
ONTOGENETIC DEVELOPMENT OF 
ANTIARCH DERMAL OSSIFICATIONS 

uN~ 

ALEXANDRE IVANOV, GENNADY CHEREPANOV & ERVINS LUSKEVICS 

IVANOV A, CHEREPANOV G & G. LUSKEVICS 1995. Ontogenetic development of antiarchs dermal ossifica- 
tions. [D6veloppement ontog6n6tique des ossifications dermiques des antiarches]. GEOBIOS, M.S. n ° 19 : 97-102. 

ABSTRACT 

The histological structure of the dermal ossifications of juvenile and adult Asterolepis (Placodermi, Antiarchi) is 
described. Six development stages of the dermal ossifications are described in living soft-shelled turtle (Trionyx). 
An attempt of reconstruction of the dermal plates and scales development in Asterolepis is made using a complete 
cycle of the dermal bone development in Trionyx. 
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RI~SUMI~ 

La structure histologique des ossifications dermiques d'individus juv6niles et adultes d'Asterolepis (Placodermi, 
Antiarchi) est d6crite. Six stades de d6veloppement de l'ossification dermique ont 6t6 d~crits chez une tortue 
trionychid6s (Trionyx). Un essai de reconstruction du d~veloppement des plaques et 6cailles dermiques d'Asterole- 
pis est propos6e sur la base du cycle de formation de l'ossification dermique de Trionyx. 

MOTS~CLI~S : PLACODERMES, ASTEROLEPIS, TORTUES, OSSIFICATIONS DERMIQUES, DI~VELOPPEMENT. 

INTRODUCTION 
Complete specimens of extraordinary well-preser- 
ved juvenile and adult of Asterolepis ornata Ei- 
chwald were recorded from the Gauja Formation 
(Late Givetian) of Lode Quarry, Latvia (Upeniece 
& Upenieks 1992 ; Ivanov in press). Asterolepis 
material  is represented by different stages of der- 
mal bones development. Specimens of Asterolepis 
are housed in the Latvian Museum of Natural  
History, Riga (LDM). Complete development se- 
ries (embryos and postembryos) of the living soft- 
shelled turt le  (Trionyx sinenesis WEIGMANN) are  
used in reconstruction in a comparison purpose of 
the dermal ossification development. The embryos 
were fixed in 4% formalin, the histological sec- 
tions were stained with hmmatoxylin and eosin. 
The development stages were defined after Ynte- 
ma (1968). The collections of Trionyx are kept in 
the Department  of Vertebrate Zoology, Biological 
Faculty, Saint  Petersburg University. 

The authors are greatly indebted to Mrs. Ieva 
Upeniece for the loan of the material  of juvenile 
Asterolepis ; Mrs. R. Sorkina for her help in pre- 
paring this paper. This s tudy was supported by 
the International Science Foundation (Soros 
Grant). This research is a contribution to IGCP 
328. 

EXOSKELETON OF A S T E R O L E P I S  

The exoskeleton of the head, t runk  and squama- 
tion is preserved in both juvenile and adult indi- 
viduals. The dermal plates of t iny juveniles with 
the dorsal t runk armour 13-14 mm long is made 
of a thin compact bony lamina (thickness : 
0.0008-0.012 mm), Bony trabeculm are located on 
the external surface of the lamina (P1. 1, fig. 1) 
forming an irregular network. Scarce vascular 
canals are opened on the outer surface of the 
plate (P1. 1, fig. 2). They are visible on the cross 
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sections of the  plate, under trabeculm (P1. 1, fig. 
1B). The squamation in these specimens consists 
of bony scales. The scales have a thin lamina at 
the base and one tubercle in the center of the 
dorsal surface, corresponding to a pit on the op- 
posite face (P1. 1~ figs 4, 5). The lamina consists 
of a compact bony t issue similar to that  of the 
t runk armour plates. The tubercle is composed of 
loose tissue with small canal openings. There are 
two different types of scales : fulcral with elonga- 
ted dorsal par t  of the lamina and rounded flank 
scales (P1. 1, figs 3, 4). Larger juveniles with the 
dorsal t runk armour longer than 30 mm and of 
0.25-0.40 mm plates thickness have a fine-mes- 
hed reticular ornamentation. Sometimes the or- 
namentat ion bears tubercles at the crossing 
points of anastomosing ridges. The scales of these 
specimens have sometime trabecul~e on the exter- 
nal surface and a flat visceral surface (P1. 1, fig. 
6). 

