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Abstract: The fluvial sediments of the Siwaliks in northern Pakistan contain a Miocene through Pliocene geologic and paleontological
record. The sediments, which are thousands of meters thick, have abundant vertebrate and invertebrate fossils from multiple horizons.
Renewed collecting in northern Pakistan in collaboration with the Geological Survey of Pakistan has now added over 10,000 bovid
fossils to a new collection in Islamabad. The fossils include many isolated horn cores and occasional skulls, as well as teeth and
postcranials. Here we discuss material belonging to the Antilopinae, recognizing fifteen species belonging to at least three tribes.
Five of the fifteen have previously been named, while an additional two have cranial material suitable for defining a new species.
The remaining eight taxa are known from cranial material that allows us to distinguish them from other Siwalik bovids, but in
most instances they are of doubtful generic identity and we think may belong to previously recognized taxa from other geographic
regions. One (?Protragelaphus sp.) probably belongs to an unnamed species, but because the available material is inadequate for
defining a new species, we do not name it at this time. In the fossil collection the Antilopini predominate among the Antilopinae,

both in terms of number of species and number of specimens.
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INTRODUCTION

The Siwalik formations of northern India and Pakistan are a
thick sequence of Neogene fluvial sediments having abundant
remains of fossil mammals, with diverse assemblages of extinct
species and especially of bovids. With fossil vertebrates first
attracting scientific notice by 1832, there are now substantial
collections worldwide in many museums. The Geological
Survey of India in Calcutta and the American Museum of
Natural History in New York notably hold the types for most of
the named species, but other important collections include those
of the Natural History Museum of London, Punjab University
in Chandigarh, the Wadia Institute of Himalayan Geology in
Dehra Dun, the Yale Peabody Museum in New Haven, the
Bavarian State Collection of Palacontology and Geology in
Munich, and the Geological Institute, State University of
Utrecht.

Beginning in 1973 a collaborative project between Harvard
University and the Geological Survey of Pakistan (GSP)
(Badgley et al.,2025a), as well as with the University of Arizona
and the Pakistan Museum of Natural History, has produced a
new collection of Siwalik fossils which now includes more
than 10,000 bovid fossils. In a companion paper (Gentry et
al., 2026) we discussed species of the Hypsodontinae and
Bovinae. Here we discuss the Siwalik Antilopinae, recognizing
15 species belonging to three tribes. Two of the fifteen are
new, both belonging to new genera. The repository of these
new collections is the Vertebrate Palacontology Collection &
Research Center, Geological Survey of Pakistan in Islamabad.

Study of Siwalik bovids has been plagued by inadequate

types as well as the lack of information on the localities they
came from and their ages. This makes it difficult to characterize
and then compare several of the Siwalik species.

Chronological Framework

The sources and ages of earlier collections are often in
question, but for the most part the newly collected material
is from well dated stratigraphic sections and can be placed
within a reliable chronostratigraphic framework which
makes the fossils especially valuable. The chronological
framework is based on paleomagnetic correlations of more
than 65 stratigraphic sections. Sections included are from the
Kamlial, Chinji, Nagri, and Dhok Pathan Formations on the
Potwar Plateau, as well as from the Chitarwata, Vihowa, and
Litra Formations of the Sulaiman Ranges and Bugti Hills, and
from the Gaj and Manchar Formations of the Lower Indus
Basin. Details of the methods and documentation of this work,
including procedures for determining the ages of fossil sites,
have recently been reviewed in Behrensmeyer and Barry (2025)
and Barry and Behrensmeyer (2025). See especially table 3.1
in Barry and Behrensmeyer (2025) for details on the sections,
including published references. All age estimates are based on
the Gradstein ef al. (2012) Geomagnetic Polarity Time Scale.

A small number of localities found by Barnum Brown in 1922
(Colbert, 1935a,b; Pilgrim, 1937) are well enough documented
as to location and stratigraphic horizon that their fossils can be
included in this study. Unfortunately other Brown localities,
as well as the extensive collections made by the Geological
Survey of India and its predecessors cannot be included,
because the geographic and stratigraphic data are inadequate.
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Thus the holotypes and other materials described by Lydekker
and Pilgrim in the late 19th and early 20th centuries cannot
be incorporated in our chronological framework with any
precision. Occasionally, however, it is possible to constrain the
ages of Brown’s localities more narrowly. One such complex
of localities is noted in Table 1, together with comments on the
likely age. Table 2 shows the approximate ages of the Potwar
and Sulaiman terrestrial formations.

All of this work, whether collecting fossils or rock samples,
measuring and describing section, running laboratory analyses,
or supporting our activities in camp and field was done by a
very large number of colleagues, both Pakistani and of other
nationalities. A list of project participants in “Preamble to
Framing Chapters” (Badgley et al., 2025b) has 166 names -
and is missing at least two.

We occasionally refer to the land mammal biochronological
units Vallesian, and Turolian (successive Late Miocene units),

Table 1. Age estimates for two AMNH and PMNH localities.

and to the numbered European Neogene mammal units. The
MN units were meant to be a temporal succession of mammal
faunas, with each unit having a reference faunal locality (Mein,
1999). Later studies have sought to place the units according to
magnetostratigraphic, biostratigraphic, and geochronological
scales (Steininger, 1999; Agusti et al., 2001; Gradstein et
al., 2012), but sometimes without agreement on their dates.
Woodburne ef al. (2013) present a “Chinese Standard” for the
Neogene of Northern Asia.

Important localities and formations outside the Siwaliks
are listed in Table 3. Dates are from either the cited references
or tabulations in the literature, with African localities from
Werdelin (2010) and van Couvering and Delson (2020). The
Middle Miocene starts at 15.97 Ma and the Late Miocene at
11.63 Ma. The base of the Pliocene is 5.33 Ma (Gradstein et
al.,2012).

The American Museum of Natural History archives contain an unpublished notebook by Barnum
Brown containing a list of localities and stratigraphic notes, as well as a partial list of notable
specimens found at the localities. Many fossil specimens have small paper slips with numbers and
descriptions corresponding to those in the notebook. These slips are primary documents tying the
specimens to the notebook list of localities and to the topographic maps recording the localities and
geological information. This unpublished information allows us to insert critical bovid specimens into
our chronostratigraphic framework. We prefix Brown’s locality number with a “B” in order to
distinguish it from other institution’s localities and collections.

Locality Age (Ma) Remarks
Brown's field notebook indicates he collected isolated specimens and
blocks from a single quarry one half mile (0.8 km) southwest of Dhok
Pathan. Included in the fossils are the holotype and a paratype of Gazella
AMNH lydekkeri (AMNH 19663 and 19664). Brown's quarry lies between two
Localities 8.3 marker units, the Hilltop Sand and the Grey Tracer sand (Barry et al. 2002,
B 25-37 fig. 4). The quarry can be placed on a paleomagnetic section determined by
Noye Johnson (Barry et al. 2002), which shows it to be just below the
transition between Chron 4r.1n and 4r.2r. It is 8.3 Ma on the Gradstein et
al. (2012) timescale.
The Litra Formation is a thick unit overlying the Vihowa Formation in the
PMNH Zindapir Dome area west of Dera Ghazi Khan in southwestern Punjab.
Locality —Late Miocene While the sediments are not highly fossiliferous and no paleomagnetic
7162 sections have been made, the presence of hipparionine equids (Raza et al.

2002) indicates a Late Miocene age for this locality.

Table 2. Age estimates for the terrestrial formations of the Potwar Plateau and Zinda
Pir Dome. The overlap in age estimates between adjacent formations is the result
of time transgression of the formation boundaries. 'See Hussain et al. (1992) for
discussion of this unit and the problem of Upper Siwalik formation nomenclature.
2In the Southern Potwar, the Kamlial and Murree Formations are not differentiated.
3The age estimate for the top of the Vihowa follows Raza et al. (2002). “The
dates cited are based on Interpretation B of Lindsay et al. (2005, Fig 6B, p. 13).
An alternative correlation to the Geomagnetic Polarity Time Scale (Lindsay et al.,
2005, Fig 6A, p. 12) places the base of the Chitarwata Formation at approximately
29.5 Ma and its top at 21.9 Ma. This correlation postulates an over two million
year long hiatus between the top of the Chitarwata Formation and the base of the
Vihowa Formation, which would be younger than 19.7 Ma. A subsequent third
correlation (Lindsay and Flynn 2016) places the bottom of the formation in C11n.1r
at approximately 29.5 Ma and the top at the base of Céon at 19.7 Ma. (Age estimates
adjusted to the Gradstein et al., (2012) Geomagnetic Polarity Time Scale.)

Formation Age Range (Ma)
Potwar Plateau
Tatrot 35t033
Samwal ' ca.3.6toca. 1.5
Dhok Pathan 9.8 to ca. 3.5
Nagri 11.5t09.0
Chinji 140to11.4
Kamlial/Murree > 18.0 to 14.0
Murree 710 18.0

Zinda Pir Dome
Litra
Vihowa *

Chitarwata *

Late Miocene
ca.19.7toca. 11
25.8 to ca. 19.7



Bovidae are pecorans with horns having a keratin sheath
surrounding an unbranched bony core (Bibi et al., 2009).
The family Bovidae has been understood as a hierarchy of
subfamilies and tribes (Bibi, 2013, 2014), but molecular
research on extant bovids indicates greater complexity. Adding
fossil groups to the analysis of Hassanin ef al. (2012) produces
a more comprehensive, but partly conjectural arrangement of
the subfamilies and tribes (Table 4).

Apart from the number of species present at different times,
the importance of the Siwalik antilopines largely lies in the
age and geographic origins of the tribes Antilopini, Reduncini,
and Caprini, which are also present in Africa and northern and
western Eurasia. The oldest Siwalik bovids are Early Miocene
and include horncores and dental and postcranial fossils. Horn
cores, which are necessary for recognizing species, become
common only in the lowermost Chinji Formation at around
14.1 Ma, at which time our new collections show that of seven
species present only one is an antilopine. An unambiguous
member of the Antilopini only appears at about 13 Ma, with
Reduncini and Caprini appearing much later. All the Miocene
Siwalik bovids are listed in Table 5 together with estimates
of their chronostratigraphic ranges in the Siwaliks. The ages
given for species in that table and the text are based on the more
secure identifications of the material, with horn cores given
preference. Dates in parentheses have less precise estimates

Table 3. Important localities and formations outside the Siwaliks.

GENTRY ET AL.: SIWALIK ANTILOPINES

and are given as possible minimum and maximum ages. The
antilopine material discussed in this paper comes from 143
localites ranging between 14.1 and 6.3 Ma, with approximately
112 different stratigraphic levels.

METHODS AND MATERIALS

Dental nomenclature follows Gentry et al. (1999), Gentry
(2010), and Barmann and Rossner (2011). Measurements are in
millimetres or centimetres and were made with digital calipers.
Upper case = upper teeth, lower case = lower teeth.

Institutional acronyms include the following: AMNH:
American Museum of Natural History, New York, New York;
GSI: Geological Survey of India; GSP: Geological Survey of
Pakistan; MNB: Museum fiir Naturkunde Berlin; and NHML:
Natural History Museum, London. Specimens prefixed with Y
or Z are deposited in the collections of the Geological Survey
of Pakistan or the Pakistan Museum of Natural History, both in
Islamabad. The Brown collection is in the American Museum
of Natural History. In the following we frequently refer to the
collections made by the Harvard-GSP project simply as the
“GSP collections.”

Abbreviations and conventions: Hypsodonty index (hyp) =
height of unworn or very slightly worn m2s or m3s divided

Locality Country Stage / MN Unit Age (Ma)  Reference and Comments
Adu-Asa Formation Ethiopia Late Miocene 6.5-5.6
Bahe Formation China Late Miocene ~10.8-7.3 Zhang et al. (2013)
Baode Formation China Late Miocene 7.2-55 Kaakinen et al. (2013)
Beglia Formation Tunisia ?Middle - M4 -11
Late Miocene
Candir Turkey Middle Miocene 164-13.4
MN5-6
Fort Ternan Kenya Middle Miocene 13.8-13.7
Kohfidisch Austria Late Miocene ~10.0 - ~8.0
MNI10Oor 11
Langebaanweg South Africa  Early Pliocene 5.2-5.1 Baard’s Quarry contains fossils of
(Varswater Formation) varying age younger than the
Varswater Formation.
Lothagam Kenya Late Miocene - 7.4-~42
(Nawata Formation to Middle Pliocene
Kaiyumung Member of the
Nachukui Formation)
Lukeino Kenya Late Miocene 6.1
Manonga Tanzania Latest Miocene —  ~5.3
Early Pliocene
Maragheh Iran Late Miocene 8.9-74 Kostopoulos and Bernor (2011)
Mpesida Kenya Late Miocene 6.8
Namurungule Formation Kenya Late Miocene ~8.5
Ngorora Formation Kenya Middle - 13.1-10.5 Deino et al. (1990). Equids are
Late Miocene from younger exposures at
Ngeringerowa (Hill ef al. 1985)
Pasalar Turkey Middle Miocene 14 -12.85
MN6
Pikermi Greece Late Miocene 74-7.1 Bohme et al. (2017)
MNI12
Sahabi (Upper) Libya Late Miocene 6.5-~5.5
Samos Greece Late Miocene 8.0-6.7 Koufos et al. (2009)

MNI11- 13



PALAEOVERTEBRATA VOL .49 (2)-el

Table 4. A possible classification of Bovidae. Extinct taxa marked with obelisks and Siwalik Miocene taxa of known affinity in bold type.

Subfamily Bovinae

Boselaphini nilgai and four-horned antelope
Tragelaphini kudu, bushbuck group. African
Bovini cattle, buffalo
Subfamily Antilopinae
Neotragus former “Neotragini” is polyphyletic. Small, African
Aepyceros impala, African
Antilopini blackbuck, saiga antelope, gazelles
tOiocerina Late Miocene, includes Urmiatherium
tCriotherium Late Miocene, plus tPalaeoreas
Reduncini waterbuck and reedbuck group plus Pelea
Cephalophini duikers, African
t Tethytragus Middle Miocene, not a boselaphine
Hippotragini roan, sable antelope, oryx, addax
Alcelaphini hartebeest and wildebeest group
Pantholops chiru, Tibet. Linked with Caprini, below
Caprini the former mainly Eurasian subfamily Caprinae
Ovibovina muskox, serow, goral
Caprina takin, chamois, sheep, goats

by molar length, expressed as a percentage of molar length.
Crown height is measured on the protoconid. Premolar/molar
index (p/m) = length of premolar row divided by the length
of the molar row expressed as a percentage of the length of
the molar row. Basal index of a horn core = transverse or
mediolateral basal diameter as a percentage of anteroposterior
basal diameter (transverse diameter/anteroposterior diameter).
Skull orientations are described with the tooth row visualised
as horizontal.

In the Systematic Paleontology section only a limited
number of notable specimens are listed under “Material,”
while Appendices 1 through 4 contain all studied and referred
specimens and include measurements. Within each taxon, the
listings are ordered by age and locality. Appendix 1 has the
cranial material, Appendix 2 dental, Appendix 3 astragali, and
Appendix 4 other postcranial elements. (Skulls with teeth are
listed in both Appendices 1 and 2.) For a new taxon the listings
in the appendices form the hypodigm.

SYSTEMATIC PALEONTOLOGY

Family BOVIDAE Gray, 1821
Subfamily ANTILOPINAE Gray, 1821

In most classifications the Antilopinae contain all bovids
other than Bovinae and are the larger, more species rich
subfamily. Early non-boselaphine bovids in the Siwaliks before
the advent of Gazella at 13.2 Ma may best be left as tribally
unclassified Antilopinae. Thereafter some tribal assignments
become possible, but teeth do not evolve far enough for
boddont or aegodont status to be attributed.

CHINJIKEROS new genus.
Type and only species. Chinjikeros kanatti nov.

Diagnosis. As for the species.

Chinjikeros kanatti new species

Holotype. GSP'Y 25028 Left horn core, preserved for nearly
its whole length (Figure 1). From Locality Y 478 (14.1 Ma) at
32° 41.26°N, 72° 14.31’E. Correlated to the Kanatti (Upper)
section between 301.5 and 312.9 meters below the base of the
upper Kanatti section of Kappelman et al. (1991).

Diagnosis. A small species (ca. 15-20 kg). Horn cores small,
short to moderately long, maximum transverse diameter lying
across the middle level of the anteroposterior diameter, no
keels, little compressed, with some strong longitudinal ridges
on the posterolateral corner or in the middle of the lateral side,
slightly or perhaps more strongly divergent in anterior view
with a barely perceptible lessening of degree of divergence at
the tips, insertions moderately inclined, straight in side view
or having a very slightly concave profile along the front edge,
insertions wide apart and above the orbits but still leaving
wide horizontal dorsal orbital rims, frontals not raised between
horn core bases, sometimes a shallow postcornual fossa, front
edge of pedicel at an angle to the front edge of the horn core in
profile, no sinuses in pedicels, a large supraorbital foramen or a

Figure 1. Chinjikeros kanatti. Y 25028 holotype left horn core in A) medial
and B) frontal views. C) cross section with the anterior towards the right.
Arrow indicates the level of the cross section on the horn core. Scale 20 mm.

4
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Table 5. List of bovid species, with estimated ages of first and last appearances in the Siwaliks. Bracketed species = lineages. Dates in parentheses are imprecise
estimates and are given as a range between the minimum and maximum dates.

