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Taxonomic status of the leopard, Panthera pardus
(Carnivora, Felidae) in the Caucasus and adjacent areas

Igor G. Khorozyan, Gennady F. Baryshnikov & Alexei V. Abramov

ABSTRACT. Nine subspecies names have been designated for the leopard in the Middle East: Arabian or
South Arabian Panthera pardus nimr (Hemprich & Ehrenberg, 1833); Anatolian or Asia Minor P. p.
tulliana (Valenciennes, 1856); Caucasian P. p. ciscaucasica (Satunin, 1914); Persian or North Persian P. p.
saxicolor Pocock, 1927; Sind or Baluchistan P. p. sindica Pocock, 1930; Kashmir P. p. millardi Pocock,
1930; Sinai P. p. jarvisi Pocock, 1932; Central Persian P. p. dathei Zukowsky, 1959 and South Caucasian
P. p. transcaucasica Zukowsky, 1964. We have measured or retrieved data from literature on 24 characters
and 3 indices of 40 leopard skulls originated from this region. We used multiple discriminant analysis to
separate 7 groups from North Caucasus, South Caucasus, Turkmenistan, Iran, Turkey, Pakistan and Arabia
with over 90% probabilities of correct group membership. Five scenarios of grouping were obtained which
have shown the identity of the leopards from the Caucasus and Turkmenistan and their possible identity
with individuals from northern Iran, closeness of leopards from southern Iran and Pakistan and from Turkey
and Sinai Peninsula, and clear distinctiveness of the leopards from Arabia and Turkey from all other groups.
In compliance with criteria of priority in zoological nomenclature, we suggest to retain the names P. p.
ciscaucasica (=saxicolor, transcaucasica) for the Caucasus, Turkmenistan and northern Iran, P. p. tulliana
for south-western Turkey, P. p. sindica (=dathei) for southern Iran and southern Pakistan and P. p. nimr for
Arabian Peninsula. The subspecies P. p. millardi is probably synonymous to P. p. sindica and its status
should be clarified on additional data. The taxonomic position of P. p. jarvisi should be verified by
comparison with nominotypical P. p. pardus from Egypt.
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TakcoHoMM4YecKkumn ctatyc neonappa, Panthera pardus
(Carnivora, Felidae) KaBka3a n conpeaenbHbIX TeppUTOpUNn

WU.l'. XopossH, I.®. BapbiwHukoB, A.B. AbpamoB

PE3IOME. [ns Ilepenneit A3uu oTMeueHs! J€BATH OJIBUIOB JICONap/ia: apaBUICKUN WU I0’KHO-apaBUii-
ckuit Panthera pardus nimr (Hemprich & Ehrenberg, 1833); anatonuiickuii wim mManoasuaTckuii P. p.
tulliana (Valenciennes, 1856); xaBkasckuit P. p. ciscaucasica (Satunin, 1914); mepcuackuii wim cesepo-
nepcuackuii P. p. saxicolor Pocock, 1927; cunackmit nim 6emymxuctanckuit P. p. sindica Pocock, 1930;
kammupckuii P. p. millardi Pocock, 1930; cunaiickutii P. p. jarvisi Pocock, 1932; eHTpanbHO-TIEPCUICKHUI
P. p. dathei Zukowsky, 1959 u roxHO-kaBKa3ckuit P. p. transcaucasica Zukowsky, 1964. Msl nu3mepuiu
My3eHHbIe SK3EMILISIPBI U [TPOaHAIN3NPOBAIIH JIUTEPATYPHBIE IJaHHBIE 110 24 TTapaMeTpaM U 3 MHAEKCaM y
40 gepernoB, MPOUCXOAAIINX M3 JAHHOTO perHoHa. MBI MCIIONB30BATM JUCKPUMHUHAHTHBIN aHAIN3 Ui
pasgenenus 7 rpymm u3 CeBepHoro Kaskasa, FOxuoro Kaskaza, Typkmenucrana, Upana, Typrun, [Taku-
ctaHa u Apasun c 6omee ueM 90% BEpOSATHOCTHIO MPaBWIBHOW KiIacCH(UKaIMU MO TpymnaMm. Beimu
TMOJYYCHBI MATH CHCHAPHUEB PACIPEACIICHUA YCPCIOB MO I'pyIinaM, KOTOPLIC MOKasalu UACHTHYHOCTH
neonapnoB u3 KaBkasza n TypkMeHHncTaHa ¥ MX BEPOSITHYIO HIICHTUYHOCTH C 0CO0sIMU U3 ceBepHOro Mpana,
6s30CTH JieonapoB U3 10xkHOro Mpana u [Takucrana n u3 Typunn 1 CHHAHCKOTO MOIyOCTPOBA U YETKYTO
obocobsieHHOCTE Jleonapaa u3 Typuuu U ApaBuu OT BCEX JPYTHX IPymil. B COOTBETCTBUH C MPaBUIOM
MPUOPHUTETA 300J0TMYECKOH HOMEHKJIATYpBI, MBI TpeJularaeM 3aKpeluTh HazBaHusi P. p. ciscaucasica
(=saxicolor, transcaucasica) nns Kapkaza, Typkmenuctana u ceBepHoro Mpana, P. p. sindica (=dathei)
JU1s1 1oskHOTO Mpana u toxxHoro Ilakucrana u P. p. nimr nis ApaBuiickoro nonyoctposa. [logsug P. p.
millardi, BEeposTHO, SIBIIICTCSI CHHOHUMOM P. p. sindica v ero cTaTyc JOJDKEH ObITh BBISICHCH Ha JIOTIOJIHHU-
TEJILHOM Matepuaie. TakcoHoMHYecKoe IMosioxKeHue P. p. jarvisi MOXKeT OBITh yTOYHEHO MOCIIe CPaBHEHUS
C HOMHHATUBHBIM 1oJBUIOM P. p. pardus w3 Ernnra.

