendages were ,included in the new subphylum Trilohitomorpha
corresponding in rank to the Chelicerata characterized by t� he Jack of
antennæ and the presence of chelicera.
I found it less probable that the Crustacea were derived from
the Trilobitomorpha, but could on the other hand not definitely ex
clude the possibili:ty of a relationship (p. 143).
As characteristic of the Arachnomorpha I pointed out (p. 128):
1. The trilohation of the dorsal shield, the presence of a well
defined headshield, �and the tendency to develop a styliform
telson.
2. The presence of 4 postoral larva! or primary somites.
3. The appendages of the postoral somites being ·either trilobitan
limbs or modifications of this type of appendages.
4. The intestinal diverticulæ being very strongly developed.
Within one large taxonomic group, comprising many different
genera, it is of course difficult to demonstrate particular characters
which are present in all genera and <lit the same time confined to this
one gmup only. In many cases the significant charact·ers may b e
traced to a small extent also in other groups, and i't is more or less
a matter of judgement to which degree �this occurrence means affinities
or merely coincidence. Although the trilobation is found in other
groups it is rather characteristic of the Arachnomorpha.
Heegaard (1945, p. 1O) and Linder (1945, p. 22) question the
importance of ·the trilobation in the Tnilobitomorpha and the Cheli
cerata. Heegaard explains H as "being mainly based on biology",
'
and Linder points out that the trilobation among the Crustacea is not
conf,ined to members of the Isopoda ond Decapoda, but occurs also
in the Branchiopoda.
The value .of the four pastoral larva! or primary somites has also
been discussed. Their presence in the Trilobita and the Xiphosura
seems to indicate a relationship between these groups, but since we
do not know for certain whether the crustaceans have two or four
larva! somites, this character cannot be used as a decisive character
separating the Arachnomorpha and the Crustacea.
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Linder (1945, p. 21) points out tha•t among the Crustacea
strongly deve·loped intestinal diverticulæ are not confined to a few
parasitic copepods only, but are characteristic also of t he head of
mos•t branchiopods. This impairs somewhat the -importance of the
intestinal diverticulæ as significant characters of the Chelicerata such
as urged by Kastner (1940) and maintained by me.
Tiegs (1947, p. 318) discusses the relationship between the
different groups of the Arthropoda. He is inolined to regard the
affinities between Trilobita and Arachnida as closer than with the
Crus.tacea and finds that the primitive foss·il Xiphosura shows a most
remarkable resemblance to trHobites. (The articulated telson spine
is thought to form an exception, but as I have previously p ointed out
(Størmer 1944, p. 115) lvanov's (1933) studies on the ontogeny of
Limulus (Xiphosura) rather supports the resemblance) . Tiegs as
sumes that both the Chelicerata and the Crustacea evolved from the
trilobite s1tem.
T;he affinities of trilobites are discussed recently in Volume VI
of Traite de Zoologie edited by P. P. Grasse (Vandel 1949, Waterlot
1949, Fage l 949 and Størmer 1 949).
In 'his genera.! review of the Arthropoda (Vandel 1949, p. 147)
arrives at the conclusion that the Tri!tobita cannot be placed in any
of the recent classes of the Arthrop oda. The Trilobita are regarded
as a very primiiiv.e group which Vandel prefers to plaoe in a separate
subphylum for which he proposes the name Proarthropoda. FoHowing
Heegaard and others before him he figures the trilobites to be dosely
related to a presumed common ancestor of both the Chelicerata and
the Crustacea. He ,js not inclined to attach much importanoe to the
trilobation, the number of primary somites or the non-crustacean
interpretation of the trilobitan appendage. At the s ame time (1. c.
p. 146) he is primarily disindined to place the Trilobita and Chelicerata in onc taxonomic group as long as the ro11iner have. antennæ
and Iabrum and Jack the chelieera characteristic of the .Jatter group.
The value of these arguments are discussed below, but in this place
I want to point out the labrum ·is not aHen to the Chelicerata. A
narrow labrum is distinct in the Xiphosura and a labrum is also
found in the larva! stages of the Arachnida. In the adult arachnids
the organ is surpressed in connection with tfhe special .development of
the preoral cavity.
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In his treanment of the Merostomata Fage (1949, p. 246-247)
strongly stresses the dose affinities of the Trilobita and Xiphosura
(in spite of the Jack of the antennæ in the latter) . He writes: "En
realite les rapport qui unissent les Trilobites et les Xiphosuæs sont
si etroites qu'il existe toute une serie de formes que !'on hesite a'
elasser ici ou la'."
Waterlot (1949, p. 215) emphasizes the relationship between
the Trilobita and the peculiar giant arthropod Arthropleura from the
Carboniferous.
In my article on the Trilobita (Størmer 1949, p. 186; 187) I give
a brief review of the different opinions on the systematic pos ition of
the group.
We have now considered the more re, cent evidence and views on
the affinities of the trilobites. It has become apparent that certain
features, such as the number of the pnimary or larva! somites, are yet
too little known to be able to give decisive evidence. Future onto
geneic studies in particular, may salve or at !east throw new light
on these important question.
The general phylogenetic and taxonomic problems to be con
sidered may be summarized in two points: 1. Are the Trilobitomorpha
related to the Chelicerata? 2. Are the Trilobitomorpha :related both
to the Chelkerata and the Crustacea, thus being more or less ancestral
to both groups?
Concerning the affinities between the Trilobitomorpha and the
Chelicerata, mcent research seems to confirm the existence of a doser
relationship between these groups. Mos,t recent authors seem to have
adopted this view. Among the characters common to most members
of the two groups may be mentioned:
A distinct trilobation representing a strong development of the
pleural area of the dorsal shield, a distinct head-shield or pro
soma, and the tendency to develop a styliform 'telson.
2. The Jack of true jaws.
3. The pastoral appendages being either trilobitan Iimbs or modi
fications of this type of appendages.
l.