?Family Bovidae
Subfamily Hypsodontinae

Palaeohypsodontus zinensis Métais et al., 2003 728.3 - 18.2 Ma
?Hypsodontinae sp. 15.2 Ma
Kubanotragus sokolovi Gabunia, 1973 14.1- 12.1 Ma
Hypsodontus pronaticornis Kohler, 1987 13.7-12.8 Ma
Family Bovidae
Subfamily indet.
?Bovidae sp. 1 16.0 - 15.1 Ma
Subfamily Bovinae
Tribe Boselaphini
Eotragus noyei Solounias et al., 1995 17.9 - 16.8 Ma
Carinameryx lindsayi Gentry et al., 2026 (18.3-17.9 Ma)
Elachistoceras khauristanensis Thomas, 1977 14.1 - 8.5 Ma
[Strepsiportax meyeri Gentry et al., 2026 14.1-12.4 Ma
Strepsiportax gluten Pilgrim, 1937 12.4-(11.2-10.8) Ma
[Sivaceros antecedens Gentry et al., 2026 14.1-13.4 Ma
Sivaceros gradiens Pilgrim, 1937 13.0-(11.3-11.0) Ma
?(Sivaceros) vedicus Pilgrim, 1939 9.8 Ma
Sivoreas eremita Pilgrim, 1939 14.1-12.1 Ma

Helicoportax praecox Pilgrim, 1937
[Selenoportax vexillarius Pilgrim, 1937

13.4-(11.2 - 10.8) Ma
(11.2 - 10.8) Ma

Selenoportax aff. vexillarius 10.2 - 9.8 Ma
[Miotragocerus pilgrimi (Kretzoi, 1941) 710.5 - 8.8 Ma
-Miotragocerus punjabicus (Pilgrim, 1910) 8.7-6.4 Ma
Tragoportax salmontanus Pilgrim, 1937 8.4-7.2Ma
Punjabameryx inflata Gentry et al., 2026 79.4-7.3 Ma
Ruticeros pugio Pilgrim, 1939 ?
Tribe ?Bovini
-Pachyportax falconeri (Lydekker, 1886) 9.8 - 8.9 Ma
[Pachyportax dhokpathanensis Pilgrim, 1937 9.0-7.2Ma
-Pachyportax giganteus (Akhtar, 1995) ?
Subfamily ?Bovinae
Rectacornis mirabilis Gentry et al., 2026 9.6 -9.0 Ma
Subfamily Antilopinae
Tribe undifferentiated
Chinjikeros kanatti new genus and species 14.1 - 11.7? Ma
Tribe Antilopini
[?Gazella sp. 13.2-11.7 Ma
Gazella lydekkeri Pilgrim, 1937 10.2 - 6.3? Ma
Prostrepsiceros vinayaki (Pilgrim, 1939) 8.4-7.9 Ma
?Prostrepsiceros, large sp. 8.2-7.9Ma
Nisidorcas planicornis (Pilgrim, 1939) 9.0 Ma
?Protragelaphus sp. 10.8 Ma
Spiraliscornis inopinata new genus and species 8.8 Ma
Tribe Reduncini
-Kobus sp.1 9.4 -8.2Ma
I:Kobus porrecticornis (Lydekker, 1878) 8.1-7.7Ma
-Kobus sp.2 7.4-(7.2-6.6) Ma
Tribe Antilopini or Caprini
Tethytragus sp. 13.4?7 - 12.4 Ma
?Caprotragoides, sp. indet. 10.2 - 8.6 Ma
?Dorcadoryx sp. 9.7-9.4 Ma
Tribe Caprini
Protoryx aff. solignaci (Robinson, 1972) 11.3 Ma
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small supraorbital pit, but not forming a Gazella-like triangular
depression.

Chinjikeros kanatti horn cores differ from those of
Homoiodorcas tugenium by being longer, less compressed,
and lacking a posterior keel. They differ from Gazella in being
shorter, straighter, and less compressed. The large triangular
depression around the supraorbital foramina of Gazella is
absent in C. kanatti.

The species is named for a small Punjab village known for
its fertile orchards and lush surroundings. A very pleasant place
to visit with several remarkable fossil sites nearby.

Estimated age. 14.1 - 11.7? Ma
Material.
Locality Y 478 (14.1 Ma)
Y 25018 Left horn core.
Y 25028 Left horn core. Holotype.
Y 25208 Left horn core base, part of frontal and of right pedicel.

Locality Y 878 (14.1 Ma)
Y 47045 Right horn core base with part of frontal.

Locality Y 507 (11.7 Ma)
Y 25134 Left mandible with m1 and m3.
Y 42307 Right mandible with damaged p4 and m1, m2-m3.
Discussion. Both horn cores and dental remains are known
from 14.1 to 13.0 Ma, but we have also referred four mandibles
to Chinjikeros kanatti that are younger (12.8 to 11.7 Ma),
although they possibly belong to the species we refer to as
?Gazella sp.

Chinjikeros kanatti is best represented at Locality Y 478.
The absence of backward curvature of the horn cores (Figure
1, Figure 2 A), absence of a gazelle-like triangular depression
or pit around the supraorbital foramen as seen in Y 25018 and
Y 47045 (Figure 2B and E), the wide insertions of the horn

cores in relation to rather a narrow braincase, as in Y 25208
(Figure 2F), and unraised frontals between the horn bases are

1
E F

Figure 2. Chinjikeros kanatti. Y 25018 left horn core in A) medial, B) anterior,
and C) lateral views. D) cross section with arrow indicating anterior. Y 47045
right horn core in E) anterior view. Y25208 frontlet with left horn core in F)
medial view with arrow marking the midline. Y 26783 right horn core in G)
lateral view. Scale 20 mm.

all primitive characters. The likely shortness, straighter course,
and lack of compression of Y 26783 (Figure 2 G) preclude it
being assigned to Gazella despite it being the youngest horn
core listed for this species and falling within the temporal range
of ?Gazella sp

The horn cores of Chinjikeros kanatti differ from
Hypsodontus sokolovi, also present at Locality Y 478, in
shorter length, straightness, stronger longitudinal grooving,
less smoothly rounded cross section, less upright in side view,
and more divergent in anterior view. If a large and shallow
postcornual fossa is characteristic of H. sokolovi, this would
make another difference. If torsion is present in C. kanatti
(Y 25020) it would be in the same homonymous direction as
in H. sokolovi. Additional horn cores of doubtful identity from
Locality Y478 are Y 25041, Y 25170, Y 28084, and Y 46296,
but these are not part of the Chinjikeros kanatti hypodigm.

The tooth remains listed (Figure 3) in Appendix 2 span
13.1-11.7 Ma but only the poorly preserved upper molars from
Locality Y 725 (13.0 Ma) are associated with horn cores of
Chinjikeros kanatti. The other teeth are concentrated around
13.0 Ma, but four of them are 12.8 Ma or younger. It should
be noted that the youngest horn cores of C. kanatti are 13.0
Ma, while three horn cores attributed below to a similarly-sized
possible species of Gazella occur at 13.2, and 11.7 Ma. If teeth
of both species were present in the collection it is very likely
that we are unable to tell them apart. No dental characters have
been given in the diagnosis.

The molars are low-crowned and show somewhat late
joining of crests on the occlusal surface. Upper molars have
small styles, a flat labial wall of the metacone, and a small
posterior part of M3. Lower molars show tiny basal pillars on
m3 (less reduced on ml), slight to moderate development of
an anterolabial cingulum not reaching the stage of becoming a
goat fold, and slight outbowings of ribs on their lingual walls.
The basal pillar on the m3 of Y 42307 is tall despite its tiny
diameter and that on m2 is more robust. The m1 and m3 of
Y 25134 are larger than earlier teeth of this species (Appendix
2). Neither m3 of Y 26377 nor Y 25134 have central fossettes
on their hypoconulid lobes, but Y 26433 did. No expansion
is seen at the lingual end of the p4 metaconid. The fairly flat
labial wall of the metacone on upper molars may be unique but
the other characters are frequently seen in early bovids. The
two specimens (Y 42307 and Y 25134) from Locality Y 207
(11.7 Ma) are associated with a horn core we attribute below to
?Gazella sp. and while possibly belonging to ?Gazella sp. the
two specimens do not have gazelle-like attributes.

Separation of the teeth of small antilopines from very small
boselaphines is difficult. We have listed specimens (Appendix
2) for Chinjikeros kanatti from a long time range which are
intermediate in size between teeth assigned to Elachistoceras
khauristanensis Thomas 1977 and those of Gazella lydekkeri
Pilgrim 1937 (Figure 4). Teeth of C. kanatti differ from those
of E. khauristanensis in that: 1) the rear central fossettes of
upper molars lack a spur from the lingual wall and their lingual
lobes do not turn forwards in later wear, 2) The p4 parastylid
and paraconid are not differentiated, 3) the metasylids on lower
molars are absent or very small, and 4) the m3 hypoconulid
has the lingual wall generally offset labially and not enclosing
a central fossette.

The metacarpal Y 1466 from Locality Y 70 (13.8 Ma) is
about the size to go with C. kanatti, but is not associated with
horn cores. It has distal condylar ridges which reach high on the
posterior surface. It is too long to belong to the same species as



the incomplete metatarsal Y 45979 assigned to Elachistoceras
khauristanensis and dated at 9.4 Ma. Its length x minimum
shaft width of 125 x ~10 mm may be compared with values
of 89.5%8.5 mm for the late Early Miocene Namibian bovid
Namacerus gariepensis (Morales et al., 2003, plate 3 figure
5), 159 x 13.0 mm for a Pikermi Gazella capricornis NHML
M11469, and a mean of 125%8.7 mm for 8 examples of the
extant steinbok, Raphicerus campestris. According to these
figures the Chinjikeros metacarpal would be longer and less
thick than in the very early bovid Namacerus, about as long but
thicker than in living Raphicerus, and not long enough to fit a
Late Miocene Gazella.

Remarks. This species is not a boselaphine. Although about
the same size, it differs from contemporary Middle Miocene
boselaphines, which have mediolaterally compressed horn
cores, usually with demarcations and anterior and sometimes
posterior keels. Middle Miocene boselaphines also usually
show signs of anteriorwards growth or modification of horn
core bases or their pedicels (Solounias, 1990). These are all
features absent in Chinjikeros kanatti.

Species of Eotragus and Namacerus are usually grouped
with boselaphines and seen as possilbly ancestral (Solounias
et al., 1995) - a view not accepted by all (Gentry 2010, Van der
Made 2012). Fotragus and Namacerus differ from Chinjikeros
kanatti most noteably in size, but also in having short and more
spike-like horn cores with an incipient anterior keel that may
form a continuous, although subdued, keel in some species. C.
kanatti has deep longitudinal grooves on the posteriormedial
face of the horn core, which are not present in either Eotragus
or Namacerus.

The only early member of the Antilopinae in Africa well
enough known to have been named is Homoiodorcas tugenium
Thomas 1981. It is from the Ngorora Formation in Kenya, with
other possible occurrences of Homoiodorcas under various
names from Libya, Saudi Arabia, Israel, and Thailand (Thomas
1983, Tchernov et al., 1987, Mein and Ginsburg 1997, Gentry
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2010). Chinjikeros kanatti horn cores differ from H. tugenium
in being slightly larger and probably longer, cross section
less narrowed posteriorly, no posterior keel, without a rather
sudden distal diminution in anteroposterior diameter (Thomas,
1981), no twisting of the axis at the base whereby the lateral
surface is turned to face partly anteriorly and partly upwards
(a condition seen in several extant Neotragini and some fossil
species), not having a somewhat flattened medial surface, not
curved backwards, no gazelle-like triangular supraorbital pit,
and a shallow rather than a variable postcornual fossa. In the
past Homoiodorcas has been taken as a neotragine, but we
believe now that it is better not to differentiate tribes within
Antilopinae before the appearance in the record of Gazella
as a definite member of the Antilopini. Chinjikeros kanatti is
of similar geological age to the supposed Gazella sp. at Fort
Ternan (Gentry 1970, plate 15, plate 16 figures 1-3). It could
be seen as a possible ancestor or relative of Gazella or Kobus.

Tribe ANTILOPINI Gray, 1821

Living Antilopini comprise on the one hand the gazelles
and several other mainly African genera and on the other the
heteronymously spiral-horned type genus, Antilope Pallas,
1766, now including only Antilope cervicapra (Linnaeus 1758),
the blackbuck of India. Molecular and genetic studies endorse
the relationship between A. cervicapra and non-spiral horned
Antilopini (Hernandez Fernandez and Vrba, 2005; Hassanin et
al., 2012; Barmann et al., 2013). Gazella and several extinct
spiral-horned antilopines, the latter bearing many names, are
found in the Miocene of the Siwaliks. Spiral-horned antelopes
with homonymously curved horn cores have been placed in the
separate subtribe Oiocerina Pilgrim by Kostopoulos (2014).

Genus GAZELLA Blainville, 1816
Type species. Gazella dorcas (Linnacus, 1758).
Diagnosis. Small to moderate sized bovids. Moderate to long

A :

Figure 3. Chinjikeros kanatti Y 42307 right mandible with p4-m3 in A) labial and B) occlusal views, Y 25134 left mandible with m1 and m3 in C) labial and D)
occlusal views, Y 31422 right p4 in E) labial and F) occlusal views, Y 31967 left M3 in G) occlusal view. Scale 10 mm.
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horn cores, the level of maximum mediolateral width lying at
or just behind the anteroposterior midpoint, without keels or
torsion, subcircular or elliptical cross section, lateral surface
often flatter than the medial, little or moderate divergence,
inserted above the back of the orbits, moderately upright
insertions, backwardly curved, moderately wide insertions,
moderate to strong postcornual fossa, limited incidence of
sinuses within the frontals, frontals between the horn bases not
rising above the level of the dorsal orbital rims, large triangular
supraorbital pits around the supraorbital foramina, braincase
neither shortened nor its roof greatly angled downwards on
the axis of the face, occipital surface with each half facing
partly laterally as well as backwards, moderate to large
auditory bullae, median indentation at the back of the palate
lies anterior to the level of the paired lateral indentations. Teeth
with a restrained level of hypsodonty, basal pillars non-existent
on upper molars and confined to m1 if present at all on lower
molars, moderate styles and stylids, and limited development
of ribs. Sometimes incipient transverse goat folds appear on the
front of lower molars. The m3s probably lengthen in relation
to mls or m2s and in living species often have an enlarged
third lobe. The p4s do not develop closed antero-lingual walls
between the paraconid and metaconid. Most extant species
with horned females.

Remarks. The 14 or so living species of Gazella are now often
split into many more species and the sub-Saharan African ones
placed in two additional generic names, Nanger and Eudorcas
(Groves and Grubb 2011). Gazelles graze and browse in
semiarid and arid open regions and are cursorially adapted.
The skulls, horn cores, and dentitions, however, are not very
distinctive, and identifying Miocene fossils as definitely
Gazella or not Gazella is difficult.

Many names have been proposed for extinct gazelles.
The first-discovered fossils were the Late Miocene Gazella
capricornis (Wagner 1848) of Pikermi, G. deperdita (Gervais
1850 [in Gervais 1848-52]) in France, revised by Heintz (1971),
and G. pilgrimi Bohlin (1935) of Samos. Gazella mytilinii
Pilgrim 1926 and G. longicornis Andree 1926 are older names
for Samos gazelles than G. pilgrimi, and Kostopoulos (2009a)

believed G. mytilinii to be valid as an additional species.
The first-studied gazelles in China were G. gaudryi and G.
dorcadoides, both of Schlosser (1903) and based on isolated
teeth of unknown provenance. In early studies of what came to
be known as the Baodean fauna or land mammal age, Bohlin
(1935, 1941) extended these names to cover cranial material.
Kurtén (1952) used the names for two Baodean ecological
assemblages: the more southeasterly gaudryi or forest faunas
and the more northwesterly dorcadoides or steppe faunas.
Later on Zhang et al. (2002) announced an earlier fauna from
the Bahe Formation containing a new gazelle said to be like G.
lydekkeri, the Siwaliks gazelle. It would have lived during the
first half (~10.0-8.0 Ma) of the time span of G. lydekkeri.

The name Antilope deperdita first appeared in Gervais and de
Serres (1847), Sur les Mammiféres fossiles des sables marins
tertiaires de Montpellier. Comptes Rendus Hebdomadaires des
Seances de 1’Académie des Sciences Paris 24, pp. 799-801.
Their description is insufficient to make the name available.
The use of a footnote and of the future tense in the final sentence
implies that the formal naming was to be postponed until a later
date. The wording of the description is equally inadequate in
1850 (in Gervais, 1848-52) but the illustration does make the
name available.

The following Siwalik species of doubtful generic identity
comes from the Middle Miocene.

?Gazella sp.
Estimated age. 13.2 - 11.7 Ma

Material.
Locality Y 850 (13.2 Ma)

Y 41593a Right horn core base, also a longer piece (Y 41593b)
of a left damaged horn core.

Locality Y 498 (11.7 Ma)

Y 25149 Left horn core base.
Locality Y 507 (11.7 Ma)

Y 25154 Right horn core base.

Kobus sp. 2 ° 0 0 o
7.4-(6.2-5.9)
Kobus porrecticornis MA @ 00 900 ¢ @® o
8.1-7.7
Kobus sp. 1 AL @0 000 L4
9.4-8.2
Gazella lydekkeri AA @ @ AO » ®
10.2-6.3
Chinjikeros kannatti A oA W0 0 ] :
14.1-116 A 1st molars
E. khauristanensis A RID @D 0000000 ® 2nd molars
14.1-7.5 @ 3rd molars
6.0 9.0 12.0 15.0 18.0 21.0 24.0

Length (mm)

Figure 4. Scatter plots of lengths of m1, m2, and m3 of Elachistoceras khauristanensis and five Middle and Late Miocene Siwalik antilopines.



Discussion. The main difference of the little-compressed horn
cores Y 41593 and Y 25154 from those of Chinjikeros kanatti
lies in their being very slightly curved backwards along the
posterior edge and more strongly so along the anterior edge
(Figure 5). They also show a less irregular cross section and
some flattening of a more definitely developed lateral surface
(Figure SA). The incipient backward curvature of Y 25154
(Figure 5C) at 11.7 Ma precludes an identification of it as the
latest C. kanatti. It would be very interesting to know if these
horn cores had lost the primitive wide insertions which seem to
be present in C. kanatti. The more compressed Y 25149 is very

20 mm

Figure 5. ?Gazella sp. Y 41593a base of a right horn core in A) medial view
with cross section with the anterior towards the left and a longer piece of the
left horn core Y 41593b in B) lateral view. Y 25154 in C) lateral and D) frontal
views. Scale 20 mm.
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like a gazelle with a flatter lateral surface than the medial surface
and a moderate backwards inclination. However, what may be
the supraorbital pit is small for a Gazella. It may be related to
the narrow condition seen in G. lydekkeri or it could be related
somehow to the earlier and larger Siwaliks Tethytragus sp. A
poorly preserved partial base of a right horn core (Y 26673)
with part of the orbit from Locality Y 726 (13.1 Ma) may also
be a ?Gazella sp. Figure 6 shows the basal diameters of horn
cores of Chinjikeros, Gazella sp., and G. lydekkeri. There is
considerable variation amongst the three, but in comparison to
the Middle Miocene species, horn cores of the Late Miocene G.
lydekkeri are both larger and more compressed.

Thomas (1984) identified a horn core (Y 1491) and two lower
molars (Y 1707 and Y 2295) as Gazella sp. The specimens
range in age from 13.5 to 13.3 Ma, but we have not seen the
material. Several horn cores in the Brown collection could also
be this species, including AMNH 29865, AMNH 29976, and
AMNH 29980 which were identified by both Thomas (1984)
and Pilgrim (1937) as Gazella sp. However, at 14.0, 13.8,
and 14.1 Ma respectively, these specimens all lie outside the
chronostratigraphic range established by the GSP specimens
for Gazella sp. and instead might be Chinjikeros kanatti. A
fourth specimen, a pair of horn cores (GSI K 16/343) discussed
and figured by Thomas (1984, Plate 4, figure 4a,b), is very
likely the same species as the GSP material listed here. The
distances and directions from nearby villages given by Thomas
(1984), if correct, would place it in the upper Chinji Formation
with an age somewhere around 12.3 Ma.

We have not identified any teeth as this species, but it is quite
likely that some of those listed under Chinjikeros kanatti could
belong to it. Khan et al. (2013, 2021) referred a collection of
upper and lower bovid dentitions and a fragment of a horn core
from the Chinji Formation to Gazella sp., but we have not seen
the material. Some specimens might belong to Chinjikeros
kanatti sp. nov.

Much more remains to be learned about the relationship in
the Siwaliks between this species and Chinjikeros kanatti, and
the three genera Gazella, Kobus and Tethytragus. Gazella is
common from the Late Miocene onwards in Europe and China.