KJIFOYEBBIE CJIOBA: neonapa, Panthera pardus, reorpadudeckas ”3MECHUNBOCTh, TaKCOHOMIsI, Kag-
Ka3, OXpaHa.
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Introduction

The leopard Panthera pardus (Linnaeus, 1758) has
been teetering on the brink of extinction in the Middle
East. Formerly widespread across a variety of habitats,
it is now distributed only in several countries and num-
bers no more than 1300 individuals (Khorozyan &
Abramov, 2005; Khorozyan ef al., 2005). According to
the last global survey of the leopard status made by
Shoemaker (1993), this predator can be classified as
“rare” in Iran, Afghanistan and Pakistan, “endangered”
in Israel, Oman, Saudi Arabia, Caucasus countries,
Yemen and Turkmenistan and “extinct” in Iraq, Ku-
wait, Lebanon, Qatar, Turkey, UAE, Jordan, and Syria.
The core population lives in Iran where 550-850 leop-
ards are guesstimated (Kiabi et al., 2002).

In the Caucasus, which is of special emphasis for us,
the areas of certain leopard presence include southern
Armenia from Khosrov Nature Reserve to the Arme-
nian-Iranian state border and two distinct areas in Azer-
baijan (Talysh Mountains and Zangezour Ridge in Na-
khichevan Republic). However, the records beyond
Armenia and Azerbaijan are also documented. In April
2001, an adult female was shot on the border between
Georgia and Kabardino-Balkaria in Russia and her two
male cubs were captured and delivered to Novosibirsk
Zoo where they are being maintained now (Lukarevsky
et al., 2004; Raffel, 2004). In 2004 and 2005, seven
photo-trap pictures of the young male leopard were
taken in Vashlovani Nature Reserve of extreme south-
east of Georgia (B. Lortkipanidze, pers. comm.). Anec-
dotal records come also from Nagorno-Karabakh Re-
public, Daghestan’s Avarskoe Koisu River headwaters
and Ingushetiya’s Erzu Nature Reserve (Lukarevsky,
2006; A. Malkhasyan, pers. comm.).

So, contemporary leopard range in the region ex-
tends over the southern South Caucasus and the eastern
North Caucasus. South Caucasus (formerly known as
the Transcaucasus) includes three countries — Armenia,
Azerbaijan and Georgia. North Caucasus incorporates
the small republics within the Russian Federation which
lie on the northern side of the Great Caucasus Ridge.
Total leopard population size in this region is unlikely
to exceed 30 individuals (Khorozyan et al., 2005).

The present communication deals with the taxono-
my of leopard from the Middle East. To many, unclear
taxonomic position of subspecies would seem to be an
issue of pure academic interest far distant from the
needs of modern conservation. As some believe, taxon-
omy and conservation can be linked only in those rare
cases when geographically isolated populations, e.g. on
islands, are represented by distinct taxa (Anonymous,
1991). However, this issue has much broader implica-
tions. Recognition of well-justified species and subspe-
cies as the candidates for priority research and conser-
vation is an indispensable managerial tool in conditions
of insufficient funding (Anonymous, 1991; O’Brien &
Mayr, 1991).

Recently, two aspects illustrating the closeness of
taxonomy and conservation have emerged in case of the

leopard in the Caucasus. First, introduction of two
aforementioned grown-up cubs from Novosibirsk Zoo
to the breeding program within the Persian Leopard
Studbook has been delayed until their taxonomic status
and relation to the Persian leopard are clarified (Raffel,
2004). As this studbook states, they remain to be the
only wild-caught leopards from the Middle East and
must be considered as valuable founders. And, second,
the plans to use captive Persian leopards in a program of
reintroduction to the western North Caucasus have been
criticized by some experts insisting on distinctiveness of
the Caucasus and Persian leopards (Lukarevsky, 2006).

The question “which leopard subspecies lives in the
Caucasus?” is not trivial. Different authors used the
names Caucasian leopard P. p. ciscaucasica (Satunin,
1914) for the cats in North Caucasus, Anatolian or Asia
Minor leopard P. p. tulliana (Valenciennes, 1856) for
the cats in South Caucasus and Persian or North Persian
leopard P. p. saxicolor Pocock, 1927 for the Caucasus
in general (Khorozyan et al., 2005). Anatolian leopard
was described first in extreme west of Asia Minor, near
Izmir in Turkey (Valenciennes, 1856), so the remote-
ness of this terra typica can raise a dubiety in validity of
its name for the cats from the Caucasus. Caucasian
leopard was discovered by Satunin (1914) on a basis of
specimens from the Kuban region of North Caucasus
(sintypes: skin without number from Psebai and male
skull without number from Kiban region; their where-
abouts is not known) as morphologically distinct from
Anatolian subspecies, but small sample size used for
comparison does not give a ground for firm conclu-
sions. Persian leopard was described last, but from
much more abundant material across Iran (former Per-
sia), and is known to be linked with the Caucasus
population (Pocock, 1930a). Before this publication,
we named the leopard in the Caucasus as Persian leop-
ard P. p. saxicolor to indicate its connectedness with
Iran (Khorozyan & Abramov, 2005). Some authors
(Miththapala, 1992; Miththapala et al., 1996; Uphyrki-
na et al., 2001) claim that all leopards living in the
Middle East, except the Arabian or South Arabian
leopard P. p. nimr (Hemprich & Ehrenberg, 1833)
whose distinctiveness was proved by molecular genet-
ics, should be assigned a single name P. p. saxicolor as
no significant geographical barriers allow for morpho-
genetic isolation of subspecies in this region. However,
small sample size taken by these authors mostly from
the zoos did not shed light on uncertain leopard system-
atics in the Middle East.

