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D
uring the past hundred years the structure and relation of 

Coccosteus decipiens AG. has been the subject of a careful study. 
Many papers were written and many reconstructions were made. To 
discuss all these works is not the subject of this paper, and therefore 
we shall only men.tion the two best known reconstructions - the one 
proposed by TRAQUAIR ( 1890), the other by jAEKEL ( 1902). All the 
other reconstructions since that date are only more or less supplemen
tary and modified redrawings of these two. 

In  spite of the fact, that they are based on the study of nearly 
the same material, they differ strongly in man y ways (Fig. l a and I b). 
Firstly is the shape of the head and body armours different as also 
their relative size. Secondly j AEKEL has found some new plates in the 
head and body carapace. Thirdly the connection between the ventral 
and dorsal divisions of the body armour is drawn differently. Finally 
the position .and form of the "pelvic girdle" and of other parts of 
the endoskeleton show many differences. 

With the hope of finding which of these two reconstructions is 
the more correct I have examined a large number of Coccosteus in 
different museums. (The British Museum, The Royal Scotch Museum, 
The American Museum of Natura! History, The Buffalo Museum of 
Science, The Museum of Comparative Zoology in Harvard and The 
Paleontological Museum in Oslo). This investigation led me to believe 
that both recontructions are somewhat incorrect and that it is necessary 
to make a new one, combining the correct points of the older two. 
A great help to me was my study of the structure of Dinichthys -

a form closely related to Coccosteus. 
I shall below first discuss the headshield, then the structure of 

the body carapace and at last - the development of the endoskeleton. 
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The head shield. 

On jAEKEL's reconstruction (Fig. lb) the profile of the head 
from the point of the rostral plate to the posterior of the median
basal plate is concave. On TRAQUAIR's on the contrary it is convex 
- weakly arched (fig. la). When discussing the head-shape of 
Dinichthys I have already pointed out (HEINTZ 1931) that the head 
shield in Arthrodira during the fossilisation often becomes strongly 
flattened or even concave, and I have also shown, that the position 

a 

b 
Fig. l. 

Cpccosteus decipeens A o. Reconstructions from a= TRAQUAIR (1891), b = jAEKEL 
( 1902), ADL = antero-dorso-lateral, AL= antero-lateral, AVL= antero-ventro-lateral, 

ASG = antero-supro-gnathal, C = central, EB = externo-basal, IL= infero-laterah 

It= internal, M = marginal, MB = median-basal, MD = median-dorsal, P = pineal, 

POL = postero-dorso-lateral, PL = postero-lateral, PN = post-nasal, PrO = pre-orbital, 

PSG = postero-supro-gnathal, PSO = post-sub-orbital, PtO = post-orbital, PVL = 

postero-ventro-lateral, R = rostral, SO = sub-orbital, Sp = spinal. 

of the fossa condyli and the form of the sub-orbital plate serve as 
a supporter in the reconstruction of the original curving. jAEKEL in 
his drawing - in my opinion - paid too little attention to the 
circumstance that the head shield is always strongly flattened and 
therefore TRAQUAIR'S reconstruction in this respect must be regarded 
as more correct. 

There is also a great difference in the position and form of the 
rostral and post-nasal plates in these two reconstructions: TRAQUAIR 
pictured the rostral as a relatively large arched (in profile) plate which 
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formed the front part of the head and together with the post-nasal 
plate (TRAQUAIR's pre-maxillar) limited the nasal openings whereas 
its front margin formed the front of the upper jaw. A large post-nasal 
plate together with the pre-orbital, post-orbital and sub-orbital limited 
the eye opening but no traces of the sensory canals are seen on it. 

In jAEKEL'S reconstruction the rostral plate - forming the point 
of the forehead - is smaller and sharply bent. The relatively small 
post-nasal takes no part in limiting the orbit. The nasal openings 
are placed close together in front af the head immediately under 

. · . .  

. :,' : .. ' : . . . .  ·. 

Fig. 2. 
The front part of the head of Coccosteus decipiens Ao. showing the relation between 

R, PrO, PN, SO, PSO and the sclerotical rings. Ca. x 1,2. (Edinb. Mus. 1882/60/3). 

the rostral plate. Both the post-nasal plates touch each other on the 
median line under the rostral, preventing the latter from forming the 
front part of the upper jaw. The sensory canal on the pre-orbital 
runs to the post-nasal where it divides into two branches - one 
comes in contact with the canal on the sub-orbital, the other runs 
under the nasal openings and meets the corresponding canal from 
the opposite plate. Two other plates belonging to the jaw elements 
fit closely to the post-nasal and sub-orbital. (Fig. lb, asg & ps.g). 
I discuss their form and position later. 

In a great number of examples both in the British Museum 
(P 3224, 5 96 1, 505 1, 5 600, 44 586 ... .. )and in the Edinburgh 
Museum ( 1882-60-3, 1890-9 1-21, 1895- 190-1 .. . . . ) the front 
part of the head shield is excellently preserved and shows in detail 
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the form and relation of the rostral, post-nasal, pre-orbital and 
sub-orbital plates. 

The rostral plate (fig. 2 & 3, R) is rather large. Even in the best 
preserved examples it is only slightly bent along the median line 
never showing a sharp curve or a point - as seen on jAEKEL's 
reconstruction. The post-nasal plates only touch the side margins of 
the rostral, leaving open the long weakly convex thickened front 
margin (fig. 2, fig. 6 A, R). 

