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LOWER VERTEBRATES FROM THE EARLY-MIDDLE EOCENE KULDANA 
FORMATION OF KOHAT (PAKISTAN): 

HOLOSTEI AND TELEOSTEI 

by 

Mireille ~ a y e t '  

Abstract.-At least nine families belonging to six orders of holostean and 
teleostean fishes have been identified in the Kuldana Formation (early-middle 
Eocene) of Pakistan. Their association characterizes a freshwater deposit. The 
presence of some families on the Indian plate early in the Eocene could provide 
supplementary evidence for the paleogeographic relationships of India, on one 
hand with Southeast Asia and Australia (Gondwana), and on the other, with 
Laurasia (probably during Paleocene time). 

Rtsumt.  - Neuf familles, au  moins, appartenant a six ordres d'Holosttens et ont 
kt6 identifites dans la Formation Kuldana (Eoctne infkrieur-moyen) du  
Pakistan. Leur association dtfinit un milieu d'eau douce. La prtsence de  
certaines familles sur la plaque indienne a 1'Eockne inftrieur permet d'apporter 
des renseignements quant aux  relations paltogtographiques de l'Inde, d'une 
part avec le sud-est asiatique et 1'Australie et d'autre part avec 1'Europe 
(probablement d t s  le Paltoctne). 

INTRODUCTION 

Early Cenozoic fishes of the Indo-Pakistan subcontinent are still poorly known. Most of the 
remains described here were collected from the Kuldana Formation a t  Chorlakki, Kohat 
District, Pakistan. A few were collected from the Kuldana Formation a t  Shekhan Nala, another 
locality in Kohat District, Pakistan. Taxa found a t  Shekhan Nala are always found also a t  
Chorlakki, but the opposite is not true. In spite of their fragmentary character, the affinities of 
most can be approximately determined. A minimum of six, and possibly seven, orders are 
represented (Table 1). 

'Centre National de la Recherche Scientifique (UA 12), Institut de  Pali.ontologie, Museum National d'Histoire 
Naturelle. 8 rue Buffon. Paris 75005 F R A N C E .  
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TABLE I - Faunal list of early-middle Eocene actinopterigian (Holostei and  releostei) fish remains from Chorlakki 
(0 and Shekhan Nala (9, Kohat District, Pakistan. 

Perciformes 
Percichthyidae 

Macquaria anriquus (Hills) 1934 ( C )  
Siluriformes 

Bagridae 
Genus and species indet. ( C )  

Clariidae 
Genus and species indet. (C, 53 

Ariidae 
Genus and species indet. ( C )  

Family incertae sedis 
Genus and species indet. ( C )  

Cypriniformes 
Cyprinidae 

Genus and species indet. ( C )  
Cf. Varohstichth~s sp. ( C )  

Cyprinodontiformes 
Cyprinodontidae 

Genus and species indet. (C)  

Osteoglossiformes 
Osteoglossidae 

Genus and species indet. (C, S)  
Lepisosteiformes 

Lepisosteidae 
Lepisosreus sp. ( C )  

Order indet. 
Acanthopterygii incerrae sedis (C, S) 

ABBREVIATIONS 

The following abbreviations are used in the text and figures: 

art.cav. CI 
art.cav. Q-md 
art.fa.exoc 
axial.pr 
cond 
cor.pr 
dep.ar 
dist.pr 
epi.pr. Pt 
gr.s 
int.pr. Pt 
int.pr. Q 
i.0.c 
h 

articular cavity of the cleithrum 
cavity of the mandible for articulation of the quadrate 
facet of the first vertebra for articulation with exoccipital 
axial process of the pectoral spine 
condyle of the pectoral spine for articulation with the cleithrum 
coronoid process 
depressed area 
distal process of pectoral spine 
process of the posttemporal for the epiotic 
grinding surface 
process of the posttemporal for the intercalar 
internal process of the quadrate 
infraorbital sensory canal 
hook 
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1a.ethm.pr 
lat.op 
1at.pr. Bocc 
lo.pr 
md.c 
rned.pad 
n.a 

Pa r  
prox.pr 

PzYg 
ret.pr 
S.gr 
trab 
tub 

process of the lateral ethmoid 
lateral opening of the tubular basal part of the tooth 
lateral process of the basioccipital for articulation with cleithrum 
locking process of the dorsal spine 
mandibular sensory canal 
medial pad of abdominal vertebra 
neural arch 
parapophysis 
proximal process of pectoral spine 
postzygapophysis 
retroarticular process of the angular 
groove on the quadrate for the symplectic 
longitudinal trabecula 
squamule internal tubercula 

SYSTEMATIC PALEONTOLOGY 

Order PERCIFORMES 
Family Percichthyidae 

Genus Macquaria* Cuv. & Val. 

Macquaria antiquus (Hills) 1934 
Figs. 1-5 

Referred specimens.-The following specimens from Chorlakki are referred to Macquaria 
antiquus: GSP-UM 450, left lachrymal; GSP-UM 451-452, preopercular spine fragments; GSP-  
UM 453, left posttemporal; GSP-UM 454, anteriormost abdominal vertebra; GSP-UM 455, 
posterior abdominal vertebra; GSP-UM 456, hemaxanal complex; GSP-UM 457, spine of 
dorsal fin; and several fragments of dorsal and anal spines. 

Description.-The lachrymal or first interorbital (Fig. 1) is a bone of crescent shape, enlarged 
anteriorly. Its lower border, smooth along the anterior third of its length, is ornamented along 
the posterior two-thirds with eleven spines; the first three project anteriorly, the next five project 
ventrally, and the last four project posteriorly. The first spine is slightly larger than the others. 
The upper border is of convex shape, with two corners on the first and the second third of its 
length. The lateral ethmoid process (1a.ethm.pr) is low. Posteriorly, the second infraorbital 
extends to a deep cavity in the lachrymal. The groove of the sensory canal (i.0.c) is totally open 
posteriorly and closed anteriorly; at  this level, it opens only by three pores: the largest one is 
situated just above the first spine and the two others, smaller, are situated more anteriorly. 

Two :pine fragments are thought to represent the preopercular. The spines are well 
individualized, thick and narrow. They compare favorably with the spines of the preopercular of 
Macquaria antiquus (Hills, 1934, fig. 1 lb). 

'Perca1are.r Ramsay and Ogilby is considered to  be a junior synonym of Macquarra C u v ~ e r  and  Valencienne 
(MacDonald,  1978). 
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The posttemporal (Fig. 2) is a classical forked-bone with a short stout ventral limb articulating 
with the intercalar (int.pr. Pt), and a longer, but broken, dorsal limb articulating with the epiotic 
(epi.pr. Pt). This dorsal limb is followed on  the external surface by a broad pad. The entire 
external surface is ornamented with thin, longitudinal ridges. 

The neural arch and spine of the anteriormost vertebrae (Fig. 3) are autogenous. They join in 
the middle of the upper area of the centrum between the two facets for the articulation with the 
exoccipital (art.fa.exoc). The anterior face of the centrum, in front of the basioccipital, is 
circular, the posterior face in front of the second vertebra is higher than broad. Posteriorly, two 
postzygapophyses (pzyg) articulate by their lower face on the upper face of the prezygapophyses 
of the second vertebra. In lateral view, there are numerous cavities of various shapes, separated 
by more or  less broad trabeculae of bone. A large round cavity is situated just behind and below 
the postzygapophysis: it may have been for the insertion of a rib, but this is not certain (a similar 
but broader cavity is present on the anteriormost vertebra of Lates, but the first rib is inserted 
only on the third vertebra). 

The posterior abdominal vertebra (Fig. 4) is slightly distorted. It is characterized in its median 
part by hour-glass shaped ornamentation with thin longitudinal trabeculae. Such trabeculae can 
be observed among the Centropomidae (Lates) and Percichthyidae (Macquaria and Percich- 
thys). The neural arch is broad and relatively high. The neural spine is not preserved. Ventrally, 
there are two very small posterior parapophyses. 

A fragment of a bone is thought to be an  hemaxanalcomplex. It is characterized by two facets 
of articulation for two spines, separated by a median process. 

Spines of the dorsal and anal fins are known (Fig. 5). There is nothing special permitting 
comparison of spines among Acanthopterygii. All have one relatively narrow base and two 
strong locking processes (1o.pr). 

Discussion.-The affinities of Macquaria and the paleobiogeography of Percichthyidae 
require discussion. If, as we suppose, the remains described here represent a single taxon, the 
association of dorsal and anal spines, a n  hemaxanal complex, and anteriormost vertebrae with 
autogenous neural arches, permits attribution of this taxon to Perciformes. Spines of unpaired 
fins and an  hemaxanal complex are also present among Beryciformes, but no representatives of 
this order yet described, eitherfossil(Gayet, 1978a,b; 1980a,b; 1982a; Sorbini, 1979a,b), or  living 
(Zehren, 1979), possess a first autogenous arch located between two exoccipital articular facets 
on the centrum. Independancy of the first neural arch was noted by Ford (1937:43) in several 
families of Perciformes. This feature had been observed among Serranidae (Mordant, 1965) and 
among Percichthyidae (Hill, 1934; pers. obs.). The latter, considered by several authors as the 
most generalized among Perciformes, is known since the Danian in Sweden, where it is 
represented by Proserranus ludensis (Davis). Another Paleocene serranid, Prelates, is known by 
a single species P. heberti Priem from the Montian of France. It is difficult to compare these two 
genera with the Pakistani fish because of differing modes of preservation. Several Serranidae 
have been recognized in Europe since the Eocene: Properca, Dapalis, C ~ r l o p o m a ,  Anthroco- 
perca, Amphiperca, and Bilina. Only Dapalis (Mordant, 1965) and Cyclopoma (Sorbini-Frigo & 
Sorbini 1975) are sufficiently well studied to provide valuable comparison with the Pakistani 
remains. Specimens described here differ from Dapalis in having an  anteriormost vertebra 
characterized by a fully reticulated system of trabeculae, and from Cl*clopoma in the 
configuration of the lachrymal and infraorbital sensory canal. 