& Chinijikeros kannatti holotype

30 1
Transverse diameter
(mm)
5%
25 A1
20 A
L 4 )
O Gazella lydekkeri
@ ?Gazella sp.
15 A1
@ Chinjikeros kannatti
Anteroposterior diameter (mm)
10 T T T 1
15 20 25 30 35

Figure 6. Basal diameters of horn cores of three Middle and Late Miocene Siwalik antilopines. Measurements are given in Appendix 1. The diagonal line is that

along which transverse diameter is 75% of anteroposterior diameter. Horn cores with more transverse compression lie towards the right and base of the diagram.
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Its first appearance in the Siwaliks, and for that matter in
Africa, may be earlier than in Europe or China, but it is difficult
to be sure (Thomas, 1984). It is possible, for example, that the
Middle Miocene Gazella claimed at Fort Ternan (Gentry 1970)
may belong to an early genus equally related to Aepyceros and
other Antilopinae, if not to Caprini as well. Similar caveats
apply to supposed gazelles in early Late Miocene localities in
western Eurasia where the remains are rather sparse (Gentry
2003, 2004; also see remarks in Azanza et al., 1998).

Species Gazella lydekkeri Pilgrim, 1937

Holotype. AMNH 19663, skull and conjoined mandible from a
quarry one half mile (0.8 km) southwest of Dhok Pathan . The
locality is probably one of the B 25-37 complex with a date of
8.3 Ma (Table 1).

Diagnosis. A small gazelle (ca 10-20 kg) with long horn cores,
compressed elliptical cross section, lateral surface flatter than
medial, slight to moderately divergent horn cores, degree of
divergence may lessen distally, no sinuses within pedicels,
females hornless (AMNH 19664, Pilgrim, 1937), narrow
supraorbital pits, narrow and sloping dorsal orbital rims, long
nasals, premaxilla contact on the nasals, and a cranial roof
showing relatively little downturning posteriorly in profile.
The teeth are those of a fairly generalised bovid. Rugosity of
the enamel is not seen, unlike contemporaneous Boselaphini.
There is a low degree of hypsodonty. Small basal pillars
(ectostylids) are still present on the labial side of the lower
molars, diminishing in size backwards. Incipient transverse
goat folds are detectable on the front of lower molars. Styles
and stylids are moderately developed and vertical ribs between
them are poorly or moderately developed. The m3 hypoconulid
may be a small flange offset labially but becoming a lobe later
in wear and it seems not to have had a central fossette. The
length of premolar rows relative to molar rows is less shortened
than in some fossil or most living gazelles. The P2s are larger
than the P4s.

Estimated age. 10.2 - 6.3? Ma
Material.

Locality Y 450 (10.2 Ma)
Y 18026 Right horn core base.
Y 16836 Right mandible with p2-m3r.
Y 50615 Left lower molar.
Y 50616a Left upper molar.

Also postcranial remains of a small antelope, suitable for
Gazella.

Locality Y 258 (10.2 Ma)
Y 9435 Right horn core.
Y 9460 Right upper molar.
Y 46513 Distorted left m3.

Also postcranial remains of a small antelope, suitable for
Gazella.

Locality Y 311 (10.1 Ma)

Y 6563 Left horn core base with pedicel preserved anteriorl
and medially.

Y 47522 Left horn core with supraorbital pit and part of orbit.
Y 47629 Left horn core, almost complete.

Also dental and postcranial remains of a small antelope,
suitable for Gazella.

Locality Y 337 (9.7 Ma)
Y 5973 Right upper molar.
Locality Y 315 (9.4 Ma)
Y 11024 Right horn core with part of orbit and frontal.
Locality Y 314 (9.3 Ma)
Y 10953 Right horn core.
Locality Y 196 (9.0 Ma)
Y 4688 Right horn core.
Locality Y 177 (8.5 Ma)
Y 4104 Right lower molar, probably m2.
Locality Y 10 (7.9 Ma)
Y 21950 Right horn core.
Locality Y 109 (7.9 Ma)
Y 2900 Left P3-M3.
Locality Y 374 (7.3 Ma)
Y 14089 Right m1-m3.
Locality Y 956 (6.3 Ma)
Y 52547 Left horn core.

Discussion. This is an abundant species, occurring at many
localties. There are many additional unlisted skeletal and
dental remains from the localities listed above and especially
from Localities Y 450, Y 258, and Y 311. Other unlisted
localities within the established chronologic range also have
both dental and skeletal material that is likely to belong to this
species. The species ranges from at least 10.2 to 7.9 Ma and
perhaps to 6.3 Ma, so it is likely that if we had a more complete
knowledge of morphology it would be seen to have changed
over such a long span. The teeth are fairly generalised and for
the purpose of identifying teeth the holotype is of great value
simply because of the certainty that its upper and lower teeth
do belong to this species. As we move into younger levels it
becomes safer to ignore Chinjikeros kanatti and ?Gazella sp. as
alternative identifications, but it also becomes more hazardous
to distinguish the fossils from reduncines. The first reduncine
horn core in the Siwaliks appears at 9.3 Ma and seems to be
from a species about the same size as G. lydekkeri.

The first occurrence of Gazella lydekkeri is at 10.2 Ma, but
this follows a significant gap between 10.2 and 11.4 Ma in
the productivity of the sediments - as shown in figure 3.3 in
Barry and Behrensmeyer (2025). It would be of much interest
to have material from this poorly fossiliferous interval as it is
preceded by the disappearance of ?Gazella sp and might help
us understand the relationships between the two taxa. This is
of course not the only major gap in the Siwalik sequence as
there are others associated with major faunal events that occur
between 18 and 17 Ma and between 15 and 14 Ma (Barry
and Behrensmeyer, 2025). Behrensmeyer et al. (2025) have
discussed Siwalik taphonomy and its relation to the varying
lithologies of the sediments.

Abbas et al. (2018) attributed a modest sample of Upper
Miocene cheek teeth to Gazella lydekkeri, as have Draz et al.
(2020, 2021); Khan et al. (2024); Naz et al. (2024); and Saeed
et al. (2018), while Middle Miocene teeth have been identified
by Khan et al. (2013, 2021) and Rafeh et al. (2018) as Gazella
sp. and by Samiullah et al. (2020) as G. lydekkeri. As noted
in our later discussion of the first appearing species of Kobus,
early reduncines are difficult to distinguish from gazelles, both
in their dentitions and in their horn cores. It is likely that some
of the Late Miocene materials discussed in these papers are
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reduncines not Gazella. The horn core discussed by Naz et al.
(2024) in particular has characters suggestive of Kobus.

The first listed G. lydekkeri horn core, Y 18026 (Locality
450, 10.2 Ma) (Figure 7A), has a suggestion of faint keels and
had been considered as a Helicoportax, but the age and the
small size are wrong for Helicoportax. It is here taken as an
early, large, and not completely satisfactory example of Gazella
lydekkeri. The slightly younger Y 9435 (Locality Y 258, 10.2
Ma) (Figure 7B, C) is the oldest definite Gazella horn core in
the Siwaliks showing nearly all the characters of the generic
diagnosis. It is less compressed than are most of the horn cores
at 10.1 Ma (Appendix 1).

The assemblage of horn cores shows fairly wide variation, as
seeninspecimens from Locality Y 311 (Figure 8).Y 6563 (Figure
8A) has a narrow cross section rounded both posteromedially
and posterolaterally rather like a small Caprotragoides.
Y 47522 (Figure 8 B) has an extensive postcornual fossa which
is quite deep in its central part. Y 47504 has a silghtly wider
but still triangular supraorbital pit (Figure 8C), while Y 47629
(Figure 8D, E) shows that divergence increases slightly in
its distal parts. Y 11024 (Figure 7D, E) is quite long in the
anterior-posterior dimension, less compressed than most other
Gazella lydekkeri, the maximum transverse diameter lying
rather posteriorly, with quite an extensive posterior surface,
the posterolateral edge becoming almost a keel higher up from
the base (as is also seen in Y 47629). Other characters are less
different from other G. lydekkeri, and Y 11024 does show a

Figure 7. Gazella lydekkeri. Y 18026 right horn core in A) lateral view. Y 9435
right horn core in B) lateral and C) anterior views. Y 11024 right horn core in
D) lateral and E) anterior views. Scale 20 mm.
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gazelle-like narrow and triangular supraorbital pit (Figure 7E).
The horn cores Y 11024, Y 10953 and Y 4688 (9.4 to 9.0 Ma)
are longer in the anteroposterior diameter than most horn cores
from 10.1 Ma (Appendix 1).

The late-occurring Y 52547 (6.3 Ma) (Figure 9A, B) is a
small-diameter horn core without appreciable compression
and showing backward curvature. It might be a female, which
would contrast with the hornless female skull AMNH 19664
mentioned by Pilgrim (1937). It has been omitted from Figures
S and 6. If it is not a Gazella lydekkeri, then the age range for
G. lydekkeri would be 10.2 - 7.3 Ma.

While not listed in Appendix 1 a left horn core, Y 3093 from
Locality Y 7 (8.3 Ma) , should be mentioned. It is quite small
(Figure 9C, D) and with an index of 21.4x17.0 mm (79%) less
compressed than usual in Gazella lydekkeri, but the lateral
surface is flatter than the medial surface as befits a gazelle.
The horn core looks as though it has been thrust medially and
slightly backwards so as to lie against the frontals, a character
also seen in ?Dorcadoryx sp. but here very extreme and
undoubtedly due to postmortem distortion. The frontal bone is
thin and plate-like more like a female individual or a species
smaller than a gazelle.

The dental and postcranial remains listed for Locality Y450

are most probably of Gazella lydekkeri. The upper molar
Y 50616a (Figure 9E, F) is high crowned for an early Late

D E

Figure 8. Gazella lydekkeri. Y 6563 left horn core in A) dorsal view. Y 47522
left horn core with supraorbital pit and part of orbit in B) lateral view. Y 47504
left horn core and part of orbit in C) anterior view. Y 47629 left horn core in D)
lateral and E) anterior views. Scale 20 mm.
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Miocene species and the proximal metatarsals do not have so
large a naviculocuboid facet as to make Gazella an unlikely
attribution. It is of interest that the upper molar shows a strong
labial rib on the paracone, has a slightly convex metacone wall,
a crest in the posterior fossette, and no basal pillars. The lower
molar Y 50615 (Figure 9G, H) has a goat fold and a small basal
pillar which are reduncine-like characters and unlike Turolian
gazelles in the west. The mandibular dentition Y 16836 in late
wear has a premolar row length 65% of the molar row length
and the AMNH holotype G. lydekkeri has a value of 59%. These
values compare with means of 57% and 63% respectively for
small samples of the European MN12 G. deperdita and G.
capricornis (Gentry, 2003, table 15.3). A sample of the living
G. dorcas gave 52% but an unusually high value of 65% was
found in two African sub-Saharan G. rufifions.

Figure 4 shows that the m3 is lengthened markedly in G.
lydekkeri compared with FElachistoceras and Chinjikeros.
Using values plotted on the diagram the mean ratios for m3
as a percentage of m2 is 155% in G. lydekkeri, 135% in E.
khauristanensis and 136% in C.kanatti. A similar result
followed from comparing m3s with m1s, but samples are small.
We should acknowledge the shortcomings of our Gazella and
Kobus identifications and the desirability of a comprehensive
survey of these ratios in bovids as a whole.

At Locality Y 258 the upper molar Y 9460 has small styles
and a strong anterior labial rib, but the modern reduncine
character of narrowly-pointed lingual lobes is lacking. The
m3 Y 46513 from the same locality has lingual walls widely
outbowed, labial lobes widely pointed, a slight goat fold, and
the third lobe without a central fossette and with its lingual
wall slightly offset lingually. The labial rib of the upper molar
and the outbowed lingual walls and goat fold of the m3 could
be considered reduncine-like. A lower molar Y 4104 also has
a goat fold.

The upper molar Y 5973 has rather flat labial walls between
the styles in contrast with the previously mentioned ones. The
P4s on Y 2900 and the AMNH holotype (Pilgrim, 1937) are
still anteroposteriorly asymmetrical teeth and differ from some
G. capricornis and from the G. deperdita shown in Heintz
(1971, plate 4, figure 1b).

Nothing in our collection adds significantly to the known
morphological information about Gazella lydekkeri. In general
Miocene gazelles differ from living ones in slightly smaller
size, horn cores inserted more widely apart and often less
compressed in transverse cross-section, cranial roof coming
forward in profile at a high level relative to the top of the face
(Andree, 1926, plate 16 figure 7; Pilgrim, 1937, figure 35;
this is perhaps a primitive pecoran character surviving in Late
Miocene gazelles), longer nasals, shorter basioccipitals with
smaller and less widely separated anterior tuberosities, lower-
crowned teeth, less reduced basal pillars in lower molars, less
enlargement of the back lobe of m3, and longer premolar rows.
Gazella lydekkeri differs from the existing Indian gazelle, G.
bennetti, by not having such an inflated auditory bulla and
in being slightly smaller. Roberts (1977) reports that female
gazelles in Pakistan normally have horns, but some populations
may have hornless females.

Western fossil gazelles are mainly of Turolian (MN 11-
12: 8.9 - 7.1 Ma) age (Bouvrain, 1996) while Fortelius and
Zhang (20006, figure 2) show the Baode Formation in China
as temporally equivalent to MN 13 (7.1 - 5.3 Ma) in Europe
and the Bahe Formation as temporally equivalent to MN 10
(9.9 - 8.9 Ma). Hence any of the gazelle species mentioned

above in the summary survey under the heading Gazella will
be contemporaneous with one part or another of the long
G. lydekkeri time span. Gazella lydekkeri seems to be an
unremarkable Late Miocene gazelle. Even in rather rarely
preserved face characters the holotype skull resembled a
Samos G. pilgrimi skull in the New York collection (AMNH
20570) in long nasals, moderate-large sized ethmoidal fissures
and preorbital fossae, and premaxillae contacting the nasals. A
limited number of other comparisons can be made among Late
Miocene gazelles.

The mediolateral compression of G. lydekkeri horn cores is
comparable with that of G. deperdita and stronger than in G.
capricornis, G. pilgrimi, G. gaudryi, or G. dorcadoides.

Flattening of the lateral surface of the horn cores is not

pronounced in Miocene gazelles but may be less obvious in G.
capricornis than in others including G. lydekkeri.

The degree of divergence alters little along the course of
gazelle horn cores. A slight increase distally seems to be visible

10 mm
F G H

Figure 9. Gazella lydekker? Y 52547 left horncore in A) anterior and B) lateral
views. Y 3093 left horncore in C) anterior and D) lateral views. Scale 20
mm.Y 50616a upper left molar in E) occlusal and F) labial views. Y 50615 left
lower molar in G) occlusal and H) labial views. Scale 10 mm.
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in the G. deperdita specimen of Heintz (1971, plate 2 figure 2)
in contrast to the G. lydekkeri holotype.

The Chinese Baodean gazelles have enlarged postcornual
fossae, and G. dorcadoides and possibly other species (Li
and Chi, 1964, plate 1; Bohlin 1941, figure 27) possess wide
horizontal dorsal orbital rims, and differ thereby from western
gazelles and G. lydekkeri.

The supraorbital pits are narrower in G. [ydekkeri than in
other gazelles.

The cranial roof looks less downturned posteriorly in
G. lydekkeri than in other gazelles, for example the Samos
lectotype of G. mytilinii shown by Andree (1926, plate 16
figure 7).

The anterior tuberosities of the basioccipital in G. lydekkeri
are large with longitudinal ridges behind them flanking a
central groove. In examples of G. deperdita and G. pilgrimi
(Heintz, 1971, plate 1 figure 2; AMNH 20570), and in the
Chinese gazelles the anterior tuberosities are more localised

Gazella gaudryi may have the median indentation at the back
of its palate situated more posteriorly than in other gazelles.

In western sites (for example Cucuron in France and Samos
in Greece) the labial wall of the metacone on the upper molars
may be flatter than in G. lydekkeri, the third lobe on m3 is not
flange shaped, goat folds on lower molars are rare and central
fossettes may be straighter.

The premolar row of the holotype G. lydekkeri is as short in
relation to the molar row as in G. pilgrimi and G. dorcadoides
and shorter than in G. capricornis and G. gaudryi. However
the premolar row is relatively longer in the early mandible
Y 16836.

The P4s of some Chinese gazelles (including the one in
the Bahe Formation) show an approach to the lingual fusion
of paraconid and metaconid (Teilhard de Chardin and Young,
1931 figure 5; Bohlin, 1941 figs 1-8) seen in present day east
Asian gazelles of the Procapra subgeneric group, but this is
not present in G. lydekkeri or other Miocene gazelles, and one
would have to be certain of having distinguished the Chinese
examples from Dorcadoryx.

Thus Gazella lydekkeri does have a small number of possible
differentiating characters but more complete knowledge of
infraspecific variation among Miocene gazelles is needed
in order to make reliable comparisons. The relatively longer
premolar row in the early G. lydekkeri mandible Y 16836 warns
us of possible evolutionary change over its 4 million year time-
span in the Siwaliks. At around 8.0 Ma it became markedly
less common in the Siwaliks and the reduncine more common.

The remaining antilopines described below have spiral
horns that are heteronymously curved (anticlockwise on the
right). The terms used to refer to keels and other structures in
spiral-horned antilopines are confusing as sometimes different
terms are applied by different authors to the same structure in
a species. For example, “posterior,” “posterior-external,” and
“postero-lateral” for the most prominent keel in Protragelaphus
skouzesi (Theodorou et al., 2010; Bouvrain and de Bonis, 1986;
Geraads and Giilec ,1999). Or occasionally the same term may
be applied to what are possibly non-homologous structures,
as for example the “posterior keel” of Nisidorcas planicornis
and Protragelaphus skouzesi (Theodorou et al., 2010). In
what follows we use the term most commonly employed or
that seems most descriptive, but without implying homology
among different species.

GENTRY ET AL.: SIWALIK ANTILOPINES

Genus PROSTREPSICEROS Major, 1891

Type species. Prostrepsiceros houtumschindleri (Rodler and
Weithofer, 1890).

Diagnosis. Moderate to long horn cores, heteronymous torsion
(anticlockwise on the right); anterior and posterolateral keels;
fairly open spiralling; cranial roof slightly to moderately
inclined.

Remarks. Prostrepsiceros is the main genus among a number
of Late Miocene spiralhorned antilopines, overlapping and
exceeding the size of contemporaneous gazelles. Three long
standing generic names in this group are Palaeoreas Gaudry,
1861, Protragelaphus Dames, 1883, and Prostrepsiceros
Major, 1891. All three were originally placed in the African tribe
Tragelaphini, but later recognized as Antilopini or members
of other tribes. More genera and species were described in
the later 20th century and onwards (Bouvrain, 1979, 1992;
Kostopoulos, 2004, and others).