In addition to 'these we may mention two extra points which are
characteristic of both groups, but which at the same time may pos-
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sibly be more or Iess characteristic also of members of other groups
e. g. the Crustacea:
4.

5.

The presence of four pastoral larva! or primary somites.
A strong development of the intestinal diverticulæ.

With our present knowiedge of fossil and recent forms it is
considerably more difficult to answer the question whether or not
the trilobites also are related to the Crustacea. It is tempting to
regard the primitive trilobites as being closely related to the ancestor
of both the Chelicerata and the Crustacea. But do we have enough
evidence in favour of such a relationship? As I have previously
pointed out (Størmer 1944, p. 144) certain Middle Cambri.an Trilo
bitomorpha are very crustacean-like and have in fact been looked
upon as true crustaceans by most authors. If �the crustacean-Eke
features of these forms are true crustacean characters and not merely
matters of convergence, these arthropods must be regarded as tran
sition forms demonstrating direct affinities between the Trilobito
morpha and the Crustacea.

When I doubt the relationship between the Trilobitomorpha and
the Crustacea it is chiefly because of the difference in the structure
of the pastoral appendages. In a previous chapter I have paid atten
tion to the fact that satisfactory transition stages between the trilo
bitan and crustacean appendages have not been demonstrated as far
as I can make out. Traces of the charac teristic trilobitan appencJages
ought in my opinion to have been found in the many types of fossil
and recent crustacean appendages. The Jack of true jaws in the
trilobitomorpha may not exolude the possibility of a relationship
between the trilobites and crustaceans, but also here we might have
expected to find certain distinct transition stages in the larva! or
adult stages of fossil or recent forms. In my paper from 1944 I pro
pos�ed, like did Heider, to include the Trilobitomorpha and the Cheli
cerata into one phylum the Arachnomorpha, thereby suggesting that
the Trilobita were not phylogenetically connected with the Crustacea.
Although I am stiM inclined to hold this view, more recent contri
butions from zoologists in partioular, have shown that a definite
dedsion of the problem is still somewhat premature.
The conclusions to be drawn from the present discussion might
be summarized as follows: Re ce n t r e s e a r c h i n d i c a t e s
t he rel a t i o nshi p b e twe e n t h e T r ilob i tomorph a

ISS
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a n d t h e C h e I i c e r a t a.