Three fossil fishes, Eoserranus, Macquaria and Percichthgs are of particular interest. 
Eoserranus was described by Woodward (1908) based on remains discovered in the early Eocene 
of Dongargaon (India). Unfortunately, the lachrymal 1s not preserved, and it is not possible to 
observe the anteriormost vertebra. Comparison with Serranus, a genus close to Macquaria, 
shows that the lachrymal of all its species is smooth or slightly denticulated. Also, none of the 
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FIGS. 1 - 5 Perciform percichthyid Macquaria anriquus (Hills) from Chorlakki.  FIG.  1: First left infraorbital in 
lateral view (GSP-UM 450). FIG. 2: Left posttemporal in dorsal view ( A ) a n d  lateral view (9)  (GSP-  
lJM 453). FIG. 3: Anteriormost vertebra In lateral view (GSP-  UM 454). FIG.  4: Posteriorabdominal 
vertebra in lateral vlew (GSP-UM 455). FIG.  5: Dorsal spine in posterior view (GSP-UM 457). 
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abdominal vertebrae have longitudinal trabeculae. The living genus Percichthys is known in the 
Eocene of Patagonia (Schaeffer 1947a, b) and seems to be limited to this landmass. Its 
comparison with the Pakistani specimens is difficult, but it is possible to observe that it does not 
possess a n  hemaxanal complex and that the two first proximal axonostes would be completely 
separated (Schaeffer, 1947b, text-fig. 3). 

Comparison of the lachrymals of Macquaria and the Pakistani remains described here shows 
that in these two forms the groove of the sensory canal has a n  identical configuration, with a long 
gutter opening posteriorly and a broad pore opening anteriorly. The ethmoidian process, also, is 
not very high. The principal difference is that the lower border, concave in the Pakistani remains, 
is convex in Macquaria. The vertebrae of Macquaria show a nearly perfect similarity to those 
from Pakistan: longitudinal trabeculae are present, and reticulated trabeculae are absent. 

All of the pharyngeal teeth of Macquaria are narrow and sharp [personal observation on M. 
colonorurn, and observation by Hills, 1934, on Macquaria (= Percalates) antiquus]. Fish teeth 
have been found a t  both Chorlakki and Shekhan Nala, and some may prove referrable to 
Macquaria (although teeth of this genus have not yet been confidently identified). In any event, 
despite the small number of remains discovered in Chorlakki, the fish described here does appear 
to be related to Macquaria, as determined by the configuration of both theabdominal vertebrae 
and the lachrymal. It is assigned to the species M. antiquus (Hills) because of similarity in 
structure of the preopercular spines. 

The distribution of living Percichthyidae is discontinuous, including southern South America, 
eastern North America, southeastern Australia, and northeastern Asia (Fig. 6). This distribution 
was undoubtedly more extensive in the past: Percichthyidae have recently been discovered in the 
late Tertiary of Brazil (Arratio, 1982), the late Cretaceous (Maestrichtian) El Molino Formation 
of Bolivia (de Muizon et al., 1983, 1984), the Vilquichico Formation of Peru (pers. obs.), and in 
several Tertiary localities in Europe. Consequently, the origin of Percichthyidae as freshwater 
forms (percichthyids were previously supposed to have evolved from a generalized marine group 
like Serranidae) is likely to have been Gcndwanan. 

The Indian subcontinent was separated from the rest of Gondwana by the early Cretaceous. 
Thus the phylogenetic origin of Percichthyidae may be even older. Colonisation of northeastern 
Asia and Australia could have been realized in two ways: ( 1 )  Discovery of supposed 
Percichthyidae in the Paleogene of Europe (Obrhelova 1970; Gaudant, 198 1 )  could be explained 
by the theory of intermediate landmasses between Laurasia and India (Sahni et al., 1982) in 
Paleocene times. Then dispersal of Percichthyidae could be from Laurasia through eastern Asia 
and, at  the end of the Miocene, to Australia. (2) Alternatively, taking into account the theory 
(Ridd, 1971) that southeastern Asia, India, and Australia were joined together and constituted a 
separate part of Gondwana, dispersion into northeastern Asia and Australia becomes simplified 
and extremely easy. 

Order SILURIFORMES 

Detailed study of separate bones of the African and Asiatic siluriform genera and species has 
never been completed, and thus it is difficult to confidently assign isolated bones (or fragments of 
bones) to particular genera. Consequently, identification of the siluroid remains found at  
Chorlakki and a t  Shekhan Nala is tentative, and assignment is made only to family. 
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FIG.  6 Worldwide geographic distribution of Percichthyidae (from Berra, 1981) 

Family Bagridae 
Figs. 7-10 

Referred specimens.-The following specimens from Chorlakki are referred to  Bagridae: 
GSP-UM 458, angular; GSP-UM 459, cleithrum; and GSP-UM 460461, pectoral spines. 

Description.-The angular (Fig. 7) is characterized by a well developed articular cavity for the 
quadrate (art.cav.Q.md.), which is deep and situated in an  oblique position relative to a 
horizontal line. It is limited posteriorly by a well developed retroarticular process. At this level, 
the mandible is very low. In front of the articular cavity for the quadrate, the angular border rises 
swiftly, and then makes a curved concave line before the coronoid process (cor.pr) which is 
triangular, relatively narrow but high. The sensory canal (md.c) runs in a closed groove, opening 
posteriorly as a round pore just in front of the articular cavity. 

Only one fragment of a left cleithrum is known (Fig. 8). It is approximately triangular in shape 
with curved lines, and it possesses a short strong spine oriented backward. In medial view, a long 
deep bean-shaped cavity matches the articulation of the pectoral spine (art.cav. CI). The external 
surface is smooth, without ornamentation. 

Several pectoral spines (e.g., Fig. 9) are thought to belong to this family, owing to the 
morphology of their articular base. The three articular processes have a special configuration, 
consisting of: (1) a lower proximal process (prox.pr), used for locking the spine towards the 
cleithral cavity (when the spine is extended from the body); (2) a lower distal process (dist.pr), 
used for locking the spine backward (when the spine is pressed against the body); and (3) an  
upper axial process (axial.pr), used both as a pivot for the spineduring movement and in locking 
it backward. Both lower processes are subparallel and close together, while the axial process is 
well separated and more vertical in comparison to the proximal process. The condyle (cond) is 
nearly semicircular in shape. It is probable, but not certain, that the fragments of pectoral spines 
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FIGS. 7 - 10- Siluriform Bagridae from Chorlakki. FIG. 7: Left angular of Bagridae incerrae sedis in medial view 
(GSP-UM 458). FIG. 8: Left cleithrurn of Bagridae incerrae sedis in lateral view (GSP-U M 459). FIG. 
9: Left pectoral spine of Bagridae incerrae sedis; base (A ) ,  and fragment of shaft (B) (GSP-U M 460). 
FIG. 10: Base of dorsal spine of Bagridae incerrae sedis in frontal view (GSP-UM 461). 

with tooth-like serrated and medial faces belong to this family. None of the two other families 
present a t  Chorlakki, Arridae and Clariidae, appear to have had such sharp pectoral spines. 

Dorsal spines with parallel longitudinal lines like the one illustrated here (Fig. 10) are assigned 
to Bagridae. Clariidae d o  not possess dorsal spines, and Ariidae have a dorsal spine with very 
special granulous ornamentation. 

Family Clariidae 
Figs. 11-12 

Referred specimens.-The following specimens from Chorlakki are referred to Clariidae: 
GSP-UM 463, articular; and GSP-UM 464, pectoral spines. GSP-UM 771, pectoral spines, are 
from Shekhan Nala. 

Description.-An angular is referred to Clariidae (Fig. 11). It is low, and the cavity or 
articulation for the quadrate is elongated and situated in a quasi-horizontal position. There is no 
marked retroarticular process. In front of this cavity, the upper border of the angular is nearly 
horizontal and parallel with the lower border. A deep elongate cavity occurs on  the lateral 
surface just in front of the articular cavity for the quadrate, becoming less distinct anteriorly. 
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Several pectoral spines (Fig. 12) are thought to  belong to this family for the following reasons: 
(1) the distal process (dist.pr) is very narrow and not square-shaped as in Bagridae; (2) the 
proximal process @rox.pr) is more central; (3) the axial process (axial.pr) is nearly nonexistent; 
and (4) the condyle (cond) represents only a quarter ofa  circle and is therefore more reduced than 
in Bagridae. 

Discussion.-Clariidae are representated today by eight living genera. The family is known by 
only two fossil genera, Clarias Gronow and Heterobranchus Geoffroy St-Hilaire, which are  not 
clearly different osteologically. The two extinct genera (especially Heterobranchus) are 
characterized by a very low angular like that seen here. 

Family Ariidae 
Fig. 13 

Referred specimens.-The following specimen from Chorlakki is referred to Ariidae: GSP- 
UM 465, abdominal vertebra. 

Description.-Several abdominal vertebrae (including GSP-UM 465) are thought to belong 
to this family (Fig. 13). They are characterized in lateral view by their "double"aspect, caused by 
a median pad (med. pad) that becomes indistinct towards the distal extremity of the 
parapophyses (par). The latter enlarged, terminates with a quadrate shape. The border of the 
centrum is always very thick. 

Discussion.-The same type of vertebra was discovered in the late Cretaceous of Bolivia 
(Gayet, in preparation) and may belong to the Ariidae. This is a marine family of tropical and 
subtropical areas and some may enter estuaries and coastal rivers, explaining their presence in 
the South American and Pakistani localities, both otherwise regarded as freshwater deposits. 

Siluriformes incertae sedis 
Fig. 14 

Referred specimens.-The following specimen is referred to Siluriformes incertae sedis: GSP- 
U M 466, basioccipital. 

Description.-One basioccipital (Fig. 14) unquestionably represents a siluriform fish. It is 
characterized by the presence on its lower face of two lateral processes (1at.proc.Bocc) for 
articulation of the lower branches of the cleithrum. There is a round cavity a t  the lower and 
posterior part of the bone. 

