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SYSTEMATIC PALEONTOLOGY

Order ARTIODACTYLA Owen, 1848
Family CERVIDAE Goldfuss, 1820

Subfamily CERVINAE Goldfuss, 1820

Axis Smith & Pedgeon, 1827

Type species.  Axis punjabiensis (Brown, 1926).

Axis cf. A. punjabiensis (Brown, 1926)
(Figure 2)

Referred material. PUPC 2011/ specimen number 125; 
PUPC 2010/ specimen number 72; PUPC 1968/ specimen 
number 286; PUPC 1967/ specimen number 107, PUPC 
1967/ specimen number 293; PUPC 2012/ specimen number 
215 (antler fragments). 

Horizon and locality. Pinjor Formation, Upper Siwalik 
Subgroup (Pleistocene), Sardhok, Gujarat district, Punjab 
Province, Pakistan.
Age of fossil sites. Lower Pleistocene; ca 1.6–0.8 Ma. 
Holotype. AMNH No. 19911, an incomplete skull with 
antlers.
Horizon (type material). Pinjor Formation (Pleistocene), 
Upper Siwalik Subgroup (Pabbi Hills). Two miles (3.2 
kilometres) west of Chandigarh, Ambala District, Punjab 
(India).
Description. The fossils are heavily pearled, well-
mineralized and cemented by a yellowish-brown matrix of 
coarse-grained sandstone. Specimen PUPC 2011/125 is a 
fragment of right antler with well-developed pedicle, burr 
with beam and brow-tine but the distal tips are missing 
(Figures 2A–C). The surface of the beam is rather heavily 
pearled. The length of the base from the burr to the angle 
in straight line is 7.0 cm. The length of P1 from the angle 

Figure 2. Antler fragments of Axis cf. A. punjabiensis from Sardhok, Upper Siwaliks, Pakistan: PUPC 2011/125 (A-C); lateral view, inner view, 
outer view: PUPC 2010/72 (D-F); lateral view, inner view, outer view: PUPC 1968/286 (G-I); outer view, inner view, Lateral view: PUPC 1967/107 
(J-L); outer view, inner view, Lateral view: PUPC 1967/293 (M-O); inner view, outer view, Lateral view: 2012/215 (P-Q); outer view, inner view. 
Scale bar = 30 mm. 
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between P1 and a1 (brow-tine) to a2 (rear-tine) is 22 cm. 
Length of P2 is 13.0 cm; the length of the brow-tine (a1) is 
6.2 cm. The length of pedicle is 9.5 cm and antero-posterior 
diameter 4.5 cm (DAP) while 5.0 cm transversally (DT). 
The angle [(P1) – brow tine (a1)] is 90o. Length of preserved 
antler outside the curve is 19.0 cm while the circumference 
of beam above brow-tine is 15.2 cm.

Specimen PUPC 2010/72 is a fragment of left antler 
with a well-preserved burr and base and a basal part of 
beam (Figures 2D–F). The length of the base from the burr 
to the angle in straight line is 5.8 cm. Diameter maximum 
of the body is 4.1 cm in antero-posteriorly (DAP) and 4.0 
cm transversally (DT). Length of preserved antler outside 
the curve is 11.2 cm while the circumference of beam above 
brow-tine is 13.0 cm.

Specimen PUPC 1968/286 is a fragment of right antler 
with a well-preserved burr and base and a basal part of beam 
(Figures 2G–I). The length of the base from the burr to the 
angle in straight line is 8.0 cm. Diameter maximum of the 
body is 4.3 cm in anterior-posteriorly (DAP) and 5.2 cm 
transversally (DT). Length of preserved antler outside the 
curve is 12.6 cm while the circumference of beam above 
brow-tine is 15.0 cm.

Specimen PUPC 1967/107 is a fragment of right antler 
with a well-preserved burr and base and a basal part of beam 
(Figures 2J–L). The length of the base from the burr to the 
angle in straight line is 8.2 cm. Diameter maximum of the 
body is 4.4 cm in anterior-posteriorly (DAP) and 4.7 cm 
transversally (DT). Length of preserved antler outside the 
curve is 18.4 cm while the circumference of beam above 
brow-tine is 14.5 cm.