The post-nasal plate is small and nearly rectangular. (fig. 2 & 
6, A PN). Its upper margin fits very well into the front margin of the 
pre-orbital. On the front margin which touches the side of the rostral, 
is a relatively deep nostril impression. The lower margin, forming 
a part of the upper jaw, is somewhat thicker. Finally the posterior 
margin, where some impressions and sockets are developed, comes 
in contact with the sub-orbital plate. A sensory canal runs as an 
immediate prolongation of the canal on the pre-orbital onto the 
post-nasal. It makes a feeble curve and stops at its lower limit, 
without continuing on the sub-orbital. 

Thus TRAQUAIR has correctly limited the upper margin of the 
mouth openitig with the front part of the rostral and with the post-nasal. 
But he has wrongly made the post-nasal plate take part in limiting 
the orbital o pening. 

jAEKEL's reconstruction of the front part of the head must be 
regarded as rather inaccurate. 

The other 12 plates of the head roof two pre-orbital, two 

post-orbital, one pineal, two central, two marginal, two externo-basal 
and one median-basal are very clearly seen on all the more or less 
well preserved specimens of Coccosteus and are also depicted quite 
alike on TRAQUAIR's and jAEKEL's reconstructions. 

We can only point out here a small very concisely developed 
opening on the externo-basal plate. This opening is placed nearly at 
the point where the sensory canal branches, near the border to the 
median-basal plate (fig. 3, a). It was first given on STROMERS i:-econ
struction of Cossosteus (1912). I have only found this pit in different 
Coccosteus species ( C. decipiens AG., C. minor, AG., C. canadiensis 
Wn., C. livonicus EAST.) never in other Arthrodira. It is uncertain 
if it goes through the plate and its purpose is also unknown. 

Besides the above mentioned plates I have found in the head 
roof of Coccosteus a new small plate, forming the point of its side 
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corner. This plate under the name "angulare" was described in 

Phlyctænaspis (TRAQUAIR 1894). I have found it in Heterosteus 
( l  930) and later in Dinicthys and Stenognathys ( l 931 ). It is sel dom 

preserved in Coccosteus and difficult to see because of- its small 
size. But I was able to ascertain its presence in 4 examples of 
Coccosteus (Buffalo Museum El 257, British Museum 5051, Edinburgh 
Museum H. Mill. Coll. 2 pieces). This plate, which I have called the 
"post-marginal", is very like the 
corresponding plate in Dinichthys. 
(Fig. 3- PM, fig. 12.) 

The configuration of the side
plates of the head dilfers consider
ably in TRAQUAIR's and jAEKEL's 
reconstructions. We count as the 
side-plates: the post-nasal, sub
orbital, post sub-orbital, internat 
(a new plate) and the "jaw" ele
ments. 

After TRAQUAIR (fig. la) the 
front point of the sub-orbital does 
not touch the pre-orbital-but on ly 
the post-nasal. The hind upper 
margin of the sub-orbital runs 
along the post-orbital and partly 
along the marginal. At last the f )<,, \� 

pos t-orbi tal (TRAQUAIR'S jugal) is Fig. 3. The left side of the head-roof of 

divided from the marginal by a 
small cleft. 

After jAEKEL (fig. l b) on the 
contrary the sub-orbital comes in 

Coccosteus decipiens AG. showing the 

post-marginal plate (PM) and groove on 

the externo-basal plate (a), fk = fossa 

condyli. Ca. x 1,2. (Br. Mus. 5051). 

contact with the pre-orbital and the post-nasal. I ts posterior up per 
margin runs along the post-orbital, but only touches the marginal, 
as a new small plate Iies between the marginal on the one side and 
the sub-orbital and post-sub-orbital on the other. j AEKEL called it 
"schmales Element des Ohrbogens". This plate has hitherto never 
been found in other Arthrodira and is therefore very interesting. 

During the examination of the Coccosteus material I came to 
the result. that this small plate is in reality quite common, and it is 
very seldom that a well preserved specimen of Coccosteus is found 
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without showing it. (Fig. 2 & 6A & 6B.) It is more narrow than 
pictured in jAEKEL and is not so strongly sculptured. In section it 
is relatively thin with a ridge running along its inner side. The 
outside is slightly convex with few tubercles. It fits perfectly on one 
side to the marginal and post-marginal, on the other to the sub-orbital 
and post-sub-orbital (fig. 6B). I propose to call it the internal plate 
because of its position between the head roof and the side plates of 
the head. Why such a very ordinary plate has never been observed 
before may be explained by the fact, that because of its long and 
narrow shape it was regarded only as a crossection of a plate. 

Much more complicated is the question of the structure of the 
"jaw elements" in Coccosteus. 

In TRAQUAIR the upper jaw elements are not pictured at all 
and the "lower jaw" shows only a row of "teeth" in the median 
part. The front part is slightly bent downwards, jAEKEL - on the 
contrary - has depicted both "maxilla" and "pre-maxilla" whereas 

his "mandible" in addition to the "teeth" in the median part has a 
sharply pointed "tooth" in front. 

