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ABSTRACT: 

AFANASSIEVA, O. B. 1999. The exoskeleton of Ungulaspis and Ateleaspis (Osteostraci, Agnatha) from the 
Lower Devonian of Severnaya Zemlya, Russia. Acta Geologica Polonica, 49 (2), 119-123. Warszawa. 

The fragments of osteostracan exoskeleton from the Lower Devonian Severnaya Zemlya Formation of the 
Severnaya Zemlya archipelago, viz., Ungulaspis arctoa AFANASSIEVA & KARATAJDTE-TALIMAA, 1998 and 
Ateleaspis sp., were studied. The structure of the exoskeleton of non-tremataspid osteostracans was inves
tigated by SEM for the first time. A reconstruction of the structure of the Ungulaspis arctoa exoskeleton 
is suggested. Because of the poorer preservation of the Ateleaspis sp., only preliminary observations on the 
thin structure of its exoskeleton could be made. The forms under investigation are characterized by a sim
ilar type of sculpture on the surface of the shield (small tubercles) and on the body scales (thin crests). Some 
similarities in the structure of their shield exoskeleton (the presence of distinctly expressed tesserae, the 
presence of radiating canals, the probable absence of perforated septa and pore fields) were indicated. 
Ungulaspis arctoa is remarkable in the possessing macromorphological features typical of both the 
Ateleaspis- and Scolenaspis-like osteostracans. This similarity in the structure of exoskeleton of the inves
tigated forms provides additional evidence in support of the affinity of these groups of osteostracans and 
their possible origin from common ancestors. 
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INTRODUCTION 

The presence of osteostracans in the Paleozoic 
fauna of the Severnaya Zemlya Archipelago was 
discovered more then twenty years ago during the 
expeditions (KARATAJOTE-TALIMAA,pers. comm.). 
However, the first descriptions were made only 
recently (MARK-KuRIK & JANVIER 1995, 
AFANASSIEVA 1998, AFANASSIEVA & KARATAJOTE
TALIMAA 1998). The osteostracan material from 
Severnaya Zemlya comprises complete shields and 
parts of shields, as well as microfragments of the 
exoskeleton, which were extracted from the rock 

matrix by acid treatment. The characters of the 
exoskeleton can be used for taxonomic purposes 
(AFANASSIEVA 1995) and are necessary for the 
identification of fragmentary material. 

MATERIAL AND METHODS 

Ungulaspis arctoa and Ateleaspis sp. described 
by AFANASSIEVA and KARATAJOTE-TALIMAA 
(1998), come from the upper part of the Severnaya 
Zemlya :<ormation of the Lower Devonian of 
October Revolution Island. The microfragments of 
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their exoskeleton, obtained by mechanical prepara
tion of specimens, have been examined with an 
optical microscope and under SEM. The holotype 
of Ungulaspis arctoa is represented by the counter
part of the cephalic shield and by part of the body 
with fragments of the exo- and endoskeleton; the 
specimen of Ateleaspis sp. is represented by a frag
ment of the counterpart of the cephalic shield with 
a few fragments of the exoskeleton. The surfaces of 
their shields are not accessible for direct observa
tion, but the exoskeleton itself can be seen from 
inside. The sculpture can therefore be studied only 
on fragments of the exoskeleton extracted from the 
matrix. Furthermore, the imprints of the tubercles 
of the shields and trunks commonly be seen under 
oblique illumination. The microfragments belong
ing to the holotype of Ungulaspis arctoa were 
taken from the anterolateral and marginal parts of 
the dorsal shield and from the trunk segments. The 
scarce micro fragments of the exoskeleton of 
Ateleaspis were taken only from the lateral edge in 
the proximal part of the pectoral fin. 

Material described in this paper is housed in the 
Institute of Geology of Lithuania in Vilnius (abbre
viated GIL) and in the Paleontological Institute of 
the Russian Academy of Sciences in Moscow (PIN). 