Specimen PUPC 1967/293 is a fragment of left antler 
with a well-preserved burr and base and a basal part of beam 
(Figures 2M–O). The length of the base from the burr to the 
angle in straight line is 6.0 cm. The length of the preserved 
brow-tine (a1) is 2.5 and the angle [(P1) – brow tine (a1)] 
is 90o. Diameter maximum of the body is 4.7 cm in antero-
posteriorly (DAP) and 4.9 cm transversally (DT). Length 
of preserved antler outside the curve is 12.0 cm while the 
circumference of beam above brow-tine is 14.8 cm.

Specimen PUPC 2012/215 is a fragment of right antler 
with a well-preserved burr and poorly preserved base only 
while the beam is missing (Figures 2P-Q). The length of 
the base from the burr to the angle in straight line is 6.9 cm. 
Length of preserved antler outside the curve is 6.5 cm. The 
detail measurements of different parts of antlers are given 
in Table 1. 

ANALYSIS AND DISCUSSION

Among described antler specimens, only the pedicle, burr 
with beam and brow-tine are preserved in one specimen (PUPC 
2011/125; Figures 2A–C) while the remaining materials 
(PUPC 2010/specimen number 72; PUPC 1968/specimen 
number 286; PUPC 1967/specimen number 107; PUPC 1967/
specimen number 293; PUPC 2012/specimen number 215; 
Figures 2D–Q) have only the burr and the beam. Therefore, 
these can only be identified on the basis of general morphology 
of beam and burr and by comparing them with the previously 
described antler materials from the Siwaliks, as well as from 
Eurasia (i.e. Lydekker, 1880; Brown, 1926; Azzaroli, 1952, 
1954; Di Stefano & Petronio, 2002; Croitor, 2006, 2014; 
Croitor & Stefaniak, 2009; Ghaffar et al., 2012). In this regard, 
the morphology of these specimens is closely comparable 
to the holotype (AMNH No. 19911), an incomplete skull 
with antlers originally described by Brown (1926) as Cervus 
punjabiensis and later on based on more antler materials 
from the Siwaliks is referred as Axis punjabiensis by different 
authors (Azzaroli, 1954; Ghaffar et al., 2012). Moreover, the 
apparent structure of preserved antlers under study is very 
similar to specimen PUPC 5-2-2010 (Axis punjabiensis) 
recently described by Ghaffar et al. (2012) from another fossil 
site near Dina village, Jhelum district, Pakistan. 

According to Di Stefano & Petronio (2002), Axis from the 
Italian peninsula shows numerous morphological similarities 
in its antlers, with typical Asian forms confirming a close 
phyletic relationship, starting from 3-point antler plan to 
4-point antler plan. The Late Pliocene species of Europe, Axis 
lyra (Azzaroli, 1992), is represented by a pair of asymmetric 
antlers that belong to a young individual: one antler is 
three-tined like A. punjabiensis, while another antler bears 
an incipient small distal bifurcation. Moreover, the antlers 
of A. punjabiensis are slimmer and simple (3-tined) when 
compared to Dama eurygonos (4-tined). Subsequently, in A. 
punjabiensis the beam is strong and continuous and the brow- 
tine and rear-tine are very short as compared to D. eurygonos 
(Di Stefano & Petronio, 2002; Ghaffar et al., 2012). The 
generic attribution of different species of Cervidae is still 
controversial due to very fragmentary nature of materials and 
the species under study is not the exception. The assignment 
of this species to Axis or Metacervocerus still needs more 
complete cranial materials from the Siwaliks. The general 
morphology and discussion on these antlers (pers. comm. 
with Di Stefano) justify the attribution of the materials to 
Axis genus. But on the other hand, some antlers fragment, 

Specimens Length of 
base

Length of 
beam (P1)

Length of 
brow-tine DAP DT Angle between 

P1-a1
length of preserved 

part of antler
Circumference 

of beam
PUPC2011/125 7.0 22 6.2 4.5 5.0 90º 19 15.2
PUPC2010/72 5.8 4.1 4 11.2 13
PUPC1968/286 8 4.3 5.2 12.6 15
PUPC1967/107 8.2 4.4 4.7 18.4 14.5
PUPC1967/293 6 2.5 4.7 4.9 90º 12 14.8

Table 1. Measurements (cm) of the antlers under study. 



