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Limb elements of Cervus sp. from lower Karewa Formation of
Jammu and Kashmir, India, comments on functional morphology

and palaeobiogeography
RaMAN PATEL, SYED YAFIT ALl SHAH, AAMIR AHMAD KHANDAY, MOHD WAQAS & RAJENDRA SINGH RANA*

Limb bones of Cervus sp. have been recovered for the first time from the lower Karewa Formation (Hirpur
Formation) exposed along the River Romushi, Khaigam, Pakharpora, Budgam District, Jammu and Kashmir,
India. The 28 main morphological characters of present fossil tibia, astragalus, calcaneus, cubionavicular,
ectomesocueiform and metatarsal have been selected to compare with the fossils and recent limb bones of eleven
species of Cervidae, including Cervus elaphus (red deer), Odocoileus hemionus (mule deer), O. virginianus
(white-tail deer), Dama dama (fallow deer), Capreolus capreolus (roe deer), Muntiacus reevesi (Reeve’s

muntjuk), Hydropotes inermis (Chinese water deer), Alces alces (moose deer), Megaloceros giganteus (Irish elk
deer), Cervalces sp. (Elkmoose deer), Arvernocrous ardei, and three outgroup taxa, such as Giraffidae, Bovidae
and Camelidae. It shows that the maximum characters of limb bones have close affinities with the Cervus elaphus
and presumably, these bones refer to Cervus sp. The study also suggests that the Cervidae originated from
Eastern Eurasia/ Asia in the late Oligocene or early Miocene and migrated to Europe and the Indian subcontinent
during the middle Miocene. The functional morphology (ecomorphology) of limb bones supports the hypothesis

that the Cervus sp. have had a cursorial habitat and lived in an open forest (forest and grassland).
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INTRODUCTION

The Kashmir Valley is bounded in the north by the Main
Great Himalayan Range and the southern sides by the Pir
Panjal Range, which evolved during the late Cenozoic time
uplift of the Pir Panjal Range. The ancient drainage system
has been blocked due to the uplift of the Pir Panjal Range,
resulting in the development of a large basin (Karewa Basin).
The basin received by the thick sequence of glaciolacustrine
sediments of the Karewa Group, which came from the higher
Himalayan ranges (Godwin-Austin, 1859; Wadia, 1941;
Farooqui and Desai, 1974; Burbank and Johnson, 1982,
Agrawal et al., 1985, 1989; Kusumgar et al.,1985; Agrawal
and Agrawal, 2005).

The initial geological investigation was done by De Terra
and Paterson, 1939, followed by several workers and divided
Karewa into two lithological units, which are lower Karewa
(Hirpur Formation) and Upper Karewa (Nagum Formation),
separated by an angular unconformity (Bhatt, 1976; Singh,
1982; Burbank and Johnson, 1982, 1983; Pant et al., 1978,;
Burbank, 1983; Agrawal et al., 1989). Later, Bhatt (1989)
divided the Karewa Group into three formations: Hirpur,

Department of Geology, HNB Garhwal University, Srinagar Garhwal, Uttarakhand, India
"Corresponding author's e-mail: rajendra.ranal@gmail.com

Nagum, and Dilpur formations. The Hirpur Formation
consists of green to bluish grey mud, light grey sandy clay,
fine to coarse-grained sand, conglomerate, thin bands of
lignite and lignitic clay. The Nagum Formation is made up
of fine to coarse-grained sand and ochre sandy clay, ochre
and cream coloured marl and gravel. The Dilpur Formation
mainly consists of a brown silt (Fig. 1).

De Terra reported the initial vertebrate fauna from the
Karewa Group, 1934 (in Pasco, 1973) followed by others
Hora, 1937; Badam, 1968, 1972; Tripathi and Chandra
1972; Tiwari and Kachroo, 1977; Sahni, 1982; Bhat, 1982;
Sahni and Kotlia, 1985; Kotlia, 1990; Kotlia et al., 1982.
The invertebrate fauna, such as ostracodes, bivalve and
gastropods, as well as the plant fossils such as charophytes,
pollens, spores and diatoms, were described by several
workers (Bhargava, 2015, reference therein).

The age of the Hirpur Formation has been suggested to
be early Pliocene-Pleistocene by Bhatia et al. (1998) based
on diagnostic charophyte flora such as Nitelopsis megarensis,
Lychnothammus brbatus, Chara globularis, and C. vulgaris.
The palacomagnetic and fission track dating of volcanic ash
beds of different sections have carried out by several workers
and suggested an age of 2.4 + 0.3 Ma (Burbank and Johnson,



PATEL et al. — LIMB ELEMENTS OF CERVUS SP. FROM LOWER KAREWA FORMATION OF JAMMU AND KASHMIR 73

THISOE | TABOE  TAIOE  TASCE  TASSUE | TSSUE

TSISOE | 75250

HOON 100 2001 e
n " L i L

. Sampling site

Karewa Deposits
Siwalik
[0 Triassic-Jurassic
t [ Permian and Triassic
Il zevan Limestone
[ Panjal Traps
| I Fenestella Shale

I Vuth Quartizite

Salkhala slates

33°50'0"N
n L n

33°400"N
n i

I Ladakn Plutonic Complex
[ I Granites 500 Ma
75'25'0"5

33°30'0"N
L i

T T T T T T T T T T T T
TAMS0E | TH250°E T4IOE T44S0E T4SSOE 7SF0E 75M1S0°E

Fig. 1. (1) Geological map of Kashmir Basin (after Thakur and Rawat,
1992); (2) Field photograph of sampling site with yellow circle denote
where is the sample from and Litholog of sampling site, bar scale in Meters.

Fig. 2. Right limb of Cervus sp. (1) Lateral view; (2) Medial view; (3)
Posterior view; (4) Anterior view; (1. Tibia; 2. Calcaneus; 3. Astragalus; 4.
Navicular cuboid; 5. Ectomesocuneiform; 6. Metatarsal); bar scale =2 cm

1982; Kusumgar et al., 1985) and the base layer is 2.48 Ma
(Agrawal et al., 1989; Kotlia, 1990, 1992, 1994; Kotlia and
Koenigswald, 1992).