Discussion.-This basioccipital differs in detail from those of all families of Siluriformes with 
which it was compared, and it differs distinctly from basioccipitals of the three families 
recognized above. The only positive comparison is with the Ictaluridae, a North American family 
known from the Eocene (living records of this family in other parts of the world, principally those 
in China, are likely to be a result of recent introduction; Berra 1981:70). I prefer to assign this 
basioccipital to Siluriformes incertae sedis. 

Siluriformes are represented at  Chorlakki and a t  Shekhan Nala by a t  least three families. The 
present distribution of Clariidae and Bagridae is nearly identical: Africa, India, and Asia (Fig. 
15; Bagridae have a more extended distribution in Asia), suggesting a Gondwanan origin for 
these two families. 
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FIGS. 1 1  - 1 4  Siluriform Clariidae and Ariidae from Chorlakki. FIG. 1 I :  Rightangular of Clariidae incertaesedisin 
medial view (A), and lateral view (B) (GSP-UM 463). FIG. 12: Base of left pectoral spine of Clariidae 
incerrae sedis (GSP-UM 464). FIG. 13: Abdominal vertebra of Ariidae incerrae sedis in frontal view 
(GSP-UM 465). FIG. 14.- Basioccipital of Siluriformes incerrae sedis in ventral view ( A )  and  dorsal 
view (B) (GSP-U M 466). 

Ariidae have a worldwide marine distribution along coasts and sometimes enter freshwater 
river systems (Fig. 16). They are the oldest family of Siluriformes known anywhere in the world, 
coming from the late Cretaceous (Maastrichtian) of Bolivia (de Muizon et al., 1983, 1984). 

Order CYPRINIFORMES 
Family Cyprinidae 

Figs. 17-18 

Referred specimens.-Two teeth from Chorlakki, GSP-U M 479 and GSP-UM 480, appear to 
belong to the fifth pharyngeal of a cyprinid. 

Description.-One pharyngeal tooth is a small and globular in shape (Fig. 17), oval in cross- 
section, with a slightly blunt hook ( h )  whose height is about one-third of total crown height. The 
hook is slightly bent above a narrow, moderately developed grinding surface (g r .~ ) .  Because of 
the variability of teeth in different rows on the fifth pharyngeal, it is very difficult to assign any 
isolated tooth to a particular genus. This particular tooth seems more globular and  lower 
crowned than all teeth compared. Brittan (1961: 20) notes that primitive teeth of Cyprinidae are 
"basically conical, moderately compressed, pointed but slightly recurved, with the grinding 
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FIG. 1 5  Worldwide geographic distribution of siluriform Bagridae and Clariidae (from Berra, 1981) 

FIG. 1 6  M orldnide  geographic dis t r ibut~on of \ ~ l u r ~ f o r m  r ~ i d a e  and lctaluridae ( f rom Rerra. 1981 
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FIGS. 17 - 2 0  Cypriniform Cyprinidae and cyprinodontiform Cyprinodontidae from Chorlakki. FIG. 17: Fifth 
pharyngeal tooth of Cyprinidae incerrae sedis (GSP-UM 479). FIG. 18: Fifth pharyngeal tooth of 
cyprinid Cf. Varohsrichrh~~s (GSP-UM 480). FIG. 19: Pharyngeal teeth of Cyprinodontidae incerrae 
sedis (GSP-UM 467-469). FIG. 20: Right quadrate of Cyprinodontidae incerrae sedis in lateral view 
(A)  and medial view (B) (GSP-UM 472). 

surfaces narrow and only moderately developed." The Pakistani tooth fits this description. 
However, it seems that this tooth is shorter and broader than those of generalized pharyngeals. 
This tooth probably belongs to a n  outer row of a fifth pharyngeal, where the teeth are generally 
more globular. 

The second tooth (Fig. 18) is more elongated. The hook (h) is scarcely formed and slightly bent 
over a depressed area (dep.ar) not differentiated into grinding surface. This tooth may be 
referable to Varhostichthys as it compares closely to one figured by Obrhelova (1970, fig. 8), but 
this is not certain. 

Discussion.-The oldest cypriniform fishes known from the Asiatic and African landmasses 
are Miocene in age. In Europe the genus Blicca is known from the Paleocene. One genus, 
Chanoides, from the Eocene of Monte Bolca, is marine (Patterson, 1984). The oldest cyprinid 
known to date is from the late Cretaceous (Maastrichtian) of Bolivia (Gayet, 1982b). Taking into 
account the theory of intermediate landmasses between Laurasia and India in Paleocene times, 
the Pakistani cyprinid could be derived from a Paleocene European form. 

It is also possible to consider Tethyan origin for cyprinids, as suggested by discovery in the 
Cenomanian of Isreal of Ramallichthps possessing a rudimentary Weberian apparatus (Gayet, 
1982c, 1983, 1986). In this case, rapid dispersion into freshwater of all circum-Tethyan 
landmasses would be required. 
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Order CY PRl  hrODONTIFORMES 
Family Cyprinodontidae 

Fig. 19-20 

Referred specimens.-The following specimens from Chorlakki are referred to cyprinodonti- 
dae: GSP-UM 467469, a large number of teeth, and GSP-UM 472, quadrate. 

Description.-These teeth are small and characterized by an oval shaped body, more or less 
bulbous, surmounted on one side by a blunt point somewhat recurved on the body of the tooth 
(Fig. 19). In front of the hook, which may be well or poorly developed, the basal part of the tooth 
has either a poorly defined globular process (Fig. 19A,B) or a small well defined one (Fig. 19C). 
All forms of the process occur between these two extremes, and all are generally laterally 
compressed. 

The quadrate (Fig. 20) is thought to be referable to an  undetermined cyprinodontiform. 
Despite its unusually large dimensions for this family (the same observation could be made also 
about the dimensions of the teeth), it is characterized on its medial face by a well developed 
internal process (int.pr.Q) which exists in some representatives of this order. The sympletic 
groove (S.gr), very short on its medial face, does not indent the upper border of the quadrate. The 
posterior border of the quadrate is very long (twice as long as the anterior one) and forms a well 
developed process located along the posterior border of the symplectic, as found in some 
cyprinid genera. However, in cyprinids there is nearly always an  anterior process just under the 
insertion of the ectopterygoid. 

Discussion.-The teeth described here are similar to the pharyngeal teeth of some 
Cyprinodontidae, such as Aphanius, but they are not referable to that genus. No mandibular or  
maxillary teeth have yet been found. Cyprinodontidae are known from the Oligocene of Europe 
(Prolebias) and North America (Parafundulus). The genus Lithopoecilus Beaufort is known 
from the Tertiary of India. It is still not possible to know if the Pakistani teeth described here are 
related to Lithopoecilus, or if they may represent one or  more of the 45 genera living in Asia 
today. For this reason, all are identified only to family Cyprinodontidae, whose modern 
distribution includes Pakistan (Berra 198 1: 1 1  1). 

Order OSTEOGLOSSIFORMES 
Family Osteoglossidae 

Fig. 21 

Referred specimens.-The following specimens from Chorlakki are referred to Osteoglossi- 
dae: GSP-UM 474477, more than 100 small plates of various shapes. GSP-UM 768, about 20 
squamules. 

Description.-A large sample of small plates (Fig. 21) have been found at  Chorlakki. These 
represent the squamules of scales typical of Osteoglossiformes. Scales of representatives of this 
order are characterized by the absence of circuli and the presence of ridges delimiting small plates 
called squamules (Meunier, 1982). When sediment containing these scales is washed in an  acid 
solution, the plates become detached and separate from one another. The plates are angular and 
have a uniform thickness. On the lower face each plate is excavated and encircled with a flattened 
ridge. On most plates the internal surface is smooth (Fig. 21 B,D), while others have tubercles 
which sometimes seem to be included in an outgrowth of the crest (Fig. 21D). The external 
surface shows a n  ornamentation made of very small tubercles, well separated and sometimes 
arranged linearly (Fig. 2 1 A,C). 
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FIG.  2 1 Squarnules of scales of Ostcoglossidae inc.erraesc~c1i.s from Chorlakki.  ( A )  (GSP-U M 474) in dorsal view. ( H )  
(GSP-UM 475) in ventral view. (C) (GSP-UM 476) in dorsal view. (D)  (GSP-UM 477) in ventral views. 

Distussion.-The relationships and paleobiogeography of the Osteoglossidae are discussed in 
detail in Gayet and Meunier (1983). Comparison of the squamules found in Pakistan with those 
found in Bolivia shows that the two are very similar. In Bolivia, two families have been 
recognized (de Muizon et a]., 1983, 1984): Osteoglossidae and Hiodontidae. Among the 
Osteoglossiformes, it seems that only Osteoglossidae and the fossil Br.vchaetus have reticulated 
scales. In the other families, the scales have only circuli (Taverne, 1977, 1978). These 
observations agree with relationships suggested by Patterson (l975), where Br.vthaetus is placed 
as a sister-group of the Osteoglossidae. 

Order LEPISOSTEIFORMES 
Family Lepisosteidae 

Genus Lepisosteus 
Lepisosteus sp. 

Referredspecirnens.-GSP-UM 772, an  isolated tooth, and GSP-UM 773, a scale, both from 
Chorlakki, are referred to Lepisosteus indicus. 

Descriprion.-GSP-UM 772 can be referred without doubt to the genus Lepisosteus. It is a 
large conical tooth, slender, vertical and tipped with a sharply pointed cap of smooth nearly 
translucent enamel. 
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Disc.ussion.-Woodward (1908) described and figured Lepisosteus indicus from the late 
Cretaceousearly Eocene Lameta Beds of Dongargoan (India). It is the most eastern Lepisosteus 
found in the world (Wiley, 1976). At the present time, Lepisosteidae are limited to North 
America, but their distribution was much larger in the past as demonstrated by their discovery in 
Pakistan, India, Zaire (Casier, 1961), and Bolivia (de Muizon et al., 1983, 1984; Marshall et al., 
1985). 

Comparative morphological study of the ganoine of the scales in Lepisosteidae, Polypteridae, 
and Semionotidae, using a scanning electron microscope, shows tubercles located on its surface 
(Gayet and Meunier, 1986). These tubercules can be used to distinguish different fossil taxa. 
Study of the ganoid surface of nearly all fossil and living Lepisosteidae demonstrates (Gayet et 
al., in preparation) that the Pakistani lepisosteid is a Lepisosteus very close (identical?) to living 
L. osseus from North America, but different in this character from Lepisosteus indicus from 
India. 