On figure 4 I have tried to give a reconstruction of an infero
gnathal (-mandible) - based on an examination of about 25 more 
or less complete specimens. We can point out that the form and 
relation of infero-gnathal in differen t examples varies strongly and 
that some are dissimilar to the reconstruction given on fig. 4. 

As in all other Arthrodira the infero-gnathal in Coccosteus i s 
composed by two parts: the blade (fig. 4 bd) and the functional part 
(fig. 4 f). The blade is thin, broad and somewhat curved. The 
functional part is thicker, narrower and strongly curved - especially 
in front. On its posterior part -- beginning from the blade - is 
a series of strong teethlike denticles (fig. 4, d, fig. SA, fig. Il). Their 
number vary from 4 (Br. Mus. P. 685 a) to 9 (Ed. Mus. H. Mill. Coll. 
274) but is usually 5-6. The one more to the rear is the !argest 
and they decrease gradually forwards towards the next portion of the 
functional part - the cutting edge. This part is similar to the 
corresponding one on the lower jaw in Dinichthys. Also here we 
have a shining polish ed, ev en, sharpedged surface with distinctly 
developed working marks in form of stripes running perpendicular 
to the axis of the jaw. The edge shows two or three more or less 
concisely developed points, and is bent downwards in front (fig. 4). 
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Here Iies the greatest difference between this and the lower jaw in 
Dinichthys - which, as known, bears a large "front tooth". 

On the "symphysial" part of the jaw are also a series of denticles. 
(Fig. 4). Their number varies also and is difficult to determine as 
this part of the jaw very often is badly preserved. I have seen on 
o ne jaw 5-6 on another on ly 3. The strange_ position of these 
"teeth'' on the symphysial portion of the jaw gives rise to the opinion, 
that the rami of the lower jaw in Arthrodira was not connected. As 

� 

Fig. 4. 
The reconstruction of infero-gnathal (mandible) plate in Coccostcus decipiens Ao. 

A = from outside, B = longitudinal section, C = from inside, bd = the blad, 

d1 = the hind teeth, d2 = the symphysial teeth, f = the functional portion. 

Ca. x t,s. 

have already pointet out, in my paper about the structure of 
Dinichthys, this was not the case. The infero-gnathal had a marked 
slantwise position - so the surface of the cutting edges - not the 
surface of the jaw was placed strongly vertical. Thus only the lower 
points ot the symhysial part of the infero-gnathals were connected 
(either with the help of an unknown bone or cartilage) - but the 
upper parts where the "teeth" were developed were directed upwards 
obliquely. 

To determine the form and relation of the upper jaw elements 
is more difficult. 
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TRAQUAIR only mentioned that: "there is a distinct evidence of 

the presence of both vomerin and palatal teeth". jAEKEL is not sure 

of their position. In his reconstruction two elements of the upper 

jaw are pictured - the "maxilla" and "pre-maxilla". In the text 

he spoke of the presence of a "vomera" - but did not give any 

satisfactory description or picture of this element. 

According to my investigation the upper jaw apparatus in 

Coccosteus was composed of 5 elements: two pair of unsymmetrical 

B c 

side plates (antero & postero
supro-gnathal) and one symme
trical median plate (median-supro
gnathaD. These elements are small, 
often badly preserved and always 
displaced, but an examination of a 
great number of specimens, how
ever, has given me a quite good 
idea of their from and relation. 

The antero-supro-gnathal 
plate (pre-maxilla) (fig. 5 A asg 
& fig. 5 C) is small, nearly trian
gular and thick. I ts point is 
direc ted downwards and the 
broad basal part comes in contact 

� 
with the inside of the sub-orbital 

� �nd p
d
ost-na

1
sal (?) 

d
pl

f
ates. Along 

tts mo erate y curve ront margin 
Fig. 5. The gnathal elements in Cocco- is a row of denticles. On the under
steus decipiens AG. A = a fragment of 

the head showing the gnathal elements in 
side a distinctly marked polished 

nearly natura! position. Ca. x l,o. (Edinb. working area shows the portion 

Mus.ISSS/61/145). B =A reconstruction which touches the cutting edge of 
of the postero-supro-gnathal plate from the infero-gnathal plate. In form and 
outside, in a longitudinal section and position this plate resembles the 
from the inside. Ca. x l,s. C = A recon-

struction of the antero-supro-gnathal plate 
corresponding one in Dinichthys. 

from outside og from inside. Ca. x l,s. The postero-supro-gnathal 
plate (-maxilla) (fig. 2, fig 5 A, 

fig. 5 B & fig. 6 - psg) is relatively common. It is long and narrow. 
On its posterior part is a row of 5-6 denticles. The anterior part 
is even, the inside shows a polished working area. The plate is 
relatively thick in the upper part, where it touches the inner surface 
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of the sub-orbital. A small 

process directed inwards, 

is developed on its upper 
front part (fig. 2, fig. 

5 B) and thus resembles 
the condition in Dinich
thys. 

The last plate - the 
median-supro-gnathal is 
very seldom preserved. 
I only found it in a few 

specimens, and well pre
served in three only. In 
two of them (Br. Mus. 
49185 and Ed.Mus.1895 
-190-1) it Iies in front 
of the head, besides the 
post-nasal (fig. 6 A & B). 
In the third which Pro
fessor W AT SON has kindly 
shown me - it was placed 
in the median line on 
the underside of the head 

ro of of a Coccosteus minor 
Ac.(Fig.6 C). It isastrongly 
sy m metrical plate of more 
or less mushroom-shaped 
form, with a broad flat 
"head" and a small "foot". 
The point of the foot is 
somewhat expanded (fig. 
6 A, B & C). It is not 
difficult to recognize in 
this plate the one, which 
j AEKEL described and 

c 

Fig. 6. Three fragments of Coccosteus decipiens 

show ing the median-supro-gnathal plate. A 0'° Cocco

steus decipiens Ao. (Edb. M. 1895/190/1). Ca. x !,o. 