DESCRIPTION AND DISCUSSION 

Study of the cephalic shield of Ungulaspis arc
toa under the optical microscope showed that its 
surface in the anterolateral parts was covered with 
small rounded and elongate tubercles (Text-fig. 1a). 
The shape of the tubercles changes to be more elon
gated in the direction of the body. Long and thin 
tubercles fusing into longitudinal ridges are located 
on the body scales (Text-fig. 1 b). In the exoskeleton 
of the shield, tesserae (2.5-3 mm) can be distinctly 
seen, among which there are spaces for the circum
areal canals (sensu GROSS 1961) of the sensory sys
tem. Radiating canals are preserved in some parts of 
the shield. In the lower parts of the exoskeleton 
there are some cavities and canals which can be 
interpreted as the basal cavities and ascending 
canals of the vascular system respectively. 

SEM studies of the fragments of Ungulaspis 
arctoa exoskeleton from the anterolateral parts of 
the shield demonstrated that the tubercles have a 
ribbing on their surfaces (PI. 1, Fig. 1). The upper 
part of the tubercles is made up of dense tissue, only 
in places pierced by tubules. The tissue of this type 
forms the main part of some tubercles, it is superfi
cial to the vascular canals and can be identified as "a 

Fig. 1 - UngulQ.\pis arctoa AFANASSIEVA & KARATAJeTE-TALIMAA, ho]otype GIL 35-670, Severnaya Zemlya Formation (Lochkovian), 

Lower Devonian, Severnaya Zemlya Archipelago, Russia: a - counterpart of cephalic shield with fragments of cxoskeleton. x 9; 

b - counterpart of trunk with fragments of body scales, x 7 (a, b - view from the inner side of exoskeleton) 
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modified osteo-dentine" (DENISON 1951, p. 211) of 
the superficial layer. The lower part of the tubercle 
consists of a relatively loose bony tissue, in which 
the cavities of osteocytes can be recognized (PI. 1, 
Fig. 3). In broken surfaces of the exoskeleton it is 
possible to see relatively large cavities at the base of 
the tubercles (PI. 1, Fig. 2). The tubercles are con
nected by bony tissue of the middle (spongy) layer 
(PI. 1, Figs 2,4). It has a large number of canals, 10-
25 11m in diameth, which can be interpreted as the 
vascular canals, that are typical of osteostracans. 
The apertures of these canals are situated between 
the tubercles (PI. 1, Fig. 1). No traces of perforated 
septa or pore fields were discovered. The spongy tis
sue of the middle layer gradually passes down into 
basal layer (PI. 1, Fig. 2) with characteristic cross
laminated structure. Only the upper part of this layer 
is preserved in the exoskeleton fragments under 
study, but it is well developed in the tesserae of the 
cephalic shield. 

A row of shiny elongate tubercles is found along 
the anterior and lateral edges of the cephalic shield of 
Ungulaspis arctoa. They are rather large, ca. 1 mm 
in length. Unlike the flattened marginal tubercles of 
some osteostracans (e.g. Thyestes verrucosus 
ErnWALD), they are strongly convex in Ungulaspis 
arctoa. In broken tubercles the inner structure is 
clearly seen (PI. 1, Figs 4-5). A large number of 
canals and cavities of different sizes pierce the mid
dle and, especially the lower parts of the tubercle, 
which are composed of bony tissue. In the upper and 
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upper-lateral parts of the tubercle this tissue gradual
ly turns into a mesodentine, typical of osteostracans 
(PI. 1, Fig. 5). On the side surfaces of the tubercles 
there are thin parallel ribs (PI. 1, Figs 4, 6). 

A small fragment of body scale from the anteri
or part of the Ungulaspis trunk has also been stud
ied. On the body scale the tubercles fuse, in some 
cases forming long branching ridges. The ridges 
are relatively thick (80-90 11m), and ca. 50 Ilk apart 
in the investigated part of the exoskeleton. 