ACANTHOPTERY GI1 incertae sedis 
Figs. 22-23 

Referred specimens.-The following teeth from Chorlakki are referred to Acanthopterygii 
incertae sedis: GSP-UM 48 1483. Several teeth from Shekhan Nala are similarly referred: GSP- 
U M 769-770. 

Description.-Some teeth are acuminate incisiform teeth, more or  less globular, with the two 
parts, base and crown, of similar development (Fig. 22). If these are oral teeth, one may speak of 
labial and lingual sides. The approximately cylindrical base is more globular on its labial side. 
The crown is lingually convex and labially concave. The latter seems to be more developed and 
extends into the lingual side, making two inferior pads. The limit between the two sides is sharp. 
Alternatively, these teeth may be pharyngeal teeth. 

Many acuminate teeth cannot be attributed either to a genus or  to a family (Fig. 23). These 
teeth are probably from pharyngeal plates. The crowns are of two shapes: some are 
quandrangular with soft angles, while others are conical. The base, at  least of the second type, is 
compressed in the middle making it x-shaped. 

Many complete teeth or complete crowns are probably also from pharyngeal plates (Fig. 24). 
These crowns are conical. Some of themare higher than broad and straight. Others are as highas 
broad, and slightly curved on one side. The base of these teeth is generally very high (three or  four 
times the height of the crown). It is possible that these teeth could beassigned to pharyngeal teeth 
of Osteoglossiformes. 

Discussion.-Because of a lack of comparative specimens, we could not assign some teeth to 
any taxon, family or genus. These are figured as Acanthopterygii incertae sedis. 

DISCUSSION A N D  CONCLUSIONS 

The ichthyofauna at  Chorlakki and Shekhan Nala, composed of at  least ten families, is well 
diversified, especially when we consider that it is a continental locality. Among the families 
recognized with certainty, only one family, Ariidae, is in part marine (but even here, ariids enter 
freshwater fluvial systems). Cyprinodontiformes and Osteoglossiformes are telolimnic groups 
(Patterson, 1975), which means that they probably had a marine origin, but are now (and were 
throughout the Tertiary) freshwater forms. 
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FIGS. 22 - 2 4  Teeth of Acanthopterygii inceriae sedis from Chorlakki. FIG. 22: oral or pharyngeal tooth (GSP-UM 
481). FIG. 23: Pharyngeal tooth (GSP-UM 482). FIG. 24: Pharyngeal tooth, possibly referable to 
Osteoglossidae (GSP-UM 483). 
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From the point of view of paleogeography, this ichthyofauna is of some interest because it 
gives some biogeographic support to two hypotheses: ( 1 )  Ridd's (1971) theory proposing that 
Southeast Asia, India, and Australia were all parts of Gondwanaland; and (2) Sahni et 01,'s 
(1982) theory proposing that intermediate landmasses and j or insular arcs existed between 
Laurasia and Indo-Pakistan during the Paleocene. 
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LOWER VERTEBRATES FROM THE EARLY-MIDDLE EOCENE KULDANA 
FORMATION OF KOHAT (PAKISTAN): CHELONIA 

BY 

France de ~ r o i n ' . *  

Abstract.-The early-middle Eocene chelonian fauna from Chorlakki, in the 
Kuldana Formation of Kohat District, Pakistan, includes two typically 
Laurasian forms. The first, Chorlakkichel~s shahi, is described here as a new 
genus and species of carettochelyid, the second is an undetermined trionychine. 
Kuldana chelonians are probably more closely related to Indo-Asian forms 
(Paleocene-Eocene of India, Pakistan, and China) than they are to European 
forms. 

Resume'-La faune de  tortues de Chorlakki est composte exclusivement d e  
deux formes d'eau douce, typiquement laurasiatiques: le Carettochelyidae 
Chorlakkichelys shahi, n.g., n.sp., et  un Trionychinae indttermint. Son Ctude 
indique une parent6 probablement plus Ctroite avec des formes indoasiatiques 
(PalCockne-Eockne Inde, Pakistan et Chine) qu'europtennes. 

INTRODUCTION 

New remains of turtles found a t  Chorlakki, a n  early-middle Eocene vertebrate locality in the 
Kuldana Formation of Kohat District, Pakistan, are described in this paper. The specimens were 
found by P. D. Gingerich, D. E. Russell, and associates in 1978, 1980, and 1981. The Chorlakki 
specimens are compared with fragmentary material of early or middle Eocene age collected in the 
Kuldana Formation of the neighboring Kala Chitta Hills of the Attock District. 

The geographic location, stratigraphic position, and faunal composition of localities 
mentioned here are discussed in diverse publications describing results of the 1977 through 1980 
Geological Survey of Pakistani University of Michigan [GSP-UM] cooperative paleontological 
expeditions in the North West Frontier Province of Pakistan: Gingerich (1977, turtles in the 
Eocene Kuldana and Kohat formations); Gingerich et al. (1979a-turtles in the Paleocene Bara 
Formation, 1979b, 1979~) ;  Gingerich and Russell (1981); Hussain et al. (1978); Russell and 
Gingerich (1980, 198 1); and West (1980). Gingerich (1977) and Gingerich et al. (1979a) indicate 
the presence of turtles and locate them stratigraphically, while Gingerich et al., (1979b) and 
Gingerich and Russell (1981) give maps of the localities. 

Other Paleogene turtles from different formations on the Indian subcontinent are  listed in 
Table 1; the present article provides an  occasion to bring questions of systematic determination, 
age, and geographic origin up to date. 

'Centre  National de la Recherche Sc~ent i f ique ( U A  12). lnstitut de Paltontologie. Museum National d'Histoire 
Saturelle.  8 rue Buffon. Paris 75005 F R A S C E .  
' ~ a n u s c r i t  depose en 1983. 



TABLE I - Paleobiogeographical summary of turtles from the Indian Subcontinent (Upper Cretaceous-Recent). Note the probable area of origin of each 
taxon.  0 

Age Locality and formation Taxon Origin 

GONDWANIAN FAUNA:  Pelomedusidae, Schweboemys-Stereogenys group 

Plio-Pleistocene Burma (Schwebo District, lrrawady beds) Schn~eboeniys pikrirni Swinton, 1939 Indigenous 

Miocene India (Kutch)'?, Burma (Pegu) Pelomedusidae and1 o r  Emydidae? Indigenous 

Miocene (early) Pakistan (Bugti Hills) Schrt~ehoern~~s gaffrte~'i Wood.  1970 Indigenous o r  from Africa 

(Egypt) 

Oligocenc India (Kutch)?  Pelomedusidae a n d / o r  Emydidae? Indigenous 

Eocene (late) Burma (Pondaung)'? Pelomedusidae/ Emydidae? "Huge turtles" Indigenous 

Eoccne (middle) P a k ~ s t a n  (Bawar Nala. Domanda Fm.)? Pelomedusidae a n d / o r  Emydidae? Indigenous 

Paleocene-Eocene Pakistan (Salt Range) "Podocnemis" indica Lydekker, 1887 Indigenous 

Paleocene India (Bombay, lntertrappean beds) Carrerernj.~ Ieithii (Carter,  1852) lndigenous 
and other pelomedusids 

Late Cretaceous India (Central India. Pisdura Fm.)  Carieretnj,~ pisdurensis Jain ,  1978 Indigenous (Gondwana,  Africa and 
India) 

LAURASIAN FAUNA:  1 )  Trionychinae and Carettochelyidae (first wave); 2) Testudinidae, Emydidae, Cyclanorbinae (second wave) 

Recent t o  
Miocene (late) 

Pakistan and India (Siwaliks), and  Trionychinae 

Burma (Irrawaddy beds) 
Cyclanorbinae 

Emydidae 

Testudinidae 

lndigenous and from Asia 

lndigenous (from Trionychinae'?) 

F rom Asia o r  already present 
(Pelomedusidae/ Emydidae'?) 

From Africa and Asia, 
and Afghanistan (recently) 
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* R e c e n t  I Coreitoche/ys a Eocene I Anosfeiro lingnonico 

jl L a t e  Miocene I Eocene I Anosiel'ro 

4 Burdigolian Egypt - Arab ia  Eocene I ANaeochelys 

A Eocene I Pakistan H Cenomanian -Turonian ; Kizylkumemys 

EI La te  Crete cems I Anostciro s h ~ w o / o v ;  

FIG I - Paleogeographical distribution of Carettochelyidae. Map  after Smith and Rriden (1977). showing present day 
posi t~ons  of continents. Note that carettochelyids are  presently confined to Australia and New Guinea. 
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SYSTEMATIC PALEONTOLOGY 

Chelonian material from Chorlakki is restricted to several fragments belonging to two 
basically Laurasiatic families that are closely related phylogenetically: Trionychidae and 
Carettochelyidae. Nomenclature of higher taxa follows Bour and Dubois (1986). 

Order Chelonii Brongniart, 1800 
Suborder Casichelydia Gaffney, 1975 

Infraorder Cryptodira Cope, 1868 
Superfamily Trionychoidea Gray, 1870 

Family Trionychidae Fitzinger, 1826 
Subfamily Trionychinae Fitzinger, 1826 

Trionychinae, genus and species indet. 
P1. 3, figs. 1 1-13 

Locality.-Chorlakki, easternmost exposure of Kuldana Formation in Panoba Dome, four 
kilometers NNW of the village of Chorlakki (33"37'2OW N. lat.; 71°55'20" E. long.), Kohat 
District, North West Frontier Province, Pakistan. 

Age a n d  distribution.-Early-middle Eocene, Kuldana Formation, in the Kohat District of 
Pakistan. This species may also be represented in the early to middle Eocene Kuldana Formation 
at  Jhalar and Lammidhan in Attock District, Pakistan. 