B = Coccosteus decipiens Ao. (Br. M. 49185). Ca. 

x !,o. C = Coccosteus minor Ao. (London 

university). Ca. x 2,o. 

pictured in 1903 under the name of "capula", as belonging to the 
dorsal body carapace in Coccosteus. Perhaps also the fragment of 
a plate with clearly developed denticles, which PANDER pictured in 
Pl. l, fig. 6 a & 6 b can be regarded as the lower portion (head) of 
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the median-supro-gnathal plate. This fragment seems to have belonged 
to a symmetrical plate. 

The median-supro-gnathal plate Iies between both antero-supro
gnathals in front of the head under the rostral. Its denticles (if 
developed) have probably worked against the denticles on the sym
physial part of the lower jaw. 

ln other Arthrodira a median jaw element has only once been 
found, it is the plate described in HussAKOF (1909) as Dinognathys 
n. gen. n. sp. In my opinion this plate must be regarded as a 
median-supro-gnathal plate from a Molystoma like form. 

· 

In Dinicthys as also in Coccosteus the lower part of infero
gnathal was connected with help of cartilage or tissue to the inside 
of the post-sub-orbital plate. In Dinichthys we find a distinct thickening 
on the inside of the post-sub-orbital plate where the tissue was fixed, 
and on the posterior part of infero-gnathal a small separate plate 
- the post-infero-gnathal - with a clear joint fossa. In all the 
numerous examples of Coccosteus I have examined - I have never 
found any traces of thickenings on the inside of post-sub-orbital or 
any plate which could be regarded as a fragment of the post-infero
gnathal, thus indicating that the contact between "upper" and "lower" 
jaw in Coccosteus was not so strong as in Dinichthys. 

In spite of the usual opinion that the sclerotical rings of Coccosteus 
are very rare, they may easily be seen in many specimens near the 
orbital opening. It is however seldom that more than two plates are 
preserved in their natura! position (fig. 3 se). The sclerotical plates in 
Coccosteus, corresponding with a larger orbital opening, are broader 
than in Dinichthys. 

The co nfiguration of the inside of the head roof of Coccosteus 
decipiens AG. is little known, as it is very seldom that one can find 
a specimen showing the head from that side. 

Professor W ATSON has shown me the best piece in this direction 
and thanks to his kind permission I am here able to give a short 
description and a photograph of this remarkable specimen. We find also 
that the inside of the head roof of Coccosteus (fig. 7) greatly resembles 
that of Dinichthys. It is only

. 
broader and the ridges and impressions 

are not so strongly developed. We can clearly see that the front 
margin of the rostral plate is thickened (fig. 7 R). The pre-orbital 
process is also massive and from it a quite clear impression runs 
obliquely inwards behind the pineal plate. The latter (fig. 7 p) is 
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rounded off with. a deap groove for the pinea1 organ. From the 
pre-orbital process along the side of the head Iies a thickened ridge 
(fig. 7 rd). At first it is broad but towards the rear it narrows back
wards and ends in a point on the posterior external corner of the 
head (fig. 7 hec). We find nearly the same arrangment in Dinichthys. 
The chief difference between Coccosteus and Dinichthys is that the 
first has no neurocranial processes. Instead the front part of the 
side thickenings - immediately behind the eye - is very broad and 

Fig. 7. The head-roof of Coccosteus decipiens AG. from the inside. fk = fossa con

dyli, em = impression to attachment for the musculi depressores capitis, hec =hind 

extreme corner, MB = median basal plate, Or = orbital impression, p = pineal, 

PrOp = preorbital process, R = rostral, rd = the sirle consolidated ridge, tr = the hind 

consolidated ridge, x = the enlarged front part of the side ridge. 

(London university c 36). Ca. x O,s. 

large (fig. 7 x). As in Dinichthys the posterior margin of the head 
is here consolidated with a ridge (fig. 7 tr). It runs from the fossa 
condyli to the hind part of the median-basal, but it is not so strongly 
developed as in Dinichthys. Also the central relatively thin part of 
the head is broader and more flat in Coccosteus. On both sides of 
the head- between the hind consolidated ridge and the side thickening 
of the head is a distinct groove (fig. 7 em). Here corresponding with 
Dinichthys were fixed the musculi depressores capitis (ADAMS 1919, 
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H EINTZ 1931). On the posterior margin on the median-basal plate 
are some impressions where the musculi levatores capitis were attached. 

The endocranium was probably built exclusively from cartilage 
and therefore no traces are preserved. 

The body carapace. 