Prostrepsiceros is mainly known from the Turolian of
southeast Europe and southwest Asia. Four lineages or stocks
following the small P. vallesiensis of the late Vallesian were:
(1) P houtumschindleri with a posterolateral keel and a
weaker anterior one, and also with a facial morphology like
modern Antilope cervicapra (Gentry, 1971, plate 5 figure 1);
(2) P. axiosi, P. elegans and P. zitteli with more emphasis on
the anterior keel; (3) P. rotundicornis and P. fraasi with poor
or no keels and with more open spiralling, but perhaps not a
natural group; and (4) P. vinayaki, a Siwaliks species known
only by small horn cores. The anteroposterior axis of the cross
section of the horn cores in group (3) evolved a more transverse
alignment in relation to the anteroposterior axis of the whole
skull, and the anterior keel (or traces thereof) may descend to
a more medial insertion basally. This weakens the reliability
of comparing measurements by different authors of horn core
basal diameters and compression.

Species Prostrepsiceros vinayaki (Pilgrim, 1939)

Gazellinae(?) gen.indet.(aff. Helicotragus) vinayaki Pilgrim,
1939, plate 1 figures 10, 10a.
Prostrepsiceros vinayaki (Pilgrim). Thomas, 1984, figure 16,
plate 3 figure 7a-b.
Holotype. GSI B799 (cast NHML M42957), left horn core
from near Nila, (33°10°’N 72°37’E), Dhok Pathan Formation
(Late Miocene). The holotype is 25.8x19.1 mm (index 74%).
Diagnosis. Small horn cores, well compressed, having an
anterior keel and a weaker posterior one, a flatter lateral than
medial surface, maximum thickness is central or posterior,
rather weak spiralling, and quite a large supraorbital pit.
Estimated age. 8.4 - 7.9 Ma
Material.

Locality Y 174 (8.4 Ma)
Y 4082 Right horn core (Thomas, 1984, figure 16, plate 3
figures 7,7a).

Locality Y 98 (7.9 Ma)
Y 2631 Right horn core base.
Discussion. Thomas (1984) noted that Pilgrim’s type horn core
was not linked with the boselaphine Sivoreas (correcting Gentry,
1970) and placed it in Prostrepsiceros. It has an anterior keel,
maximum thickness is central or posterior, a less open spiral, a
weaker posterior keel, but it does have a flatter lateral surface
although still remaining curved, and quite a large supraorbital
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pit. Y 2631 (Figure 10) looks as if it possesses an anterior keel,
but this appearance may have been caused by damage to the
front of the anteromedial surface. Y 4082 had a posterolateral
keel and a weaker anterior keel (Thomas, 1984, figure 16). The
level of maximum transverse thickness lies centrally, lateral
surface flatter than the medial, a posterolateral keel, inserted
above the back of the orbits, with backward curvature, and no
sinuses visible at the base of the pedicel.

Two older horn cores, possibly of Prostrepsiceros, are
Y 12438 a right horn core base from Locality Y 328 (9.4 Ma)
and Y 14654 right and left horn core bases together with a third
horn core piece without its base, from Locality Y 366 (9.0 Ma).
The Locality Y 366 specimens show a more or less oval cross
section (25.1x19.8 mm [79%]), a long axis probably angled
on the mid-line of the skull, possible keels front and back,
probably a curved course, and no sinuses in the vicinity of the
supraorbital pits. They may not be conspecific with Y 12438.
We have not assigned with any certainty teeth to this or other
spiral-horned antelopes in the Siwaliks.

Gentry (1999, figures 22.18, 19) described possible material
of this species from localities of the Late Miocene (ca. 7.9
— 6.9 Ma) Baynunah Formation, United Arab Emirates. The
index of the horn core there was 29.6x20.9 mm (71%) and it
had an anterior keel and an approach to a posterolateral one,
thereby agreeing with the P. vinayaki holotype. Prostrepsiceros
vinayaki was extant within the time span of many other spiral-
horned antilopines in western Eurasia and if the first occurrence
of this species in the Siwaliks was as old as 9.4 Ma, it would
be approximately 600,000 years younger than occurrences at
Sinap in Turkey (Gentry, 2003).

?Prostrepsiceros large sp.
Estimated age. 8.2 - 7.9 Ma
Material.

Locality Y 97 (7.9 Ma)

Y 2530 Left horn core and part of frontal including part of the
orbit.

Locality Y 24 (8.2 Ma)
Y 49568 Right horn core.

Locality Y 600 (8.1 Ma)
Y 17889 Right horn core with part of top of orbit.
Y 17890 Left horn core with part of orbit.

Figure 10. Prostrepsiceros vinayaki Y 2631 right horn core base in A) anterior
and B) lateral views with C) cross section from about 3 cm above the base with
arrow indicating anterior. Scale 20 mm.

Discussion. These horn cores are larger than Prostrepsiceros
vinayaki, but well compressed, having an anterior keel and a
weaker posterior one, a flatter lateral than medial surface, weak
spiralling, and a large supraorbital pit.

Y 2530 (Figure 11A, B) preserves the midline and much of
the orbit with the bases of the horn cores being about 3 cm
apart. At the base the anteroposterior axis of the horn core
cross section is very oblique to the midline, twisting distally to
create a weak heteronymous spiral. The horn core is strongly
divergent and inserted at a steep angle. The supraorbital pit
is large and reduncine-like. The weak anterior keel becomes
more pronounced distally and has an anteromedial insertion.
The horn core’s surface is smooth.

The supraorbital pit is small, but not gazelle-like in Y 17889,
while Y 17890, a left horn core found at the same locality as
Y 17889, has a moderate-sized and fairly shallow postcornual
fossa and the front of the pedicel is quite high.

Although poorly preserved, Y 49568 (Figure 11C, D) is of
some interest. A sharply keeled edge down one side has the
appearance at its base of being posterior. If the downward
facing smooth surface below one side of the horn core is part
of the orbit and not a sinus, then the horn core will be of the
right side. Given this orientation we have a posterolateral keel
showing anticlockwise torsion, a more rounded anterior edge,
a flattened lateral surface, divergence decreasing from the base
upwards and slight backward curvature. Part of the transverse
frontals suture has survived close to the horn core base and
there is a sinus in the frontals immediately lateral to the pedicel
but not penetrating into it (Figure 11D). If there had been an
anterior keel it would have descended to an anteromedial
insertion as in Nisidorcas planicornis.

Y 49568 is about the same size as ?Protragelaphus sp.

described below, but the torsion is weaker and the lateral surface
is noticeably flatter. It looks similar to Samos Prostrepsiceros

D

Figure 11. ? Prostrepsiceros large sp. Y 2530. Left horn core with cross section
at base in A) lateral and B) anterior views.Y 49568 right horn core with cross
section at base in C) lateral and D) anterior views. Arrows indicate anteriors of
the cross sections. Scale 20 mm.
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fraasi and to Sahabi P. libycus (Lehmann and Thomas, 1987,
genus for latter species changed to Dytikodorcas nov. by
Bouvrain and de Bonis, 2007 and then to Afrotragus nov. by
Geraads, 2017). The Baynunah Formation Afirotragus aff.
libycus (Gentry, 1999) agrees well with Y 49568 in its degree
of compression and an approach to a posterior keel.

Genus NISIDORCAS Bouvrain 1979.

Type species. Gazellinae gen.indet. (cf. Antilope) planicornis
Pilgrim, 1939, plate 1, figures 7. 7a.

Diagnosis. As for the type species, Nisidorcas planicornis.

Nisidorcas planicornis is reported from Turolian (MN11 and
12) localities in SE Europe and SW Asia (Bouvrain, 1979;
Kohler, 1987; Kostopoulos, 2006, 2016). Geraads and Giilec
(1999) suggested some of this material could be separated as
a second species but this was doubted by Kostopoulos and
Bernor (2011). We question whether any of the non-Siwalik
material belongs with the Siwalik species.

Species Nisidorcas planicornis (Pilgrim, 1939)

Antilope cervicapra Lydekker 1885 Catalogue of the fossil
Mammalia in the British Museum (Natural History), vol.2:52.

Gazellinae gen.indet. (cf. Antilope) planicornis Pilgrim, 1939
plate 1, figures 7, 7a.

Antilospira incarinatus Tekkaya, 1969, plate 1, fig. 1; plate II,
fig. 1; plate III, fig. 1.

Holotype. NHML 37264, a water-rolled right horn core
collected in the 1830s. It is probably from Piram (formerly
Perim) Island in the Gulf of Khambhat (formerly Cambay) and
Late Miocene. (see Pilgrim, 1939, pp. 40-41 for a discussion of
its origin. Lydekker, 1885 listed it as from northern India and of
Pleistocene age.) The holotype is 27.9%21.3 mm (76%). These
measurements differ slightly from those given by Pilgrim
(1939), which were 29%21.5 mm.

The holotype was the only known specimen of Pilgrim’s
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species until Bouvrain (1979) referred specimens from Greece,
Turkey, and Macedonia to it and created the genus Nisidorcas.
Gentry (2003) suggested that the holotype immature female
cranium of Cambayella watsoni (NHML M3683, Pilgrim,
1939, plate 3 figures 6-8), also from Piram Island, might be
conspecific with Pilgrim’s species but this was doubted by
Kostopoulos (2006).

Diagnosis. Spiral horned Antilopini slightly bigger than the
Gazella of the Late Miocene. Moderately long horn cores in
which maximum thickness is central or posterior, anterior keel
blunt or absent, posterolateral keel present and stronger distally,
slightly or quite well compressed, lateral surface flatter than
the medial one, moderate divergence, rather weak spiralling
(anticlockwise on the right), well-inclined, insertion above the
back of the orbits, little backwards curvature in holotype, quite
a large supraorbital pit.

Estimated age. 9.0 Ma
Material.
Locality Y 979 (9.0 Ma)
Y 52732 Left horn core.
Locality Z 162 (Late Miocene, see Table 1)
Z 2589 Left horn core.
Z 2590 Left horn core.

Discussion. These horn cores are the first new specimens
from India or Pakistan since the holotype was found. Y 52732
(Figure 12A, B, C) is a somewhat long (preserved length
ca. 150 mm) and delicate horn core. Its level of maximum
transverse thickness lies centrally, it shows a rounded surface
in place of an anterior keel proximally (Figure 12C), although
more distally there is a wide shallow groove which would
have lain alongside an anterior keel, while a posterolateral
(or “postero-external”) keel is present with its basal end
above and somewhat lateral to the postorbit bar of the frontal.
Mediolateral compression is modest (77%), the lateral surface
is flatter than the medial. The degree of divergence increases
above the base and is then followed by a slight lyration, the

E

Figure 12. Nisidorcas planicornis. Y 52732 left horn core in A) anterior and B) lateral views, C) cross section with arrow indicating the anterior. Z 2589 left horn

core in D) anterior and E) lateral views. Scale 20 mm.
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insertion being above the back of the orbits. In contrast to the
holotype the horn core shows backward curvature, but it only
becomes evident in the distal portion (Figure 12B). The long
axis of the horn core cross section is at quite a large angle (ca
45 degrees) to the skull mid-line and thus, had an anterior keel
existed, it would have descended to an anteromedial insertion.
The horn cores were not inserted widely apart. There is only a
shallow and narrow postcornual fossa in the preserved surface
area behind the horn core, and no sinuses are visible at the base
of the pedicel. The supraorbital pit is quite large. The slope of
the cranial roof is unknown.

We have restricted our diagnosis of this species to features of
the horn core, unlike other recent diagnoses that include many
features of the skull and are based on referred material not the
holotype (for example, Bouvrain, 1992). Y 52732 compares
well to the holotype horncore, except for the appearance of
greater backward curvature and slight but distinct lyration.
It is compressed to the same degree with flattend lateral and
rounded medial surfaces, it has a distinct posterior keel, but no
anterior keel, and a weak open spiral. The horn core is inserted
above the rear of the orbit and inclined at about a 45 degree
angle, features not apparent in the holotype. The minimal
backward curvature of the holotype is also seen in the lower
two-thirds of Y 52732. The holotype is too truncated to show
lyration if it extisted.

Y 52732 is clearly different from the Greek and other
material that has been referred to Nisidorcas planicornis.
For example the widely spaced horn cores of NIK1848 from
Nikiti 2, Greece (Kostopoulos, 2016, fig. 9) are straight
without spiralling or lyration as are those of PER-781 from
Perivolaki, Greece (Kostopoulos, 2006, Plate 1, figures 5 and
6). We believe reference of these non-Siwalik specimens to NV.
planicornis is mistaken.

We tentatively attribute to this species two other horn cores
(Z 2589 and Z 2590) from the Litra Formation in the Zinda
Pir area of central Pakistan (Raza et al., 2002). These are only
known to be of Late Miocene age (Table 1). Z 2589 (Figure
12D, E) has a preserved length of almost 100 mm and an index
of 30.3x22.4 mm (74%). The level of maximum transverse
thickness lies centrally along its anteroposterior cross-sectional
axis, neither lateral nor medial surface is flattened. An anterior
keel with a wide groove laterally to it starts about 20 mm above
the base, posterolaterally there is an intersecting edge rather
than a definite keel between the lateral and medial surfaces.
Divergence increases rapidly above the base and heteronymous
torsion is present, inclination is moderate in side view, while
backward curvature is quite strong. There is a very shallow,
indistinct postcornual fossa. A small supraorbital pit is at the
base of the pedicel, no sinuses are visible on either side of the
supraorbital pit or along the broken top of the orbital rim.

Z 2589 is unlike Y 52732 in that the lateral surface is not
flattened and an anterior keel is present at least distally and
descends to an anterior rather than an anteromedial insertion.
A second Litra Formation horn core base Z 2590 (basal index
81%) is similar, but has a more distinct postcornual fossa.

While the holotype of Nisidorcas planicornis does not have
an anterior keel, it bears some resemblances to species of
Prostrepsiceros, including the weak spiralling and moderate
degree of compression, flatter lateral than medial surfaces, the
position of maximum thickness, the large angle between long
axis of the horn core and mid-line, and the large supraorbital
pit. Except for the absence of an anterior keel, Pilgrim’s species
might more properly be attributed to Prostrepsiceros.

Our Nisidorcas planicornis horn cores differ from
Prostrepsiceros vinayakiby having no anterior keel and a central
or slightly anterior level of maximum transverse thickness. Both
N. planicornis and P. vinayaki differ from most Prostrepsiceros
species by being rather small and with quite compressed horn
cores, but they do resemble in these characters the early Greek
Prostrepsiceros vallesiensis of Bouvrain (1982) studied anew
by Kostopoulos (2009b). Moreover the 9.0 Ma date of Locality
Y 979 makes Y 52732 an early record of N. planicornis and
probably of equivalent age to the late Vallesian in the west.

The absence of flattening of the lateral surface of Z 2589 is
unlike either Prostrepsiceros vinayaki or other N. planicornis,
and the anterior keel is unlike the Nisidorcas holotype and
Y 52732. This horn core opens the possibility of a link to
Antilospira, a Pliocene and younger Asian genus with many
supposed species.

There are many cross-connections between the Late Miocene
species of spiral horned antilopines and it looks as if too many
generic names must be in use. The variability of keel expression
and other horn core characters in the Siwalik material of
Nisidorcas planicornis and Prostrepsiceros vinayaki suggest
that there must be doubt about the validity of the generic
separation. If it were further possible to sink Prostrepsiceros
in Antilope, one might regard Y 52732 as marking the
appearance of Antilope in the Indian subcontinent. If, however,
the direct line of descent to A. cervicapra emanates from P,
houtumschindleri, then the loss or absence of an anterior keel
in'Y 52732 and the N. planicornis holotype would be a parallel
to the same loss or absence in 4. cervicapra.

Genus PROTRAGELAPHUS Dames, 1883
Type species. Protragelaphus skouzesi Dames, 1883

Diagnosis. Moderate to long horn cores tightly twisting around
a straight or nearly straight axis without open spiralling. Torsion
is anticlockwise on the right. Horn cores slightly compressed
transversely with a strong posterior keel and no anterior keel.
The lateral surface flattened and the medial rounded. Horn
cores moderately separated, divergence moderate (ca. 25
degrees) and constant, insertion inclined backwards, backwards
curvature none or very slight. Extensive sinuses in pedicel not
extending into base of horn core. The cranium is short with
small supraorbital pits.

Remarks. Protragelaphus skouzesi is a western species of
Turolian (largely MN12) age. The holotype from Pikermi
was not illustrated by Dames (1883) but Kostopoulos (2022)
has figured what is mostly likely Dames’ holotype (MNB
Ma.42647). Other Pikermi specimens have been illustrated by
Wagner (1857, plate 7 figure 18), Gaudry (1865, plate 53 figure
4), and Pilgrim and Hopwood (1928, plate 9 figures 2-3).

?Protragelaphus sp.
Estimated age. 10.8 Ma
Material.
Locality Y 779 (10.8 Ma)
Y 31935 Part of a right? horn core.

Discussion. This is the earliest-dated fossil of a spiral horned
antilopine in the collection. The horn core (Figure 13) is
somewhat like Sivoreas eremita, but the locality carries
the remains of a hipparionine horse and the neatness of the
keel on the anterior face of the horn core, the lack of any
sign of its spread downwards on to the front of the pedicel,
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Figure 13. ?Protragelaphus sp. Y 31935 part of horn core, probably the right
side, in A) anterior and B) lateral views with cross sections C) at base and D)
about 5 cm above the base. Arrow indicates anterior of the cross sections. Scale
20 mm.

and the presence of sinuses in the pedicel all make Sivoreas
an unsustainable attribution. If it belongs to a spiral-horned
antilopine its anticlockwise torsion would make it a right horn
core. Assuming this, we see the “anterior” keel (Figure 13)
is sharper than the “posterior” one. (The specimen number
on its white background is positioned next to this putative
“anterior keel” which, while it is difficult to determine the
orientation of the horn core, may descend to a more medial
than posteromedial insertion.This keel is what is referred to as
a “posterior keel” by Theodorou et al., 2010.) The horn core
is well compressed (70%) with the lateral surface flattened
and the medial rounded. The axis is straight, but the keels
are quite tightly twisted. A large sinus extends more than
half way up the pedicel. The lack of open spiralling makes it
comparable with Ouzocerus, Protragelaphus, or Palaeoreas
among western Late Miocene antilopines, but species of these
genera have strong true posterior keels. It is slightly larger and
more compressed than Protragelaphus skouzesi, and does not
have such a tight twist or strong posterior keel as Palaeoreas
lindermayeri. 1t is slightly bigger and more compressed than
the Pentalophos (Vallesian of Greece) Ouzocerus of Bouvrain
(1997). Both Helladorcas and Majoreas have horn cores with
more open spiralling.

With no adjacent skull fragments that show how it is
inserted, this is a difficult specimen to identify. The straight,
tightly twisted, and compressed horn core with flat lateral and
rounded medial surfaces suggest Protragelaphus. However,
the keel on the anterior face descends to a more medial rather
than a posteromedial insertion and the posterior one does not
have the exaggerated form and nearly 180 degree rotation of
the posterior keel of Protragelaphus (Roussiakis, 2009, fig 4;
Theodorou et al, 2010, fig. 10; Kostopoulos, 2022, fig. 26).
With an estimated age of 10.8 Ma the specimen is significantly
older than occurances of Protragelaphus in the region around
the Black Sea. While different, this is too poor a specimen to
base a new taxon on.