Referred specimens.-GSP-UM 535 to 538: four indeterminate pleural plate fragments. GSP- 
UM 535 includes the distal parts of left pleurals 7 and 8 (Pl. 3, fig. 1 I). This is a well developed 
adult, thickness 5 to 8 mm, with complete integration of the extremity of the rib in dermal bone 
(which extends still farther beyond it). The median length of the shell is estimated a t  about 30 cm. 
GSP-UM 536 to 538 include three small fragments of younger individuals that cannot be located 
precisely as to position on the shell. The thickness of these is 2 to 5 mm (PI. 3, figs. 12-13). 

Discussion.-All four fragments probably belong to the same species of Trionychinae, judging 
from their ornamentation: fine, narrow ridges, more or less rounded, united to form very small 
polygonal pits that are wider than the ridges. There are no granulations. The delicacy of this 
decoration is noteworthy, given the thickness and the dermic development of the pleural disk 
(GSP-UM 535). A more or less similar delicacy is frequent, for example, in Trionychinae of the 
Paleocene-early Eocene of France and Belgium, the early Eocene of North America, and also 
Asia-notably in the early Cretaceous of Mongolia and China, and in such living forms as 
Amydu (Pelodiscus) sinensis (southeast Asia) and Amyda (Dogania) subpluna (from the Indian 
subcontinent to the Philippines). Over great distances, no phyletic or  stratigraphic relations can 
be established on the basis of such similarity. On the other hand, between localities situated close 
to each other and presumed to be close in age, close similarity probably does indicate close 
relationship. Thus the presence of trionychine fragments in the Kuldana Formation of the Kala 
Chitta Hills, Attock District [at Jhalar (Pl .  3, fig. 16) and at  Lammidhan (Pl. 3, fig. 14-15)], with 
decoration similar to that seen a t  Chorlakki probably does indicate close relationship. 

Trionychidae have already been mentioned in the Eocene of the Indian subcontinent (Table I):  
in India, their presence seems certain in the middle Eocene Babia Stage at  Harudi in Kutch, 
according to a figure ofan undetermined trionychid with rather large pits (Sahni & Mishra, 1975, 
their P1. 3, fig. 5). Trionychidae are also known in the lower and upper beds of the Subathu 
Formation of the Simla Hills in India (Sahni, et al., 1981), but this determination may perhaps 
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require further verification as confusion between Trionychidae, Carettochelyidae, and Derma- 
temydidae is always possible for ornamented shells. It would be interesting to see if the 
ornamentation is as fine as that at  Chorlakki, or coarser like that at  Kutch. 

Note that all three of these families, Trionychidae, Carettochelyidae, and Dermatemydidae, 
were exclusively Laurasian until the Miocene, residing in Laurasia since the late Jurassic or  early 
Cretaceous. Until recently, Carettochelyidae were only known, before the Eocene, in Asia (see 
below). Trionychidae were exclusively Laurasian from the time of their first appearance in Asia 
in the Early Cretaceous, North America in the Late Cretaceous, and finally Europe in the 
Paleocene through Miocene (Burdigalian). In the Miocene, Trionychidae were already 
differentiated into Trionychinae and Cyclanorbinae, with the first group probably remaining 
Laurasiatic until the Pliocene (de Broin, 1983), the Indian subcontinent excepted. 

Cyclanorbinae make their first appearance in the Burdigalian of Arabia (Dam Formation, de 
Broin in Thomas et al., 1982), Kenya in East Africa (de Broin, 1979, 1983), and the Siwaliks of 
Pakistan (upper Chinji, locality 76, ca. 10-15 m.y.B.P.) and lndia (Ramnagar). Cyclanorbinae 
remain confined to Africa and the Indian subcontinent. Logically, according to their distribution 
and their cranial anatomy (de Broin, 1977), one would expect that Cyclanorbinae shared a 
common ancestor with Trionychinae on the Indian subcontinent: some cyclanorbines have a fine 
decoration, granular and cupuloid at  the same time, instead of the granular decoration typical 
for the subfamily. Cyclanorbinae are characterized by strong development of the pleural disk 
beyond the ribs. The trionychid species from Chorlakki, where this character is clearly visible, 
could possibly lie near the base of the cyclanorbine radiation. 

The Trionychidae (soft-shelled turtles) are freshwater forms still living today in rivers, lakes 
and ponds. They are abondant in continental sediments of Laurasia. Occasionally, they are 
transported during life (or after death) as far a s  the sea where they can follow the shore and 
colonise distant rivers along coastlines (de Broin, 1983) (or become fossilized in nearshore 
marine deposits). Their geographic expansion appears, therefore, less limited than that  of 
heavier or  more terrestrial animals. However, while trionychids may follow a coast or  pass from 
island to island, there are no examples known of colonisation across vast oceans. 

The wide distribution of Trionychidae in Pakistan and lndia in the early-middle Eocene 
indicates a n  already solidly established geographic contiguity between the lndian subcontinent 
and Laurasia. This is consistent with the possibility of intermittant communication between the 
two blocks as early a s  the Cretaceous-Paleocene boundary (Sahni et al., 1982). Considering the 
way that trionychids live, one might expect to find their remains in Pakistan as early as the 
beginning of the Paleocene. The same can be said for Carettochelyidae (see below). 

Given the fragmentary condition of trionychid specimens from Chorlakki, no precise 
geographic origin can be envisaged for the group. An origin in Asia is, however, more likely than 
a n  origin in Europe. 

Family Carettochelyidae Boulenger 1887 
Subfamily Carettochelyinae Boulenger, 1887 

Chorlakkichelys shahi gen. et sp. nov. 
PI. 1, figs. 1-16 

H O ~ O I J ~ ~ . - G S P - U M  500 (subnumbers 1-26, collected in 1980). An incomplete individual 
with a dissociated shell whose elements are mostly agglomerated and inseparable. Those 
determinable include fragments of a right hypoplastron (figs. 1-2); fragments of peripheral 
plates: right 1 (fig. 3), right 2 (fig. 4), left 2 (fig. 5 ) ,  right 5 (figs. 6-7), left 7 (fig. 8), right 8 (fig. 10); 
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fragments of pleurals (figs. 9, 11-12); fragments of imbricated pleurals and plastron, one of which 
is probably a left xiphiplastron. 

Type locality.-Chorlakki, easternmost exposure of Kuldana Formation in Panoba Dome, 
four kilometers NNW of the village of Chorlakki (33"37'20" N. lat.; 71°55'20" E. long.), Kohat 
District, North West Frontier Province, Pakistan. 

Age and  distribution.-Early-middle Eocene, Kuldana Formation, in the Kohat District of 
Pakistan. 

Diagnosis.-Absence of scute sulci, large size of the carapace (attaining at  least 50 cm in 
median length) indicates that this form belongs in Carettochelyinae, but with still (and 
exceptionally for this size) a juvenile ornamentation consisting of round spots, vermiculations, 
and wide, closely spaced granular ridges, particularly marked. Generic and specific characters 
(inseparable at  the present time) include the notable length of the hypoplastron anterior to the 
base of the inguinal notch implying a long bridge as in Carettochelys, but with the posterior lobe 
definitely narrower than that of Carettoche1.v~; the posterior part of the peripheral border is 
curved upwards. 

Etymology.-Named in honor of Dr. S.  M. Ibrahim Shah, Director of the Paleontology and 
Stratigraphy Branch, Geological Survey of Pakistan. 

Description.-The holotype is a large individual, very incomplete. The shell plates are 
particularly ornamented. The decoration consists of vermiculations, which is usual in large 
individuals of Eocene Carettochelyidae, and it consists also of round spots and granular ridges 
that are usual only in young and small individuals of Carettochelyinae: their presence in a large 
individual is therefore new and can be considered as an  apomorphic paedomorphosis. This 
ornamentation, strongly marked, covers all the preserved plates of the holotype: peripherals, 
pleurals, and plastral plates. The anterior peripheral plates are long, wide, and thick (Pl. 2, figs. 3- 
5) as is usual in Carettochelyinae. The fifth peripheral plate (Pl. I, fig. 6) is widely open to meet 
the pleurals and the plastron and its borders are slightly curved upwards. The following lateral 
and posterior peripherals (the sixth and the eighth) are more curved (Pl. I, figs. 8,lO). Thus all of 
the lateroposterior border of the carapace is notably curved upward in this species, unlike other 
Carettochelyidae. The hypoplastron is incomplete a t  its inguinal buttress, but its medial border 
seems complete or nearly complete: a plastral fragment of the same width seems to be a piece of 
xiphiplastron which fits with it. This hypoplastron is narrow with respect to its length anterior to 
the inguinal notch. Judging from the preserved remains, it belonged to a genus with a long bridge 
but with a narrow posterior lobe, and to a large species. 

The other carettochelyid specimens from Chorlakki, GSP-U M 50 1-504, have a smoother 
eroded surface. In any case, most of them belonged to the medioposterior central part of the 
carapace (neural, suprapygal, pygal), which is always smoother than the anterior and lateral 
parts (Pl. I ,  figs. 13-16). 

Hypodigm.-From the type locality, Chorlakki: GSP-U M 500 (holotype, PI. 1, figs. 1-12), 
and carapace remains with a smooth surface, including GSP-U M 50 I (pygal, P1. I, fig. 13), GSP- 
UM 502 (left peripheral 6, PI. 1, fig. 14), GSP-UM 503 (suprapygal fragment, P1. I, fig. 15), and 
GSP-UM 504 (neural, anterior part, P1. 1,  fig. 16). These fragments could belong to only one 
individual (or  to several individuals) collected in 1980. 

Material from the early to middle Eocene Kuldana Formation, Attock District, Pakistan, 
questionably referred to Chorlakkichelys includes specimens from Chharat: GSP-U M 506-507, 
539, 541 (Pl. 3, figs. 7-10); Jhalar: GSP-UM 508, 51 1 ,  513, 515 (Pl. 3, figs. 1-6), 512, 514; and 
Lammidhan: GSP-UM 516, 5 18-519, 521, 523-526 (Pl. 2, figs. 1-8), 517, 520, 522, 527-534. 