In this paper, we provide the first information on a
comparative analysis of the leopard skulls and skins
from the Caucasus and adjacent areas of the Middle
East and discuss the taxonomic position of the leopard
in this region.

Material and methods

The examined material is housed at the Zoological
Institute of the Russian Academy of Sciences, Saint-
Petersburg, Russia (ZIN), Zoological Museum of the
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P.p. sindica

Figure 1. The localities of the leopard skulls from the Middle East used in this study. The terra typica are shown by white
quadrates with black centers for the skulls in our study materials and by black quadrates for other subspecies. Four skulls
whose origin is indicated by country only (3 from Turkmenistan and 1 from Iran) are not shown here.

Moscow State University, Moscow, Russia (ZMMU),
Municipal Museum, Stavropol, Russia (MUM), S. Jan-
ashia State Museum, former Caucasus Museum, Tbili-
si, Georgia (JSM), Natural History Museum, Baku,
Azerbaijan (NHMB), Natural History Museum, Lon-
don, UK (NHM) and in private collections. The map
depicting the origin sites of these skulls is provided in
Fig. 1. Forty leopard skulls used in this study were
sorted out in the 7 geographical groups and included
the following specimens:

North Caucasus, Russia (n=10): without coll. No.*,
sintype P. p. ciscaucasica (Satunin, 1914), adult male,
Kuban region (N.Ya. Dinnik’s private collection); with-
out coll. No.*, adult female, Kuban region (Dinnik’s
private collection); without coll. No.*, subadult female,
Kuban region (Dinnik’s private collection); JSM 37£***,
adult, sex unknown, Psebai, Kuban region; ZIN 5744%**,
adult male, junction of Umpyr and Malaya Laba rivers,
Kuban region; ZIN 5745%** adult female, junction of

Umpyr and Malaya Laba rivers, Kuban region; ZIN
5742%** adult, sex unknown, Kuban region; ZIN
9380*** adult, sex unknown, Sakhrai River, Tam-dee,
Maikop District, Kuban region; ZMMU S-150163%%*,
adult, sex unknown, Maikop District, Kuban region;
MUM 149%*, adult, sex unknown, Kuban region.

South Caucasus (n=5): JSM 37*, holotype P. p.
transcaucasica Zukowsky, 1964, adult, sex unknown,
Julfa, Erivan Province (now in Nakhichevan Republic,
Azerbaijan); JSM 37a***adult, sex unknown, Julfa,
Erivan Province (now in Nakhichevan Republic, Azer-
baijan); MUM without coll. No.*, adult male, Jara
Canyon, Zakataly District, Azerbaijan; NHMB 2117%%*,
adult male, Bilga Village, Apsheron Peninsula, Azer-
baijan; ZIN 9378*** adult male, Lagodekhi, Georgia.

Turkmenistan (n=12): ZIN 9381***  adult male,
Bolshye Balkhany Mountains; ZIN 17962***  adult
female, Chandyr riverside, Yargi-Kala Village, West-
ern Kopetdag Mountains; ZIN 27712*%** adult, sex
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Figure 2. The cranial measurements of Panthera pardus used in this study.

1 — greatest length; 2 — condylobasal length; 3 — basal length; 4 — length of upper tooth row C-P4; 5 — greatest length of carnassial P4;
6 — skull height at the supraorbital processes; 7 — length of the braincase from opisthion to postorbital constriction; 8 — greatest breadth
of the occipital condyles; 9 — zygomatic breadth; 10 — frontal breadth; 11 — minimal interorbital breadth; 12 — greatest palatal breadth
posterior to P4, alveoli included; 13 — rostrum breadth, alveoli included; 14 — minimal breadth of the postorbital constriction; 15 —
breadth between the infraorbital foramina; 16 — vertical diameter of the infraorbital foramina; 17 — horizontal diameter of the infraorbital
foramina; 18 — minimum length of the nasals (suture length); 19 — length between opistocranion and bregma; 20 — length between
opistocranion and nasion; 21 — length between opistocranion and basion; 22 — length of bulla ossae; 23 — width of bulla ossae; 24 —
breadth between bulla ossae. The measurements 16 and 17 are not displayed.

unknown, Badkhyz Nature Reserve; ZIN 26180%**,
adult, sex unknown, Nebit-dag; ZIN 35177*** adult,
sex unknown, Turkmenistan; ZIN 35178***_ adult, sex
unknown, Turkmenistan; ZMMU S-43330%**  adult
female, Doshtoi Canyon, Central Kopetdag Mountains;
ZMMU S-45916***  adult female, 15 km from
Yablonovka Village, Babazau Canyon, Central Kopet-
dag Mountains; ZMMU S-51945%** adult, sex un-
known, Central Kopetdag Mountains; ZMMU S-
51946*** adult, sex unknown, Turkmenistan; ZMMU

S-111028*** adult, sex unknown, Badkhyz Nature
Reserve; ZMMU S-152549*** - adult, sex unknown,
canyon 2 km from Aidere Village, Kara-Kala District,
Kopetdag Mountains.

Iran (n=5): without coll. No.*, adult male, Mishun,
Fars Province (C.E. Capito’s private collection); ZMMU
S-35002***adult male, Persia (from Moscow Zo0o0);
NHM 82.11.3.4** holotype P. p. saxicolor Pocock,
1927, adult male (Pocock, 1930a), near Asterabad (now
Gorgan); NHM 1937.11.9.1*%*, adult, sex unknown,
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Mishun, Fars Province; NHM 55.1182%%*, adult, sex
unknown, Kuhpaieh.

Turkey (n=2): NHM 80.2.16.1** adult female (Po-
cock, 1930a; Kumerloeve, 1956), Giaour Dagh, near
Osmanieh; NHM 73.28**, adult, sex unknown, Finike.