The present paper describes detailed morphology and
comparison Cervus sp. limb bones recovered for the first
time from the lower Karewa (Hirpur Formation), Khaigam,
Pakharpora, Budgam District, Jammu and Kashmir, India;
situated about 59 km south of Srinagar (latitude 33°48°45.49”:
longitude 74°45°17.37”, Fig. 1). The limb elements
represent the distal part of the tibia, astragalus, calcaneus,
cubonavicular, ectomesocuneiform and metatarsal, which
belong to the same animal (Fig. 2). Although, cervids are
known from the Indian subcontinent by the antlers and
dentition mainly from Miocene to Pleistocene sequence of
Siwalik and Karewa (Lydekker, 1876, 1884; Brown, 1926;
Colbert, 1935; Azzaroli, 1954; Nanda, 2002; 2008; Kotlia,
1990; Arif and Shah, 1991; Akhtar et al., 1999; Gaffar, 2005;
Ghaffar ez al., 2004, 2006, 2010, 2011). The present finding is
the first detailed description of the tibia, tarsus and metatarsal
from the Indian subcontinent. In Indo-Pakistan, the cervids
are represented by five species, viz. Cervus smplicidens, C.
triplidens, C. sivalensis, C. punjabiensis and C. rawati.

We also throw light on the hind limb element functional
morphology because the bones belong to the same animal.
The hock (ankle) joint mechanism works to transform
rotational motion to linear motion by three major joints, such
as the tibia- astragalus, astragalus —calcaneum and astragalus-
cubonevicular (Schaeffer, 1947). The calcaneum functions as
a lever arm for the distal rear limb (metatarsal and phalange),
due to the gastrocnemius muscle contraction with them in
leaving conditions and extended the forward movement of
the limb at the parasagittal plane, but, the distal condyle
part of the metatarsal is missing. The calcaneum anterior
process is missing, articulating with the malleolus and at
several places with the astragalus, especially sustentaculum
tali. Schaeffer (1947) suggested that the hock joint motion is
relatively restricted at the parasagittal plane. The hock joint
function depends on the tarsus motion, which indicates the
speed and saltatorial to save from the carnivore predators.

In the present paper, we proposed the type of habitat
from the functional morphology, adaption for running fast
and straight over the level of uneven and plane terrain. So
the use of functional morphology to predict palaco habits
in the limited sense and for this method does not require
taxonomic identification of the fossil used beyond the family
level (DeGusta and Vrba, 2003).

The 28 morphological characters of tibia, astragalus,
calcaneus, cubonavicular, ectomesocuneiform, and
metatarsal were used for morphological comparison with
the Pliocene to the Recent cervids. The data analyses and
the relationship between 11 species of Cervidae, including
Cervus  elaphus, Odocoileus  hemionus, Odocoileus
virginianus, Dama dama, Capreolus capreolus, Muntiacus
reevesi, Hydropotes inermis, Alces alces, Megaloceros
giganteus, Cervalce sp., Arvernocrous ardei; three outgroup
taxa took for comparisons such as giraffe (Decennatherium
pachecoi), sheep (Sinocapra willdownsi) and camel
(Camelops hesternus). The resulting morphological data
shows (Table 1) that the present limb elements have close
affinities with Cervus elaphus, and presumably, this refers to
Cervus sp. The general morphological terminology is given
in Fig. 3.
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Table 1: Morphological characters for the comparison
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Tibia
1.  Surface (lateral edge) of tibial cochlea (Figure no. 4 al- a6; €—®)
Presence of bulge + + + 2 92 + +
Absence of bulge + 4+ + + + + 2 9 +
2.  Medial malleolus ligament (Figure no.4 bl- b6; —®)
curved upward + + + 4+ + 2 9 + +
nearly straight + + + + 2?2 2?2 +
3.  Latero-anterior and Latero-posterior malleolus divided by (Figure no.4 el-e6; ¢—®)
Deep and narrow + + 4+ + 2 92 + + 9
Shallow and wide + o+ + + + 2 9 2
4.  Edge of Malleolus facet (Figure no.4 bl- b6, <—9)
U shape o+ 0?2 0? + o+
L shape + o+ ? 2 2 +
5.  Distal epiphysis more laterally wide, with respect to diaphysis and a posterio-medial surface covered by longitudinal ridges
(Figure no.4 cl- c6; €—9)
Presence +  + + ? + 2 2 2 2 9
Absence + + + +
6.  Anterior-medial side of the diaphysis bulge (Figure no.4 al- a6, +—®)
Pronounced bulge + 4+ + + 2 2 2 2 9
Absence of bulge + 4+ + + +
7.  Latero-posterior edge of main articular surface to the astragalus (Figure no. 4 el - €6)
More rounded right angle +  + + 2?2 + 2 92 92 92 9
More acute angle + + + +
8.  Latero-posterior edge of the distal epiphysis is (Figure no. 4 d1 — d6)
Well distally elongated/ rounded + + + 2 + 2?2 2 2 2 9
Rises as a wedge between the main articular surface to the lateral + + + +
malleolus
Calcaneus
9.  Sustentaculum tali and articular facet of calcaneal shaft (Figure no.6 bl- b6; €—®)
With small step + + + + 2 92 + + +
Without step + o+ + + + 2 9
10.  Tuber sulcus (Figure no.6 cl — c6; €—9)
narrow/ small + 4+ + + 9 ?
large/ broad +  + ? + ?
Astragalus
11.  In Posterior view, Lateral and medial edges of trochlea (Figure no.5 al - a6; ¢—®)
flat bottom + + + ? + + + + + +
narrow bottom + o+ + 2 +
12.  Medial edge of trochlea is (Figure no.5 bl — b6; €—*)
more steeply inclined + + + + ? + +
less steeply inclined +  + + + + + +
13.  Lateral extension of ridge (Figure no.5 al- a6, €—®)
distal > proximal +
distal < proximal +  + + + + +
+ + + + + + +