Discussion.-The geographic distribution of Carettochelyidae is shown in Figure 1 (see also 
de Broin, 1977). Two subfamilies are recognized: Anosteirinae and Carettochelyinae (see de 
Broin, 1977, and Nessov, 1977). Anosteirinae include Anosteira (including Pseudanosteira 
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Clark, 1932) from the late Cretaceous of Mongolia? and the Eocene of China, Mongolia, U.S.A., 
and Ellesmere Island in northern Canada (Estes & Hutchinson, 1980), and Kizylkumemj>s from 
the late Cretaceous of Uzbekistan, south of the Aral Sea (Nessov, 1976, 1977). Anosteirinae are 
characterized by a narrowing of the plastron, which is cruciform with a very narrow posterior 
lobe and a short bridge. Shells attain maximum lengths of about 25 cm, even 35 to 38 cm in 
Kiz~)~lkumemys. Measuring a t  the base of the posterior lobe of the plastron, total shell width is 
about 3.5 to 4.5 times the width of the plastron at this point. There are residual horny shield sulci 
on the shell, and the vertebral scutes are fused in a particular fashion, which is anautapomorphy 
of the subfamily. 

Carettochelyinae include Carettochelys, from the late Miocene to Recent of northern 
Australia; Allaeochelys, from the Eocene of Western Europe and possibly North America 
("Anosteira" radulina Cope, 1872); Hemichelys, from the Paleocene or  Eocene of Pakistan; and 
some generically doubtful forms from the Eocene of China ("Anosteira" lingnanica Young and 
Chow, 1962) and from the Miocene (Burdigalian) of Egypt and Saudi Arabia (de Broin in 
Thomas et al., 1982; de Broin, 1983). Carettochelyinae are characterized by a total loss of scutes 
(apomorphy). They vary in size, sometimes reaching 55 cm in shell length, and even 68 cm in 
Hemichelys warthi Lydekker, 1887, from the presumed Paleocene of the Salt Range at  Nila, 
Punjab, Pakistan. The plastron is wider than that of Anosteirinae: measuring at  the base of the 
posterior lobe of the plastron, total shell width is only about 2.0 to 3.5 times the width of the 
plastron at  this point. The bridge of the plastron is always long, even though it is more or less 
indented by the limb notches: by this fact, anterior to the inguinal notch, the hypoplastron is 
either: short, the posterior lobe being rather wide, as in Allaeochelys; relatively very short, the 
posterior lobe being very wide, as in Hemichelys warthi; rather long, the posterior lobe being 
rather narrow, as in "Anosteira" lingnanica; or long, the posterior lobe being wide, as in 
Carettochelys insculpta Ramsey, 1887. Note that the posterior lobe of the Carettochelyidae 
widens with age, the width varying according to species, but always remaining narrower in 
Anosteirinae. 

At Chorlakki, the fragment of hypoplastron GSP-UM 500 is therefore very important for the 
diagnosis of Chorlakkichelys shahi. As preserved, the fragment indicates that the species had a 
narrow posterior lobe but a long bridge, longer than in any other Carettochelyidae. If the 
fragment is incomplete medially and if the hypoplastron was in fact wider, it would be nearer to 
Carettoche(vs or to Hemichelys (depending on whether total width attained, was greater or not 
than the length). Such as it is, it seems rather close to "Anosteira" lingnanica. This species is 
surely not referable to Anosteira; a relationship to Allaeoce!ys has been suggested (de Broin, 
1977; Nessov, 1976), but accurate measurements are lacking and published photographs do not 
permit one to be sure that the length from the hypoplastron to the notch isgreater than its width, 
as it is in Chorlakkichel~~s. Be that as it may, the species lingnanicais smaller, with a pronounced 
granulous decoration like that in Chorlakkiche!vsshahifrom Chorlakki. "Anosteira" lingnanica 
and Chorlakkichel~~s shahi seem to be more closely related to  each other than either is to species 
of Alleochelys. 

Small remains of Carettochelyidae have also been collected in the Kala Chitta Hills at  
Lammidhan and Jhalar. 1 have figured some fragments in Plates 2 and 3. There is no trace of 
horny shields on the fragments. Some of them must bejuvenile, judging from their small size and 
the closeness of the granulations (as in the European Allaeoche!,]~): remains of a nuchal (Pl. 2, 
fig. 6), of peripherals (PI. 2, fig. 3; P1.3, figs 5-8), of pleural 2 (PI. 3, fig. 1); and so forth. Others are 
very thick for their small size and belong to more or less large adults: nuchal fragments (Pl. 2, fig. 
7; 1.3 cm thick), and a pygal fragment (Pl. 2, fig. I ) .  The species represented at  Lammidhan and 
Chharat, at  least, was massive, as Chorlakkichelysshahicould be, and it is also a carettochelyine. 
Prudence requires that these remains be identified only as ?Chorlakkic~hel~~s sp. In fact the 



CHELOSIA 177 

preserved elements are not parts of the carapace that exhibit diagnostic characters of 
Chorlakkiche1l.s shahi: there are no hypoplastrons sufficiently complete to show the narrowness 
of the posterior lobe and the length of the bridge, no lateroposterior peripherals to show the very 
uplifted posterior border, no particularly large individuals with very big granulation. Therefore 
it is not possible to determine whether the Lammidhan and Chharat remains should be referred 
to the same species or only to the same genus as Chorlakkiche!,~~ shahi, or again, to another 
totally distinct carettochelyid. 

The pleural fragment from Chharat (Pl. 3, fig. 9) could be attributed to a Trionyx, the 
decoration in anastomosed ridges isolating true pits dominating the vermiculated ornamenta- 
tion; the thickness and the width of the rib show that it must be a large carettochelyid. This 
modification of the ornamentation with age and size is seen also in Allaeoche!vs. I think that it 
could be the same in Hemichelj~s warthi, according to Lydekker's drawing of the plastron. This 
species from the Salt Range had been placed in the Carettochelyidae by itsauthor on the basis of 
absence of scutes, but it was said that it possessed lateral mesoplastrons; these elements, being 
lateral, are an apomorphy of members of the suborder Pleurodira, and mainly the Pelomedusi- 
dae, which cannot exist in a cryptodire carettochelyid. This is why Nessov (1976) referred to 
Hernichelys as a pelomedusid whose scutes had disappeared by erosion, and why de Broin (1977), 
because of the pitted plastral ornamentation of the plastron. unlike that of the Carettochelyidae, 
left it incertae sedis. 

Examination of large remains of European Carettochelyidae and of the new fragments from 
Pakistan prove that this pitted ornamentation is frequent in very large Carettochelyinae. I am 
now certain that  Hemichehs did not have lateral mesoplastrons nor a horny shield, and that it 
was a very long carettochelyine with a wide plastron; as in large Allaeochelj~s and the Chharat 
specimen, the granular decoration of the young adult becomes more pitted and smooth, and 
smoother on  the carapace than on the plastron. This smoother and more pitted stage could be 
linked to  age, but it could also be attained more rapidly (by smaller shells) within the same species 
for several reasons (often the male turtle is smaller than the female). That could explain why the 
hypodigm of Chorlakkichel~~~s is smoother for a size equal to that of the type, as could be the 
carapace of Herniche(vs, according to the author's description (absence of photographs), while 
the plastron was decorated with very shallow pits. A revision of the type of Hemichelysand new 
discoveries a t  Chorlakki will be necessary before the relationships between the two species will be 
understood. 

A Paleocene age (if not early Eocene) has been proposed for the Salt Range sediments that 
yielded Hernichelj,~; furthermore, "Carettochelyoidea" have been reported from the late Eocene 
of Burma, Pondaung Sandstone (Savage & Russell, 1983). As in Trionychinae, the already vast 
distribution of the family Carettochelyidae in the middle Eocene, and its possible presence in the 
Paleocene of the Salt Range demonstrate the geographic contiguity of northern Pakistan and 
Laurasia before the time represented by Chorlakki. 

The problem of the origin of Chorlakkichelys seems linked to that of Hemichelys, and both 
may have had a common ancestor arriving from Laurasia a t  the same time as the ancestor (or 
ancestors) of the Trionychinae represented a t  Chorlakki and in the Subathu Formation of India. 
At present, outside of Pakistan, only central Asia and Mongolia have produced Carettochelyi- 
dae before the Eocene. Thus one must look to central Asia and Mongolia, and not to Europe, for 
ancestors of the Pakistan forms. The remains of Kiz~~lkurnemys Nessov, 1976, from Uzbekistan 
are too specialized to be considered; those from Mongolia are very poor ("Anosteira"shuwa1ovi 
Chkhikvadze in Shuvalov and Chkhikvadze, 1979). However, their closest relative should be 
sought in the eastern part of Asia, which is probably their area of origin. The presence of 
"Anosteira" lingnanica in the early Eocene of northern Guangdong, and its clear resemblance to 
Chorlakki~~helj~s. render this hypothesis likely. 
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DISCUSSION AND CONCLUSIONS 

Pelomedusidae, an element of the Gondwana fauna, are known in the (probable) Paleocene 
lntertrappean Beds of India: Carteremys leirhii (Carter, 1852) and other indeterminate 
Pelomedusidae (see Williams, 1953; Wood, 1970). Pelomedusids, represented by "Podocnernis" 
indica Lydekker, 1887, are also found in the Paleocene or Eocene of the Salt Range a t  Nila, 
Pakistan, where the latter occurs together with the carettochelyid Hemiche1,~s warthi Lydekker, 
1887. These Pelomedusidae all appear to belong to the Schweboemys-Stereogenys group of 
Podocnemidinae, which are common to the Indian subcontinent and eastern Africa (Fayum of 
Egypt in the late Eocene and Oligocene; Saudi Arabia in the Burdigalian Miocene). This group 
evidently began with Carteremyspisdurensis Jain, 1978 (Pisdura Formation, central India, late 
Cretaceous), and it represents a branch from the common African - South American 
pelomedusid trunk. This group of pelomedusids persisted until recently on the Indian 
subcontinent (early Miocene of Pakistan, late Irrawaddian in Burma). 

There is, a t  present, no trace of Pelomedusidae a t  Chorlakki, but pelomedusids may occur in 
the Domanda Formation, middle Eocene, at  Bawar Nala near Rakki Nala, Dera Ghazi Khan 
District, Punjab Province, Pakistan. The specimens in question (e.g., P1. 3, fig. 17) are from 
smooth turtles with horny shields that could be either Pelomedusidae or possibly Emydidae. 