Pakistan (n=4): NHM 91.10.7.8**, holotype P. p.
sindica Pocock, 1930, subadult male (Pocock, 1930a),
Kirthar Range, Sind; NHM without coll. No.*, adult
female, Kirthar Range, Sind; NHM 25.1.3.2** holo-
type P. p. millardi Pocock, 1930, adult female, Kash-
mir; NHM 34.8.12.1**, adult male, Kushnob, Balu-
chistan.

Arabia (n=2): NHM 29.12.23.2** holotype P. p.
jarvisi Pocock, 1932, adult female, Sinai Peninsula;
NHM 55.428**, adult male, W. Wishem, Aden.

Data on the skulls marked by one asterisk (*) were
retrieved from literature (Satunin, 1905, 1915; Dinnik,
1914; Pocock, 1930a, b; Ognev, 1935; Alekperov, 1947;
Burchak-Abramovich & Jafarov, 1949) and were col-
lected from a limited number of characters (from 4 to
18 per skull). Pocock’s (1930) measurements originally
provided in inches were transformed as 1 inch =25 mm.
The skulls marked by two asterisks (**) were measured
for 11 characters. In the skulls marked by three aster-
isks (**%*), all 24 cranial characters were measured or
data on them were obtained from Burchak-Abramovich
& Jafarov (1949).

Twenty-four measurements of the cranium (Fig. 2)
were taken in mm by Vernier calipers with accuracy
0.05 mm. Three cranial indices were calculated: ratio
of zygomatic breadth to basal length x 100%; ratio of
postorbital constriction breadth to basal length x 100%;
ratio of postorbital constriction to minimal interorbital
breadth.

Twelve skulls (JSM 37f, JSM 37a, NHMB 2117,
ZIN 9380, ZIN 5742, ZIN 5744, ZIN 9381, ZIN 5745,
ZIN 9378, NHM 80.2.16.1, NHM 91.10.7.8 and NHM
25.1.3.2) were measured independently by different
authors (Satunin, 1905, 1915; Dinnik, 1914; Pocock,
1930a, b; Ognev, 1935; Alekperov, 1947; Burchak-
Abramovich & Jafarov, 1949) and us. To study the
effect of observer bias on the measurement errors, we
used the x? test of the same-character measurements.

Multiple discriminant analysis (MDA) was employed
to determine the general leopard grouping patterns in
the Middle East, estimate their statistical robustness
and find the cranial measurements most important for
this grouping (Puzachenko, 1993; Larson, 1997; Quinn
& Keough, 2002; Meijaard, 2004; Yamaguchi ef al.,
2004). Ten cranial characters and one cranial index
which were measured in the sample of 31 specimens
best represented across the groups were chosen and
analyzed by MDA. This sample included the specimens
JSM 37f, ZIN 5744, ZIN 9380, ZIN 5745, ZIN 5742,
ZMMU S-150163, MUM 149, JSM 37a, NHMB 2117,
ZIN 9378, ZIN 9381, ZIN 17962, ZIN 27712, ZIN
26180, ZIN 35177, ZIN 35178, ZMMU S-43330,
ZMMU S-45916, ZMMU 51945, ZMMU S-51946,
ZMMU S-111028, ZMMU S-152549, NHM 82.11.3.4,
NHM 1937.11.9.1, NHM 55.1182, NHM 80.2.16.1,

NHM 73.28, NHM 25.1.3.2, NHM 34.8.12.1, NHM
29.12.23.2 and NHM 55.428. The ten characters were
the greatest length, condylobasal length, and length of
upper tooth row, zygomatic breadth, minimal interor-
bital breadth, greatest palatal breadth, rostrum breadth,
and minimal breadth of postorbital constriction, length
of bulla ossae and width of bulla ossae. The index was
the ratio of postorbital constriction to minimal interor-
bital breadth. All relevant procedures were done in
SPSS 9.0 statistical package.

To investigate how variable are the leopard skins in
the Middle East, we have compiled from literature,
museums, photo-trap pictures and pictures of captive
animals information on 64 individuals which included
7 from Turkey, 20 from Iran, 11 from North Caucasus,
5 from Turkmenistan, 13 from South Caucasus (8 —
Armenia, 4 — Azerbaijan, | — Georgia) and 8 from the
zoos: Zoological Center of Tel Aviv at Ramat Gan
(Israel), Parc Zoologique de la Barben (France), Tier-
park Nordhorn (Germany), Yerevan Zoo (Armenia),
Ptock Miejski Ogrod Zoologiczny (Poland), and Tier-
park Klingenthal (Germany).

Results

Cranial variation. Measuring the same cranial char-
acters by different researchers did not produce signifi-
cant measurement errors around their mean values
(n=160 paired measurements, x> varied from 0 to 1.201,
P varied from 1 to 0.273).

We failed to analyze the sexual dimorphism in leop-
ard skulls within the groups, as even the largest sample
from Turkmenistan had insufficient number of speci-
mens with known sex and three groups (Turkey, South
Caucasus and Iran) did not have the representatives of
either sex. Also, as our study materials included only
one juvenile male and one juvenile female, we did not
analyze the effect of age on leopard skull size.

Considering the ambiguity of sex-related differenc-
es in the studied skulls and the risk of losing informa-
tion from unsexed specimens which made up 45% (18
out of 40) of total sample, we have performed the MDA
of 31 skulls as indicated in Material and Methods.
Assumption of equal prior probabilities for all groups
was taken as a rule. Statistical information about the
measurements is given in Tab. 1 and the results of
MDA are provided in Tab. 2 and Fig. 3.