ANTILOPINAE?
SPIRALISCORNIS new genus

Type and only species. Spiraliscornis inopinata, genus and
species nov.

GENTRY ET AL.: SIWALIK ANTILOPINES

Diagnosis. A large spiral horned bovid (ca. 100 — 250 kg?),
horn cores robust and long, with keels tightly twisted about
a straight axis without open spiralling, torsion heteronymous
(anticlockwise on the right), maximum thickness central,
prominant posteromedial and weaker posterolateral keels
present, no mediolateral compression (basal index exceeds
100%), posteromedial surface flattened, anterolateral rounded,
divergence very slight and constant, in side view probably
slightly to moderately inclined, with very slight backwards
curvature, insertions very close, postcornual fossa elongated
and shallow, sinuses present in the frontals but not reaching
into pedicels.

Differs from the similar sized species of Selenoportax and
Pachyportax in the very marked twisting of the horn cores with
prominant posteromedial keel and a subdued posterolateral
keel, no mediolateral compression, minimal and constant
divergence with horn core rising almost vertically from
very closely placed insertions. Differs from the similar sized
Rectacornis mirabilis of Gentry et al. (2026) in having more
tightly twisted horn cores with prominant posteromedial keel
and a subdued posterolateral keel, minimal divergence, and
with horn cores rising from very closely placed insertions.

Among Late Miocene spiral horned antilopines the absence
of open spiralling at the base makes this taxon comparable with
Protragelaphus, Palaeoreas, or Stryfnotherium. In these the
shape of the horn core is generally similar, although usually
much more compressed. In addition, apart from differences
in size and the degree of compression, species of these
genera have horn cores that are set far part and more widely
diverging, as well as having a strong posterior keel (variously
“postero-external” or “postero-lateral” and equalivalent to our
“posterolateral keel) that inserts posterolaterally above the
frontal postorbital bar and is the most prominent keel, while
(except for Palaeoreas) the anteriomedial keel is absent or
merely a trace (Bouvrain, 1978, 1980, and 1997; Bouvrain
and de Bonis, 1986; Geraads and Gulec, 1999; Kohler, 1987;
Kostopoulos, 2004, 2022; Kostopoulos and Koufos, 1999;
Kostopoulos and Soubise 2018, Roussiakis, 2009; Theodorous
et al., 2010). These taxa are also all younger than the material
of this species.

Among the spiral horned antilopines, the species of
Ouzocerus are an exception to some of these generalizations.
Most significantly the new taxon differs from Ouzoceru in the
absence of any mediolateral compression and the very minimal
divergence, with the horn cores rising almost vertically from
very close placed insertions. Its horn cores are more loosely
twisted and, because the horncore is not compressed, the
posterolateral keel appears in its proximal portion to be more
subdued. The frontals were elevated and lacked the depression
noted in Ouzocerus by Kostopoulos and Koufos 1999.

The generic name refers to the shape of the horn core.

Spiraliscornis inopinata new species

Holotype. GSPY 49547 Right horn core with attached portions
of the skull and separated lower part of left horncore (Figure
14). From Locality Y 609 (8.8 Ma) at 33° 19.679°N, 72°
39.873’E. Correlated to the Ratha Kas section between 939.7
and 926.6 meters above the base (Tauxe and Opdyke 1982 — as
“Rhata” Kas).

Diagnosis. As for the genus.

The trivial name refers to the unexpected or unforeseen
occurrance of this species.
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Estimated age. 8.8 Ma
Material.
Locality Y 609 (8.8 Ma)

Y 49547 Much of right horn core and lower part of left, with
some internal elements of skull and basicrania. Holotype.

Locality Y 166 (8.8 Ma)

Y 3589 Distal part of left horn core. Tentatively included in
this species.

Discussion. A large, mysterious, and very rare species. The
holotype includes the right horn core with parts of the skull
having the interfrontal suture marking the midline. The robust
horn cores of the holotype (Figure 14) are not mediolaterally
compressed (basal index: 107%) and were probably long. They
show anticlockwise (heteronymous) torsion around a straight
axis, possibly making one full 360° turn along the course of an
intact horn core.

Two keels are present, a prominant posteromedial and a
weaker posterolateral keel. The posterolateral keel originates
above the post-orbital bar of the frontal, forming a low,
roughened ridge that approximately 8.5 cm distally becomes a
narrow and shallow spiralling groove. The posteromedial keel
is sharper and more crest-like, originating posteromedially
near the junction of the interfrontal and frontal-parietal sutures
and wrapping around the anterior face of the horn core. The
posterolateral part of the horn core base is more posteriorly
placed than the posteromedial part and maximum thickness
is central. A somewhat flattened and narrow posteromedial
surface basally (Figure 14C) probably becomes the prominent
and wide groove flanked by the two keels which can be seen
distally on Y 3589 (Figure 15A). A coalesced, presumed
anteriomedial surface is rounded (Figure 15C). The horn cores
are nearly vertical at their bases and, although partially masked
by the curved keels, diverge 8-9 cm above the base at a very
slight (ca. 10°) and probably constant angle. In side view the
horn cores are moderately inclined and very slightly curved
backwards. The insertions are very close together, perhaps as
little as 10 to 15 mm apart, and above the orbits. The pedicels

lack internal sinuses, and the frontals, which do contain sinuses,
are elevated between the horn core bases. There is a shallow,
elongated postcornual fossa. Only the top of the supraorbital
pit is preserved and its size and shape are not known.

We include the distal horncore Y 3589 in this species with
some hesitation, as it has a much more open spiral than the
holotype. It is, however, of a size to match the holotype and
the axis of the spiral is straight with what we take to be the
posteromedial face rounded (Figure 15C). Although from a
different locality, is of the same age as the holotype. If not of
this species, then it documents yet another large spiral-horned
antilopine in the later Miocene Siwaliks, this one with an open
spiral.

Nothing suggests that this is a boselaphine species. The only
large non-boselaphine Miocene antelope with anticlockwise
torsion, keeled horn cores, and no open spiralling in western
Eurasia at this period is Criotherium argalioides from Samos
and Turkey (Kostopoulos et al., 2023). It shows no resemblance
to our species. Criotherium horn cores are not very long,
compression is strong distally, the posterolateral keel is the
stronger one, torsion is stronger, the horn cores are less closely
inserted, and the insertions are definitely postorbital. Our best
suggestion is that we have a local (south Asian) large spiral-
horned member of the Antilopinae or Antilopini.

Tribe REDUNCINI Knottnerus-Meyer 1907

Present-day reduncines contain the African Redunca,
reedbucks, and Kobus, kob, lechwes and waterbuck. They live
in habitats near water and females are hornless. Their horn
cores are without keels or torsion, but often with transverse
ridges. Horn cores may be set at a low inclination in side view
with upwards and forwards curvature or they may have a more
upright insertion and backward curvature. Postcornual fossae
are present. Frontals have few or no internal sinuses and fail
to become appreciably elevated between the horn insertions.
Temporal ridges on the cranial roof approach closely
posteriorly, a maxillary tuberosity is prominent in ventral

Figure 14. Spiraliscornis inopinata new
genus and species. Y 49547 holotype skull
fragment with right horn core in A) lateral
view and B) skull fragment with right horn
core and detached lower part of left horn
core in anterior view with paired arrows
indicating the interfrontal suture. C) cross
section at base of right horn core with arrow
indicating anterior. Scale 20 mm.
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20 mm

Figure 15. Spiraliscornis inopinata new genus and species. Y 3589 distal end
of left horn core in A) anterior? and B) lateral? views and C) cross section of
proximal end of the fragment with arrow indicating presumed anterior. Scale
20 mm.

view of the skull, the infraorbital foramen is placed low and
anteriorly, palatal ridges on the maxillae in front of the tooth
rows come close together, the basioccipital has large anterior
tuberosities. Teeth of living species are rather small in relation
to skull and mandible size, moderately hypsodont, upper and
lower molars with basal pillars, upper molars with small but
marked ribs between the styles, lingual lobes of upper molars
and labial lobes of lower molars constricted, lower molars with
goat folds, upper and lower P2s small, and lower premolars
with the appearance of anteroposterior compression. Lower
p4s are without paraconid-metaconid fusion to form a closed
lingual wall and p3-p4 have strongly projecting hypoconids
and often a deep and narrow labial valley in front of them.
The boddont-like complexity of reduncine molars evolved
gradually and was not fully present until the Pleistocene.

Reduncines have long been known in the Siwaliks. Those
from the Pinjor Formation (ca. 2.6 - 1.7 Ma) are reminiscent
of lechwes or kobs, but have rather strong Boselaphus-
like temporal ridges on their cranial roofs unlike African
reduncines. These ridges led Gentry and Gentry (1978), but
not Pilgrim (1939), to favour a relationship with Boselaphini.
Gentry (1980) compared the teeth of early Pliocene reduncines
at Langebaanweg with the aegodont and not very hypsodont
teeth of Tragelaphini and not with Antilopini which later turned
out to be the more relevant comparison, and thus the simpler
and Antilopini-like characters (such as very small or no basal
pillars, occlusal simplicity, much weaker labial ribs on upper
molars, flat lingual walls of lower molars) were unexpected.
Eventually Gentry (1992) moved Reduncini away from
Boselaphini and Bovini, while molecular and other studies
(Gatesy et al., 1997; Vrba and Schaller, 2000; Matthee and
Davis, 2001; Marcot, 2007; Hassanin et al., 2012) led to the
view that Reduncini should go into Antilopinae.

Reduncines earlier than the Pinjor ones were found in the
Siwaliks of the Dhok Pathan Formation of the Hasnot area
(~7.4 Ma) and possibly earlier (Pilgrim, 1939). Among them
is Dorcadoxa porrecticornis (Lydekker, 1878 - here referred
to Kobus), which is similar to forms in Africa (Gentry, 1970,
1980, 1997, 2010). The GSP/Harvard collection now reveals
that a small reduncine species or lineage occurred in the
Siwaliks as early as 9.4 Ma, although it is not known whether
there was a continuous record from the Late Miocene to the
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Late Pliocene. In Africa early reduncines come from sites such
as the Middle Awash Adu-Asa Formation, Lothagam, Mpesida
and others from around 7.0 Ma onwards (Haile-Selassie et al.,
2009; Harris, 2003; Thomas, 1980; Kingston et al., 2002), but
two possibly reduncine horn cores from Ngorora (Thomas,
1981, plate 3 figures 4-5) might give a first appearance of the
tribe in Africa of up to 9.4 Ma.

Various claims for Late Miocene reduncines elsewhere in
Eurasia (not mentioned in Gentry 2010) are mistaken or as yet
uncertain. A horn core from Gravitelli, Sicily, subsequently lost
in an earthquake, was first thought to be a gazelle but later a
possible reduncine (Seguenza, 1902; Hooijer, 1946; Thomas
et al., 1982). Another claim is for two genera from Moldava,
Procobus Khomenko, 1913 and the earlier and smaller
Moldoredunca Lungu, 1979. Procobus contains P. melania
and P. brauneri, the first being the type species (Pilgrim and
Hopwood, 1928). Moldoredunca contains the one species M.
amalthea on which Korotkevich and Krakhmalnaya (1983) and
Krakhmalnaya (1996) give more information. Neither genus
is convincingly reduncine, as Kostopoulos and Merceron
(2024) have shown that Procobus is probably a caprine, while
Kostopoulos (2022) has suggested Moldoredunca amalthea is
based on horn cores of a female Miotragocerus. A p2-p3 from
an MN13 level in Turkey (Kdhler, 1987) is also uncertain as a
reduncine and “Redunca” eremopolitana of Erdbrink (1982)
from Maragheh was thought by Gentry (2000) to be wrongly
oriented Pachytragus or Norbertia horn cores.

Genus KOBUS A. Smith, 1840
Dorcadoxa Pilgrim, 1939
Type species. Kobus ellipsiprymnus (Ogilby, 1833)

Kobus is difficult to diagnose other than that living species are
larger than Redunca. Horn cores are sometimes like Redunca
in being set at a low inclination in side view with upwards and
forwards curvature, but sometimes with a more upright insertion
followed by backward curvature. They are often longer than in
Redunca. Other characters are given under Reduncini above.

The main Miocene species in the Siwaliks is Kobus
porrecticornis, to which we add two doubtfully separate
species, the earlier Kobus sp.1, and the later Kobus sp. 2.
Kobus porrecticornis was for long taken as an antilopine and
Pilgrim (1939) founded Dorcadoxa for it. Subsequently Gentry
(1970) suggested it was a reduncine and Thomas (1980) placed
Dorcadoxa in Kobus. It is very like some of the early African
reduncine fossils.

Kobus sp. 1
Estimated age. 9.4 - 8.2 Ma
Material.
Locality Y 226 (9.4 Ma)
Y 6943 Left mandible with p4-ml.
Locality Y 269 (9.4 Ma)
Y 14596 Left m3.
Locality Y 211 (9.3 Ma)
Y 5223 Left M3, with small posterior half.
Y 47110 Right m3.
Locality Y 317 (9.2 Ma)
Y 11641 Right horn core base in two non-joining pieces.
Locality Y 158 (8.7 Ma)
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Y 3450 a,b Left and right horn cores.
Locality Y 30 (8.4 Ma)

Y 645 Left mandible with p4-m2.
Locality Y 24 (8.2 Ma)

Y 459 Right mandible with m3.

Y 461 Left mandible, p4-m3.

Discussion. The first reduncine to appear in the Siwaliks is
a gazelle-sized species at 9.4 Ma with the earliest horn core
accepted as a reduncine being Y 11641 at 9.2 Ma (Figure 16A,
B). The species lasted to around 8.2 Ma. Its horn cores have
no clear-cut reduncine characters but show small differences
from the contemporaneous Gazella. Basically they have
pedicels which look broader and shorter, and the main cause of
this appearance seems to be a more pronounced anteromedial
thickening near the base. No horn cores are sufficiently well
preserved to link this character with a greater backwards
inclination than in Gazella but Y 51698, listed below as the
later species Kobus porrecticornis, suggests that this could be
the case.

It is hard to be consistent and objective in making
identifications. The paired horn cores of Y 3450 (Figure 16C-
E) are backwardly curved, their maximum thickness lies
centrally along the anteroposterior axis, they have a flattened
lateral surface, an approach to a posterolateral keel, degree of
divergence lessening very slightly from the base upwards (also
seen in a K. porrecticornis Y 31408), no sinuses at the base of
the pedicels, and a small supraorbital pit on the left side with
a narrow and shallow groove in front of it. These characters
could fit Gazella, and the last is not reduncine-like, but the
pedicel does broaden, and the more regular grooving on the
front of the horn cores is also like early reduncines. The horn
core Y 21950 from Locality Y 10, listed above as G. lydekkeri,
also has the expanded pedicel of the reduncine species, but is
rather small for Kobus sp. 1.

C E

Figure 16. Kobus sp. 1. Y 11641 right horn core base in A) lateral and B)
anterior views. Y 3450 right and left horn core bases in C) right lateral, D)
anterior, and E) left lateral views. The paired right and left horn cores of D are
approximally positioned as in life, although the distance between the pair is
unknown. Scale 20 mm.

As with horn cores so too with teeth it is hard to tell Miocene
reduncines from Gazella. Their teeth show few characters of the
modern boddont reduncines and the relationship of Reduncini
to other Antilopinae is still very uncertain (Bibi, 2014). Kobus
sp. 1 has much overlap in size with G. lydekkeri (Figure 4),
its upper molars may have better-marked ribs between the
styles on their labial walls, particularly on the paracone, a basal
pillar on m1 might be of moderate rather than small size, goat
folds are perhaps more frequent and more prominent on lower
molars, front and rear outbowings on the lingual walls of the
lower molars may be stronger particularly on the metaconid,
the increasingly transverse orientation of the front and back
edges of the lower premolars can give an appearance of
anteroposterior compression, the metaconid ridge on p4 may be
transverse rather than diagonal, and p4s may show a strongly
projecting hypoconid and a deep and narrow labial valley
in front of it. When these characters occur we can see them
as deviating from gazelles but we cannot be certain of their
homology with the same states in later reduncines. For example
we might expect basal pillars to decline as Antilopini evolved,
but would they also be doing this in early Reduncini and then
reappearing in later ones? The condition of the third lobe of
m3 is variable and the uncertainty of our tooth identifications
prevents us finding reliable differences from gazelles.

These Siwaliks teeth are like the early Reduncini at
African sites such as Manonga and Sahabi. Their acquisition
of reduncine-like characters is starting to make them more
different from Antilopini than are the Langebaanweg reduncines
(Gentry, 1980, 1997, 2008). Langebaanweg reduncines have
fewer signs of labial ribs or changes in the simple outlines
of the central fossettes on upper molars, while on the lower
molars they show smaller basal pillars, almost no signs of goat
folds, and flatter lingual walls.

The earliest teeth listed under Kobus sp. 1, Y 6943 and
Y 14596 (both 9.4 Ma), show hints of a non-gazelline
morphology in the enhanced size of the paraconid and lingual
end of the metaconid ridge in p4 (Figure 17A,B), a slight
goat fold in ml, and a moderate sized basal pillar in m3. On
Y 5223 (Figure 17C) the M3 shows the primitive character of
a small posterior half and on the m3 Y 47110 from the same
locality (Figure 17D) the third lobe is a narrow flange directed
posterolabially and bent labialwards at its tip. Y 5623 (Figure
17E) is an m2 on which the strength of the goat fold and the
twin outbowings of the lingual walls are notable. The p4-m1 of
Y 645 (Figure 17 B) are fairly small but the p4 shows transverse
front and back walls and a transverse metaconid ridge.

Reduncine teeth get bigger through time in the Siwaliks
(Figure 4) and the larger ones at Locality Y 24 at 8.2 Ma could
signal the appearance of Kobus porrecticornis. Indeed the m3
Y 459 at that locality was originally assigned to Kobus sp. 1 and
the partial lower tooth row Y 461 to K. porrecticornis. For the
time being we can avoid ambiguity by taking the 8.1 Ma horn
core Y 51698 as the carliest occurrence of K. porrecticornis
and put all older reduncines in our collection into Kobus sp. 1.

Species Kobus porrecticornis (Lydekker, 1878)

Antilope porrecticornis Lydekker, 1878, plate 25 figure 4.
Gazella porrecticornis Lydekker, 1886, figure 2.
Dorcadoxa porrecticornis Pilgrim, 1939, plate 1 figure 9.

Gazellinae gen. indet. (?Gazella) superba sp.nov. Pilgrim,
1939, plate 1 figures 4, 4a,b.

Reduncini gen. indet. (cf. Indoredunca) theobaldi Pilgrim,
1939, plate 3 figures 10, 10a.
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Figure 17. Kobus sp. 1. A) Y 6943 with p4-ml,B) Y 645 with p4-m2, C) Y
5223 M3,D) Y 47110 m3 and E) Y 5623 m2. All in occlusal view. An outline
of p4 is shown for Y 6943 and Y 645. Scale 20 mm.