distal = proximal
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14.  Projection of lateral ridge trochlea of (Figure no.5 ¢l — c6; €—9)
Stronger + 4+ + 4+ 2 + ? 2
Weaker + + ? + 2?2 ?
15. Medial bulge at collum tali bulge (Figure no.5 al - a6; €—@)
less pronounced + + 2?2 + + 2 ? +
More pronounced + + + + ? ?2 ?
16.  Collum tali ridge is (Figure no.5 al — a6; €—®)
Undulating + + + + + + + + +
Nearly straight + + +
17.  Central fossa (Figure no.5 al - a6; €—®)
broad, oval/ rounded + + + + 4+ + + + +
broad, triangular +  +
broad, elliptical +
Metatarsal
18.  Anterio-proximal side of metatarsal amf and ecf are (Figure no.8 el- ¢6; —®)
connected + + + ? 4+ + ?
Separated + + + ? + +
19. Forman at proximal epiphysis (Figure no. 8 el- €6, +—®)
Network of pores + + + ? + + ?
large Single + + + ? + + ?
20. Distal side foramen (Figure no.8 al —a6; —®)
small and rounded + + ? 0+ ??
oval and large + + + + ? + 2?2 2
Absent +
21.  Lateral condyle and middle condyle are (Figure no.8 bl —b6; €—)
smaller/equal + + +
Larger +  + + 2?2 ? ? + +
22. pmfsituated (Figure no.8 el - e6; €—9)
small, centrally, elliptical + + + + ? + + +
large, postreo medio-lateral + + ? 0+ +
Cubonavicular
23.  caf connected with eaaf (Figure no.7 el and €2; +—9)
gap + 2?2 2?2 2?2 7?2 7?
without gap + + 2?2?22 ??? + +
24.  cafextended to (Figure no.7 bl- b6, +—9)
before posterior side + + + + + +
anterior to posterior + + + +
nearly centre + +
25.  Extension of tendon muscle peroneus longus (tmpl) in lateral side are (Figure no. 7 bl- b6; €—9)
less prominent + + + + + + ?2 ? +
more prominent + + + ? ?
26.  Ectomesocuneiform and entocuneiform (Figure no.7 al — a6; +—®)
fused + + 2 2?2 2?7 ?
not fused + + 4+ + 2?7?27 +
27.  Ectomesocuneiform is (Figure no.7 fl1- f4; +—)
oval/sub rounded + + 2?2 2 92 2 + 92
kidney shaped + + + ?
28.  Medial process (mp) and internal process (ip) are separated by U shaped valley (Figure no.7 al — a6; +—®)
Broad + + ? ? +

Narrow + + + + ?2 + + 2?2 +
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Fig. 3. Representative terminology of (1) Astragalus anterior view; (2) Astragalus posterior view; (3) Calcaneus anterior view; (4) Cubonavicular dorsal view;

(5) Cubonavicular ventral view; (6) Calcaneus posterior view; (7) Metatarsal anterior view; (8) Metatarsal posterior view; (9) Tibia Anterior view; (10) Tibia
distal end; bar scale =2 cm
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Fig. 4. Tibia (1) Anterior view; (2) Lateral view; (3) Posterior- medial view; (4) Posterior view; (5) Distal end of tibia; right tibia of Cervus sp. (al, b1, c1,
dl, el); left tibia of Cervus elaphus (Red deer) (a2, b2, c2, d2, €2); Dama dama (Fallow deer) (a3, b3, ¢3, d3, e3); Capreolus capreolus (Roe deer) (a4, b4,
c4, d4, e4); Muntiacus reevesi (Reeve’s muntjuk) (a5, b5, ¢35, d5, e5) and Hydropotes inermis (Chinese water deer) (a6, b6, c6, d6, e6); bar scale= 2 cm; arrow
and number show that morphological characters (see table 1; characters no. 1,2, 3,4,5,6,7,8)
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MATERIALS AND METHODS

The specimens were recovered from the bluish-grey
mud of the lower Karewa (Hirpur Formation), Khaigam,
Pakharpora, Budgam District, Jammu and Kashmir, India by
handpicking during the field investigation in January 2019
by A.A. Khanday and S.Y.A. Shah. The photographs have
been taken with a Nikon DSLR- 5200 camera with 1855 mm
lens. The photograph quality and color were enhanced in
different types of the colour filter in Microsoft Office, and
bone plates were edited using CoreIDRAW 17 software. All
the specimens are placed at the palacontology laboratory,
Department of Geology, HNB Garhwal University, Srinagar
Garhwal, and catalogue no. GU/K- 900 where GU —Garhwal
University and K —Karewa.

The recent bone specimens photographs have been taken
from the collection on John Rochester link, https://www.
flickr.com/photos/jrochester/albums/72157644273190148.

Order Artiodactyla Owen, 1848
Family Cervidae Gray, 1821
Subfamily Cervinae Goldfuss 1820
Genus Cervus Linnaeus, 1758

Cervus sp.
(Figs. 4-9)

Material: The limb elements (GU/KB-900, Fig. 2),
metatarsal, cubonavicular, astragalus, and calcaneus are
well-preserved and a fragmentary distal end of the tibia.

Horizon and locality: Bluish-grey mud bed of lower
Karewa Formation, Khaigam, Pakharpora, Budgam District,
Jammu and Kashmir, India.

DESCRIPTION

Tibia: The fragmentary distal part of the right tibia (Fig. 4
al-el) consists of the well preserved medial malleolus, tibial
cochlea, and posterior process, distal fibula syndesmosis
(fibula notch), sulcus for the tendon of flexor digitorum
longus, and astragalar facets. The distal end of the tibia
anteroposteriorly is deeper while mediolaterally wider. The
astragalar articular facets are covered by the variable size of
anterior and posterior processes with well pronounced tibial
medial malleolus. They are represented by two nearly straight
and parallel grooves, which connect with the astragalar
trochlea ridges (Fig. 4 el). The medial side groove is deep,
narrow, and more crescentic in shape than the lateral side
groove, which is slightly smaller, shallow, and subrounded.
The astragalar facets or ridges are articulated with the
astragalar trochlea grooves, which helps to move anterior and
posterior processes at the margin of the connecting surface.
In lateral view (Fig. 4 bl), a shallow, wider straight furrow
is well pronounced where the fibula distal part is connected.
The medial malleolus is larger than the anterior and posterior
processes, while the anterior process is missing and might
have been projecting toward distally. The tibial cochlea has an
asymmetrical tip, robust and rugose surface without a bulge
at the margin, similar to Cervus elaphus (Fig. 4 b2), whereas
the bulge is prominent in Arvernocrous ardei (Pfeiffer,

2019, Fig. 10 a, b). The malleolus facet is laterally facing
and articulates with a collum tali bulge, which controls the
maximum tibia movement. The medial malleolus anterior and
medial sides have a shallow sub-elliptical fossa or depression
(medial collator ligament fossa) for collator ligament mussels
attachment. The medial collator fossa at the posterior side, a
shallow and broad sulcus, is well distinct, possibly for the
tendon attachment of the flexor digitorium longus muscle.
The medial malleolus ligament is bent upwards, forming
curved to a straight ridge (Fig. 4 b1), while curved in 4. ardei
and straight and blurred in C. elaphus (Pfeiffer, 2019; Fig.
10 c, d). The lateroposterior malleolus is large undulating,
subelliptical, and latero-anterior malleolus small subrounded,
similar to recent C. elaphus and Odocoileus virginianus (Fig.
4el).