Five scenarios of leopard grouping in the Middle
East were obtained whose probabilities of correct group
membership, also known as posterior probabilities, were
over 90% (Tab. 2, Fig. 3). They were ranged from the
lowest to the highest posterior probabilities. Condylo-
basal length was the principal cranial character dis-
criminating the leopard groups, followed by greatest
length, interorbital breadth, rostrum breadth, zygomat-
ic breadth and greatest palatal breadth (Tab. 2).

The scenario 1 represented the separation of leop-
ard population into the 7 groups of North Caucasus,
South Caucasus, Turkmenistan, Iran, Turkey, Pakistan
and Arabia. Its posterior probability was 93.5%. The
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Table 1. Measurements of the leopard Panthera pardus skulls. The characters are numbered (#) as in Fig. 2. Indices: 25 —
ratio of zygomatic breadth to basal length x 100%; 26 — ratio of postorbital constriction breadth to basal length x 100%;
27 — ratio of postorbital constriction to minimal interorbital breadth. Abbreviations: x — mean, SE — standard error;

n — number of measured specimens.

P. p. ciscaucasica P. p. sindica

# North Caucasus South Caucasus Turkmenistan Northern Iran Southern Iran Southem Pakistan

X SE n X SE n X SE n X n X SE n X SE n
1 2163 | 4.8 | 10 | 237.1 | 10.0 | 5 | 2173 | 5.5 12 ] 225.1 1 12279 15.7 2 |212.0] 10.9 3
2 198.4 | 5.1 7 12073 84 | 4 | 197.7 | 4.6 12 ] 201.1 1 ]206.7 | 12.1 2 | 191.9] 16.9 2
3 181.5 | 4.8 | 10 | 199.3 | 7.1 5 | 1854 | 4.5 12
4 68.4 | 1.7 7 719 | 25 | 4 | 68.5 1.5 12 68.8 1 71.1 | 2.3 2 71.6 | 1.6 2
5 2451 04 | 7 24.9 1.1 4 | 246 | 05 12 23.0
6 72.8 | 1.9 7 769 | 02 [ 2 | 74.1 1.5 12
7 97.1 1.5 7 96.1 5.0 | 3 |106.5| 2.1 12
8 4221 09 6 44.9 1.6 | 3 | 423 | 0.7 12
9 1373 4.0 [ 10 [ 1527 | 6.5 | 5 | 143.1| 3.5 12 | 139.5 1 | 1444 98 2 13441 7.0 3
10 72.5 1.7 7 728 | 28 | 3 | 719 | 1.5 12
11 439 | 1.3 [ 10 | 46.8 1.8 15| 428 ] 1.0 12 37.6 1 45.1 1.6 2 412 ] 1.2 2
12 6098 | 26 | 7 714 ] 20 [ 3 | 698 | 1.3 12 81.0 1 80.9 | 3.6 2 81.2 | 1.8 2
13 547 | 2.1 7 574 | 3.1 4 | 53.0 | 1.5 12 54.2 1 57.6 | 3.3 2 59.0 | 2.8 2
14 46.0 0.9 7 47.9 1.1 4 45.2 0.5 12 43.2 1 42.8 0.2 2 45.6 | 0.1 2
15 61.3 14 | 7 63.9 1.5 3 | 603 1.4 12
16 8.5 06 | 6 8.4 0913 7.9 0.3 12
17 8.3 0.2 6 8.3 0.6 | 3 7.1 0.3 12
18 485 | 1.2 7 47.7 1.4 3 | 466 | 13 12
19 8.3 | 3.3 6 87.6 | 87 | 3 | 9.5 | 3.5 12
20 146.0 | 3.8 6 [ 1532 9.1 3 11477 39 12
21 550 ] 1.4 | 6 59.8 | 2.8 | 3 | 56.1 1.5 12 62.4 1 63.1 | 2.8 2 63.7 1
22 349 1 0.8 7 353 0.7 1 3 |32 ]| 1.0 12 34.8 1 345 | 2.7 2 37.1 1
23 2251 07 7 219 | 24 | 3 | 223 1.2 12 23.7 1 22.5 1.5 2 22.9 1
24 25,0 | 0.9 7 26,6 | 05 [ 3 | 248 | 0.7 12
25 75.6 | 0.7 7 754 |1 07 [ 3 | 772 | 0.8 12
26 25.0 | 0.8 7 24.6 1.1 3 | 246 | 07 12
27 1.0 0.0 | 7 1.0 0.0 | 3 1.1 0.0 12 1.1 1 1.0 0.1 2 1.1 0.0 2

leopards of the North Caucasus group had the highest
posterior probability of belonging to their own group (6
out of 7 specimens, 85.7%) and much lower of belong-
ing to the South Caucasus group (1 out of 7, 14.3%). In
the Turkmenistan group, posterior probability of be-
longing to its group dominated over belonging to the
North Caucasus group (11 out of 12, 91.7% and 1out of
12, 8.3%, respectively). In the South Caucasus, Iran,
Pakistan, Turkey and Arabia groups, all 100% of origi-
nal cases were correctly classified under this scenario.
The scenario 2 split the population into the 4 groups
of'the Caucasus, Turkmenistan and northern Iran, south-
ern Iran and Pakistan, Turkey, and Arabia. Its posterior
probability was 93.5%. The posterior probability of the

first group was the highest of belonging to its group (21
out of 23 specimens, 91.3%) and lower of belonging to
the southern Iran and Pakistan group (2 out of 23,
8.7%). As previously, the Turkey and Arabia groups
had perfect (100%) posterior probability.

The scenario 3 implied the separation into the 4
groups of the Caucasus, Turkmenistan and northern
Iran, southern Iran and Pakistan, Turkey and Sinai
Peninsula, and Arabia. Its posterior probability was
96.8%. The specimens of the first group had much
higher posterior probability of belonging to its group
(22 out of 23 specimens, 95.7%) than to the southern
Iran and Pakistan group (1 out of 23, 4.3%). All other
groups had 100% probabilities.
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Table 1 (continuing).