An attempt has been made to restore the struc
ture of the exoskeleton of Ungulaspis arctoa on 
the basis of the data obtained (Text-fig. 2). It will 
be noted that the size of the tubercles can vary in 
different parts of the shield and they can also be 
more or less elongated. The thickness of the super
ficial layer and bony base of the tubercles is pre
sumed to vary in accordance with the size of the 
tubercles in the different parts of the exoskeleton 
(as in the case of osteostracans with tubercles of 
different sizes, e.g. Thyestes verrucosus). 

In the exoskeleton of the cephalic shield of 
Ateleaspis sp., 1-2 mm tesserae are clearly seen 
(AFANASSIEVA & KARATAJOTE-TALIMAA 1998, PI. 
5, Fig. 3). They are covered with closely set small 
rounded tubercles. Between tesserae, there is a 
rather wide space for circumareal canals. Radiating 
canals are preserved in some part of the shield. As 
in the case of Ateleaspis tessellata TRAQUAIR 
(RITCHIE 1967), long narrow ridges are presented 
on thp hndy scales of Ateleaspis sp. 

t 

It-"""",+--asc 

Fig. 2 - Three-dimensional diagram of the structure of the cephalic shield (dorsal side) of Ungulaspis arctoa 

AFANASSIEVA & KARATAJDTE-TALIMAA 

Abbreviations: asc - ascending vascular canal, avc - aperture of vascular canal, bc - basal cavity, bl - basal layer, 

dc - tubules of dentine, ml- medial layer, rad - radiating canal, sl- superficial layer, t - tubercle on the surface of tessera 
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Unfortunately, it is not possible to describe in 
detail the thin structure of the Ateleaspis sp. 
exoskeleton due to its bad preservation at a 
microstructural level. Study of the fragment under 
SEM has revealed the presence of elongate tubercles 
150-300 ).tm long (PI. 1, Fig. 7) on the surface of the 
part of the shield examined (the margin of the prox
imal part of the pectoral fin). Ribbing was found on 
the surface of some tubercles (PI. 1, Fig. 8). Between 
the tubercles there are apertures 15-30 ).tm in diame
ter that presumably lead to vascular canals. In frac
tures between the tubercles, loose structure of a 
bony tissue of the middle layer could be seen. No 
traces of perforated septa or pore fields were found. 
Unfortunately, nothing can be said about the thick
ness and, therefore, the degree of development of 
the superficial layer of Ateleaspis sp. 

Comparison of the two forms shows that 
Ateleaspis sp. is similar to Ungulaspis arctoa in the 
characters of the exoskeleton (presence of distinct
ly expressed tesserae, the type of sculpture of the 
shield and the trunk, presence of radiating canals, 
and the probable absence of perforated septa and 
pore fields in the middle layer of the exoskeleton). 
At the same time it should be taken into account 
that this statement is of a preliminary nature, as the 
exoskeleton of Ateleaspis sp. has not been properly 
studied and the fragments of exoskeleton investi
gated represent only small areas of the body. 

At present, the thin structure of the exoskeleton 
has been most comprehensively studied for the 
Tremataspis-like forms (Thyestidiens, sensu 
JANVIER 1985; Tremataspidoidei, sensu 
AFANASSIEVA 1991) of osteostracans (DENISON 
1951; GROSS 1961, 1968a, b; AFANASSIEVA 1986, 
1995; AFANASSIEVA & MARSS 1997). Comparison 
of the exoskeleton structure of Ungulaspis arctoa 
with that of Tremataspidoidei shows that they dif
fer not only in the shield sculpture, but also in a 
number of microstructural features. The presence 
of small tubercles on the surface of the exoskeleton 
of Ungulaspis arctoa makes it comparable with 
Saaremaaspis, Oeselaspis and Thyestes. 
However, it differs from them in the absence of the 
pore fields that characterize most of the 
Tremataspidoidei. It is evident that comparison of 
Ungulaspis arctoa with each representative of the 
given group will reveal the difference in whole 
combination of exoskeleton characters. 