T h e C h e I i c'e r a t a e v i d e n t I y

evolv·ed f r om a n c e s t o r s n o t m u c h d i f f e r e n t from

t h e T r i I o b i t a. I t s t i :l I r e m a i n s a n o p ·e n q u e s t i o n,
however, w h e t h e r t h e Crustacea evolved f r om
t h e s a m e a n c e s t o r s a n d t h u s a l s o are more clo
s e I y r e I a t e d t o t h 'e T r i I o b i t a.

Literature.
Barrande, ]., 1852:

Systeme silurien du centæ de la Boheme.

Beecher, C. E.,1895:
W.

l.

the ventral structures of Tri

on

Amer. Geo!. 47.

arthms.
Brøgger,

Further observations

C., 1886:

Ueber

die Ausbi,Jdung des

Hypostomes bei e�mgen

skandinavischen Asaphiden, Bih. Kgl. Sv. Vet.-Akad. Hand!. 11, and:
Sveriges Geo!. Unders. Ser. C. No. 82.
Calma,n, W. T., 1939:
Campbell, M., 1934:
copepods

Structure of Trilobites.

Nature, 143.

The lite hi>Story and post embryonic developme:nt of the

Calanus

tonsus

Brady and

Euchæta japonica Marukawa.

Journal Biol. Board of Canada, l. l.
Cout,iere, H., 1919:

Compte ·rendus Acad. sei.

Les membres des Arthropodes.

168.
Edk·sson, E., 1934:

Studien iiber d.Ie Fangapparate der Bmnchiopoden, nebst

einigen phy1ogenetischen Bemerkungen.

Zoo:log.

bidrag f.

Uppsala,

15.
Dawydoff, C., 1949:

In: Traite

Developpement embryonnaire des Arachnides.

de Zoologi·e, ed. P. P. Gra:sse. 6, Paris.
Fage, L., 1949:

Classe des Merostomaces.

In: Traite de Zoo1ogi·e, ed. P. P.

Grasse 6, Paris.
Garstang,

\V., 1940:

Størmer

on append:ages of trilobites. Ann. Mag.

Nat.

Hist. Ser. 11, 6.
Ga·rstang, W. and Gurney, R., 1938: The descent of Crustacea hom TriJ. obites,
and their harva•! relations.
Hansen, H.

].,

1930:

1925:

London.

Studi•es on Arthropoda.

Studies on Arthropodra.

Heega:ard, P., 1945:

Essays presented to E. S.

In: Evolution.

Goodrich, ed. O. R. de Seer.

Part Il.

Part Ill.

Copenhagen.

Copenhage:n.

Remarks on the phyLo>g'eny of the Mthropods.

Arkiv f.

Zool. 35 A, No. 18.
1947.

Contribution to the phyloge:ny of the Arthropod
. s.

Spo1ia Zool. Mus. Hauni:enSiis VIII.
Ivanov, P. P.,

l 933:

Copepoda.

Copenhagen.

Die embryonaJ,e Entwicklung von Lim ulus moluccanus.

Zool. jahrb. 56.
Kastner, A., 1949:

Zur Entwicklungsgeschkhte von

(Pedipalpi).

2.

Teil.

hiiften und Sterna.
l 940:

Arachnida.

Die

Entwicklung

Thelyphonus

der

candatus

Mundwerkzeuge,

L.

Bein

Zool. jahrb. Abt. Anat. u. Ontogenie. 70. h. 2.
In Kiikentha,J's Handbuch d. Zoologie, 3, 2t.e Halfte.

156
Lang,

LEIF STØRMER
A contribution to the question of the mouth parts of

K., 1946:

copepoda.

l 948:

Arkiv f. Zool. 38 A.

Copepoda

the

No. 5.

"Notodelphyoida"

from

Swedish

W,est-wa1st

with

Ark,iv f. Zool. 40 A,

an oumne on the systematics of the copepods.
No. 14.
Linder,

l 945:

F.,

AffiniHes

Mickleborough, 1883:

within

the

Bra,nchiopoda,

with

notes

on som c

Arkiv f. Zool. 37 A, No. 4.

dubious fossdls.