P p. millardi P, p. tulliana P p. jarvisi P p. nimr
# Kashmir South-western Turkey Sinai Arabian Peninsula

X n X SE n X n X n
1 207.8 1 212.9 4.7 2 194.0 1 l64.1 1
2 187.7 1 192.5 2.1 2 178.1 1 150.3 1
3 1 1 1
4 64.4 1 64.8 2.0 2 60.9 1 52.5 1
5 24.0 1 23.0 1
6
7
8
9 135.9 1 138.9 6.4 2 127.4 1 105.5 1
10 1 1
11 36.8 1 46.1 4.5 2 41.0 1 32.7 1
12 81.0 1 78.2 1.8 2 71.6 1 64.1 1
13 52.6 1 55.6 1.9 2 49.8 1 41.1 1
14 43.4 1 45.3 0.5 2 44.0 1 37.3 1
15
16
17
18
19
20
21 61.6 1 59.0 1 58.0 1 52.0 1
22 33.5 1 33.5 0.0 2 30.1 1 28.1 1
23 21.3 1 21.5 0.2 2 22.0 1 18.2 1
24
25
26
27 1.2 1 1.0 0.1 2 1.1 1 1.1 1

Two scenarios had 100% performance of correct
group membership. The scenario 4 consisted of the five
groups of the Caucasus and Turkmenistan, Iran, Tur-
key, Pakistan, and Arabia. The scenario 5 divided the
population into the five groups of the Caucasus and
Turkmenistan, Iran, Turkey and Sinai Peninsula, Paki-
stan, and Arabia.

The North Caucasus leopard skulls had significant-
ly smaller greatest length and basal length than the
South Caucasus counterparts (one-tail: t=—2.14 and t=
—2.10, df=13 in each case, P < 0.05). Their zygomatic
breadth was significantly narrower (one-tail: t=—-2.13,
df=13, P < 0.05). Condylobasal length and frontal
breadth of the leopard skulls from both these regions
did not differ (two-tail: P > 0.1).

The South Caucasus leopard skulls were signifi-
cantly larger than those from Turkmenistan and Paki-
stan in greatest length (one-tail: t=1.88, df=15, P <0.05
and t=1.98, df=7, P < 0.05, respectively) and from
Pakistan in zygomatic breadth (one-tail: t=2.09, df=7, P
< 0.05). No difference was found between the South
Caucasus, Iran, Turkey, Turkmenistan and Pakistan
skulls in condylobasal length, between South Caucasus,
Iran, Turkey and Turkmenistan in zygomatic breadth
and between South Caucasus, Iran and Turkey in great-
est length (two-tail: P > 0.1).

Pelage coloration. Most of investigated animals
(73.4%) had grayish-yellow coloration. The animals
with richer and bright tawny coat (17.2%) came not
only from Mediterranean coastal areas of south-west-
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Table 2. The multiple discriminant analysis summary of 5 scenarios of separating the leopard groups in the Middle East.
Abbreviations: df — degree of freedom, SDC — standardized discriminant coefficient, Sig — significance level at P < 0.05.

Discriminant | Eigen- | % of | Canonical | Wilk's | g 3 most important characters with highest SDCs S
. . . ig.
functions value |variance | correlation | lambda | * character | SDC | character | SDC | character ‘ SDC &
Scenario 1. Separation into 7 groups (North Caucasus; South Caucasus; Turkmenistan; Iran; Turkey; Pakistan; Arabia)
dyloba- test ti

Function 1 | 1530 | 77.6 097 | 0.004 [117.3]66 [T P* | gog| EFHE | 597 | WEOMAC 5 081 0.000
sal length length breadth

Scenario 2. Separation into 4 groups (Caucasus, Turkmenistan and northern Iran; southern Iran and Pakistan; Turkey; Arabia)
condyloba- minimal reatest

Function 1 5.74 83.5 0.92 0.061 | 63.0 | 33 Y 3.81 | interorbital | 2.46| & 2.2110.001
sal length breadth length

Scenario 3. Separation into 4 groups (Caucasus, Turkmenistan and northem Iran; southern Iran and Pakistan; Turkey and Sinai; Arabia)

loba-
Function 1 | 7.39 | 81.0 094 | 0.035 | 75.7 | 33 |Condvlobal ool gratest g 5 1 Tostium ) 5ol g0
sal length length breadth
Scenario 4. Separation into 5 groups (Caucasus and Turkmenistan; Iran; Turkey; Pakistan; Arabia)
condyloba reatest greatest
Function 1 10.96 83.2 0.96 0.017 | 89.1 | 44 Y 498| & 433 | palatal | 2.11 [ 0.000
sal length length
breadth
Scenario 5. Separation into 5 groups (Caucasus and Turkmenistan; Iran; Turkey and Sinai; Pakistan; Arabia)
dyloba- test tru
Function 1 | 15.11 | 83.9 0.97 | 0.009 [104.0 |44 | Y% g47| BT feo6| M 286 0.000
sal length length breadth

ern Turkey as expected (Valenciennes, 1856), but also
in singular numbers from North Caucasus, south-east-
ern Azerbaijan, Turkmenistan and some zoos. In 9.4%
of cases information about coloration was not avail-
able. The rosettes could be equally large, medium or
small and varied even within a single individual. Hair
cover also varied significantly from dense and long to
short.