Astragalus: The right astragalus is robust, subrectangular
in shape (Fig. 5,a 1 to d 1), about 60.05 mm long and 36.80
mm wide. In anterior view (Fig. 5, a 1), the proximal portion
of the astragalus is termed trochlea, which consists of two
ridges; the lateral trochlea ridge is long, broad, while the
medial trochlea ridge is slightly shorter and narrow than
the lateral trochlea ridge. These are separated by a broad,
nearly U-shape trochlear groove, which is identical to C.
elaphus, D. dama, C. capreolus (Fig. 5, a 2 to a 4), but by
the shallow curve in M. reevesi and H. inermis (Fig. 5, a 5
and a 6). The fibula and calcaneus articulates with the lateral
trochlea ridge, while the entire medial ridge is articulated
with the tibia. A broad, deep triangular fossa (central fossa) is
distinct in the center where the anterior process of the tibia is
articulated, due to which the maximum flexion of the foot has
taken place during the movement. The central fossa is also
nearly rounded as in C. elaphus and A. ardei, while elliptical
in O. virginianus (Smart, 2009, Fig. 31; Table 1 and Fig. 5).
The trochlea distal side is represented by the astragalus head
and separated by collum tali, which are distinct and thin,
undulated ridge. The collum tali ridge is longer and well
pronounced as in C. elaphus while shorter and weaker in D.
dama, O. virginianus and O. hemionus (Lister, 1996, Fig.
2.8; Jacobson, 2003, Fig. 6.1 and see Fig. 5 and Table 1). On
the medial side of the collum tali, a well-pronounced bulge is
distinct (Fig. 5 al), similar to C. elaphus but less pronounced
in D. dama, O. virginianus, O. hemionus, Cervalces sp. and
Megaloceros giganteus (Lister, 1996, Fig. 2.8; Jacobson,
2003, Fig. 6.1; Breda, 2005, Fig. 24). The head is divided
into two parts: a broad, shallow groove; the lateral head
(cuboid trochlea), which is larger, and the medial head
(navicular trochlea), is smaller and narrow than the cuboid
trochlea. The navicular trochlea and cuboid trochlea are
connected with external and internal articular facets of the
cubonavicular. The lateral extension of the medial trochlea
is broader on its proximal side and narrow on the distal side
and further extend at the collum tali ridge (Fig. 5 al), which
is morphologically similar to C. elaphus, O. virginianus, and
Cervalces sp., while equal in A. ardei and M. giganteus but
narrow in the proximal side and broader in the distal side in
D. dama and not reached at collum tali ridge (Pfeiffer, 2019,
Fig. 15 a, b; Lister, 1996, Fig. 2.8; Jacobson, 2003, Fig. 6.1;
Breda, 2005 Fig. 24). There are two depressions in the medial
view (Fig. 5 d1); the proximal side is sinus shape sulcus. It
is shallow on the medial ridge of the trochlea, where the
movement of tibial malleolus took place, and the second one
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d1 d2

Fig. 5. Astragalus (1) Anterior view; (2) Posterior view; (3) Lateral view; (4) Medial view; right astragalus of Cervus sp. (al, bl, cl, d1); left astragalus of
Cervus elaphus (Red deer) (a2, b2, c2, d2); Dama dama (Fallow deer) (a3, b3, ¢3, d3); Capreolus capreolus (Roe deer) (a4, b4, c4, d4); Muntiacus reevesi
(Reeve’s muntjuk) (a5, bs, ¢5, d5) and Hydropotes inermis (Chinese water deer) (a6, b6, ¢6, d6); bar scale =2 cm; arrow and number show that morphological
characters (see table 1; characters no.11,12,13,14,15,16,17)
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Fig. 6. Calcaneus (1) Anterior view; (2) Medial view; (3) Posterior view; (4) Lateral view; right calcaneus of Cervus sp. (al, bl, cl, d1); left calcaneus of
Cervus elaphus (Red deer) (a2, b2, ¢2, d2); Dama dama (Fallow deer) (a3, b3, ¢3, d3); Capreolus capreolus (Roe deer) (a4, b4, c4, d4); Muntiacus reevesi
(Reeve’s muntjuk) (a5, b5, ¢S5, d5) and Hydropotes inermis (Chinese water deer) (a6, b6, c6, d6); bar scale= 2 cm; arrow and number show that morphological

characters (see table 1; characters no. 9, 10)

is on the mediodistal side, which is nearly a semicircular
depression.

In the posterior view (Fig. 5 b1), most of the astragalus
portion is covered by a sustentacular surface, which is
convex and smooth. The proximal side of the sustentacular
surface has two medial and lateral trochlear edges separated
by a wide U shape intracochlear groove or notch, which is
more steeply inclined (Fig. 5 bl). It is similar in C. elaphus
and O. virginianus but less inclined in D. dama (Lister,
1996, Fig. 2.8). A proximal triangular fossa is distinct on the
ventroproximal side of the lateral trochlea edge, restricted
to the maximum flexion of the calcaneus on the astragalus.
The proximal triangular fossa is larger than O. virginianus
(Smart, 2009, Fig. 39). The sustentacular surface is separated
from the lateral and medial edges by an interarticular
groove. A thin, sharp ridge starts from the medial trochlea
edge and connecting with the medial scala, while a ridge
started from the lateral trochlea edge and joined the distal
intracepalic fossa, which controls the maximum movement
of cubonavicular processes. There are two depressions in
the lateral view (Fig 5 cl), the proximal, a long, curved
groove called lateral malleolar articular fossa, where the
fibula is articulated. In contrast, the median depression is
broad, nearly rounded, and is distally subelliptical calcaneus
articular facet called paracuboid facet, where the articular
facet of the calcaneus is connected.

Calcaneus: The calcaneus bone is stout and well
preserved (Fig.6 al-d 1). However, the distal part is
missing with elongated calcaneal tuber and mesolaterally

compressed, and the lower limb extensor muscle is the
primary attachment point. The anteroproximal side (Fig. 6
al) is domed shaped with a thick broad anterior ridge (plantar
fascia). Broad posterior and anterior ridges connect the
processes, and a narrow furrow separates these ridges. The
anterior ridge is semicircular and nearly equal in thickness,
while the posterior one is forming a centrally rounded ridge.
These ridges are similar to Odocoileus virginianus (Smart,
2009, Fig. 45; Adams and Crabtree, 2008, Fig. 5.19). on the
posteroproximal side, two vertical ridges of which the medial
one is longer than lateral and extending mid-distally of
calcaneal tuber and both separated by moderately deep sulcus
(tuber sulcus; Fig. 6 cl). The astragalus platform is missing
and nonarticular area, between the calcaneal tuber and
distal articular facet of the astragalus, distally elongated and
placed slightly distal to the sustentacular facet. This portion
is slightly preserved. The sustentacular facet and the ectal
facet are connected with the calcaneal canal. Furthermore, it
extends over the sustentacular facet, is placed to the proximal
side of the sustentacular facet and forms a shallow groove
where the interosseous ligament of the talus is attached. A
nearly straight ridge is in between the sustentacular tali and
the sustentacular facet at the calcaneal shaft, which is nearly
similar to C. elaphus, D. dama, C. capreolus and M. reevesi
but stepwise in A. ardei and H. inermis (Pfeiffer, 2019,
Fig.13 a, b and Fig. 6B). The ectal facet (Fig. 6 bl) is slightly
convex, and its proximal end extends over the middle side
of the calcaneal tuber, which is flattened and has a groove
for the tendon muscle flexor fibularis. The sustentacular facet
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(Fig. 6 al) is concave, nearly rounded. The maximum medial
projection of the sustentacular facet is less than the ectal
facet.