The dermal plates of adult  Asterolepis are compo- 
sed of three layers : basal, spongious and trabe- 
cular (Gross 1931). It is difficult to trace a clear 
boundary between spongious and trabecular  
layers, because there is a gradual change be- 
tween them. The spongious layer has a concentric 
osteon system around the lumens ; the tubercular  
layer bears numerous vascular  canals. The squa- 
mation of the adults includes two types of scales : 
fulcral and flank scales similar to those of the ju- 
veniles. Scales ornamentation,  overlapping and 
histological s t ructure depend on their position on 
the body, and change from the posterior margin 
of the t runk armour to the caudal fin. The squa- 
mous part  of As terolepis body is divided into five 
zones related with the scale position on the body 
: zone A, from the posterior margin of the t runk 
armour to the begining of dorsal fin ; zone B, un- 
der the dorsal fin ; zone C, from the end of the 
dorsal fin to the  begining of the caudal fin ; zone 
D, caudal fin ; zone E, dorsal fin (Ivanov at al. in 
press). The scales from zone A just  behind the 
t runk armour have an ornamentat ion consisting 
of longitudinal ridges and tubercles. Cross sec- 
tions of these scales show clearly three layers : a 
compact laminar basal layer, spongious layer and 
a well-developed t rabecular  layer with vascular 
canals. Such a structure resembles tha t  of the 
dermal plates. The ornamentat ion of the scales in 
the caudal direction becomes faveolate with tu- 
bercles, then it is pit ted and smooth with rare 
pores at the end of the tail. The tubercular  layer 
of the scales with faveolate-tubercu]ar ornamen- 
tation is becoming thinner than the former sca- 
les. The scales with pits in their ornamentation 
have also a thinner  spongious layer. The smooth 
scales with occasional pores have a relatively 

thick laminar basal layer, a thin spongious layer 
and a dense superficial layer with very rare vas- 
cular canals (P1. 1, fig. 7). The tiny smooth scales 
of the caudal fin possess a very thin spongious 
layer consisting of several small cavities. 

EXOSKELETON D E V E L O P M E N T  OF 
T R I O N Y X  

The recent material can help to reconstruct a 
possible process of the dermal ossification develo- 
pment  of Asterolepis. The most suitable object for 
this purpose is a soft-shelled turt le Trionyx . The 
armour of Trionyx is made of dermal plates not 
covered by epidermal horny scutes. The ornamen- 
tation of trionychid plates strongly resembles 
that  of asterolepid and bothriolepid antiarchs. 
Beside, the bone histological structure in the 
adult  Trionyx evokes that  of the adult  Asterole- 
pis. Six development stages of the dermal ossifi- 
cation within a stratified dermis were described 
on the basis of ontogeny in Trionyx armour. 

Stage 1 (embryonic stages 16-17, Fig. 1A). The 
formation of the accumulations of mesenchyma- 
tous cells in the middle level of undifferentiated 
dermis. 

Stage 2 (embryonic stages 17-18, Fig. 1B). The 
appearance of an ossification center inside the 
cell accumulation ; the formation of a pr imary 
bony lamina (source of the basal  layer). 

Stage 3 (embryonic stages 19, Fig. 1C-D). The 
growth of bony trabecul~e from the basal  layer to 
the epidermis, the formation of the spongious 
layer. The basal layer is similar to trabeculm of 
the spongious layer in its thickness and histologi- 
cal structure. The dermis is delaminated into the 
subdermis, hypodermis, fibrous and papillar stra- 
ta. A denser collagen matrix is formed inside the 
fibrous stratum. It has a regular arrangement  of 
collagen fibers, i.e. large collagen bundles are res- 
ponsible for the orthogonal pat tern of layers. The 
upper part  of hypodermis and papillar s t ra tum 
are strongly vascularized. 