Discussion

As our results show (Fig. 3), the Caucasus and
Turkmenistan are inhabited by the same leopard sub-
species. Its identity with the leopard from northern Iran
is less evident as only one specimen from northern Iran
(holotype P. p. saxicolor) was available to us in this
study. More information from this area would enable to
study similarity of leopards from these three regions in
more details. It is known, however, that the Caucasus
and Turkmenistan populations are linked with the north-
western and north-eastern mountainous regions of Iran
and, from a biogeographical standpoint, must be con-
sidered as a single population (Lukarevsky, 2001;
Khorozyan et al., 2005). According to the article 23 of
the International Code of Zoological Nomenclature
(ICZN, 1999), the priority name of any taxon is the
oldest of all given to it. In case of this region, such a
name is the Caucasian leopard P. p. ciscaucasica which
was first described by Satunin (1914) from a specimen
in Kuban region, North Caucasus [Fig. 24,2 on p. 519
in Dinnik (1914)]. This name is used by a number of
authors to designate the leopards living on the Great

Caucasus Ridge of North Caucasus vs. the leopards in
the South Caucasus named as Anatolian leopard P. p.
tulliana (Dinnik, 1914; Ognev, 1935; Jafarov, 1946;
Alekperov, 1947; Burchak-Abramovich & Jafarov,
1949; Dal, 1954; Sludsky, 1973; Gasparyan & Agad-
janyan, 1974; Gadjiev, 2000). The British mammalo-
gist Pocock (1927) had collected the specimens from
different areas of Persia (now Iran) and identified them
as belonging to the new Persian subspecies P. p. saxi-
color. He was well-aware of Satunin’s description of P.
p. ciscaucasica and recognized its obvious similarity to
P. p. saxicolor, but retained the name P. p. saxicolor
pending further information about the Caucasian leopard
(see Pocock, 1930a). Heptner & Sludsky (1972) identi-
fied the P. p. ciscaucasica and P. p. saxicolor as syn-
onyms. We claim that the leopard in this region should
be named as Caucasian leopard P. p. ciscaucasica.

Ognev (1935) and Burchak-Abramovich & Jafarov
(1949) have noted that the North Caucasus leopards
differ from the South Caucasus leopards by smaller
skull size, wider zygomatic breadth and narrower fron-
tal breadth but realized that these minor differences
could be caused by inadequate sample size as only one
skull from South Caucasus was available to them. We
have found out that these authors are partially right, but
the zygomatic breadth of the North Caucasus leopards
is narrower and not wider as these authors noted (see
data on Tab. 1). Given the integrity of the leopards from
North and South Caucasus under the name P. p. ciscau-
casica, this difference in cranial parameters can be
considered as a local variation.

The larger skull size of the South Caucasus vs.
North Caucasus leopards had led Zukowsky (1964) to
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Figure 3. The multiple discriminant analysis plots of five scenarios of leopard grouping in the Middle East.

describe the subspecies P. p. transcaucasica from the
highlands of Georgia, Armenia and Azerbaijan. He
referred to Satunin (1905) who provided some parame-
ters of the leopard skulls from Julfa, Erivan Province
(JSM 37 and JSM 37a) and, based on their large size,
expressed some doubts that the ”Erivan” and “Talysh”

leopards are identical. No comparative analysis of these
skulls with those from Persia or other regions was done.
Also, Zukowsky (1964) was incorrect by extending the
terra typica from the semi-desert Araks River lowland
where Julfa is located to the highlands of South Cauca-
sus. Heptner & Sludsky (1972) deliberately ignored
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this taxon as inappropriately described and we agree
with these authors. We consider the name P. p. tran-
scaucasica as synonym of P. p. ciscaucasica.

Contrary to many expectations, the identity of leo-
pards from South Caucasus and other regions, on the
one hand, and Asia Minor, on the other hand, as the
Anatolian leopard P. p. tulliana was not confirmed by
this study. This subspecies was described by Valenci-
ennes (1856) from Ninfi, a village not far from the town
of Smyrna (now Izmir) in western Turkey. Following
him, the researchers began to use this name also for the
leopards found beyond Asia Minor, e.g. in the Cauca-
sus and Iraq (Lydekker, 1899; Hatt, 1959). Birula (1912)
offered to name all leopards living from Asia Minor
through Persia as P. p. tulliana. TUCN (2006) considers
the Anatolian leopard as living only in the extreme
south-west of Turkey where most of previous records of
this subspecies come from (Kumerloeve, 1956, 1967).
The leopard has gone extinct in Turkey in the mid-1970s
(Akin, 1991). We propose to retain the name Anatolian
leopard P.p. tulliana for south-western Turkey.

There is no craniological material available from
the leopards harvested in eastern Turkey where the
ranges of P. p. tulliana and P. p. ciscaucasica converge
which could elucidate the relationship between these
two subspecies. That the skins originated from this area
have identical pattern adapted to high-elevation condi-
tions is not a taxonomic clue (Borner, 1977). Interes-
tingly, there are no leopard records in central Turkey as
all published records of this cat in the country come
either from south-western maritime territory (most cas-
es), with some long-distance forays to the south-east
and north-west, or from the east (singular cases) (Ku-
merloeve, 1956, 1967, 1976; Baytop, 1973; Borner,
1977). So, the range disjunction between P. p. tulliana
and P. p. ciscaucasica in central Asia Minor is possi-
ble. Similar pattern of distribution was revealed for
subspecies of the brown bear Ursus actos (Baryshni-
kov, in press).