Cubonavicular: The cubonavicular is subrectangular in
shape, having various features of articular facet and processes
on dorsal and ventral views, which is 39.7 mm long and 50.9
mm wide (Fig. 7 al-el). There are two depressions in the
dorsal view, such as the internal astragalar articular facet
(iaaf) and external astragalar articular facet (eaaf), which are
subelliptical to whom the astragalus head is attached. The iaaf
is elongated, shallow and slightly raised than the eaaf, while
the eaaf is broad, slightly deeper and having a small elliptical
foramen near the contact of both the articulating facets. It
is extended in the distal side where this is more elongated
and similar to recent mule deer O. hemionus (Smart, 2009,
Fig. 49), while absent in Giraffe (Decennatherium pachecoi),
known from Miocene of Iberian Peninsula, Spain (Rios et al.,
2016, Fig. 12 K) and sheep (Sinocapra willdownsi) known
from lower Pliocene of Panca Formation, Nevada, USA
(Mead and Taylar, 2005, Fig. 11 A). on the antero-proximal
side, the medial process (mp) and internal process (ip) are
pronounced and parallel, while the ip is higher, robust than
mp, and a broad U shaped valley separates both processes.
These processes are similar to O. hemionus and M. giganteus
while in Cervalces sp., S. willdownsi and D. pachecoi, the
mp is placed slightly anterior (Breda, 2005 Fig. 28; Smart,
2009, Fig. 49; Mead and Taylar, 2005, Fig. 11 A; Rios et al.,
2016, Fig. 12 K).

In lateral view (Fig. 7 bl), a shallow, curved elongated
depression known as calcaneus articulation facet (caf)
adjacent and situated close to the astragalus articular surface
and calcaneus. The caf is connected with eaaf without any
gap, similar to C. elaphus but with a slight gap or depression
in between caf and eaaf in D. dama (Lister, 1996, Fig. 2.9).
The caf'is extended from the anterior to the posterior side (Fig.
7 bl), which is similar in the O. hemionus, but C. elaphus,
D. dama and S. willdownsi (sheep), it terminates slightly
before the posterior side and the halfway in Cervalces sp.
and M. giganteus (Smart, 2009, Fig. 49; Mead and Taylor,
2005, Fig. 11; Breda, 2005 Fig. 28; Lister, 1996, Fig. 2.9). In
the ventral view (Fig. 7 e3), the medial side entocuneiform
facet (ecf) and lateral side is anteroexternal metatarsal facet
(amf) are well distinct. The ecfis slightly convex and suboval
while the amf sub-elliptical and slightly raised. In the
posterior view, there is a shallow sub-elliptical depression,
the posterior metatarsal facet (pmf), and both facets (amf and
pmf) are separated by a narrow elongated, moderately deep
groove, called tendon muscle peroneus longus (tmpl) for
the attachment of muscles (Fig.7 e3) which is similar to O.
hemionus (Smart 2009, Fig.49), but broader in S. willdownsi
(sheep) and narrow in D. pachecoi.

The tmpl is also prominent at the lateral side (Fig. 7 bl);
the same feature is also seen in M. giganteus while it is not
distinct on Cervalces sp. (Breda, 2005 Figs. 27, 28). The
entocuneiform facet (ecf) suboval in shape, and the posterior
cuneiform facet (pcf) subtriangular, slightly raised, and well
separated from the entocuneiform facet, which is similar to
O.hemionus and Cervales sp., while fused in M. giganteus,
D. pachecoi, and S. willdownsi (Smart, 2009, Fig. 49; Mead
and Taylor, 2005, Fig. 11; Breda, 2005 Fig. 27; Rios et al.,

2016, Fig. 12 L). The ectomesocuneiform and entocuneiform
are not attached to the navicular cuboid.

Ectomesocuneiform: The ectomesocuneiform (Fig. 7 f1)
is small, complete, 29.00 mm long and maximum width 15
mm, nearly subelliptical in shape with both sides concave,
and having an irregular boundary. The proximal facet
of ectomesocuneiform is connected with cubonavicular/
ectocuneiform, while the distal facet is connected with
metatarsal.

Metatarsal: The metatarsal is well-preserved (Fig. 8 al-
el) in the proximal part, but distal articulation is missing.
The shaft is 254.10 mm long with proximal width is 42.93
mm, and a distal width is 34.67 mm. The proximal submit
is smooth, rogues, and having an undulating boundary. The
metatarsal shaft is flattened on the proximal side and nearly
rounded on the distal side. The anterior and posterior sides
of the shaft having two longitudinal grooves, which are also
present in fossils and recent species of O. virginianus, C.
elaphus, D. dama, C. capreolus, M.reevesi and H. inermis.
In the anterior view (Fig. 8 al), there is a small step between
medial and lateral facets, which are placed at a different level,
and in between these two facets, the metatarsal longitudinal
groove is started and extended to the distal end. The groove
opens on the proximal side, where it is shallow and increasing
in depth towards the distal side and probably closed slightly
before the distal side, where this portion is missing. On the
distal side of the metatarsal, a moderate deep longitudinal
groove is pronounced. In the posterior view (Fig. 8 bl), two
small lateral and medial condyles are pronounced on the
proximal side, separated by pygmaious (middle condyle),
and a sharp zig-zag crest connects all these condyles. The
lateral condyle is broad, robust, and lower in height, whereas
the middle and medial condyles are smaller and thinner, but
the middle one is the highest and massive. These condyles
are separated on the posteroproximal side by groove, which
is narrow, shallow between the lateral and middle condyles,
and merged in a posterior longitudinal groove. An oval-
shaped posteroproximal foramen is distinct and placed
below the middle condyle, which continues to the proximal
epiphysis. The posterior longitudinal groove is proximally
deep and broad while very shallow on the distal side.