As early as PANDER's time the form of practically all plates of 
the body carapace was well known. The most interesting question 
is the connection between the dorsal and ventral shields as well as 
the position and shape of the intero-lateral plate and spinal. The 
reconstructions of TRAQUAIR and jAEKEL show their greatest differences 
at these very points, but before discussing them, I would point out 
some new features in the structure of the median-dorsal plate. Both 
TRAQUAIR and jAEKEL noted that the inner side of the plate carries 
the "well known median longitudinal ridge", (TRAQUAIR 1891) but 
they did not describe or picture it. In fact, this rigde in Coccosteus 
decipiens AG. is similar to the corresponding part in Dinichthys (fig. 8), 
with the difference however, that in Dinichthys the ridge continues 
to the posterior margin of the median dorsal plate, whereas in 
Coccosteus the sharp pointed hind part stretches somewhat beyond the 

ridge. As is known EASTMAN (1897) regards the presence and absence 

of the ridge on the median-dorsal plate as the greatest difference 
between the Dinichthys and Coccosteus families. As we have seen, 
this difference however does not really exist. 

Looking at the structure of the side of the body carapace it 
is noticed, that in TRAQUAIR's reconstruction (accepted by WoonwARD, 
DEAN, HussAKOF) only the lower, small part of the antero-lateral plate 
(b-e fig. 9, 10, Il) with the help of the intero-lateral, comes in 
contact with the ventral shield (antero-ventro-lateral). The postero
lateral plate does not touch the ventral shield (postero-ventro-lateral). 

On the contrary in jAEKEL's reconstruction (accepted by ABEL, 
STROMER, STENSI6) not only the whole lower part of the antero-lateral 
plate (b-e-d fig. 9, lO, Il) but also the postero-lateral, comes in 
contact with the antero- and postero-ventro-lateral plates respectively. 
The positon of intero-lateral and spinal is not clearly seen. 

At first I thought that TRAQUAIR's drawing was the more correct, 
especially as the same construction is found in Dinichthys (HEINTZ 
1931), but a careful examination of the material - in the Edinburgh 
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Fig. 8. The median dorsal plate of Coccosteus decipiens Ao. to show the ridge 

on the underside. Ca. x l ,o. (Br. Mus. P 685 c.) 

Museum in particular - has shown me that J AEKEL's reconstruction 
in this direction is nearer reality. 

In practically all examples of Coccosteus, where the body carapace 
is not too much destroyed - the postero-lateral plate is seen in 
contact with the side process on the postero-ventro-lateral plate. (As 
examples can be mentioned spee. Nr. P. 180 in the British Museum, 
no. 1252, 1888-61--29, 1893-107-27, 1895-190-1 in the Edinburgh 
Museum H. Miller co!!.). This side process on the postero-ventro
lateral (fig. 9, 10, Il pr) was directed upwards - nearly perpendicular 
to the surface of the plate itself. (Fig. 10 B). The hind part of the 
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antero-ventro-lateral shows no corresponding extension, thus the process 
on the postero-ventro-lateral protruded on the margin of the ventral 
shield (fig. li). This circumstance alone supports the supposition 
that the postero-ventro-lateral with help of this process was in contact 
with the postero-lateral plate. 

A more difficult question is the contact between the antero-lateral 
and -antero-ventro-lateral plates. I have never observed specimens 
where the antero-lateral and antero-ventro-lateral plates touch in the 
way as shown in jAEKEL. We can only see in some specimens a 
contact between the lower, short margin on the antero-lateral (b �c 
fig, 9, 10. l l) and the front side part of the ventral shield (i1 �c1 fig. 
9, l l), but never a ny contact between the side c�d on the antero-lateral 
and the side c1�d1 on the antero-ventro-lateral (fig. 9, 11). This 
circumstance explains why both PANDER, TRAQUAIR, WOODWARD, 
DEAN and others meant that only the part b�c of the antero-lateral 
plate serves as a connection between the ventral and dorsal shields. 

Studying the relation between these two plates we can see that, 
on the inside of both along the above mentioned margins c�d and 
c1�d1 the surface is rough (fig. 9 k-k�k) and that also their form 
is very similar. At the same time the shape of the anterior side 
part of the ventral shield, composed partly of the antero-ventro-lateral 
plate and partly of the intero-lateral (fig. 11 b1�i1�i�c1), corresponds 
in $iZe and form perfectly with the basal margin on the antero-lateral 
plate (flg. 11 b-e). Comparing now the configuration of margin 
b�c-d on the antero-lateral plate with the margin b1�i�i1�c1�d1 
on the ventral shield (fig. Il) their great similarity is easily recognized, 
the one being nearly a mirror picture of the other. Thus it is very 
probable that these two margins were in contact with each other. 
To enable this contact the antero-lateral plate must be bent somewhat 
S-shaped but not, as in TRAQUAIR's and jAEKEL's recontruction, convex 
only. Its lower part (triangle b�c-d fig. 9, 10, li) curving forwards, 
is concave, on the contrary its upper part b�a-e�d is convex. The 
axis between these two parts runs along the line b-d. The margin 
of the antero-ventro-lateral is also slightly bent upwards and outwards 
(fig. l l B) and in this manner the plates do not overlap each other 
but only touch each other with their inner surfaces (fig. 9 k�k�k, 
fig. Il B). A corresponding connection between the antero-lateral and 
antero-ventro-lateral plates is known both from Pholidosteus (J AEKEL 
1906) and Acanthaspida (HEINTZ 1929). This contact was not 
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Fig. 9. The hind part of the body-carapace of a Coccosteus decipiens Ao. from the 

inside, i1c1 =the process on AVL, pr = process on PVL, kkk = the rough surface 

on AL and AVL, x = the process on AL to attachment for IL, B = the cross-section 

of the intero-lateral plate. Ca. x l,o. (Edb. Mus. 1890/91/21). 

particularly solid as the plates were connected with the help of tissue 
on! y; this explains why we never find them preserved in their natura! 
con ta et. 