Stage 4 (juvenile, age approximately 1-2 years,  
Fig. 1E). The appearance and expansion of the 
upper compact layer, which histologically resem- 
bles the bony trabeculm at the begining of this 
stage. The formation of a three-layered bone 
structure within hypodermis as a result  of the 
process. 

Stage 5 (subadult, age approximately 3-5 years,  
Fig. 1F-G). The appearance of a t rabecular  layer 
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F i g u r e  i - S t a g e s  of  t h e  der-  
m a l  o s s i f i c a t i o n  d e v e l o p m e n t  
i n  T r i o n y x  s i n e n s i s  Weig-  
m a n n .  A,  s t a g e  1 ; B,  s t a g e  2 ; 
C-D,  s t a g e  3 ; E ,  s t a g e  4 ; F -  
G,  s t a g e  5 ; H ,  s t a g e  6. S c a l e  
b a r  = 0 .25  m m  for a l l  f igu res .  
a m ,  a c c u m u l a t i o n  of m e s e n -  
c h y m e  ; bl,  b a s a l  l a y e r  ; bm,  
b o n y  m a t r i x  ; bv, b lood  v e s s e l  
d, d e r m i s  ; e, e p i d e r m i s  ; fs, fi- 
b r o u s  s t r a t u m  ; h, h y p o d e r -  
m i s ;  ps ,  p a p i l l a r  s t r a t u m  ; s, 
s u b d e r m i s  ; sl ,  s p o n g i o u s  
l a y e r ;  t, t r a b e c u l a  ; t l ,  t u b e r -  
c u l a t e d  l a y e r  ; u l ,  u p p e r  com- 
p a c t  l a y e r  vc, v a s c u l a r  c a n a l  
Diffdrents  s tades  du  dgveloppc- 
m e n t  de l 'ossification dermi- 
que de T r i o n y x  s inens i s  
Weigmann .  A,  s tade 1 ; B, 
s tade  2 ; C-D, s tade 3 ; E, 
s tade 4 ; F-G, s tade 5 ; H, 
s tade  6. t~chelle = 0,25 ram. 
am,  accumula t ion  de mgsen- 
chyrne ; bl, couche basale ; brn, 
matr ice  osseuse ; by, vaisseau 
sangu in  ; d, derrne ; e, dpi- 
derme  ; fs, s trate f ibreuse h, 
hypoderme  ; ps,  s trate papil-  
laire ; s, sous derme  ; sl, cou- 
che spongieuse ; t, trabdcules ; 
tl, couche tuberculde ; ul, cou- 
che compacte  supgrieure ; vc, 
canal  vasculaire.  

inside the fibrous s t ra tum of the dermis as the 
upper compact layer grows. The expansion of tu- 
berculate layer to papillar stratum• The forma- 
tion of the superficial ornamentation consisiting 
of tubercles separated by subepidermal blood ves- 
sels• As a result,  the plate structure consists of 
four layers : basal, spongious, upper compact and 
tubercular  layer• The upper compact layer differs 
from the basal  compact layer in the presence of 
vascular canals. The tubercular  layer is composed 
of coarse-fibered bony tissue perforated by nume- 
rous meander ing vascular canals. The lat ter  are 
opened mainly around the ornamental  tubercles. 
There are two levels, upper and lower, inside the 
tubercles layer. The lower one is formed in the 
fibrous s t ra tum retaining the orthogonal struc- 
ture of collagen complex, while the upper with 
vascular canals appears inside the papillar stra- 

tum of the dermis and has no regular arrange- 
ment of collagen fibers. 