The proximal epiphysis (Fig. 8 el) morphology is similar
to the distal part of cubonavicular and ectomesocuneiform
but having a deep, nearly rounded proximal epiphysis
foramen and is connected with the posteroproximal foramen.
The foramen is broad, elliptical as in C. elaphus, moderately
large, elliptical surround by numerous small pores in O.
hemionus, smaller and rounded central foramen enclosed by
various tiny pores in the Cervalces sp., O. virginianus, and D.
dama, while broad and elongated in M. giganteus (Jacobson,
2003, Fig. 6.1; Breda, 2005 Fig. 29; Lister, 1996, Fig. 2.10).
In the anteroproximal view, the metatarsal is separated by a
narrow groove, which is morphologically analogous to M.
giganteus and O. virginianus, but separated by a wide groove
in O. hemionus, and fused in D. dama and Cervalces sp.
(Jacobson, 2003, Fig. 6.1; Breda, 2005 Fig. 29; Lister, 1996,
Fig. 2.10). A long and elliptical posterior metatarsal facet
(pmf) placed on the posteromediolateral side, is identical
to C. elaphus and Cervalces sp. but small sub elliptical and
centrally placed in M. giganteus and D. dama.
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f1 2 f3

Fig. 7. Cubonavicular (1) Anterior view; (2) Lateral view; (3) Medial view; (4) Posterior view; right navicular cuboid of Cervus sp. (al, bl, c1, dl; el, e3,
f1); left navicular cuboid of Cervus elaphus (Red deer) (a2, b2, c2, d2, £2); Dama dama (Fallow deer) (a3, b3, c3, d3, £3); Capreolus capreolus (Roe deer)
(a4, b4, c4, d4, f4); Muntiacus reevesi (Reeve’s muntjuk) (a5, b5, ¢5, dS) and Hydropotes inermis (Chinese water deer) (a6, b6, c6, d6); Odocoileus hemionus
(€2, e4) (5) Dorsal view (el, e2) & ventral view (e3, e4); (6) Ectomesocuneiform; bar scale= 2 cm; arrow and number show that morphological characters
(see table 1; characters no. 23, 24, 25, 26, 27,28)
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Fig. 8. Metatarsal (1) Anterior view; (2) Posterior view; (3) Medial view;
(4) Lateral view; right (5) proximal epiphysis; metatarsal of Cervus sp. (al,
bl, cl, d1, el); left metatarsal of Cervus elaphus (Red deer) (a2, b2, c2, d2,
e2); Dama dama (Fallow deer) (a3, b3, c3, d3, e3); Capreolus capreolus
(Roe deer) (a4, b4, c4, d4, e4); Muntiacus reevesi (Reeve’s muntjuk) (a5, bs,
c5, d5, e5) and Hydropotes inermis (Chinese water deer) (a6, b6, c6, d6, e6);
bar scale= 2 cm; arrow and number show that morphological characters (see
table 1; characters no. 18, 19, 20, 21, 22).

FUNCTIONAL MORPHOLOGY OF LIMB
ELEMENTS

The present Cervus sp. limb elements form a hock joint
and work as a dynamic system of three major joints: the
upper ankle joint, transversal tarsal joint and lower ankle
joints (Fig.9; Barr, 2014). The upper ankle joint is between
the tibia and the astragalus, the lower ankle joint between the
astragalus and calcaneus, and the transverse tarsal joint are
between the astragalus and the cubonavicular (Fig. 9). The
cervids astragalus is a double pully configuration and worked
as a cam (a mechanism that transforms rotational movement
to linear motion, Schaeffer, 1947). Structurally, the cervids
are generally occupying heterogeneous (grassland, forest and
swampy) habitats, which have cursorial adaptations and face
numerous physical obstacles to survive from the carnivore
predators. Thus, the cervids adapted to increase rotational
limb mobility or jumping into the air (pronking), this is
useful for negotiating a complex locomotor on the substrate
and uneven path to save from the predator. The functional
morphology analysis correlated cursorial habitat with the
joints mobility of cervids limb elements.

The cervid astragalus works as a double hinge joint
between the tarsus and the tibia (Schaeffer, 1947). The
astragalus articular facet of the tibia is connected with the
medial and lateral trochlea ofthe astragalus and simultaneously
connect with the sagittal reorientation of the astragalus-
calcaneum facet. Simultaneously, this mechanism controls
the inversion and eversion processes, which is monitoring
the ankle motion towards the anteroposterior direction. This
rotation process is restricted the tibial malleolus facet and
dorsal-distal part of cubonavicular movement until it will
reach the maximum point at the collum tali (Fig.9). At the
same time, the sustentacular facet is moved along the ventral
articular surface of the astragalus. The hind limb functioned
during plantarflexion and dorsiflexion processes with the
distal tibia, which worked as a combination of the motion
across two main joints (the upper ankle and transversal
tarsal joints). The movement also takes place at the lower
ankle joint between the astragalus and the calcaneus. The
upper ankle and transverse tarsal joints rotation are parallel,
and the hock joint movement is restricted to an anterior-
posterior movement. The composite action of the hock joint
at the sagittal plane maybe work as a lever arm system. The
calcaneum is operated as a lever arm for the plantarflexion.
While the length of remaining tarsals, such as the metatarsal
and phalange, bearing the load arms and the astragalus, which
work as the center of rotation (Fig.9.3, Schaeffer, 1947).

Based on mechanical lever system principles, the relative
proportion of lever and load arms will control the relative
speed and power (Alexander and Bennett, 1987). The relative
shortening of the calcaneum and relative elongation of the
distal limb elements (metatarsal) will influence the lever
system and do the rapid movement with less power (Scott,
1985). This condition (short calcaneum and long metatarsal)
is found in the present Cervus sp. limb elements, and it also
suggests that the Cervus represent the forest, woodland and
grassland habitat. In the hock joint process of cervids, the
astragalus is worked to rotated and takes the place of the
hock joint, which developing a cavity due to the combination
of the calcaneum, distal tibia and cubonavicular (Fig. 9.1).
Thus, the joint rotation takes place when the distal trochlea
brings the calcaneum to a more favorable place for the
movement of the hock plantarflexion, and when it reaches
an extreme position called dorsiflexion which assists the
further movement of power when the foot is in contact with
the ground.