Indeterminate Chelonii are mentioned in the Eocene of the upper Subathu Formation (Sahni 
et a]., 198 I) and in the late Eocene Pondaung sandstone of northern Burma (Stamp, 1922: "huge 
turtles"). It is not possible to tell from described material if they are Gondwanian Pelomedusidae, 
or  Laurasiatic Emydidae, or  even Laurasiatic marine Cheloniidae. Emydidae flourished in 
terrestrial and fresh water environments of the lndian subcontinent a t  the expense of 
Pelomedusidae. Emydids are first known in China and North America in the Paleocene, and 
Europe in the early Eocene (Sparnacian), but they are not known in Africa before the Pliocene. 
The first occurrence of emydids in India is in the late Miocene of the Siwaliks (Potwar Plateau of 
Pakistan and Ramnagar in India), where there is already a great diversity of forms, many of 
which are common to this region today and thus probably of an  ancient introduction. The 
presence of Emydidae a t  Chorlakki or  in the Kala Chitta Hills in the Eocene would therefore not 
be surprising. 

The only remains of turtles found to date a t  Chorlakki are the carettochelyid Chorlakkichel.~~~ 
shahi gen. et sp. nov., and an  indeterminate trionychine. Trionychidae, like Carettochelyidae, are 
not known before the late Miocene in Africa (de Broin, 1977, 1980,1983), and Africa cannot have 
been the center of origin for these Laurasiatic Indo-Pakistan forms. The turtles from Chorlakki 
indicate, then, a clear biogeographic relationship to Laurasia and not to Africa. In fact, all of the 
turtle localities discussed here, Paleocene through middle and late Eocene, show such a 
relationship to Laurasia: Chorlakki and Kuldana Formation localities in the Kala Chitta hills, 
Nila in the Salt Range of Pakistan, Subathu Formation localities in the Simla Hills, Kutch in 
India, and finally northern Burma. Within Laurasia, the turtles of Indo-Pakistan appear to be 
more closely related to those of eastern Asia than to those of Europe. 

Contact between the lndian subcontinent and the Eurasian continental plate (Laurasia) 
probably began in intermittant fashion, with regression and transgression of a shallow sea 
exposing and flooding shallow straits and islands in eastern Tethys, permitting first the arrival of 
the Trionychidae and Carettochelyidae. New discoveries will be required to tell us whether the 
rest of the Laurasiatic turtle fauna (Emydidae, Testudinidae) required a firmer land connection 
before making their passage. This requirement may explain the absence of emydids and 
testudinids in localities, like Chorlakki, examined here. 
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EXPLANATION O F  PLATE I 
(Reduced slightly from natural size, scale in cm.) 

Chorlokkichelj~.~ shahi gen. et sp. nov., holotype GSP-UM 500. from Chorlakki. Kohat District. Pakistan. 

Fig. I --  Medial part of the right hypoplastron, ventral view 
Fig. 2-Same as Fig. 1 ,  dorsal view. 
Fig. 3 P a r t  of the first right peripheral. dorsal view. 
Fig. 4-Part of the second right peripheral. dorsal view. 
Fig. 5 -Part of the second left peripheral, dorsal view. 
Fig. 6-Fifth right peripheral, external view. 
Fig. 7-Same as Fig. 6, internal view. 
Fig. 8 -Part of the sixth right peripheral, external view. 
Fig. 9-Pleural plate fragment. dorsal view. 
Fig. 10-Part of the eighth right peripheral, dorsal view. 
Fig. I I-Pleural plate fragment, dorsal view. 
Fig. 12-Pleural plate fragment, dorsal view. 

Chorlakkiche!,~~ shahi gen. et sp. nov.. Chorlakki, referred specimens. 

Fig. 13-GSP-UM 501, pygal. 
Fig. 14-GSP-UM 502, sixth left peripheral. 
Fig. 15-GSP-CJM 503. suprapygal fragment 
Fig. 16-GSP-IJ M 504. neural fragment. 
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EXPLANAT~ION O F  PLATE 2 
(Figs. 1-5 enlarged, left scale. Figs 6-8 reduced slightly, right scale. Scales in crn.) 

Chorlakkirhe!,~s? sp. from Lammidhan, Kala Chitta Hills, Attock District, Pakistan 

Fig. I -GSP-U M 5 18, pygal fragment, dorsal view. 
Fig. 2-GSP-UM 521, part of the second left peripheral plate, dorsal view. 
Fig. 3-GSP-UM 519, seventh left peripheral, dorsal (a) and ventral (h )  views. 
Fig. 4-GSP-UM 516, pleural fragment, dorsal view. 
Fig. 5-GSP-UM 524, left hypoplastron fragment, ventral (a) and  dorsal (b) views. 
Fig. 6-GSP-UM 523, nuchal plate fragment, dorsal (a) and ventral h) views, with reconstruction of the missing parts, 
showing (in h) the typical muscular impresses and vertebral structures of a Carettochelyid nuchal plate. 
Fig. 7-GSP-UM 525, nuchal fragment, dorsal view. 
Fig. 8-GSP-UM 526, posterior peripheral fragment, dorsal (a) and ventral (h)  views. 
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EXPI-ANAJ-ION O F  PLATE 3 
(Figs. 3-8 and 12-17 enlarged. left scale. Figs 1, 2, 9, 10-1 1 reduced slightly, right scale. Scales in cm.) 

Chorlukkiche!r..c? sp. from Jhalar and Chharat, Kala Chitta Hills. Attock District. Pakistan 

Jhalar 
Fig. I-LGSP-UM 508, second left pleural. dorsal view. 
Fig. 2-GSP-UM 509, fifth right pleural, external view. 
Fig. 3-GSP-LIM 51 1 ,  left hypoplastron fragment, dorsal (a) and ventral (h)  view. 
Fig. 4 G S P - I J  M 5 10, left epiplastron fragment, ventral view. 
Fig. 5-GSP-UM 515, peripheral plate fragments, dorsal view. 
Fig. 6-GSP-UM 513. peripheral plate fragments. dorsal view. 

Chhurur 
Fig. 7--GSP-UM 506, fourth right peripheral, internal (a) and external ( h )  vlews. 
Fig. 8-GSP-IJM 507, second right peripheral plate fragment, dorsal (a) and ventral (h )  views 
Fig. 9-GSP-UM 539, pleural fragment, dorsal view. 
Fig. 10-GSP-UM 541, neural fragment. dorsal view. 

EXPLANATION O F  PLATE 3 (continued) 

Trionychinae indet. 

Chorlukki 
Fig. I I-GSP-UM 535. left pleural fragment, dorsal (a) and ventral ( h )  views 
Fig. 12-GSP-UM 536, pleural fragment, dorsal view. 
Fig. 13-GSP-CJ M 537. pleural fragment. dorsal vlew. 

Lammidhan 
Fig. 14 -GSP-UM 543, pleural fragment. 
Fig. IS-GSP-1JM 546. pleural fragment. 

Jhalar 
Fig. 16-GSP-IJM 542. pleural fragment 

Indeterminate (Pelomeduaid or Emyd~d ? )  turtle. 

BUN at Nula 
F I ~  1 7  GYP-I'M 550, neuropleural fragment 
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LOWER VERTEBRATES FROM THE EARLY-MIDDLE EOCENE KULDANA 
FORMATION OF KOHAT (PAKISTAN): SQUAMATA 

Abstract.-The early-middle Eocene locality of Chorlakki, in the Kohat 
District of Pakistan, has yielded a small herpetofauna including one lizard 
(Tinosaurus sp.) and two snakes (both boids, one a n  erycine and the other a 
boine). This is the first report of early Cenozoic squamates from Pakistan. The 
snakes from Chorlakki are the oldest terrestrial snakes known from Asia. 

INTRODUCTION 

The Cenozoic squamate record of Asia is very poorly known. The new specimens described 
here from Chorlakki, a n  early-middle Eocene locality in the Kohat District of the North West 
Frontier Province, Pakistan, provide the first evidence of early Cenozoic squamates from 
Pakistan. Unfortunately, very little squamate material is present in this fauna, and the condition 
of much of it is poor. Identifiable material represents one lizard and two snakes. The latter are the 
oldest terrestrial snakes known from Asia. 

SYSTEMATIC PALEONTOLOGY 

Order SQUAMATA 
Suborder SAURIA 
Family Agamidae 

Genus Tinosaurus Marsh. 1872 

Tinosaurus sp. 
Fig. 1 

Referred specimens.-GSP-UM 552 and 553, isolated teeth. 
Description.-Two isolated teeth, with a fragment of supporting bone, are referred to the 

family Agamidae, commonly known as chisel-teeth lizards. The teeth are distinctive. Their 
implantation is acrodont, that is to say, their base is fused to the "occlusal" margin of the 
supporting bone (they d o  not root in pits). The teeth are strongly compressed laterally, but their 
base remains swollen. They display three antero-posteriorly aligned cusps. The median cusp is 

'~abora to i re  de Pal&ontologie des VertCbres (U.A. 720), Universitk Paris VI, 4 Place Jussieu, 75252 Paris FRANCE 
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FIG.  1 Tinosaurus sp. from Chorlakki. A-B: GSP-UM 552, tooth inlateral(A),and anterior o r  posterior view(B). C: 
GSP-UM 553, tooth in lateral view. 

the strongest and the highest one. Anterior and posterior cusps are lower and comparatively 
small. 

On the larger tooth (GSP-UM 552; Fig lA ,  B) one of the two small cusps is broken off, but 
these two cusps were probably at  the same level on both sides of the main cusp. The latter is broad 
at  the base, but much thinner near its two occlusal edges. The occlusal edges are, consequently, 
very sharp. The remaining small cusp does not exhibit such marked thinning, but the occlusal 
edges are also rather sharp. 

The smaller tooth (GSP-UM 553; Fig. 1 C) is shorter and re:atively higher than the larger one. 
One of its small cusps lies a t  a lower level than the other, and it is comparatively blunt (perhaps 
worn). In this tooth, the occlusal edges of the cusps do not display the same marked thinning as 
seen on the median cusp of the larger tooth. 