Reduncinae(?) gen. indet. (cf. Kobikeryx) sp. Pilgrim, 1939,
plate 3 figures 4, 5, 5a.

Kobikeryx atavus Pilgrim, 1939, figure 14.

Holotype. GSI B229, left horn core with frontal, perhaps from
Hasnot, in the upper part of the Dhok Pathan Formation (Late
Miocene). Pilgrim (1939) mentions a right horn core, GSI B230,
which may be the same individual as the holotype frontlet. The
dimensions given by Lydekker (1878) (converted to mm) are
anterior-posterior diameter: 40.6, transverse diameter: 29.2,
length: 114.3, with the basal index being: 72%. It is the largest
specimen of the species (Figure 18).
Diagnosis. Horn cores probably quite long, central or
slightly posterior level of maximum transverse thickness,
front edge rounded in cross section with no approach to a
keel, posterolateral keel often present, poor mediolateral
compression, lateral surface flatter than medial one, transverse
ridges poor, longidinal grooving on the surface, quite strong
divergence becoming weaker distally, inclined insertions,
curving backwards, a deep localised postcornual fossa, and low
pedicels. Frontals between horn bases perhaps slightly above
level of dorsal orbital rims. No sinuses lateral to pedicel or
medial to supraorbital pit. Supraorbital pits quite deep.
Estimated age. 8.1 - 7.7 Ma
Material.

Locality Y 599 (8.1 Ma)

Y 51698 L Kobus porrecticornis Left horn core with part of
orbit and frontal.

Locality Y 606 (8.1 Ma)

Y 49550 Left mandible with p4-m2.
Locality Y 998 (8.1 Ma)

Y 51533 Left horn core.
Locality Y 17 (8.0 Ma)

Y 2817 Right mandible, p4-m3.
Locality Y 547 (8.0 Ma)
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Y 31408 Right horn core.
Locality Y 953 (7.9 Ma)
Y 50932 Right horn core.
Y 50937 Right m3.
Locality Y 948 (7.8 Ma)
Y 50864 Left horn core.
Locality Y 949 (7.8 Ma)
Y 50881 Left p4.
Locality Y 900 (7.7 Ma)

Y 49740 Left maxilla with P3-M3; right M3; left mandible
with roots of p3 and p4 and crowns of p2 and m1-m2 and part
m3; right m2 and part m3.

Y 49742 Left horn core and right horn core base and distal
piece.

Discussion. In the interval 8.1-7.7 Ma a good deal of variation in
size is encountered, with some reduncine horn cores larger than
Kobus sp. 1 and looking something like a small K. kob, while
others, e.g. Y 51533 or Y 2536, can still be small (Figure 18,
data in Appendix 1). However, they have become recognisably
K. porrecticornis and it turns out to be a common antelope
within its rather short time range, apparently superseding
Gazella lydekkeri in that role.

Divergence and inclination were both quite strong (Figure
19A, B) with the degree of divergence lessening distally in
what might have been quite long horn cores (Figure 19C, E,
and G). No sinuses can be seen in the preserved parts of the
pedicels and the maxilla of Y 307 has the infraorbital foramen
low above P2. The supraorbital pits are triangular in Y 51698,
and narrow in'Y 142.Y 50864 (7.8 Ma, Figure 19C, D) is larger
than earlier horn cores such as Y 51698 (8.1 Ma, Figure 19A, B)
and looks much like an example of the later and larger African
Kobus sigmoidalis Arambourg 1941, but lacks the transverse
ridges.

Compared with G. Ilydekkeri the horn cores may have
been longer, the level of maximum transverse thickness less
posterior, the anterior edge more rounded, an approach to a
posterolateral keel more frequent, transverse compression
slightly weaker, the divergence stronger, the inclination greater,
as suggested in Y 51698 for example, and the postcornual fossa
larger. The pedicels remain short as in earlier Kobus but their
medial spread as they descend becomes less important.

For comparison Figures 6 and 18 show the basal diameters of
horn cores in Siwalik Antilopinae. Chinjikeros, Gazella sp. and
Kobus sp. 1 tend to be small and nearly all lie above the 75%
line making them not only smaller, but also less compressed
than their successors G. lydekkeri and K. porrecticornis. Figure
20 shows the changes in degree of compression over time. We
see here that G. lydekkeri and K. porrecticornis have the most
compressed horn cores, that the earliest Kobus, Kobus sp. 1,
is later than Chinjikeros or Gazella sp., that Kobus sp. 2 loses
the compression seen in K. porrecticornis, and that the record
diminishes or ceases after about 7.0 Ma.

With the exception of Locality Y 900, none of the teeth
assigned to Kobus porrecticornis have been found in close
association with skull or horn core material, but teeth with
varying degrees of difference from supposed gazelle teeth
continue to be found as in the earlier period when Kobus sp.
1 was extant. Most of them are lower teeth. The mean ratios
for reduncine m3/m2 lengths derived from values on Figure 4
are 130% in Kobus sp. 1 and 128% in K. porrecticornis so it
looks as if their m3s remained shorter than in Gazella lydekkeri
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(155%). The Kobus sp. 2 value of 153% is based on only one
m2 so is obviously unreliable.

The upper teeth of Y 49740a at 7.7 Ma (Figure 21E) have
smooth enamel and show moderate hypsodonty. There are no
basal pillars on the upper molars but there is a small one on
m2 and a very small one on m3. The metacone labial wall is
slightly convex on upper molars, the rear crest of the protocone
is not joined to the rest of the tooth until middle wear, there
are no cingula, the posterior part of M3 is not small, premolars
are small relative to molars, P3 does not have a symmetrical
central fossette.

The basal pillars on K. porrecticornis lower molars may
be larger than in Kobus sp.1. The mandible Y 49550 (Figure
21A, B) at 8.1 Ma looks satisfactory as a reduncine with its
large size, strong goat fold on m2, p4 metaconid swollen at its
lingual end, and its parastylid turned to lie in a transverse rather
than a diagonal plane. The slightly later Y 2817 at 8.0 Ma is
also a good reduncine lower dentition. The molars have goat
folds, basal pillars decling in size from small-moderate on m1
to tiny on m3. Their labial lobes are well rounded and bluntly
pointed, the central fossettes well-curved, lingual walls with
slight outbowings, and the rear lobe of m3 offset labially. The
back lobe of the m3 Y 50937 has a forward hook resulting in a
gap on its lingual side. The p4 is anteroposteriorly compressed
and its hypoconid projects labially. The paraconid on the p4 of
Y 50881 and Y 2840 (Figure 21 D) projects quite far lingually.
Nevertheless there is considerable variation among dentions
we assign to K. porrecticornis. The p3 or p4 on Y 16498,
also at 8.0 Ma, has little or no approach to an appearance of
anteroposterior compression, only a slight forward expansion
at the lingual end of the metaconid ridge, and no labial
projection of the hypoconid and looks very unlike the p4 on' Y
2817. However, the two horn cores at the same locality have
been identified as K. porrecticornis.

The fossils described by Pilgrim (1939) under the three
ornate names Gazellinae gen.indet. (?Gazella) superba sp.
nov., Reduncini gen.indet. (cf. Indoredunca) theobaldi,
and Reduncinae(?) gen. indet. (cf. Kobikeryx) sp. look as if
they could be examples of Kobus porrecticornis. We have
insufficient material to make comparisons with our own Kobus

spp. 1 and 2, and (?Gazella) superba and Reduncini gen.indet.
(cf. Indoredunca) theobaldi can remain as synonyms of K.
porrecticornis for the present. We have also listed Kobikeryx
atavus as a synonym. This name is based on a cranium
(GSI B 798), probably male but broken just behind the horn
pedicels, from 2 miles west of Kotal Kund and of uncertain
stratigraphic level (Pilgrim, 1939). We agree with Pilgrim that
it is a reduncine. The cast in London (M35389) is a little larger
than the cranium of the Gazella lydekkeri holotype with a more
sloping and less curved roof in profile and has much larger
anterior tuberosities of the basioccipital. These tuberosities
are wider apart and further forward than in the gazelle and
each has crests or flanges emanating anteriorly and posteriorly
from its highest point. The poorly marked temporal ridges
come close together in their posterior parts, possibly more so
than in gazelles although this is very uncertain. Again and for
the present, Kobikeryx atavus need not be taken as a species
additional to Kobus porrecticornis or its likely predecessor and
successor species K. spp. 1 and 2.

Kobus porrecticornis is a common species within its time
range. This may reflect some ecological factor, especially
if Gazella became rare shortly after 8.0 Ma. By this date
Miotragocerus punjabicus had replaced M. pilgrimi. In East
Africa K. porrecticornis or a very similar species is known
from about 7.0 Ma onwards at Mpesida, Lukeino, the Adu-
Asa Formation, and the Ibole Member at Manonga (Thomas,
1980; Gentry, 1997; Haile-Selassie et al., 2009). A claim for
Baard’s Quarry at Langebaanweg (Gentry, 1980) is temporally
anomalous and perhaps based on a later different small kob
species. Six or more additional reduncine species have been
named in the African time interval 7.0-5.0 Ma (Gentry, 2010,
figure 38.11). The most similar one to K. porrecticornis is
K. presigmoidalis Harris, 2003 with a long time range in the
Nawata and Nachukui Formations at Lothagam, but it is larger
and with incipient lyration of the horn cores (Harris, 2003).
Zephyreduncinus oundagaisus Vrba and Haile-Selassie, 2006
is a second species in the Adu-Asa Formation and has larger
and more compressed horn cores. Redunca ambae Haile-
Selassie ef al., 2009 from low in the Middle Awash Sagantole
Formation (5.2 Ma) has larger horn cores with weaker backward
curvature. Kobus subdolus Gentry, 1980 at Langbaanweg has
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Figure 18. Basal diameters of horn cores of three Middle and Late Miocene Siwalik species of Kobus. Measurements are given in Appendix 1. The diagonal line is
that along which transverse diameter is 75% of anteroposterior diameter. Horn cores with more transverse compression lie towards the right and base of the diagram.
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Figure 19. Kobus porrecticornis. Y 51698, left horn core with parts of orbit and frontal in A) anterior and B) lateral views. Y 50864, left horn core in C) anterior and
D) lateral views. Y 2541, Left horn core in E) anterior and F) lateral views. Y 49742b, left horn core in G) anterior and H) lateral views. Scale 20 mm.
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Figure 20. The combined data of Figures 6 and 18, plotted as the ratio of anterior to transverse diameters against age of the specimen (Ma).
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larger horn cores that are relatively shorter, probably wider in
basal cross section, and without backward curvature, and Kobus
ammolophi Geraads et al., 2009 from Kossom Bougoudi, Chad
(~5.5 Ma) is similar and with very advanced teeth. Menelikia
leakeyi Harris, 1991 at Lothagam (Harris, 2003, figure 11.11)
goes back to the Lower Nawata Formation (7.4-6.5 Ma), but
has long horn cores with increasing distal divergence. It is
evident that there is more morphological diversity and probably
speciation in Africa than has come to light in the Siwaliks in the
same 2 million year time interval. It may be noted here that
the longitudinally-crested basioccipital anterior tuberosities of
Pilgrim’s Kobikeryx atavus in the Siwaliks are similar to those
in Kobus at Langebaanweg (Gentry, 1980, figures 19, 27 [top
right]), but the auditory bulla is not so hugely inflated as in
the specimen Gentry (1980, figure 19) assigned to K. subdolus.
Haile-Selassie et al. (2009) describe the basioccipital of their
Redunca ambae, close in date to Langebaanweg, as not having
such splayed anterior tuberosities as some other reduncines, so
there may be specific differences among early reduncines in
this character.

Kobus sp. 2

Estimated age. 7.4 - (7.2 - 6.6) Ma

Material.
Locality Y 452 (7.3 Ma)

Y 50817 Right M3.

Y 50958 Right horn core with parts of frontal.
Locality Y 581 (7.2 Ma)

Y 16792 Right horn core base.

Figure 21. Kobus porrecticornis. Y 49550, left p4-m2 in A) buccal and B)
occlusal views. Y 2840, left p3-m! in C) buccal and D) occlusal views, and Y
49740a, left P3-M3 in E) occlusal view. An outline of p4 is shown for Y 49550
and Y 2840. Scale 20 mm.

Y 47018 Left horn core.
Locality Y 922 (7.2 Ma)

Y 50051 Damaged frontlet with bases of both horn cores.
Locality Y 959 (7.2 - 6.6 Ma)

Y 52539 Right p4.

Discussion. This species, if distinct, has a chronostratigrapic
range from 7.4 to ca. 6.9 Ma or perhaps slightly younger. In this
interval the scarce Siwaliks reduncine teeth are only slightly
larger than those of Kobus porrecticornis (Figure 4), while the
horn cores are larger (Figure 18).

Character variation continues as in Kobus porrecticornis.
For example the supraorbital pits of Y 50958 are smaller than
in a gazelle, transverse ridges were probably present on its
front surface, and the horn core was slightly divergent (Figure
22A,B). The frontlet Y 50051 has close insertions (Figure 22C)
and Y 16792 (Figure 22D, E) has a spreading base of its pedicel
as was seen in early Kobus sp.1 horn cores. Limited sinuses just
above the orbit at the lowermost front of the pedicel are visible
in Y 47018 and degree of divergence lessens distally (Figure
22F). As far as teeth go the upper molar Y 50817 has a localised
rib on the wall of the paracone and a slight outbowing on the
metacone behind it, no basal pillar, and a central fossette less
pointed lingually in its centre and with more of a U-shape than
a V. The first and last characters give it a decidedly reduncine

Figure 22. Kobus sp.2. 'Y 50958, right horn core with parts of orbit and frontal
in A) anterior and B) lateral views. Y 50051, frontlet with damaged bases of
both horn cores in C) dorsal view. Y 16792, r ight horn core base in D) anterior
and E) lateral views. Y 47018, left horn core in F) anterior view. Y 52539, right
p4 in G) occlusal and H) labial views. An outline of is shown for the p4. Scales:
20 mm. for the horncores, 10 mm for the premolar.
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appearance. The p4 of Y 52539 (Figure 22G, H) has a closed
anterolingual wall like some later Reduncini in Africa, for
example Hadar Formation AL156-1A (Gentry 1981, figure
1), but the closure is complete in early wear in the Siwaliks
tooth. The deep valley labially in front of the hypoconid is also
decidedly reduncine-like.

?Antilopinae, spp.

A number of unidentified teeth of gazelle size or smaller
occur in the Late Miocene and apparently record the presence
of at least one additional species of antilopine. They fail to fit
the known Gazella or Kobus species or even the scarce teeth
discussed under Tethytragus and Caprotragoides. All occur
later than supposed examples of the boselaphine Elachistoceras
in the Middle and earlier Late Miocene. These include the
following:

Y 190a,b from Locality Y 17 (8.0 Ma) (Figure 23A-D). Right
m?2 and right m3. Their size appears to be a slightly better fit for
Gazella lydekkeri than Kobus porrecticornis, but the m3 looks
like that of an African neotragine with rather sharply pointed
stylids and labial lobes. It would be interesting if this antelope
had a neotragine-like feeding regime since neotragines with
such teeth are smaller sized. The m2 has a goat fold, the m3 has
a slender little crescentic rear lobe offset labially, and both teeth
have a small-moderately sized basal pillar.

Y 51726a,b from Locality Y 889 (8.0 Ma) (Figure 23E-H).
Right m2 and m3. The m2 may be a different individual from
the m3. The tiny basal pillars are unlike Y 190 and there are
good reduncine-like goat folds. It is not a gazelle and is too
small for the contemporaneous Kobus porrecticornis.

Y 52501 from Locality Y 456 (7.4 - 7.0 Ma). A right mandible
with m1 — broken m3 with no central fossettes on m1 or front
part of m2. It has curved not flat lingual walls, moderate-large
sized basal pillars, and central fossettes with some curvature.
The last character may be a consequence of the dentition being
in late wear. This is not a neotragine-like morphology, so it
would not be conspecific with Y190 above. It is too small to fit
Gazella lydekkeri.

Y 49797 from Locality Y 913 (6.4 Ma). A right lower molar
(probably m1l) in a shallow mandible fragment. Too small to
be Kobus at such a late date and the mandible is too shallow to
fit Gazella.

And Y 49801 also from Locality Y 913 (6.4 Ma). A right
lower molar in a mandible fragment.

Tribe ANTILOPINI or CAPRINI
Genus TETHYTRAGUS Azanza and Morales, 1994
Type species. Tethytragus langai Azanza and Morales, 1994.

Diagnosis. Medium-sized bovid with horn cores inserted
partly on the orbit and partly on the cranial vault, fairly vertical
in lateral view and divergent in frontal view. The horn cores
are long and stylized, with a very compressed oval section
in the transverse direction and regularly curved towards the
rear. There may be a slight torsion whose orientation varies
according to the species. The ornamentation of furrows and
folds is strong without development of keels. Dentition of
primitive morphology very close to that of Eotragus but the
cheek teeth are more hypsodont and on the molars the styles
and stylids are less developed. (Diagnosis from Azanza and
Morales, 1994, with the original in French.)

Remarks. Tethytragus is a Middle or Middle-Late Miocene
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Figure 23. ?Antilopinae, spp. Y 190a,b, (A,B) right m2 and (C,D) m3 in occlu-
sal and labial views; Y 51726a,b, (E,F) right m2 and (G,H) m3 in occlusal and
labial views. Scale 20 mm.

bovid of Europe and Turkey, known from about 15.0 Ma
onwards. It contains three species larger than gazelles but
resembling them in its basic morphology with the horn cores
somewhat compressed, curved backwards, without keels, and
inserted closer together than in FEotragus. Sometimes there
are sinuses in the frontals. Supraorbital foramina are small
and placed up against the base of the horn pedicels. The teeth
are little different from Eotragus but the molars are longer
relative to the premolars (Gentry, 1990, figure 6) at least in
some species. Tethytragus is not known to be related to any
later antelopes, but could be a suitable ancestor or relative of
later Caprini such as Protoryx. It has been confused in the past
with the Late Miocene Caprotragoides in India and the Middle
and Late Miocene Gentrytragus in Africa.

Tethytragus sp.
Estimated age. 13.47 - 12.4 Ma
Material.
Locality Y 828 (13.4 Ma)
Y 40731 Right m3, tiny basal pillar.
Y 40733 Left lower molar.
Y 46611 Part of left mandible with p4 and alveoli of p2 and p3.
Locality Y 822 (13.0 Ma)
Y 40920 Left horn core.
Locality Y 825 (12.8 Ma)
Y 40970 Left horn core.

Locality Y 750 (12.7 Ma)
Y 39223 Right p4.

Locality Y 783 (12.7 Ma)
Y 32887a Right piece of horn core.
Y 32887b Left piece of horn core.
Locality Y 634 (12.3 Ma)
Y 20006 Right m3.
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Locality Y 647 (12.4 Ma)
Y 23600 Horn core piece
Y 23601 Right horn core.
Y 23968 Right horn core piece.