The position of the intero-lateral and spinal plates is not clear 
in TRAQUAIR's or in jAEKEL's reconstructions. TRAQUAIR described 
them at first as a single plate (intero-lateral) and only later in a paper 
dealing with the body carapace of Plyctænaspis he also pointed out 
the presence of a spinal (1893). jAEKEL's picture also gives an obscure 
idea about the placing and relation of these plates. In 1903 he 
published, however, a drawing of the underside of the ventral carapace 
of Coccosteus - where the position and form of these element are 
quite correctly pictured. 

The intero-lateral plate, is composed of two parts, forming a 
sharp angle (fig. 9 B). The upper part (fig. 9 il) is long and triangular-

Norsk geo l. tidsskr. XII. 20 
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Fig. lO. The antero-lateral, antero-dorso-lateral, postero-lateral and postero-ventro

lateral of Coccosteus decipiens AG. in nearly natura! position, y-z the section 

through PVL, pr= the process on PVL. Ca, x l,o. (Edb. M. 1895/190/1). 

shaped with its short side b1-f in contact with the lower front margin 
of the antero-lateral (x-b fig. 9, 10, Il). The process "x" clearly devel
oped on the inside of antero-lateral (corresponding to the "inner wing" 
in Dinichthys,, HEINTZ 1931) serves as an attachment to the intero
lateral plate. The upper margin of intero-lateral (fig. 9 g-f) is free 
and relatively thin. 

Along the lower margin g-b1 (fig. 9) the plate is sharply bent 
and its underpart placed on the ventral side of the carapace (fig. Il il). 
This part overlaps both the antero-ventro-lateral and antero-median
ventral plates. lts surface is covered with tubercles as are all other 
plates in Coccosteus. On the contrary, the surface of the upper part is 
sculptured with fine lines running nearly parallel to the margin. It 
is interesting to note, that also in Dinichthys and Homostius the 
surface of the intero-lateral is sculptured in the same way. 

Thus the intero-lateral plate served to connect the dorsal and 
ventral shields. Exactly as in Acanthaspida (HEINTZ 1929) and in 
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Fig. Il. The front part of the ventral shield of Coccosteus decipiens AG. The IL 

and Sp are nearly in the natura! position. The same is the case with the IG. 
B. The reconstructed cross-section through the connecting region between AL, Sp 

and AVL. Ca. x l,o. (Edb. Mus. 1892/8/31). 

Dinichthys (HEINTZ 1931) with one margin it was attached to the 
antero lateral plate, with the other to the antero-ventro-lateral and 
the third was free. 

The position and relation of the spinal in Coccosteus is not so 
clear. It is developed as a short, relatively thick spine (fig. 9, Il Sp) 
similar to the spine in Acanthaspis and especially to that in Phlyctæ
naspis. It was - as in all Arthrodira - placed between the antero
lateral and the antero-ventro-lateral plates (fig. Il B). 

As already pointed out in the foregoing - the body carapace in 
Coccosteus is in many respects like that in Acanthaspida and the 
similarity becomes even clearer if we compare Phlyctænaspis, (an 
Acanthaspid) not with Coccosteus decipiens AG., but with Coccosteus 
minor AG. - a closely related form - where the spine is more 
strongly developed and the shape of the single plates corresponds 
perfectly with that in Phlyctænaspis. 
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We have - however - also seen that 
in many other respects Coccosteus deci
piens AG. shows a remarkable similarity 
tq that of Dinichthys especially where the 
form of the "jaw", the antero-lateral, the 
intero-lateral and other points is con
cerned. Thus Coccosteus occupies an 
intermediate position between Acanthas
pida on one side and Dinichtyida on the 
other. 

The endoskeleton. 

� Of the endoskeleton of Coccosteus 

� decipiens AG. only the columen and the 
. :!l 
.s. supporter of the paired and unpaired fins 

� � is known (Pl. I and Pl. Il). All older 
·� � reconstructions also show great dissimi

.::: 
c � larity in this direction. 

� Of the columen only the neural and 
u hemal arches are preserved as black car
o 
�::: boniferous fragments, without any traces 
·B of bony structure. We must therefore 
E suppose, that they were built from super-
"' 
§ ficial calcified cartilage. 
"' 
� The neural arches are composed of a 

basal part (Pl. I, fig. l & 2,Pl. Il, fig. 2 b p) 
and a neural spine (ns.) The basal part 
which is almost quadrangular is massive 

bil and has a distinct impression on the front 
ti: margin (Pl. l, fig. l & 2 x). This groove 

is shut in by the posterior margin of the 
next basal part - thus forming a small 
nearly circular opening. These openings 
have probably served as passages for the 
spinal nerves. 