During the movements of the hock joint to walk with a
long step is an act in the different stages. At the beginning
of the hind limb movement (stride cycle), when the ankle
joint is maximum dorsiflexed, the distal limb element begins
to rotate near the axis of the transverse tarsal joint (Fig.
9). The rotation takes place until the tibia and calcaneum
reached maximum dorsiflexion. At that point, the astragalus,
calcaneum, and cubonavicular reach a close-packed position,
and no further rotation takes place at the transverse tarsal joint
(Fig. 9.1). In the process of hock rotation, about the transverse
tarsal joint during the plantarflexion, the calcaneum moves
at the astragalus, and the displacement of calcaneum with
respect to the transverse joint axis and indicate two stages of
flexion such as a vertical line, representing an approximate
position of the center of rotation at the transverse tarsal joint.
Simultaneously, the distal trochlea head of the astragalus fills
the position of extreme dorsiflexion, and the cavity between
the cubonavicular and calcaneum is filled up (Fig. 9.1). During
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Fig. 9. (1) dorsiflexion position; (2) Plantarflexion position; (3) simple first
class lever system during plantarflexion;The medial views of astraglus,
calcaneus and cubonavicular of Cervus sp. in position attained during
extreme dorsiflexion and Plantarflexion; star dot: center of rotation of
astraglus; black line show the position of the axis of rotation; dotted line show
of length of calcaneus; fill dot: Transverse Tarsal Joint; white dot: Upper
ankle joint; black dot: Lower ankle joint; dotted line showing movement
area of Tibia on astraglus and desplacemnet between cubonavicular and
calcaneus; A: Astragalus; C: Calcaneus; N: Cubonavicular; T: Tibia.

the plantarflexion, a cavity formed between the astragalus,
calcaneum, and cubonavicular must accommodate astragalus
rotation (Fig. 9.2). The astragalus rotation represents the
cavity expansion due to the calcaneus displacement towards
posteriorly, and the calcaneus moves across the astragalo-
calcaneal facet (sustentacular facet, Fig. 9.2). In the present
position, the displacement is about 12.9%. It shows that the
available length of the astragalus is related to the size of
the calcaneus. Thus the displacement of the calcaneus was
observed during the extreme stage of plantarflexion and
till the calcaneus, astragalus and cubonavicular reached the
closed packed position (dorsiflexion), and the joint rotation
happens at the upper ankle joint.
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Fig. 10. The astragalus and metatarsal length and width and their comparison
with fossils and modern cervids (1) Astragalus; (2) Metatarsal; mesurment
unit in mm

COMPARISION

The morphological characters of the limb elements of
Cervus sp. are compared with the fossil and recent species of
Cervidae and three outgroups such as Giraffidae, Camelidae
and Bovidae (Table 1). Although, some characters of present
limb bones are similar and some are different from these
groups. The character numbers are shown in the figure and
also indecated by the arrow.

The astragalus and metatarsal length and width and their
comparison with fossils and modern cervids are given in
Fig. 10 and some of the measurements data taken from
Leonardi and pteronio, 1974.

In the present distal part of the tibia, the lateral margin
of the cochlea tibia is missing but shows a nearly straight
outline (without bulge) as found in C. elaphus, C. capreolus,
M. reevesi and H. inermis while bulge is found in 4. ardei
and M. giganteus. The medial malleolus ligament of the
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Fig. 11. The migration routes of Cervidae where dotted line arrows show definite routes (modified after Ludt et al., 2004).

present tibia is represented by a nearly straight line similar
C. elaphus, M. reevesi and M. giganteus while curved
upwards is in D. dama, C. capreolus, A. ardei and Cervalces/
Alces. The lateroanterior and lateroposterior malleolus of
Cervus sp. are divided by a shallow and broad valley as
in C. elaphus, C. capreolus, M. reevesi and M. giganteus
but deep and narrow valley (nearly U shape) in D. dama,
H. inermis, A. ardei and Cervalces/Alces. The edge of the
malleolus facet of the present tibia is roughly L shape as
on C. elaphus, D. pachecoi while U shape in D. dama, H.
inermis, C. capreolus, M. reevesi, Cervalces/Alces and M.
giganteus. The distal epiphysis of the present Cervus sp. is
laterally more wider with respect to diaphysis and postero-
medial surface covered by a longitudinal ridge similar is in
C. elaphus, M. reevesi, and M. giganteus but absent in D.
dama, C. capreolus, H. inermis and Cervalces/Alces. A bulge
is present at the anteromedial side of distal part of the present
tibia similar bulge is found in C. elaphus, A. ardei and M.
giganteus while the absence of this bulge in C. capreolus, D.
dama, M. reevesi and H. inermis.

The anterior view of Cervus sp. astragalus is a broad,
deep triangular central fossa, nearly oval in C. elaphus, A.
ardei, D. dama, Cervalces sp., M. giganteus, rounded in C.
capreolus, M. reevesi, H. inermis, O. hemionus, and elliptical
is in O. virginianus. The collum tali ridge is nearly straight,
thick in Cervus sp. while in C. elaphus is thin, undulating
upward and downward in lateral sides but weaker in D.
dama, O. virginianus and O. hemionus, C. capreolus, M.
reevesi and H. inermis. The medial bulge at collum tali in
Cervus sp. more prominent, which is similar in C. elaphus,
C. capreolus, M. reevesi, while less noticeable in D. dama, H.
inermi, Cervalces sp. and M. giganteus. The lateral extension
of medial trochlea in Cervus sp. is wider on the proximal side
and narrow on the distal side, which is identical in C. elaphus,
C. capreolus, Cervalces sp., and O. virginianus whereas

nearly equally broad on O. hemionus, M. reevesi, H. inermis,
A. ardei, and M. giganteus, but in D. dama lateral extension
of the medial trochlea is narrow in the proximal side and
broad in the distal side. In posterior view, intratrochlear notch
is more steeply inclined in Cervus sp. similar in C. elaphus,
C. capreolus and H. inermis while less inclined in D. dama,
M. reevesi, Cervalces sp., M. giganteus, O. virginianus and
O. hemionus.

In Cervus sp. antero-proximal side of the calcaneum
is a domed shape with a broad undulated anterior ridge,
like in C. elaphus, D. Dama, H. inermis and M. giganteus
while more convex in Cervalces sp., C. capreolus and M.
reevesi. The posteroproximal side has two vertical ridges in
the present calcaneum known as medial and lateral ridges;
the lateral ridge is shorter than the medial ridge, where the
medial ridge and calcaneal tuber are meeting together to form
a step-like structure. This structure similar in C. elaphus and
D. dama while without a step in C. capreolus, M. reevesi
and H. inermis. The medial and lateral ridges are separated
by a deep narrow tuber (sulcus) in present Cervus sp., the
identical sulcus is found in C. elaphus and D. dama, while
shallow and broad tuber is in C. capreolus, M. reevesi and
H. inermis. In medial view, the ectal facet is concave and
centrally projected towards the calcaneal tuber in Cervus sp.
which is similar in C. elpahus. In contrast, the ectal facet
has more projection toward the lateral side on D. dama, C.
capreolus, M. reevesi and H. inermis.