Discussion. The horn cores (Figure 24) are backwardly curved,
more compressed than in the Tethytragus species of Spain
and Turkey, with a central anteroposterior level of maximum
transverse thickness, the lateral surface probably flatter than
the medial one, without keels or transverse ridges, inserted
above the orbits, moderately inclined, insertions close together,
poorly divergent, pedicel higher at the front than at the back,
an extensive but shallow postcornual fossa, frontals not raised
between the horn bases, sinuses in frontals anteromedially
to supraorbital pits but probably not within the pedicels and
certainly not reaching to top of pedicels, small supraorbital pits.
The horn cores were probably not short. The more doubtfully
attributed horn core Y 23600 shows possible incipient torsion
or bracing at one side of its base.

A few dental remains (Figure 25) could be conspecific with
the horn cores, but there is no association. If correctly identified
they extend the startigraphic range of the species slightly from
13.4 to 12.3 Ma.

The various teeth (Figure 25) look slightly divergent from
the similar-sized Boselaphini of the period but it is hard to
pinpoint what produces this visual impression. They are too
large for Chinjikeros kanatti and, while their size is suitable
for Hypsodontus sokolovi, the mandiblular ramus of one of
them, Y 46611, is too shallow (Figure 25J). The unworn m3
Y 40731 (Figure 25F) has a hypsodonty index of at least 84%.
The p4 of Y 46611 has a primitively simple transverse ridge
of the metaconid (Figure 25I). The m3 Y 20006 shows slight
or moderate outbowings of its lingual ribs, long and narrowly-
pointed labial lobes, a small basal pillar, an incipient goat fold,
and all four lobes narrowly joined in the centre of tooth. A
molar (Y 40733) (Figure 25C, D) from the same locality as
Y 40731 and Y 46611 has a goat fold, moderate basal pillar,
outbowed ribs on its lingual wall, and pointed labial lobes, but
is large compared to the m3s.

An unworn left m3 (Y 40732) from locality Y 828 has no
basal pillar. It is probably too large for this species and is
certainly large for its age (13.4 Ma), being near the size of
Y 40967, a mandible with teeth in late wear that might belong
to Helicoportax praecox (Gentry et al., 2026).

Tethytragus is a genus of much taxonomic and
zoogeographical interest. Essentially it consists of early
Eurasian antelopes larger than Gazella that had acquired
backwardly-curved horn cores unlike Eofragus. The Siwaliks
remains reported here have a date probably within the span of
T. langai and T. stehlini in Spain and central Europe (MN7/8).
The Turkish 7. koehlerae is best known from the earlier Pasalar
and Candir (MN 5 or 6) localities (Kohler, 1987; Gentry,
1990) and, more disturbingly, from Sivas in MN11 or 12 (the
Tethytragus cf. T. koehlerae of Bibi and Giileg, 2008). The
Siwaliks p4s discussed here are within the size range of T
langai and T. koehlerae and the lower molars within the size
range of 7. langai which seems to have larger measurements
for these teeth (Gentry, 1990, figure 6; Azanza and Morales,
1994, table 4). An advanced condition of p4 in which the
metaconid approaches the paraconid on its lingual side (the
“molarisation” of many authors) is seen in 7. koehlerae from
Candir (Geraads, 2003, p. 189, figure 9) but not in 7. koehlerae
from Pasalar, nor in 7. langai, nor in our p4 Y 46611. The tecth
of T. stehlini are not known. It should be noted that 7. langai

differs from 7. koehlerae and what is known of T. stehlini in
having a hint of clockwise (homonymous or inverse) torsion
in its horn cores, lower horn pedicels especially anteriorly, and
larger supraorbital pits, suggesting that Tethytragus may have
a connection with the mainly Turolian genus Oioceros (Azanza
etal., 1998).

D

Figure 24. Tethytragus sp. Y 32887, right horn core in A) lateral and B) ante-
rior views. Y 40970, left horn core in C) lateral and D) anterior views. Scale
20 mm.

20 mm

B

A
E

Figure 25. Tethytragus sp. Y 39223 right p4 in A) occlusal and B) lingual
views. Y 40733 left molar in C) occlusal and D) labial views. Y 40731 right
m3 in E) occlusal and F) labial views. Y 20006 right m3 in G) occlusal and H)
labial views. Y 46611 left mandible with crown of p4 in I) occlusal and J) labial
views. Scale 20 mm.
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Protoryx enanus from the Turkish MN7/8 localities of
Catakbagyaka and Sofca is a species with possible links to
Tethytragus. 1t has horn cores larger than Tethytragus but
smaller than all other Protoryx (Kéhler, 1987, figure 50), while
the absence of sinuses in the horn pedicels raises additional
doubts about its generic attribution. Interestingly Protoryx
enanus postdates the Pasalar and Candir 7 koehlerae in Turkey,
but is contemporaneous with other 7ethytragus in Europe. All
this makes a complicated context in which the Siwaliks horn
cores and teeth may play a part.

Genus CAPROTRAGOIDES Thenius, 1979
Type species. Caprotragoides potwaricus (Pilgrim, 1939)

Hippotraginae gen. indet. (cf. Tragoreas) potwaricus Pilgrim,
1939

Diagnosis. Medium to large sized antelopes. Horn cores
implanted fairly vertically on the frontal plane, regularly
curved backwards and presenting a moderate divergence; their
insertion is close, the pedicle is elongated at the front. No
torsion or keel. The section of the horn core is elliptical with
variable, but generally quite marked mediolateral compression.
The craniofacial angle is moderate. The preorbital fossae are
very developed. Orbital rims quite developed. The small
supraorbital foramina, are located at the base of the pedicle.
Postcornual grooves are absent. The nuchal crests are very
developed. (Modified from the emended diagnosis of Thomas
[1984] with the original in French.)

Remarks. Caprotragoides was founded by Thenius (1979)
for the species “Hippotraginae gen.indet. (cf. Tragoreas)
potwaricus,” which Pilgrim (1939) based on a frontlet GSI
B630. The holotype frontlet was said to have been found “on
the road from Chinji to Nagri” (Pilgrim, 1939, p. 87) and
therefore thought to have come from the Nagri Formation,
making it between 11.3 and 10 Ma. It is quite large for its age.
Thomas (1984, plate 1 figure 6) located another (?left) horn
core, AMNH 96648, from Ramnagar, India. He thought that the
locality might be within the time span of the Chinji Formation,
but the horn core was probably collected by the joint American
Museum of Natural History-Yale University-Geological
Survey of India expedition of 1935 for which locality data is
unreliable. Recent biostratigraphic correlations (Sehgal ef al.,
2022) suggest the Ramnagar sediments are equivalent in age to
the middle and upper part of the Chinji Formation, that is ca.
13to 11.4 Ma.

Gentry (1970) referred material from Fort Ternan to the
Indian species, including some notably hypsodont teeth, and
in 1978 described a skull from the Ngorora Formation, Kenya.
He rejected a hippotragine affiliation and suggested congeneric
status with some Middle Miocene European horn cores named
Gazella stehlini by Thenius (1951). Thenius’ species therefore
could not be a gazelle and was eventually put into a new genus
Caprotragoides alongside the Indian and Kenyan species by
Thenius (1979). However, abundant teeth of Caprotragoides
stehlini at Pasalar turned out to have a generalised rather
primitive morphology at odds with the large and hypsodont
teeth at Fort Ternan (Gentry 1990). The situation was remedied
when Azanza and Morales (1994) separated a new European
and Turkish genus, Tethytragus, from Indian Caprotragoides
and from a new African genus, Gentrytragus. We may
note that neither Caprotragoides nor Gentrytragus need be
related to Tethytragus, that teeth of Caprotragoides are still
unknown (Pilgrim records that parts of two left maxillac
from two individual antelopes, both with heavily worn teeth,
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were found with the holotype), and that no definite fossils of
Caprotragoides have come to light in our material.

?Caprotragoides, sp. indet.
Estimated age. 10.2 - 8.6 Ma
Material.
Locality Y 450 (10.2 Ma)
Y 16900 Left horn core and pedicel.
Locality Y 258 (10.2 Ma)
Y 46515 Left upper molar.
Locality Y 325 (8.8 Ma)
Y 12367 Left m3 in mandible fragment.
Locality Y 388 (8.7 Ma)
Y 14860 Left mandible with back of m2 and most of m3.
Locality Y 156 (8.6 Ma)
Y 3411 Left mandible with m2 and partial erupting m3.

Discussion. These fossils are more than 2.0 myr later than
Tethytragus sp. The horn core Y 16900 (Figure 26A, B) is
preserved for about half of its original length and is essentially
that of a large gazelle, but too large to fit the Gazella lydekkeri
from Locality Y 450. It tapers little and in life it would have
been long (ca. 200 mm). The level of maximum transverse
thickness lies posteriorly, there are no keels or transverse
ridges but the surface is covered with irregular longitudinal
grooves and ridges. The basal compression at 73% changes
to 61% at a height of 50 mm above the base, and both sides
are flattened, the lateral more so than the medial. The horn
core appears to have slight and constant divergence. It is
inserted above the orbits, backwardly curved, without torsion
or with only the slightest heteronymous torsion. There are no
sinuses at the base of the pedicel, the pedicel is short with a
pronounced overhanging rim of the horn core above, and the
frontals between the horn bases are not higher than the dorsal

Figure 26. ?Caprotragoides, sp. indet. Y 16900, left horn core with cross sec-
tion at base in A) lateral and B) anterior views. Arrow indicates anterior of the
cross section. Scale 20 mm. Y 46515, left upper molar in C) occlusal view.
Scale 10 mm.
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orbital rims. None of these characters seem as if they would be
unacceptable in Caprotragoides or Gentrytragus.

The upper molar Y 46515 (Figure 26C) is only very
tentatively identified as this species. It appears large for a
gazelle at this early date. It is brachyodont, has a small or tiny
basal pillar, a well-outbowed paracone labial wall, and a poorly
convex metacone one. The slightly smaller posterior part and
absence of a interdental wear facet suggest it may be an M3.
It could be grouped with the horn core Y 16900 to indicate a
minimum number of species.

The mandibles, which are also only very tentatively
included, are younger in the sequence than'Y 46515 or the teeth
mentioned under Tethytragus sp. and could be Caprotragoides.
If so, they would extend Caprotragoides’ range to 8.6 Ma. The
m3 of Y 12367 shows broad outbowings of lingual walls, it has
a tiny basal pillar, and the small third lobe is offset labialwards
and has a central fossette. The measurable m2 and m3 are no
longer than in the Siwaliks Gazella or Kobus.

It is not inconceivable that the horn core Y 16900 is
conspecific with Caprotragoides potwaricus, but all four
dental specimens seem rather small compared to the horn core.
The basal diameters (34.2x25.0 mm) of the horn core are very
close to those of AMNH 96648 at 35.1x24.8 mm and smaller
than the C. potwaricus holotype measured by Thomas (1984)
as 39.5x31.0 mm and by Pilgrim (1939) as 41x30.5 mm. The
Gazella lydekkeri horn cores Y 18026 and Y 6563, dated at
10.2 and 10.1 Ma, were large members of that species, but
smaller than Y 16900 and their identification need not be
doubted for the moment. Other bovids at Locality Y450 are
the first representatives in our collections of Selenoportax,
Miotragocerus, and Gazella lydekkeri.

Genus DORCADORYX Teilhard de Chardin and Trassaert,
1938

Type species. Dorcadoryx triquetricornis, Teilhard de Chardin
and Trassaert, 1938, figures 33-6, plate 1 figures 3-4.

Diagnosis. A small antelope, with skull as in Gazella, but with
closely set triangular horn-cores, the anterior edges of which
converge anteriorly. Horizontal ramus of the mandible very
deep posteriorly. Molars as in Gazella, but premolars strongly
reduced. Lower p4 of the complicated type. Fossa lachrymalis
wide and deep. (From the original diagnosis of Teilhard de
Chardin and Trassaert, 1938.)

To this we would add that the horn cores in frontal view
diverge very slightly, the divergence being constant, while the
long axis of the horn core cross-section is at an approximately
35 degree angle to the skull mid-line. In lateral view the
horn cores are steeply inclined and only very slightly curved
backwards. Distally there are weak anterior and posterior keels,
while the pedicel is tall, at a more upright angle then the horn
core itself, and slightly swollen with a small sinus that does not
reach into the base of the horncore. The horn cores have barely
observable clockwise torsion, and their surface is covered with
irregular, faint longitudinal gooves and ridges. Lower p4 has
fused paraconid and metaconid forming a closed anterolingual
wall. Chen (2005) has presented a longer list of characteristics
that focus on the skull and dentition.

Discussion. Several species of Dorcadoryx are known from
China in various locations thought to date from the Late
Miocene to Early Pliocene, around 8 or 7 to 4 Ma. The type
species was described from the Yushe Basin and comes from
the early Pliocene Nanzhuangou fauna (Qiu et al., 2013, figure
1.7¢c; Wang et al., 2013, figure 1.2f).

Some aspects of the nomenclature and morphological limits
of Dorcadoryx are unclear. In founding the genus Teilhard de
Chardin and Trassaert (1938) synonymised the first of two
“?Tragoreas sp.” of Bohlin (1935, figures 84-5) with their
new type species D. triquetricornis. They did not mention
two other already-named species which Bohlin had assigned
to ?Tragoreas and which by their own implication should
belong to Dorcadoryx, namely ?Tragoreas lagrelii Bohlin,
1935 and the larger Gazella palaeosinensis Schlosser, 1903.
Schlosser’s species was defined on teeth. Despite their larger
size than the teeth of other Dorcadoryx, the referred horn core
of this latter species (Bohlin, 1935, figure 83) is seemingly
no bigger in its basal diameters than are D. triquetricornis or
lagrelii. However the horn core of the second “?Tragoreas
sp.”” of Bohlin (1935, figure 86) is slightly bigger than other
Dorcadoryx. More difficulties arose in separating Dorcadoryx
teeth from those of Gazella altidens Schlosser, 1903. Only the
lower teeth of G. altidens were thought by Bohlin (1935) to
belong to a gazelle. He placed the upper teeth in D. lagrelii and
his final opinion (Bohlin, 1941, p.107) was that these upper
teeth should carry the name altidens. He did not acknowledge
or realise that this would make Dorcadoryx altidens a senior
synonym of D. lagrelii; on the other hand he had not designated
a single specimen as lectotype, so we are not bound to
follow his proposal. Many years later a new Dorcadoryx, D.
orientalis, was described from the Bahe Formation by Chen
(2005), the earliest species of the genus and dated to 8.07 Ma
(Zhang et al., 2013). Its horn cores are longer and with stronger
backward curvature than D. triquetricornis. Kostopoulos
(2009a) has suggested sinking Dorcadoryx in Tragoreas and
lagrelii in triguetricornis. We continue to place both species in
Dorcadoryx and to ignore the complication with G. altidens.

Within all these constraints Dorcadoryx species appear to
be slightly larger than most Late Miocene gazelles and some
characters differ or may be more frequently present than in
Gazella: anterior and posterior keels distally on the horn cores,
a barely perceptible clockwise (homonymous) torsion, the
front of the pedicel high in profile and looking more upright
than the front of the base of the horn core proper, notably small
supraorbital pits, and a shorter cranium with its curving roof
sloping more strongly downwards posteriorly. The teeth are
those of generalised non-boselaphine bovids and much like
those of gazelles. However the p4s show approach or fusion of
paraconid and metaconid to form a closed lingual wall in the
anterior part of the teeth.

?Dorcadoryx sp.

Estimated age. 9.7 - 9.4 Ma

Material.
Locality Y 337 (9.7 Ma)

Y 5983 Horn core piece.

Y 5990 Frontlet with horn cores.
Locality Y 425 (9.7 Ma)

Y 15143 Left horn core base.

Y 49607 (?Right) horn core base, perhaps the same individual
as'Y 15143

Locality Y 342 (9.4 Ma)
Y 5916 Right horn core base.

Discussion. The main piece is the frontlet Y 5990 (Figure 27)
dating from 9.7 Ma. Its two main distinctive features are the
tall front edge of the pedicel and the oblique seating of the
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long axis of the cross-section of the horn cores which results
in an inward tilt or strong basal convergence of the horn cores
similar to extant African Madoqua and also seen in the Gazella
at Langebaanweg. This frontlet is not another specimen of the
2(Sivaceros) vedicus of a similar age in that it differs from
Y 46349 in the less rapid tapering of its longer horn cores,
keels present only distally, less compression (close to that of
the S. vedicus holotype), no flattening of the medial surface,
and no sinuses visible in the back of pedicels or in the frontals
behind the orbits. The frontals are no higher than the dorsal part
of the orbital rims, whereas ?(S.) vedicus may have had a low
intercornual ridge. The divergence of the horn cores is slight, as
in ?(S.) vedicus, but note that the two sides of the frontlet have
been glued together. Compared with the horn core Y 16900 of
?Caprotragoides, sp. indet. (Figure 26), Y 5990 is smaller, the
maximum transverse thickness of the base of the horn core lies
less posteriorly, and the anterior edge of the horn pedicel is
high.

The height of the anterior edge of the horn pedicel resembles
Dorcadoryx triquetricornis as do other characters, many of
which are shared with other bovids and not distinctive for
Dorcadoryx. However, the horn cores are longer, there is no
anterior keel in the proximal part of the horn core, the horn cores
are set at a lower inclination with only very slight backward
curvature, and the supraorbital pits are long, quite deep and not
especially narrow. The cranial roof is not preserved on Y 5990,
so its curvature and slope are unknown.

Y 5916 is about 80 mm long and the break at its lower end
appears to be across the top of the pedicel. If this were so,
there would be no sinuses reaching the top of the pedicel. The
maximum mediolateral width on this horn core lies slightly
posterior to the centre of the anteroposterior diameter, an
anterior keel was probably present distally, the lateral surface
is flatter than the medial one, the divergence is nearly constant,
and there is only the slightest backward curvature. There is a
small sinus low in the pedicel of Y 49607.

In summary these fossils do not fit ?(Sivaceros) vedicus
which already carries more than enough uncertainty about its
relationships. They share little with Dorcadoryx other than its
size and non-boselaphine aspect.

A

Figure 27. ?Dorcadoryx sp. Y 5990. Frontlet in A) anterior and B) right lateral
views. Scale 20 mm.
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Tribe CAPRINI Gray, 1821

The Caprini, formerly the subfamily Caprinae, contains
nearly all Eurasian bovids that are neither Boselaphini or their
relatives nor Antilopini or Reduncini. They are a coherent
group zoogeographically and taxonomically, and their lowly
hierarchical position in cladistic classifications does not mean
that they are less dominant in Eurasia than are three or four
bovid tribes together in Africa. They are often larger than
Antilopini and living species show frontals raised between horn
insertions and with extensive sinuses internally, cranial roofs
angled downwards on the line of the facial axis, high-crowned
cheek teeth with an uncomplicated occlusal pattern and no
basal pillars, p4s often with paraconid-metaconid fusion to
form a closed lingual wall anteriorly, and sometimes shortened
metapodials. Many Late Miocene Eurasian bovids were
acquiring characters of the various later Caprini (Gentry, 2000)
and even of goats (in subtribe Caprina in Hassanin et al., 2012;
see Table 4). Much parallel evolution seems to have occurred
and the ancestries of living species may be separate well back
into the Miocene. Frequent differences from Boselaphini are
more upright horn core insertions in side view, infraorbital
foramen higher above the tooth row, median indentation at
the back of the palate situated more anteriorly relative to the
level of the paired lateral indentations, inclined cranial roofs,
simple occlusal pattern of the teeth, and a tendency to shorten
the premolar rows anteriorly.