The length of the neural spines varies 
greatly. On the first 4-5 "vertebrae" 
immediately behind the side margin of the 
body carapace, they are not . developed 
at all (fig. 12). These "vertebrae" Iie 
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under a large plate- - the sub-median-dorsal - described later -
and have therefore no neural spines. On the 5-6 "vertebrae" 
the neural spines are strongly developed and increase in size until 
the 14-15 "vertebrae" (fig. 12, Pl. l, fig. l). Here the supporter 
rays of the dorsal fin come in contact with the neural spines. A 
supporter ray - 11 or 12 rays as a whole - corresponds to each 
spine. These neural spines are almost of the same size but behind 
the dorsal fin they gradually decrease. It is difficult to state the exact 
number of the "vertebrae" - but in all cases it is not less than 
80-90 pieces. 

The he mal arches (fig. 12, Pl. l, fig. l Pl. Il , fig. l) are very 
like the neural. Here also the basal portion (Pl. Il , fig. l b) is massive 
and broad and the spine quite long (Pl. Il , fig. l hs) but without 
any rounded openings between the basal parts. Further the first few 
"vertebrae" have weakly developed spines and from the sixth or 
seventh they begin to increase. These spines are of nearly the same 
size as the neural spines on the corresponding "vertebrae". Thus 
the whole columen has an almost symmetrical form, (fig. 12, Pl. I, 
fig. l). Where the small anal plate Iies (see below) 5 or 6 of the 
hemal spines are somewhat shorter. In the cauda! region the hemal 
arches become smaller and smaller always corresponding in size, 
however, with the neural spines on the same "vertebrae". No traces 
of the cauda! fin or of any supporter rays or plates in the posterior 
part of the columen are known in Coccosteus. The columen is strongly 
symmetrically built to the last point, proving that Coccosteus have 
had a symmetrical tapering tail. 

In jAEKEL's reconstruction some ribs are depicted, fastened to 
the first 10-12 "vertebrae". Nobody except jAEKEL has described 
a corresponding structure and I have also without result studied 
many specimens of Coccosteus in this connection. The shape of the 
neural and hemal arches however are more correctly drawn by 
jAEKEL than by TRAQUAIR and WooDWARD. In fact, the arch was 
not so massive and broad as seen in the fossil. As mentioned the 
cartilaginous arches were only superficially calcified and under pressure 
during fossilization, they became much larger and broader. The 
result of the pressure is clearly seen in the numerous clefts, running 
along the longitudinal axis of the spine (Pl. l, fig. 2, Pl, Il , fig. l). 

The notocord was not divided into single vertebrae but runs 
continuously through the whole body. In some examples (one in 



310 ANATOL HEINTZ 

Pal. Mus. Oslo, F 310) one can observe stripes of a black substance 
placed immediately under the neural arches continuing under S-6 
or more vertebrae (Pl. I, fig. l & 2 a). Perhaps they are fragments 
of the notocord? 

The only certain fragments of the supporter of the unpaired fins 
are the above mentioned rays on the dorsal side of Coccosteus. 
This supporter is composed of l 0-12 rays placed in two rows. The 
lower row (fig. 12, Pl. I, fig. l & 2 sr) comes in direct contact with 
the tops of the corresponding neural arches, but no articulation 
between these two parts can be observed. The upper row (fig. 12, 
Pl. l, fig. l & 2 r) touches the points of the first, also here without 
any articulation. The single rays are of nearly the same size and 
breadth and similar to the neural spine of the "vertebrae". The lower 
row is always at the same angle to the horizontal line as the neural 
spine (about 40°) of which it therefore forms a direct continuation. 
The upper row, as a rule, is also at the same angle but in some 
specimens - for instance the one pictured on Pl. l, fig. l (P. M. O. 
F 310) I have observed that the single rays of the upper row are 
arranged in a fan-shaped fashion. (Pl. I, fig. l & 2). 

It is difficult to determine whether both rows were only supporters 
of the median fin, or whether they served partly as basal rays in 
the fin itself. Wooow ARD in his reconstruction placed both rows 
below the upper limit of the body. jAEKEL on the contrary - placed 
them both outside the upper body limit and thus regarded them as 
fin rays. After a close examination of a large number of specimens 
I have come to the conclusion that the lower row undoubtedly served 
only as a supporter for the fin, whereas the upper row may perhaps 
have functioned as the basal part of the fin itself. 

In addition to the supporter rays for the median fin we know 
two other plates in Coccosteus which probably were likewise supporters 
of the median fins. 

The first - as mentioned before - Iies under the posterior 
part of the median dorsal plate - as an immediate prolongation of 
the median keel (fig. 12, Pl. l, fig. l, Pl. Il, fig. 2 smd). It is quite 
a big and solid quadrangular, oblong plate, without any trace of bony 
structure and therefore, probfl;bly built of calcified cartilage. WooowARD 
was the first to draw this plate, but he did not describe it. (Pl. VIII 
fig. 2 in his "catalogue"). jAEKEL placed it correctly under the median 
dorsal plate but pictured it as being triangular shaped. He regarded 
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it as a supporter for a .median fin as in Chimæra. In my opinion it 
is difficult to accept this interpretation. The sub-median-dorsal plate 
- as we can call this element - is placed between the median
dorsal and the columen; its front margin touch es the keel on the 
median dorsal; its up per margin is. covered with the posterior part 
of the same plate; its lower margin comes in contact with the columen 
and only its hind margin is free. This last margin, running vertically, 
cannot serve as the basal part of a fin. 