The Sind or Baluchistan leopard P. p. sindica and
Kashmir leopard P. p. millardi were described from
two and one skulls, respectively, in Pakistan by Pocock
(1930a, b). As shown on Fig. 3, they separate from P. p.
ciscaucasica but are seemingly close to the leopard
from southern Iran. Possibly, the populations from Bal-
uchistan (southern Iran and southwestern Pakistan) could
be proposed as one subspecies P. p. sindica which had
evolved being separated from P. p. ciscaucasica by
vast Dasht-e Kavir and Dasht-e Lut deserts in central
and eastern Iran (Zehzad et al., 2002). We offer to use
the names P. p. sindica and P. p. millardi as synonyms
until later studies involving more material from this
region provide new results. Meantime, it is reasonable
to suppose that the Indus River could act in historical
times as a strong barrier to isolate these subspecies in
Pakistan, with P. p. sindica closer associated with po-
pulations of southern Iran and P. p. millardi more
related to the leopards of India and Nepal.

Zukowsky (1959) described a new subspecies called
by him the Central Persian leopard P. p. dathei and

discussed it further in Zukowsky (1964). The descrip-
tion is based on the other person’s words that saw two
greenish-gray straw-stuffed specimens mounted on a
cottage roof in the village Saidabad to the south-east of
Shiraz town in Fars Province, southern Iran (Zukowsky,
1959: 342). We believe that these specimens were
either aberrant or with artificially changed fur. We have
studied two skulls from Fars (see Material and Meth-
ods) and found out their closeness to the specimens from
southern Pakistan. This linkage deserves further research
using more diverse material. The name P. p. dathei
should be considered as synonym of P. p. sindica.

Until now, Afghanistan was supposed to contain
populations of as many as four subspecies (P. p. saxi-
color, P. p. dathei, P. p. sindica and P. p. millardi)
what is unlikely for such a wide-ranging carnivore as
the leopard (Shoemaker, 1993). As no skulls from Af-
ghanistan were at our disposal during this study, the
question of the number of leopard subspecies existing
in this country would be better left open. Most likely,
the north-western areas of Afghanistan are inhabited by
P. p. ciscaucasica and the southern parts are home for
P. p. sindica. The taxonomic position of leopard from
north-eastern Afghanistan and its relationship with Kash-
mir leopard P. p. millardi should be clarified.

The liaison of the Sinai leopard P. p. jarvisi and
Arabian leopard P. p. nimr is still unclear. In our sam-
ple the Sinai female was much larger than the Arabian
male leopard so they could belong to different subspe-
cies, especially as the uniqueness of Arabian leopard
was recently confirmed on a molecular genetic level
(Uphyrkina ef al., 2001). We have also found that the
Arabian and Sinai leopards are totally separated from
all the others in the Middle East (Fig. 3). A similar trend
is found in distribution of Arabian subspecies of the
honey badger Mellivora capensis which is closer to the
African than to the Asian subspecies (Baryshnikov,
2000). The Arabian leopard P. p. nimrwas described in
1833 from the vicinities of Al Qunfida, Saudi Arabia
(see Harrison & Bates, 1991). The putative closeness of
the Sinai leopard and Anatolian leopard P. p. tulliana
(Tab. 2, Fig. 3) is possible due to the convergence of
their ranges in Israel (Mendelssohn, 1989). Originally,
P. p. jarvisi was described from the Sinai Peninsula
(Pocock, 1932) and this form should be comparatively
analyzed with nominotypical subspecies P. p. pardus
(L., 1758) whose terra typica was fixed as “Egypt”
(Thomas, 1911). The Sinai leopard has become extinct
in the mid-1960s (Mendelssohn, 1989).

Naturally, most (if not all) leopard subspecies were
recognized on a basis of variation in coat patterns. The
features diagnostic for subspecies in the Middle East
include the following: large body, bright, rather short
fur with tawny tint, large thin-rimmed rosettes, long tail
with furry tip for P. p. tulliana; large body, pale, long-
haired yellowish skin, medium-sized rosettes and short-
er tail for P. p. saxicolor; same as P. p. saxicolor, but
smaller body size for P. p. ciscaucasica; smaller body
size, pale short coat, small thin-rimmed rosettes for P.
p. nimr; same as P. p. nimr, but slightly darker ground
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color and brown spots for P. p. jarvisi; coarse, quite
pale fulvous-buff skin but richer than in P. p. saxicolor
with large widely spaced rosettes for P. p. sindica;
darker grayish-yellow, furry coat with small close-up
rosettes for P. p. millardi; greenish-gray, short haired
skin with much fewer and small rosettes for P. p. dathei,
large body, short and bright buff or tawny skin for P. p.
transcaucasica (Valenciennes, 1856; Dinnik, 1914; Sa-
tunin, 1914, 1915; Ognev, 1935; Borner, 1977; Po-
cock, 1930a, b; Zukowsky, 1959; Mendelssohn, 1989;
Harrison & Bates, 1991).

The coat pattern characteristics used to distinguish
felid subspecies are subjective and variable and thus
unlikely to be a reliable tool, in opposite to felid species
which have the specific patterns of taxonomic and phy-
logenetic importance (Werdelin & Olsson, 1997). In
Iran alone, the leopards can be of light grayish phase in
the north-west and darker buff phase in the north-east
(Heptner & Sludsky, 1972). Our analysis of coat varia-
tion in animals from many areas of the Middle East has
revealed high individual variability in coloration. The
coat patterns of felids have been evolved to ensure
adaptation by gaining camouflage, optimal thermoreg-
ulation and other features that contribute to their sur-
vival in a given environment (Ortolani, 1999). Thus,
the long-haired grayish coats are characteristic for the
leopards living in high mountains with strict continental
climate and the short-haired bright coats of deeper tawny
coloration are peculiar to inhabitants of humid and warm
subtropical habitats at lower elevations. Variation in hair
cover is most likely a result of seasonal changes.

As the leopard is on the brink of extinction in most
areas of the Middle East, large-scale efforts on its
conservation must focus on the vast area which covers
the Caucasus, northern Iran and Turkmenistan and is
inhabited by one endangered subspecies, the Caucasian
leopard P. p. ciscaucasica.
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