In lateral view of the present cubonavicular, calcaneus
articulation facet (caf) is less curved and extended from
anterior to posterior sides in Cervus sp., which is similar to
O. hemionus and D. dama, while steep like, more curve and
terminates before the posterior side or halfway on C. elaphus,
C. capreolus, M. reevesi, H. inermis, Cervalces sp., M.
giganteus and S. willdownsi (sheep). The extension of tendon
musculus peroneus longus (tmpl) in the lateral side is more
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prominent in Cervus sp. and C. elaphus and M. giganteus
while less prominent in D. dama, C. capreolus, M. reevesi, H.
inermis. In the posteroproximal side, the medial process (mp)
and internal process (ip) are separated by a broad U shaped
valley, and the medial process ridge is less steep in Cervus
sp., C. elaphus, D. dama, C. capreolus while nearly vertical
in M. reevesi and H. inermis.

The ectomesocuneiform and entocuneiform are not
fused to the navicular cuboid in Cervus sp., C. elaphus, D.
dama and C. capreolus while it is fused in M. reevesi and H.
inermis.

The view of proximal epiphysis metatarsal, the shape of
the foramen is large, elliptical in Cervus sp. C. elaphus and M.
reevesi, while it is large and elongated in the M. giganteus. At
the same time, it consists of a smaller central pit, enclosed in
a porous area, which can vary in shape, in the Cervalces sp.,
O. virginianus, D. dama, C. capreolus and H. inermis. The
anteroproximal side of metatarsal III or IV is separated by a
narrow groove in Cervus sp. which is similar to C. elaphus,
M. giganteus, O. virginianus and H. inermis while fused in
D. dama, C. capreolus, M. reevesi and Cervalces sp.

DISCUSSION AND CONCLUSIONS

Cervidae fossil records are mainly known based on
antelary and dentitions, while many of them are poorly
preserved and not well illustrated. Although the work on
fossil cervids was carried out a century ago, due to a lack
of uniform methodological criteria, multiple synonymies,
and systematic taxonomy, it is complicated to compare with
the modern genera and species (Croitor, 2014). We followed
the uniform morphology criteria of the present paper limb
elements and compared them with fossil and recent species
bones.

The report of Dermotherium, Bedenomeryx from Eurasia
and Blastomeryx from North America in late Oligocene
and early Miocene, and considered to be an ancestor of
Cervidae, but latter Blastomeryx assigned under the family
Bovidae (Gentry, 1994), and postulate that Cervidae has
quick diversifications into several genera and species (Ludt
et al., 2004; Lorenzini and Garofalo, 2015; Heckeberg,
2020). The divergence of major cervids linecages was a very
short period since this group was originated (DeMiguel
et al., 2014). 1t is also considered that during the Oligocene
to middle Pliocene (as well as during the Miocene climatic
maximum, warm climate) changes in the global climate,
geographical position and vegetation, which is suggested
that there are several successive rapid radiations within the
Cervidae (Hernandez et al., 2005). The cold and arid climate
was led to the replacement of forest habitats with open
grasslands in Europe and Central Asia which were favoring
the diversification, evolution, and dispersal of cervids
(Meijaard and Groves, 2004; Gilbert et al., 2006; Lorenzini
and Garofalo, 2015; Heckeberg, 2020). The earliest true
Cervidae has appeared in the middle Miocene in Central
Asia/ Eastern Eurasia (Scott and Janis, 1987; Vislobokova,
1990; Wang et al., 2009; Heckeberg, 2017), while fossils
evidence indicate that the origin of cervid may be in the
Europe (Heckeberg, 2017) which migrated from central

Asia/Eastern Eurasia to Europe in the middle Miocene, and
the same time to North America probably through Bering
Land Bridge because of no any other records of cervids from
North America known before late Miocene (Ludt ez al., 2004;
Webb, 2000). It can also be possible that same time cervids
migrated to the Indian subcontinent (Fig. 11) after the origin
of the Himalaya and regression of Tethys Sea due to which
formation of lowland platform for the dispersal from Europe
to the Indian subcontinent probably via Neotethys (Fig.
11). This hypothesis is also supported by the mitochondrial
(DNA) studies of recent cervids and suggested that the
Cervidae originated from Central Asia/Eastern Eurasia and
migrated to the Indian subcontinent, Europe and Europe to
North America (Ludt ef al., 2004), while the dispersal from
North America to South America was through the Isthmus
land bridge during the late Pliocene (Webb, 2000).

The extant cervids are habitat in the arctic, tropical to
temperate, and cold places such as tundra to rainforests in
the new and old worlds and generally live in lowlands, which
suggested that the formation of a long mountain belt resulting
from the closure of the Neotethys Ocean and their southward
dispersal from Central Eurasia to Europe and Southeast Asia
at the same time (Brunet ef al., 1984). The climate change
cooler in winter and decreases in summer, including rainfall,
followed by growing grasses, dense forest over a vast stretch
of Europe and Asia during Miocene/Pliocene, which enabled
large and fast-moving grazers such as cervids to radiate. In
contrast, the medium-sized to large-sized cervids occurred
in the late Pliocene and adapted to more temperate climatic
conditions (Heintz, 1970). The fossil records of grazing and
browsing forms, such as Equuidae, Elephantidae, along with
Cervidae from the lower Karewa Formation (Kotlia, 1985),
indicate that a dominant mosaic grassland, wooded grassland
with subordinate woodland and some bushland close to the
ancient lake, which was more open and supported grassy
vegetation with some tree and bush cover present during
the deposition of Karewa. It is a favorable environmental
condition for the survival of the cervids.

The functional morphology of the present limb elements
represents short calcaneum with relation to long metatarsal
indicate that rapid movement and less power during the
locomotion to save from the carnivore predator, it also
suggests that the Cervus has adapted ecotone habitat. It also
postulates that collum tali of the astragalus is controlled
the maximum movement of the tibia malleolus facet and
dorsal-distal part of cubonavicular during the locomotion.
The small size of the astragalus with relation larger size of
the calcaneum and metatarsal is indicated that this condition
is more favorable for the striding of the animal during the
plantarflexion and dorsiflexion.
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