Among non-tremataspid osteostracans, the 
exoskeleton of Waengsjoeaspis excellens 
(WANGSJO) (= Zenaspis excellens by GROSS 1961) 
was described rather completely (WANGSJO 1952). 

However, the position of W. excellens in the sys
tematics of osteostracans has not yet been specified 
(Osteostraci cornuates incertae sedis: JANVIER 
1985). It should be noted that it differs from 
Ungulaspis arctoa in possessing a better developed 
superficial layer ofthe exoskeleton which " .. .forms 
a covering to the middle layer and is pierced by fair
ly wide pores or grooves of the mucous canal sys
tem" (WANGSJO 1952, p. 41). 

As for the non-cornu ate forms, only incomplete 
data on the microstructure of the exoskeleton of 
Hemicyclaspis and Aceraspis are available. It is 
known that H. murchisoni (EGERTON) has a well 
developed continuous superficial layer (STENSIO 
1932). This layer is less developed in the rarer H. 
lightbodii STENSIO, as well as in Aceraspis robusta 
KIAER. Their cephalic shields are covered with 
tubercles consisting of dentine (STENSIO 1932, 
HEINTZ 1939). 

The microstructural characters of the exoskeleton 
of the osteostracans belonging to other major groups 
have been rather poorly studied. Consequently, we 
can note only some similarity with the sculpture of 
the shield of the Cephalaspispidoidei (small tuber
cles) and the Scolenaspispidoidei (small tubercles or 
tubercles of different size). Distinctly expressed 
tesserae are also characteristic of the latter group. 

Ateleaspis represents a relict form within the 
association of osteostracans discovered in the 
Severnaya Zemlya Formation of the Lower 
Devonian of the Severnaya Zemlya Archipelago. 
Until now, it has been known only from the Silurian 
of Scotland (and, according to RITCHIE, probably, of 
Norway: RITCHIE 1967). As was observed previous
ly (AFANASSIEVA & KARATAJOTE-TALIMAA, 1998) 
Ungulaspis arctoa was noteworthy in possessing 
macromorphological characters typical of both the 
Ateleaspis- and Scolenaspis-like osteostracans. 
The similarity in the structure of exoskeleton of the 
forms investigated supports the presumed affinity 
of these groups of osteostracans and their possible 
origin from common ancestors. 

Acknowledgments 

The material was kindly provided to me for study by 
Dr. V.N. KARATAJUTE-TALIMAA (Institute of Geology of 
Lithuania, Vilnius). I would like to express my sincere grat
itude to assistant editor Dr. I. W ALASZCZYK and unknown 
reviewers for the comments. The work was suppOlted by 
the Russian Foundation for Basic Research, no. 97-04-

49967 and in part by UNESCO IGCP project 406. 

• . j 



LOWER DEVONIAN OSTEOSTRACI 123 

REFERENCES 

AFANASSIEVA, O.B. 1986. The structure of the exoskele

ton of the osteostracans from the Silurian of Estonia. 
Paleontologicheskiy Zhurnal, 2, 67-74. Moscow. 
[In Russian]. 
1991. The osteostracans of the Soviet Union 
(Agnatha). Trudy Paleontologicheskogo Instituta, 
248,1-144. Moscow. [In Russian]. 
1995. The structure of the exoskeleton of the 
Tremataspidoidei and its significance in the taxono
my of osteostracans (Agnatha). In: H. LELIEVRE, S. 
WENZ, A. BLIECK & R. CLOUTIER (Eds) , Premiers 
Vertebres et Vertebres inferieurs. Geobios Memoire 
Special, 19,13-18. Lyon. 
1998. The peculiarities of the orobranchial system of 
an osteostracan (Agnatha) from the Lower Devonian 
of the Severnaya Zemlya Archipelago (Russia). 
Paleontologicheskiy Zhurnal, 2, 77-81. Moscow. 
[In Russian]. 

AFANASSIEVA, O.B. & KARATAJOTE-TALIMAA VN. 1998. 
New osteostracans (Agnatha) from the Silurian and 
Lower Devonian of the Severnaya Zemlya 
Archipelago (Russia) Paleontologicheskiy Zhurnal, 
6,60-64. Moscow. [In Russian]. 