REVISTA BRASILEIRA DE PALEONTOLOGIA, 20(1), 201728

particularly the specimen PUPC 2011/125, also resembles 
M. pardinensis figured by Croitor & Stefaniak (2009, p. 19) 
where they argued that C. punjabiensis Brown, 1926 from 
the Upper Siwaliks should be included in this genus as M. 
punjabiensis. This attribution is based on the large body size 
and high crowned cheek teeth. Moreover, they also argued 
that the upper cheek teeth crown pattern and 3-point antler 
plan is morphologically similar to M. pardinensis. Based on 
antler morphology, we agree with this attribution but leave 
this question open till the next discovery of well-preserved 
maxilla with antlers of this species from the Siwaliks. 
Therefore, based on the general morphology and comparison 
of the antler fragments studied with the previously described 
antlers from the Siwaliks, these specimens are referred as 
Axis cf. A. punjabiensis.

Based on the available fossil record and above 
observations, it becomes clear that the genus Axis is widely 
distributed in the Siwaliks, Mediterranean Europe and 
China. Therefore, on the basis of antler remains, we can 
argue that A. punjabiensis is the more prominent species 
in the Siwaliks. Although eight species of family Cervidae 
have been described from the Siwalik continental deposits, 
the species under study is known by more antler remains 
than any other cervid species. The fossil finds of this genus 
in the Indian subcontinent and Mediterranean Europe 
confirms the faunal exchange through the land bridge 
between these two regions during the late Miocene–early 
Pliocene as suggested by Hsü et al. (1977), the faunal 
exchange between China and India was also possible 
because the Tibetan Plateau would not have formed a barrier 
to the dispersal between these regions (Howell & Petter, 
1985; Ghaffar & Akhtar, 2012). 

Age of the deposit (study area)
Based on the lithological characteristics, the age of 

the study area is considered as early Pleistocene or late 
Matuyama (i.e. 1.6–0.8 Ma). The study area is composed of 
coarse boulder and pebble conglomerates with minor coarse 
and cross-bedded sandstone. These conglomerates consist 
of poorly sorted pebbles and boulders of mostly Eocene 
rocks with a small proportion of older sedimentary rocks, 
quartzites and igneous rocks. The conglomerate is intercalated 
with beds of soft sandstone and siltstone of pale brown to 
ochre colour. At some places of the study area it consists of 
pebbles of various igneous and metamorphic rocks with a 
small percentage of Eocene limestone pebbles ranging up to 
half a meter in diameter and has intercalations of soft, grey 
sandstone and orange claystone. In some other portions of  the 
study area, the conglomerate is composed of poorly sorted 
pebbles, cobbles and boulders with a calcareous sandy matrix. 
Most of the boulders are of limestone, marl and sandstone 
derived from Tertiary and older rocks of the neighbouring 
areas. Subordinate sandstone beds are intercalated with 
the conglomerate. This sandstone is green grey and brown, 
cross-bedded and usually forms steep or vertical walls and 
cliffs. Pilgrim (1913) named this stage as Pinjor Formation, 
Shah (1977) as Soan Formation while Johnson et al. (1982) 

as Late Matuyama Formation. In general, all these three 
formations (Pinjor, Soan and Late Matuyama Formation) 
show an interbedded sequence of mudstone and sandstone. 
The mudstone is generally yellowish with some brownish 
shade and the proportion of mudstone increases up-section. 
The sandstone is fine to medium grained, thin to medium 
bedded and often show cross-bedding. The present paper 
not only increases the sample size of antler remains from the 
Siwalik continental deposits but also highlight the phyletic 
relationships of family Cervidae in this region. But the exact 
phylogenetic relationships of different species of the family 
Cervidae in the Siwaliks and with neighbouring provinces 
during the time in question needs further research. 
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