The other plate is the above mentioned anal plate, also composed 
of calcified cartilage (fig. 12 Pl. I, fig. l ap). 

It Iies in the hind part of the body below the columen some
where between the 25th and 30th "vertebrae", immediately under 
the last ray of the supporter of the median fin. TRAQUAIR, as the 
first, marked this plate (fig. la y) but it was correctly pictured by 
WooDWARD. It is a romboidal plate with the posterior lower corner 
more or less rounded. No fragments of fins were ever found in 
connection with this plate and it is therefore questionable if it ever 
served as a supporter to :the anal fin. In all cases however it is 
certain that the anal opening was in front of it and that the part of 
the body behind it is the cauda! region. 

The only supporter for the paired fin, known in Coccosteus 
- Iies directly behind the border of the body carapace. judging by 
its position far behind the head, near the anal plate - it can only 
be homologized with the pelvic girdle in fishes. The supporters are 
composed of two long S-shaped pieces and a cartilaginous plate (fig. 
12, Pl. I, fig. 1, Pl. Il, fig. f & 2 pg and c). 

The S-shaped pieces are of true bone, (clearly seen on Pl. Il, 
fig. 2 pg) thus being the only ossified part of the endoskeleton in 
Coccosteus. The upper points of these pieces were probably connected 
to the basal portion of the hem al arches on the 12th-14th "vertebrae", 
but no articulation traces or any special differentiation on the hemal 
arches can be seen. From the columen they run downwards, curve 
forward in the lower part at an angle of about 120° and continue 
downwards at an angle of about 150°. Thus their Iower points nearly 
come in contact with the hind limit of the ventral shield (postero
ventro-lateral plates). To the lower part of the S-shaped pieces a 
more or less large calcified cartilaginous plate is connected from below. 
(Fig. 12, Pl. I, fig. l, Pl. Il, fig. l & 2 c). Its exact form is difficult 
to determine being always badly preserved. In some specimens the 
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cartilaginous plates from both supporters seem to meet each other 
in the median line - thus forming a real girdle. As already pointed 
out by Wooow ARD and j AEKEL o ne or two rows of small openings 
(Pl. Il fig. l o) can often be seen on these plates - probably serving 
as passages for the blood vessels and nerves. In other specimens 
fragments of fin rays also can be seen behind the cartilaginous 
plate, thus proving that Coccosteus had developed pelvic fins. 

No evidence of the pectoral girdle or pectoral fins was ever found 
in Coccosteus. jAEKEL's arguments for its presence behind the body 
carapace cannot be regarded as sufficient. 

As the result of my investigaHon I have tried in fig. 12 to give 
a new reconstruction of Coccosteus decipiens AG. This reconstruction 
differs in many directions from all those hitherto published, combining 
as it does some of the characteristics of both TRAQUAIR's and 
jAEKEL'S. 

The new points are: 
l. The shape of the head. 2. The size and position of the post

nasal and rostral plates. 3. The course of the sensory canal on the 
post-nasal plate. 4. The size and position of the "jaw" elements. 
5. The presence of a new upper jaw plate- the medio-supro-gnathal. 
6. The form and position of the lower "jaw" and 7. the function of the 
symphysial teeth. 8. The position and form of two new plates: the 
post-marginal and the internal. 9. The presence of a well developed 
keel on the median-dorsal plate. l O. The connection between the 
antero-lateral and antero-ventro-lateral plates. 11. The form and 
position of the intero-lateral and spinal plates. 12. The presence of 
the large sub-median-dorsal plate. 13. The form and position of the 
neural and hemal arches, and fin all y, 14. the position and form of 
the pelvic girdle. 

The total reconstruction shows also clearly the great similarity 
between Coccosteus and Acanthaspis on the one hand and Dinichthys 
on the other. 

Paleontologisk Museum. Oslo. 
20. juni 1931. 

The list of Arthrodira-literature is published in my pa per: • 
"The structure of Dininchthys a contribution to knowledge of Arthrodira". 

The B. Dean Memorial volume. Archaic fishes. Article IV. New York 1931. 
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Explanation of the plates. 

Pl. I, fig. I. 

The endoskeleton of Coccosteus decipiens AG. a- a rest of the notocord? 
ap- anal plate. c- the cartilaginous part of the pelvic girdle. lPVL- left 
postero-ventro-lateral, MD- median dorsal, pg- the ossified part of the 
pelvic girdle. r- the second row of the supporter for the median fin. 
rPVL- right postero-ventro-lateral plate, smd- sub-median-dorsal sr- the 
first row of the supporter for the median fin. Ca x l ,2. (P. M. O. F 31 O). 

Fig. 2. 

The neural arches and the supporter of the dorsal fin. ns- neural 
spines, bp- basal part of the neural arches, x- the opening between the 
basal part for the spinal nerves. Ca x 3,0, (the same example as fig. 1.) 

Pl. Il, fig. I. 

The pelvic girdle of Coccosteus decipiens AG. b- the basal part of 
the hemal arches, hs- the hemal arches, o- the openings on the calcified 
part of the pel vie girdle, Ca x 3,0, (the same example as on Pl. I, fig. l). 

Fig. 2. 

The pelvic girdle in another example (P. M. O. F 309). The bony 
structure of the ossified part of the pelvic girdle is clearly seen (pg) Ca 
X 2,0. 



Printed, October 1931. 
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