Stage 6 (adult, Fig. 1H). The formation of a sim- 
ple three-layered structure of the dermal ossifica- 
tion as a result  of on-going processes of resorp- 
tion and reconstitution of the bony tissue. The 
upper compact layer disappears• The tuberculate 
layer becomes relatively homogeneous in struc- 
ture. It consists of strongly vascularized compact 
tissue with upper lamellar part. There are no 
clear boundary between the tuberculate and 
spongious layers, superficial ornamentat ion of the 
dermal plate becomes faveol~te. Therefore the 
bony dermal plate of the final stage of develo- 
pment is as a rule subdivided into three layers : 
basal, middle and superficial (Moy-Thomas & Mi- 
les 1971 ; Stensi5 1934)• The middle layer marks 
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the  t r ans i t i on  f rom a zone wi th  large lumens  and  
osteons to a zone hav ing  small  vascu la r  canals.  
Never the less ,  these  zones differ in t he i r  origin. 
The  lower  zone p r imar i l y  corre la tes  wi th  the  
spongious l aye r  of the  ea r ly  stage. The uppe r  
zone is r e p r e s e n t e d  by  the  lower pa r t  of the  tu-  
bercu la te  layer .  The  so-called superficial  layer ,  
cor responding  to o r n a m e n t a t i o n  ampl i tude,  is an 
uppe r  l ame l l a r  pa r t  of the  tube rcu la t e  layer.  

C O N C L U S I O N S  .,, 

The  above descr ibed  s tages  form a complete  cycle 
of the  de rmal  bone deve lopmen t  inside such s t ra-  
t if ied dermis .  The  fo rma t ion  of mul t i l aye red  bone 
s t ruc tu re  depends  on the  s t ra t i f ica t ion  of the der- 
mis. The  mul t ip le  superf ic ia l  blood vessels  inside 
the  dermis  def ine the  n u m b e r  of vascu la r  canals 
in the  tube rcu la t e  l aye r  and  the  cha rac te r  of the  
o r n a m e n t a t i o n  pa t t e rn .  I f  the  dermis  has  no de- 
veloped papi l la r  and  f ibrous s t ra ta ,  the  format ion  
of bony s t r uc tu r e  is s topped  at  s tage 4. For  
example,  such  processes  t ake  place in the  dermal  
ossifications of  E m y s  orb icu lar i s  and  Tes tudo  
gr~eca (Cherepanov  1992 ; Ivanov et al. 1992), 
t h a t  have  only  basal ,  spongious and upper  com- 
pact  layers .  

ble vascular ized  pa r t  of the  tube rcu la t e  l aye r  in 
the  de rmal  plate  of young  individuals  (Stensi5 
1934, fig. 9B). As tero lep i s  squamat ion ,  as an  ele- 
m e n t  of the  exoskele ton develops s lowly when  
compared  wi th  the  a rm o u r  plates .  The  scale 
s t ruc tu re  in the juveni le  individuals  wi th  a dor- 
sal t r u n k  a rmour  length  of more  t h a n  30 m m  re- 
sembles  t h a t  of the  dermal  pla tes  in  juveni le  in- 
dividuals  having dorsal  t r u n k  a r m o u r  of 13-14 
m m  long, or s tage 3 of T r i o n y x  ossification deve- 
lopment .  The scales of adul t  As te ro l ep i s  j u s t  be- 
h ind  the  t r u n k  a r m o u r  exhibits  a histological  
s t ruc tu re  v e ry  s imi lar  to t h a t  of the  de rmal  pla- 
tes of adu l t  As te ro l ep i s  and  Tr ionyx .  The  histolo- 
gical s t ruc tu re  of scales f rom zone C wi th  p i t ted  
o r n a m e n t a t i o n  resembles  t h a t  of the  p la te  in  the  
la te  s tage  of T r i o n y x  (Fig. 1G). The ex te rna l  pa r t  
of smooth  scales wi th  ra re  pores f rom zone D 
h av e  an uppe r  compact  layer .  The s t r u c t u r e  of 
these  scales is s imilar  to t h a t  of s tage  4 of Trio- 
nyx .  Thus  the  scales of adul t  A s t e r o l e p i s  squama-  
t ion depending  on the  posi t ion on the  body cor- 
r espond  to different  s tages of  the  g rowth  p la te  in 
the  ontogeny.  I t  can be a t t r i bu t ed  to the  fact  t h a t  
the  de rmis  is t h inn ing  in caudal  d i rec t ion  and 
the  papi l la r  and f ibrous s t r a t a  could d i s ap p ea r  in 
this  region of the  dermis .  