Looomotory appen:dages in trilobites.

Journ. Cincinnatti

Soc. Nat. Hist. 6.
Neumann, K. W., 1941:

Beitrage zur Anatomie und Histologie von Parasitus

kempers,i Oudms.

(Parasitidae).

Zeitschr. f. Morph. u.

bkologie d.

Tiere. 37, 4.
Verglekhende morphologi's'che Untersuchtmgen iiber da'S Vor

1942:

kammen einer Subcoxa bei Spinnen-tieren.
bpik, A., l 929:

lbidem. 38, 2.

O ber MuschelhaftsteHen der Glabellta von Pseudasaphus testi

caudatus Steinh. (Crust., Trilobita) und iiber die Funktion der Fazial
suture.
1937:

Sitz.-Ber. Naturforsch. Gesellsch. Univ. Tartu, 35.
Trilobiten

aus

Estland.

Publ. Geo!. Inst. No. 52. Univ. Tartu.

Acta et Comm. Univ. Tartuensis A 32, 3.
Prantl, F. and Pribyl, A., 1947:

Classification of some Bohemian Cheiruridae

Sbornik Nåiodnico Musea v Prage, 3, B, No. l.

(Trilobitae).
Raymond, P. E., 1920:

The appenrdag'e's, a1natomy and relationship of Trilobita.

Mem. Conn. Acad. 4.
and

Barton,

Ceraurus.

D.

C.

1913:

A

revision

of the

American

spedes of

BuJ,J. Mus. Comp. Zool. HarV'ard. 54, No. 20.

Richter, R., l 932:

Crustacea.

u. Richter,

Handworterbuoh d. Naturwiss.

l 929:

E.,

2te Auflage.

Weinberg,ina opitzi n.g.n.sp. ein Schwertrager

(Merost. Xiphos.) aus dem Devon

( Rhei nland ) .

Senckenbergiana.

11.

Bei�rag,e zur Kenntnis des Chi,tins und der Muskulatur der

Ruser, M., 1933:

Zeitschr. Morph. u. bkol. d. Ti,ere.

Zechen (lxodidae).

BulL Acad. lmp. Sei. St. Petersburg.

pneumones.

27.

Ein Beitrag zur Entwkklungsgeschichte der Tetra

Schimkewitsch, W., 1911:

Ser. 6, 5.

O her die Ki:irpergl>iederung der Zeohen, die Zusammens,et

Sohulze, P., l 932:

zung der Gnathosoma und di1e Beziehungen der lxodidea zu den fos
silen

Anthracomarti.

Rostock. 3.
Scourfield, D.

].,

(Rhynie

Sitz. Ber. u. Abh.

1926:

On

Chert

a

Bed,

GeseHsch.

new type of crusbcean from Old Red Sandstone
Aberdeenshire),

Lepidocaris rhyniensis

sp. nov. Phil. TraniS. Roy. Soc. London.
1940:

Naturfo11sch.

3.
gen.

et

Ser. B. 214.

Two new a1nd near1Iy complete spedmens of young stages of

the Devoni,an fossil cmstacean Lepido,carits rhyni,ensis.
Soc. London.
Shkiey, J., 1936:

Proc. Linnean

Sess. 152, pt. 3.

Some British trilobites of the fam
: i1ly Cal,ymenidae.

Geo!. Soc.

London. Quart. journ. 92.
Snoddgrass, R. E., 1938:
pod:a.

Evolution ot the Annelida, Onychophora and Arthro

Smithson. Mis,c. CoU. 95.

157

STUDIES ON TRILOBITE MORPHOLOGY

1948:

Snoddgrass, R. E.,
·

The feeding organs of Arachnida, including mites

Smi,ths. misc. eaU. 110.

and tkks.

Studies on Tri<lobite morphoiogy.

Størmer, L., 1939:
1942:

The thorack wppend

I.

No.rsk geo<l. Hdsskr. 19.

ages antd their phylo.gen<e:tic sj,gnificance.

Il.

Studi,es on Trilobite morpho�o.gy.

The harva� deve1opment,

the se<gmenta,tion <aJnd the sutures, and their bearing on trilobite classi
fkation.
1944:

Ibidem 21.