The three fossil genera Palaeoryx, Protoryx and
Pachytragus and other relatives were originally found at the
classical Turolian localities of Pikermi, Samos and Maragheh
and came to contain many species names. Through much of
the 20th century they were taken as Hippotragini, but Gentry
(1971, 2000) placed them in the Caprinae (the current Caprini).
This has not always been accepted, especially for Palaeoryx,
but few continue to regard them as Hippotragini. Gentry
(1971) thought that Protoryx contained only the type species
P. carolinae at Pikermi. He further thought that fossils from
Samos Quarry 5 were an advanced species for which the best
available name was Pachytragus crassicornis Schlosser, 1904,
and that most of the rest of the Samos “Protoryx” was a second
less advanced species, best named Pachytragus laticeps
Andree, 1926. Robinson (1972) described the first-known
pre-Turolian member of the group in the Beglia Formation,
Tunisia, and Solounias (1981) contributed further to the
ongoing discussion. Following the recovery of new Samos
material from 1993 onwards, Kostopoulos (2009a) proposed
another round of far-reaching and complicated name changes
(Table 6). He thought that in addition to the Pikermi Protoryx
carolinae there was another species of Protoryx, found only
on Samos and represented only by three specimens from
the old collections: (1) the lectotype frontlet of Pachytragus
crassicornis (Schlosser, 1904, plate 11 figures 11a+b); (2) the
lectotype skull of Pseudotragus capricornis Schlosser (1904,
plate 10 figs 7-7b); (3) the holotype skull of Pseudotragus
longicornis Andree 1926. For these three specimens he used
the name Protoryx capricornis (Schlosser 1904). The first two
are type species of their genera so the names Pachytragus
and Pseudotragus, both of Schlosser (1904), become junior
synonyms of Protoryx. Since Kostopoulos concluded that
Protoryx could not include any other Samos species, he
founded a new genus, Skoufotragus, to solve the problem.

At the end of March 2012 AWG was in Munich and able to
see once more the type specimens of Pseudotragus capricornis
Schlosser (1904, plate 10 figures 7-7b) and Pachytragus
crassicornis Schlosser (1904, plate 11 figures 1la-b) and,
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Table 6. Protoryx group species at Samos.

Kostopoulos (2009a) scheme

Former taxonomy

Protoryx capricornis (Schlosser, 1904)
MNI11, ~7.8-7.4 Ma
(Kostopoulos 2009a, fig.14, but his
text, p. 376, is doubtful about
provenance of the three specimens.)

Skoufotragus zemalisorum n.sp.
Earlier MN12, ~7.4-7.2 Ma
(Horn cores overlap and smaller
than in schlosseri .)

Skoufotragus laticeps (Andree, 1926)
Later MN12, ~7.2-7.0 Ma

Skoufotragus schlosseri (Andree, 1926)
MN12 or 13, ~7.0-6.8 Ma

contra to the opinion of Kostopoulos (2009a), thought they
could not be conspecific. Pseudotragus capricornis differs
from Pachytragus crassicornis by its horn cores being more
compressed mediolaterally, a character clearly linked with their
enlarged anteroposterior diameter basally. Its appearance is of
a smaller species with relatively larger horn cores. The horn
cores are also more backwardly curved and the supraorbital
foramina are less close together and not in pits. In this paper
we shall assign the single Siwalik fossil to the name Protoryx.

Genus PROTORYX Major, 1891

Type species. Protoryx carolinae Major, 1891, as argued by
Pilgrim and Hopwood 1928.

Diagnosis. Moderate sized (moderate to large for their period),
skull proportions high and narrow rather than low and wide,
horn cores somewhat compressed mediolaterally, with a
tendency to a flattened lateral surface, inserted fairly close
together, with little divergence, inserted fairly uprightly, curved
backwards, with no torsion, cranial roof angled appreciably
downwards, and with higher frontals between the horn bases
than in the smaller Middle Miocene Tethytragus. Teeth often
mesodont or hypsodont.

This diagnosis lists some of the more obvious characters of
the western Turolian species hitherto included in Protoryx and
Pachytragus.

Species Protoryx aff. solignaci (Robinson, 1972)

Pachytragus solignaci Robinson, 1972, figures 1-5, 7. Beglia
Formation, Bled Douarah, Tunisia. (?Middle) — Late Miocene.

Protoryx solignaci Gentry, 2000.

Holotype. T. 3657: A female skull with braincase and horn
bases, from Loc. 20. It is presumably conserved in the Service
Géologique Tunisien, in Tunis, Tunisia.

Diagnosis. Combines strongly compressed horn cores having
a strong anterior keel with primitive teeth. The cranial roof is
more inclined than in Boselaphini, the frontals and pedicels
are pneumatized. Compared with Pachytragus laticeps there
is less demarcation between pedicel and horn core; there is a

Pseudotragus capricornis Schlosser, 1904
pl.10 figs. 7-7b.

Pachytragus crassicornis Schlosser, 1904
pl.11 figs. 11a+b.

Pseudotragus longicornis Andree, 1926
pl.10 figs. 2-3.

Pachytragus laticeps

Pachytragus crassicornis
excluding lectotype

small to moderate, rather shallow and tall postcornual fossa;
the midfrontals are slightly less elevated; the braincase widens
posteriorly; and the occiput is flatter. Adapted from Gentry
(2000).

Estimated age. 11.3 Ma
Material.
Locality Y 803 (11.3 Ma)
Y 32090 Damaged cranium with partial right horn core base.

Discussion. This is a unique and totally new find in the
Siwaliks (Figure 28). It comes from a level with few fossils,
but just before the inferred time of the first appearance in
the Siwaliks of hipparionine equids (Barry et al., 2002: date
adjusted for Gradstein et al., 2012 timescale). The specimen
is similar in size to other Protoryx, and in the horn cores the
level of maximum transverse thickness lies centrally rather
than posteriorly, there is very strong lateromedial compression
(57.0%29.0 mm = 51%), the lateral surface is flatter than the
medial, divergence was probably not strong, and insertions
were close together. Massive sinuses within the frontals
reach into the pedicels, the frontals between the horn core
insertions are slightly elevated, and the supraorbital pits are
small and narrow. The braincase roof is inclined downwards,
there are concave depressions in the surface of the frontals
posteromedially to the horncore insertions, the frontals-parietal
suture takes a transverse course across the top of the skull, the
temporal lines become close as they approach the occiput, and
the braincase widens posteriorly. There is damage along the
right side of the braincase which results in the cranium looking
longer and narrower in dorsal view than it would have been in
life. The nuchal crests have a smooth upwardly-convex outline,
the occipital faces backwards but does nevertheless possess
a central vertical line or ridge with insignificant flanking
shallow depressions at its top, the anterior tuberosities of the
basioccipital are not large and probably had no longitudinal
ridges behind them, and there may have been a central
longitudinal groove on the basioccipital. It is unfortunate that
details of the length, curvature and divergence of the horn cores
remain unknown.

Abundant remains of what Robinson (1972) named
Pachytragus solignaci came from early Late Miocene beds in
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Tunisia in levels alongside and apparently below hipparionine
horses. Similar remains were found later in equivalent time
levels in Turkey and less certainly in the Namurungule
Formation, Kenya (Nakaya et al., 1984, plate 9 figure 4; Kohler,
1987). Gentry (2000) came to think that P. solignaci was too
different from the advanced Samos Pachytragus crassicornis
(Skoufotragus schlosseri of Kostopoulos’s system) to be
congeneric and assigned it to Protoryx. Kostopoulos (2009a)
did not mention how P. solignaci should be classified. Y 32090
has several features of P. solignaci: strong compression of the
horn cores, a weaker distinction between the top of the pedicel
and the horncore base, little elevation of the midfrontals
between the horn bases, the braincase widening posteriorly,
and a rather flat occipital surface. The horn core compression
exceeds that seen in P. solignaci; otherwise these characters are
plausibly primitive.

The Locality Y803 cranium may be less advanced than a
Protoryx cranium from Mahmutgazi, Turkey (MN11, K&hler,
1987, figures 55-6), in the lower inclination of its cranial
roof and its anteriorly narrower basioccipital. It has more
compressed horn cores and a more sloping cranial roof than a
Protoryx cranium from Kohfidisch (Vislobokova, 2007, plate
14 figure 1), but is similar in little elevation of the frontals
between the horn core bases. It is unlike Samos Pachytragus
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(or Skoufotragus or Protoryx) laticeps in its slightly smaller
and more strongly compressed horn cores, little elevated
frontals between the horn bases and in its flatter occipital
surface which doesn’t face partly laterally on each side. It
contrasts with a cranium of Olonbulukia tsaidamensis from
Qaidam or Chaidamu, China (Bohlin, 1937, plate 2 figures 10-
11, plate 3 figure 1) by its slightly more advanced appearance.
This is manifest in the horn cores looking more massive
relative to overall cranial size and less widely set apart, and in
the cranial roof showing no posterior downturning in profile.
(A similar downturning is also visible in the Kohfidisch
cranium mentioned above.) Wang et al. (2011) demonstrate
from archives that this particular cranium (no.356) dates, most
interestingly, from the Middle Miocene, but Olonbulukia may
extend into the early Late Miocene as in the Tuosu Mammal
Fauna (Woodburne et al., 2013). Perhaps Olonbulukia is closer
taxonomically to Tethytragus than to Protoryx; certainly Chen
and Zhang (2007) stressed its distance from Protoryx. Wang, et
al. (2018) have suggested that the Caprini may have orginated
on the north of the Tibetan Plateau and subsequently dispersed
in the early Late Miocene.

Y 32090 is not so large, robustly-built, nor heavily-horned
as the Protoryx and Prosinotragus skulls described by Bohlin
(1935) from loc 116 of the Chinese Baode fauna late in the Late

Figure 28. Protoryx aff. solignaci’Y 32090. Cranium in A) right lateral, B) anterior, C) dorsal, D) posterior, and E) ventral views. Scale 20 mm.
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Miocene. Two of the species of this group were placed in a new
genus Macrotragus by Chen and Zhang (2007).

Remarks. One of the most valuable features of Y 32090 is that
its age is known. At 11.3 Ma it lived during the Middle to Late
Miocene transition and pre-dated the appearance of hipparionine
horses in the Siwaliks. This befits its better agreement with
the earlier Protoryx solignaci than with Turolian species.
The most reasonable verdict is to see it as a more easterly
representative of a group of transitional Middle-Late Miocene
Caprini which had become closer to Pachytagus/Skoufotragus
than to earlier and smaller Tethytragus-like forms. We can
add to what Kostopoulos has called “the endless discussion”
of these antelopes by speculating that if the lectotype skull of
Pseudotragus capricornis Schlosser 1904 were a late survivor
into early Samos horizons of the Protoryx solignaci group, then
this would have contributed much to the taxonomic confusion
with the later Pachytragus/ Skoufotragus group in MN12 at
Samos and Maragheh.

CONCLUSIONS

While Bovinae dominate the Miocene Siwalik bovid
assemblages (Table 5 and Gentry et al., 2025), other bovid
groups were present as well with their number of species
increasing in the Late Miocene. Here we recognize 15 antilopine
species (or probable species) from the Miocene deposits of
Pakistan, belonging to three tribes. Two species are new, with
both belonging to new genera, while only five of the others
have previously been named. The remaining ones are known
from cranial material that allows us to distinguish them from
other Siwalik antilopines, but in most instances we think they
belong to already named taxa from other geographic regions.
One (?Protragelaphus sp.) probably belongs to a unnamed
species, but because the available material is inadequate for
defining a new species, we refrain from naming it at this time.

Much of the interest in Siwalik antilopines lies in their
bearing on the origins of the tribes Antilopini, Reduncini, and
Caprini. Chinjikeros kanatti is the earliest likely member of the
Antilopinae, but it is not clearly an Antiopini. By about 13.2
Ma a probable species of Gazella appears, a genus within the
Antilopini and thus marking the definite appearance of that
tribe in the Siwaliks. Then, around the start of the Late Miocene
(ca. 10.2 Ma) G. lydekkeri appears and remains until at least 7.9
Ma as one of the most commonly fossilised Siwaliks species
alongside the boselaphines. Beginning with ?Protragelaphus
sp, (10.8 Ma) a succession of somewhat larger Antilopini with
heteronymously spiralling horn cores appear, overlapping and
exceeding the size of contemporaneous gazelles. Five species
are now known, all rare and known only from horn cores.

While too little is known of these Siwalik spiral-horned
antilopines for us to judge how they relate to non-Siwalik
species, they clearly establish zoogeographic links with the
western faunas of Turolian age. The origin of Antilope probably
lies within Prostrepsiceros, and eventually we might be able to
see an early Siwalik Prostrepsiceros as marking the appearance
of Antilope in the subcontinent.

Fossil Reduncini have long been known in the Siwaliks
from the Dhok Pathan Formation of the Hasnot area and
possibly earlier (Pilgrim, 1939). The GSP/Harvard collection
now shows that a small reduncine species or succession of
species occurred by at least 8.7 and possibly by around 9.4
Ma. With the appearance of Kobus porrecticornis at about
8.1 Ma the relative abundance of reduncine remains begins

to predominate over gazelles. Kobus porrecticornis then joins
Miotragocerus punjabicus as the two commonest bovids in
their time range, just as Gazella lydekkeri had been with M.
pilgrimi. An ecological linkage between the species change
overs for the two lineages might be investigated further with a
related ongoing question concerning the taxonomic position of
Reduncini relative to Antilopini (Bibi, 2014). Another question
with zoogeographical implications concerns how many
subgroups of “Reduncini” we might be dealing with and what
are the phylogenetic connections between African reduncines
(truly Reduncini since they include Redunca), the Siwaliks
Miocene ones, and the reduncines of the Pinjor Formation with
their relatively strong temporal ridges? The current information
about African reduncines suggests a first appearance of around
7.0 Ma and possibly earlier (Bibi et al., 2009; Gentry, 2010)

Neither Hippotragini nor Alcelaphini have been found in
the Miocene of the Siwaliks although very full information
is available on African Hippotragini at ca.7.0 Ma (Geraads et
al., 2008) and African alcelaphine tecth of a similar date have
been identified (Thomas, 1980). It also remains to be seen how
the Pinjor hippotragines, again with relatively strong temporal
ridges, have evolved from other hippotragines.

Fossils of Caprini are extremely rare in the Siwaliks
Miocene. Three temporally well-spaced species (Zethytragus
sp. spanning 13.4 to 12.4 Ma, ?Caprotragoides, sp. indet. at
10.2 to possibly 8.6 Ma, and ?Dorcadoryx sp. spanning 9.7 to
9.4 Ma) could belong to either Antilopini or Caprini, but their
more precise affinities remain unknown. The unique Protoryx
cranium dates from 11.3 Ma, just before the appearance of
hipparionine horses in the Siwaliks, and agrees best with P.
solignaci found in transitional Middle to Late Miocene beds
of Tunisia and Turkey. The relationships of this species with
Turolian Protoryx, Pachytragus, or Skoufotragus in the west,
and the relationships of Caprini with Alcelaphini, have yet to
be decided.

Table 5 lists all the bovid species we have recognized in the
Miocene Siwaliks. In addition to the antilopines, these include:
4 hypsodontines, an indetermined bovid, 17 boselaphines,
and 3 possible stem-Bovini (not counting the nominal
Pachyportax latidens) (Gentry et al., 2026). The oldest of
these, Paleohyposodontus zinensis, is Oligocene in its first
occurrence and several species date from the Early Miocene.
It is not, however, until just before 14 Ma that bovids become
both abundant and diverse in the Siwaliks of the Subcontinenet,
which is in large part the result of changes in the depositional
settings (Barry ef al., 2002; Behrensmeyer et al., 2005).

The bovid faunas of the Siwaliks have long lasting stability
with occasional substitution of species. The changes that occur
are not closely coordinated across the six lineages (Table
5), or at least, if the changes were coordinated, they are not
reflected in coinciding morphological changes in separate
lineages. Starting at 14.1 Ma there are three well-differentiated
boselaphines and one antelopine, a pattern that persists and
is reflected in the relative abundance of the species, with
boselaphines predominating well into the Late Miocene. In
addition, throughout the sequence there are species with very
short durations and species with longer durations (Table 5), so
that there is a mix of both boselaphines and antilopines having
both long and short durations from the Middle through the Late
Miocene.

In the Middle Miocene the taxonomic affinities of the
species are not decipherable with any confidence, but with the
appearance in the Late Miocene of spiral-horned antilopines
and species of the Miotragocerus/Tragoportax complex there
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are then interesting similarities and differences from species in
western Eurasia.

The distal width of the astragalus provides a measure of size
that allows comparison of multiple, morphologically different
species. Figure 29 shows the width of the distal astragalus
plotted against age for 26 antelopines and 531 presumed
boselaphines. The 26 antelopines belong to Gazella lydekkeri,
species of Kobus, and what is labelled “Small spp. complex,”
namely individuals that could be either Chinjikeros kanatti or
?Gazella sp. Astragali of the larger spiral-horned antelopines
and Caprini have yet to be recognized, although some of the
specimens listed as boselaphines may belong to these species
instead.

Apart from the poorly fossiliferous intervals, a notable
feature on Figure 29 is the size gap between the smallest
boselaphine, Elachistoceras khauristanensis, and the larger
boselaphines; a gap that forms as early as 13 Ma and widens
in the Late Miocene. Initially it is filled by antelopines of the
“small spp. complex” and eventually by Gazella and Kobus and
possibly some of the larger species for which we have no size
data (principally Prostrepsiceros vinayaki, ?Prostrepsiceros
large sp., Nisidorcas planicornis, and ?Dorcadoryx sp.).

A second notable feature is the pattern of size among
Antelopines on Figure 29. Just as with the boselaphines
(Gentry et al., 2026), there is a steady increase over time in
size of the larger species, first seen with the appearance of
Kobus at the beginning of the Late Miocene and continuing
with the subsequent appearance of larger Kobus species.
Since the species of Gazella remain much the same size this
eventually produces an increase in the range of sizes that is
asymmetrical with expansion to the right. The interaction
between the antelopines and boselaphines, assuming there was
an interaction, should be of future research interest.

Finally, the most conspicuous feature of Figure 29 is the
size increase over time, with ever larger species appearing.
This is in accord with “Cope’s Rule, “ the general observation
that body size tends to increase in lineages over time (Stanley,
1973). The question is of course why and the answer in the
case of the bovids is undoubtedly related to environmental and
vegetative changes and shifting diet and predation (Badgley et
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al., 2008; Bibi, 2007a,b; Cerling et al., 2025; Gentry et al.,
2025). It is noteworthy, however, that the same data show size
increases among Siwalik giraffoids, tragulids, and although the
data is more sparse, suids and anthracotheres. The specifics of
this should be of future research interest.
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