Histological  s imi la r i ty  of  the  de rmal  plates  in 
adul t  T r i o n y x  and  A s t e r o l e p i s  is obviously due to 
t he i r  dermis  s t ruc tu res .  The  dermal  ossifications 
in A s t e r o l e p i s  could develop th rough  the  same 
s tages  in T r i o n y x  a rmour .  The dernml  plates  of 
the  above descr ibed  t iny  juven i le  As tero lep i s  indi- 
v iduals  cor respond to s tage  3 of T r i o n y x  ossifica- 
t ion deve lopment .  S tens i5  (1934) has  i l lus t ra ted  
the  cross sect ions of  the  pla tes  of young and  
adul t  Bothr io lep i s .  T h e  u p p e r  compact  layer  is 
p rese rved  be tween  the  spongious l aye r  and fria- 
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PLATE 1 

Figs 1-7 - A s t e r o l e p i s  o r n a t a  EICHWALD. 1-6 juveniles individuals. 1A, 2A details of the dermal plate LMD 
260/80 ; 1B, trabecula and vascular canal ; 2B, vascular canal ; 3, 4, squamation in visceral view ; 3, fulcral 
scales, LMD 260/236 ; 4, flank scale, LMD 260/236 ; 5, isolated flank scale in external view LMD 260/243 ; 6, 
flank scale in external view, LMD 260/244 from specimen LMD 260/10 ; 7, transversal cross section of adult 
A s t e r o l e p i s  scale from zone D, LP 15/1. 1-6 individus juvgniles. 1A, 2 A ddtails de plaque derrnique, L M D  
260 /80  ; 1B, trabdcule et canal vasculaire ; 2B, canal vasculaire ; 3, 4, dcailles en vue viscdrale ; 3, dcaille 
fulcrale, L M D  260 /236  ; 4, gcaille du f lanc en vue externe, L M D  260/236 ; 5, gcaille isol~e du f lanc en vue 
externe, L M D  260/243  ; 6, dcaille du flanc en rue externe L M D  260/244 d'apr~s le spgcirnen L M D  260 /10  ; 7, 
section d'une coupe transversale chez un adulte d 'As terolepis ,  dcaille de la zone D, LP 15/1.  

Figs 8-9 - T r i o n y x  s i n e n s i s  WEIGMANN. 8, longitudinal section of a costal plate, subadult, VZ 2306A ; 9, 
transversal section of xiphiplastron, subadult, VZ 2305. 8, coupe longitudinale d'une plaque costale d'un 
subadulte, VZ 2306A ; 9, coupe transversal du xipohiplastron d'un subadulte, VZ 2305. Echelles : fig. 1A, O, 33 
rnrn ; fig. 1B, O, 038 rnrn ; fig. 2A, O, 28 rnrn ; fig. 2B, O, 3 rnrn ; fig. 3, O, 3 rnrn ; fig. 4, O, 26 rnm ; fig. 5, O, 13 
turn; f ig .  6A, O, 38 rnrn ;f ig.  6B, O, 13 rnrn ; fig. 7, 1, O rnrn ; fig. 8, O, 4 rnrn ; fig. 9, O, 5 turn. 

Scale bars : fig. 1A, 0.33 mm ; fig. 1B, 0.038 mm ; fig. 2A, 0.28 mm ; fig. 2B, 0.3 mm ; fig. 3, 0.3 mm ; fig. 4, 0.26 
mm ; fig. 5, 0.13 mm ; fig. 6A, 0.38 mm ; fig. 6B, 0.13 mm ; fig. 7, 1.0 mm ; fig. 8, 0.4 mm ; fig. 9, 0.5 mm. 
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