AFANASSIEVA, O.B. & MARss, T. 1997. Exoskeleton 
structure and the distribution of Ateleaspis viitaensis 
(Agnatha) from the Silurian of Estonia. 
Paleontologicheskiy Zhurnal, 6, 75-80. Moscow. 
[In Russian]. 

DENISON, R.H. 1951. The exoskeleton of early 
Osteostraci. Fieldiana: Geology, 11, 197-218. 
Chicago. 

Manuscript submitted: 15th October 1998 
Revised version accepted: 20th February 1999 

GROSS, W. 1961. Aufbau des Panzers obersi1urischer 

Heterostraci und Osteostraci Norddeutsch1ands 
(Geschiebe) und Oesels. Acta Zoologica, 42, 73-

150. Stockholm. 
1968a. Beobachtungen mit dem Elektronenraster

Auflichtmikroskop an den Siebplatten und Isopedin 
von Dartmuthia (Osteostraci). Paliiontologische 
Zeitschrift, 42, 73-82. Tiibingen. 

1968b. Die Agnathen-Fauna der silurischen Halla
Schichten Gotlands. Geologiska Foreningens i 
Stockholm Forhandlingar, 90, 369-400. Stockholm. 

HEINTZ, A. 1939. Cephalaspida from Downtonian of 
Norway. Skrifter Utgitt av Det Norske Videnskaps
Akademi i Oslo, pp. 1-119. Oslo. 

JANVIER, P. 1985. Les Cephalaspides du Spitsberg. 
Cahiers de Paleontologie, Editions du Centre 
National de la Recherche Scientifique, pp. 1-244, 

Paris. 
MARK-KuRIK, E. & JANVIER, P. 1995. Early Devonian 

osteostracans from Severnaya Zemlya, Russia. 
Journal of Vertebrate Paleontology, 15 (3), 449-

462. Lawrence. 
RITCHIE, A. 1967. Ateleaspis tessellata TRAQUAIR, a non

cornu ate cephalaspid from the Upper Silurian of 
Scotland. Journal of Linnean Society (Zoology), 47, 
69-81. London. 

STENSIO, E. 1932. The Cephalaspids of Great Britain, 
pp.1-220. The British Museum (Natural History), 

London. 
WANGSJO, G. 1952. The Downtonian and Devonian ver

tebrates of Spitsbergen; 9. Morphologic and system
atic studies of the Spitsbergen Cephalaspids. Skrifter 
Norsk Polarinstitutt, 97,1-657. Oslo. 



ACTA GEOLOGICA POLONICA, VOL. 49 O.B. AFANASSIEVA, PL. 1 

PLATE 1 

1-6 - Ungulaspis arctoa AFANASSIEVA & KARATAJDTE-TALIMAA, 

Severnaya Zemlya Formation (Lochkovian), Lower Devonian, 
Severnaya Zemlya Archipelago, Russia; microfragments of the holo
type GIL 35-670; 1 - PIN 4766/1, tubercles on the surface of the 
cephalic shield; 2 - PIN 476612, horizontal break of the tessera; 3 -
PIN 476611, bony tissue of the middle layer; 4-5 - PIN 4766/5, ver
tical break of marginal tubercle; 6 - PIN 4766/5, small marginal 
tubercle 

7-8 - Ateleaspis sp., Severnaya Zemlya Formation (Lochkovian), Lower 
Devonian, Severnaya Zemlya Archipelago, Russia. Microfragment 
PIN 4766/8 of specimen GIL 35-669; 7 - Tubercles on the surface of 
exoskeleton (proximal part of pectoral fin); 8 - Ribbing on the sur
face of tubercle 

Abbreviations: avc - apertures of vascular canal, bl - basal layer , 
c - cavities in the base of tubercles, dc - tubules of mesodentine, 

ml- middle layer, sl- superficial layer 
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