In spite of these differences, the two teeth may belong to the same species. In Agamidae, the 
dentition is heterodont. In agamids the anterior teeth are pleurodont instead of acrodont 
(Moody and Rocek, 1980). Moreover, the teeth of the acrodont series are not notably similar. 
The fossil agamid Tinosaurus is still poorly known. These teeth may be referable to Tinosaurus 
but the range and polarity of observed variations are still unknown. All that is known is that the 
size of the teeth increases posteriorly through the first and second thirds of the dental series and 
then they decrease (Hecht and Hoffstetter, 1962). Also, in distinction to  the living Agamidae, 
there are no caniniform teeth in Tinosaurus. 

Discussion.-At present, five species of Tinosaurus are recognized as being valid (Estes, 1983): 
T. stenodon Marsh 1872, from the early and middle Eocene of North America; T. pristinus 
(Leidy 1872), from the middle Eocene (Bridgerian) of North America (Hecht, 1959); T. 
lushihensis Dong, 1965 from the early late Eocene of Honan, China; T. asiaticus(Gilmore, 1943) 
from the Eocene (Ulan Shireh Formation; ? early late Eocene) of Inner Mongolia, China; and T. 
doumuensis Hou, 1974 from the middle o r  late Paleocene (Dou-mu Series) of Anhui, China. 
Other Tinosaurus specimens, not identified to species, have been reported from the earliest 
Eocene of Belgium (Hecht and Hoffstetter, 1962: Godinot et al., 1978), and from the early 
Eocene of France (Russell et al., 1982). A t  present Tinosaurus is known from the Paleocene 
(middle or late Paleocene) of Asia and the Eocene of Asia, Europe, and North America. 

The teeth from Chorlakki are clearly different from the triconodont teeth of T. doumuensis 
because they are longer and lower, and their cusps seem to be more acute. In European 
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Tinosaurus the cusps of the teeth are more distinct, especially the median cusp which is very short 
and high. In conclusion, the Chorlakki specimens appear to  compare well with the two Eocene 
species from North America, and with T. lushihensis from the early late Eocene of China, but 
detailed comparison is not possible due to the fragmentary nature of the fossils. 

Suborder SAU RIA indet. 

A very fragmentary vertebra (GSP-UM 561) belongs to an indeterminate lizard 

Suborder SERPENTES 
Family Boidae 

Nine rather fragmentary vertebrae are identified as snakes; four of these are well preserved and 
identifiable to subfamily. All of the snake vertebrae from Chorlakki are referred to Boidae 
because they are clearly shorter than they are wide, they have no projecting prezygapophysial 
processes, and the centrum is broadest a t  its anterior end. The known vertebrae as  a group 
represent two distinct taxa. 

Subfamily Erycinae 
Fig. 2A-E 

Referred specimens.-GSP-U M 554, and 774 isolated vertebrae. 
Description.-These vertebrae are small and rather poorly preserved. In dorsal view, they are 

slightly shorter than they are wide, and they are notably narrow between the prezygapophyses 
and postzygapophyses. The zygosphene has two lateral lobes, but its central part is damaged on 
both vertebrae. The prezygapophysial facets are wide. The base of the neural spine is iong and 
reaches the posterior part of the zygosphene. A very obtuse and shallow median notch indents 
the posterior border of the neural arch. 

In ventral view, the centrum is rather elongate and slightly widened anteriorly; subcentral 
ridges are well marked. The centrum bears a thin and acute haemal keel. On GSP-UM 774 the 
posterior half of the haemal keel is very salient (there is no trace of breakage, so that this 
prominent part does not represent the base of a damaged hypapophysis). 

Examining the vertebrae in lateral view, the neural spine is partly broken off on both 
vertebrae; it is low and it comprises an  anterior thin sloping part and a slightly thickened 
posterior part. The interzygapophysial ridges are very sharp and the subcentral ridges are 
straight. The paradiapophyses are badly worn but lateral foramina are present. The anterior face 
of the vertebra displays a zygosphene of moderate thickness, with a slight dorsal convexity. The 
prezygapophyses are slanting; there are no  projecting prezygapophysial processes. Paracotylar 
foramina are absent. The paradiapophyses lie comparatively far from the centrum and their 

- - 

articular surfaces are oriented somewhat downward. 
In posterior view, the neural arch is strongly depressed and the roof of the zygantrum is 

comparatively thin. There are no  foramina on either side of the zygantrum. 
The vertebra GSP-U M 554 is somewhat surprising because, as a rule, vertebrae whose haemal 
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FIG.  2- Boidae from Chorlakki. A-E: GSP-UM 554. Erycinae. trunk vertebra. anterior face (A), left lateral face (B). 
posterior face (C), dorsal face (D). and ventral face (E) .  F-J: GSP-UM 5 5 5 .  Bo~nae.  trunk ~ c r t e b r a .  anterior 
face (F) ,  left lateral face ( G ) ,  posterior face (H) .  dorsal face (I),  and ~ e n t r a l  face ( J ) .  
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keels have a prominent posterior half occur anteriorly in the vertebral column (excepting 
sometimes the posteriormost trunk vertebrae, in which the haemal keel may protrude ventrally- 
in such a case the salient part occupies only a very short posteriormost part of the centrum length; 
such posterior hypapophyses are called "cloaca1 hypapophyses"). On the other hand, the 
morphology of the paradiapophyses, which lie rather far from the centrum and whose articular 
facets face downward, is characteristic of posterior trunk vertebrae. Thus, the vertebradescribed 
here displays usual characteristics of both rather anterior and posterior trunk vertebrae. Apart 
from this peculiarity, the vertebra agrees well with those of Boidae. 

The most striking character of these vertebrae is the strong flattening of the neural arch; this 
might be the result of postdepositional deformation. Nevertheless, the thinness of the roof of the 
zygantrum conveys the suggestion that the neural arch was depressed before fossilization. 
Assuming, then, that the neural arch was originally depressed, these vertebrae may be referred, 
within Boidae, to the subfamily Erycinae. 

Discussion.-Erycinae, sand boas, are known since the early Paleocene (Puercan) from North 
America (Helagras priscijormis; Rage, 1984): they are represented today by 13 extant species, 
most of them living on sandy soils in arid regions. Erycinae constituted an  important part of the 
snake fauna during the Cenozoic (Hoffstetter and Rage, 1972; Holman, 1979). As the vertebrae 
from Chorlakki probably represent a new species (or even genus), they d o  not yield any useful 
biostratigraphic information. 

Subfamily Boinae 
Fig. 2F-J 

Referred specimens.-GSP-U M 555 and 556, isolated vertebrae. 
Description.-Vertebra GSP-UM 555 is markedly larger than the preceding ones. In dorsal 

view, it is shorter than wide, and it is markedly narrow between the prezygapophyses and 
postzygapophyses. The zygosphene is partly broken so that its exact shape remains unknown. 
The prezygapophysial facets were apparently comparatively elongate. The median notch in the 
posterior border of the neural arch is rather shallow. The base of the neural spine is very long, and 
anteriorly it approaches the lip of the zygosphene. 

In ventral view the centrum is well delimited by the subcentral ridges that diverge anteriorly. 
The ventral surface of the centrum is somewhat concave and the haemal keel is very blunt and 
rather inconspicuous; both these characteristics may be the result of postdepositional 
deformation. 

In lateral view, the neural spine appears very long; its anterior edge arises abruptly from the 
roof of the zygosphene, and the posterior edge is slightly overhanging. The upper part of the 
neural spine is broken off, which prevents determination of its height. Sharp interzygapophysial 
ridges connect prezygapophyses and postzygapophyses. The subcentral ridges are almost 
straight. The diapophysial part of the paradiapophysis is notably narrower than the parapo- 
physial part. Small lateral foramina are present. 

In anterior view, the remaining part of the zygosphene is about as wide as the cotyle. The 
prezygapophyses are tilted upward; there were probably no projecting prezygapophysial 
processes. The cotyle is almost circular; paracotylar foramina are lacking. The paradiapophyses 
project markedly under the centrum. In posterior view the neural arch is moderately vaulted and 
the roof of the zygantrum is rather thick. On the posterior margin of the neural arch, thereare no 
foramina on either side of the zygantrum. 

The vertebra GSP-UM 556 is very fragmentary. The posterior part of the neural arch is 
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somewhat displaced and slightly distorted; the thickness of its posterolateral parts indicates that 
it was not depressed. This vertebra is distinguished from GSP-UM 555 by its narrower general 
shape and by the presence of a well marked, wide and blunt haemal keel. Because of the vaulted 
morphology of the neural arch, this vertebra could belong to the same species as GSP-UM 555 
but it represents a more posterior trunk vertebra than the latter. 

This snake may be referred to the subfamily Boinae on the basis of its nondepressed neural 
arch, well developed neural spine, and absence of foramina on either side of the zygantrum. 
Among Boinae, this snake resembles only the rather closely related genera Paleryx and 
Palaeopython (Rage and Ford, 1980) that are known from the upper Eocene (and perhaps the 
middle Eocene) of Western Europe, but it is well distinguished from both genera by the length of 
its neural spine, which is unusual in this subfamily. This snake probably represents a new species 
and genus but the available material is not sufficient to permit erection of a new taxon. 

SERPENTES indet. 

Five vertebrae (GSP-UM 557-560, two of them articulated) are too fragmentary or badly 
crushed to permit description or identification. 

CONCLUSIONS 

Only Tinosaurus, among fossils described here, provides any biostratigraphical information. 
This is, however, vague. Tinosaurus is known from the Paleocene of central Asia and the Eocene 
of central Asia, Europe, and North America. The presence of Tinosaurus at  Chorlakki is 
consistent with the early-middle Eocene age inferred on the basis of mammalian fossils 
(Gingerich et al., 1983). 

From a paleogeographic point of view it should be noted that Tinosaurus is characteristically 
Laurasiatic. Boinae and Erycinae are reported from the Paleogene of Asia for the first time; both 
subfamilies were widely distributed in the Eocene of Europe and North America. 
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