< nt Arac:h
On the reLaHon�ships and phylto.geny of fo�l and reoee
A comparative study on Arachnida, Xuphosura, Eurypte

nomorpha.

dda, Tdlobita and other fossi<l Arthro.poda. Vi:d.-Akad. Oslo. Skr. I.
M.-N. kl. 1944. No. 5.
1949:

Classe TriJoobita.

In: Tmite de Zoologi.e, ed. P. P. Grasse.

6.

Paris.
Stubb�efie�d, C.

j.,

CephaHc sutures and theitr bearing

1936:

on

current olassi

Hoation of trHobites. BioJ. Review. 2.
The developmen[ a1nd affmd.Hes of the Pauropoda, based

Tiegs, O. W., 1947:

on a study of Pauropus silvaticus.

Qurart. journ. Mk110s. So.c. 88, Pt. 2.

L'appendke arachnidien et son ev10<lution.

Vachon, M., 1944-45:

Note pre

J,iminaire. Bwl. Soc. Zool. Fra:nce. 69.
1945:

RemaJrques sur

leur 111rthmgenese.
Vandel, A., 1949:

les arppend
t kes· der prosoma des Umulus et

Archiv. ZooL Exper. et genera,le.

Bmbranchement des Arthropodes.

84.

GeneraHtes composition

de l'embrarnchment. In: TraHe de Zoologie, ·ed. P. P. G11asse. 6. Panis.
Walcott, Ch. D., 1881:
organization.

The tri�obi.te.

New and old eviden�c'e rerlating to ,jrtg

BuH. Mus. Comp. Zool. 8.

1884:

The appendages of the trilobite. Sdence.

1918:

Appenda:ges of trilobites.

l 921:

Notes on structure .of NeoJ,enus.

Waterlot, G., 1949:

011dre des Arthropleur;ides.
<

3.

Smithson. Misc. coU. 67, 4.
Ibidem. 67, 7.

In: Traite de Zoologie, ed. P. P.

Grasse. 6. Pa11is.
Whittington, H. B., 1947:

No. 5.

Sitlic:ifred Trenton trHobit·es.

Journ. Paleont. 15,

158

LEIF STØRMER

Explanation of Plates.
Ceraurus pleurexanthemus Green from the Middle Ordovician Trenton Lime
stone, Trenton Falls,

New York State, U. S. A.; Wallcott's collection.

Photographs

not retouched.

Pl. 1.

Samples of section series H, 5 x, (comp. pL 2).

Pl. 2.

Wax model of ser. H.
view, fig. 3
of

=

branchial

furrow,

Fig. 1 = dorsal view of cephalon, fig. 2 = anterio-ventral

ventral view and fig. 4
ramus,

eye

=

eye,

�

cox

posterior view.
=

coxa,

gl

=

a = antenna, br
glabella,

glf

=

=

gilis

glabellar

lab= labrum, prpd = branchial ramus (preepipodite), /-IV= pastoral

cephalic appendages.

Pl. 3.

Figs. 1-6

=

details of ser. C, No'l. 34-37, 39-40 (comp. text-fig. 8).

Fig. 7 = Wax model of ser. K. Ventral view of posterior portion of cephalon
and anterior portion of thorax.
Fig 8

-=

Sample of section series J (comp. pL 4).

Fig. 9 = Sample of section series

gl= glabella, pre= precoxa, th

Pl. 4.

Wax moael of ser. J. Dorsal
thoracic tergites..
spine, th�> th2

=

eye

=

K (comp. fig. 7).

br = gilis,

eye

=

eye,

=

thorax, /-IV= pastoral cephalic appendages.

(Il

and ventral (2) view of cephalon with two

eye, g =gla beila,

gf

=

glabellar furrow, gsp = genal

thoracic tergites, /-IV= pastoral cephalic appendages.

Norsk geologisk tidsskrift.

Pl. I

Norsk geologisk tidsskrift.

Pl. I I .

Norsk geologisk tidsskrift.

Pl. Il I.

Pl. IV.

Norsk geologisk tidsskrift.
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