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Geographic variation of skull traits in the Libyan jird, Meriones
libycus (Rodentia: Gerbillinae), over its entire distribution area

Igor Ya. Pavlinov, Andrey A. Lissovsky & Ekaterina V. Obolenskaya

ABSTRACT. Geographic variation of 11 measurable cranial traits was studied on a set of 37 local samples
of the Libyan jird, Meriones libycus, over its entire distribution area. MANOVA, cluster, canonical
discriminant, and regression analyses were applied to consider both scalar and vector parameters of
variation. It is shown that the Libyan jird is divided craniometrically into tree principal clusters, African,
SW-N Caspian, and “main Asian” ones, which differ basically by auditory bulla size (the least in SW—N
Caspian cluster) and incisive foramen length (the least in some subsamples of “main Asian” cluster).
Auditory bulla size is shown to be negatively, though not very strongly, correlated with the aridity index.
However, the SW-N Caspian cluster is characterized by much smaller bulla than it is predicted by the
regression with climatic parameter. This might be explained by some historical causes according to which
a small size of auditory bulla in the jirds of that cluster reflects retention of the ancestral condition. It is
suggested that subspecies M. . caucasius from Azerbaijan is most conspicuously differentiated by cranial
morphology, but its taxonomic relation to M. I. eversmanni from N Caspian region needs further clarifica-
tion. The method of “vector” analysis of geographic trends within large portions of the areas of widely
distributed species, such as M. libycus, seems to be useful in providing additional important information
concerning biological specificity of respective territorial groupings.
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Feorpacnyeckas M3aMeHYMBOCTb NPU3HAKOB Yepena
KpacHoxBocToMn necyaHku, Meriones libycus (Rodentia: Gerbillinae)
Ha BCen TeppuTopumn apeana

n.A. NaBnuHoB., A.A. Jlnucosckun, E.B. O6oneHckasn

PE3IOME. HccaenoBana reorpaduyaeckas H3MEHUYUBOCTE 11 MEpHBIX IPHU3HAKOB Yepera KPacCHOXBOCTOM
necyanku Meriones libycus Ha COBOKYITHOCTH 37 JIOKaJbHBIX BEIOOPOK CO BCEH TEPPUTOPHHU apeajia BUJa.
Hcronb30BaHbl METO/IBI TUCIIEPCHOHHOT0, KIIACTEPHOTO, IMCKPUMHUHAHTHOTO M PETPECCHOHHOTO aHAIIN3a,
PaccMOTPEHBI CKAJISIPHBIC U BEKTOPHBIE XapaKTePUCTHKH M3MEHUMBOCTH. [Toka3aHo, 4To KpacHOXBOCTas
HecyaHKa 1Mo KPaHUOMETPHUYECKUM ITOKa3aTesIsIM YETKO ACIUTCS Ha TPU IPYIIIBI — appPHKAHCKYIO, IPH-
kacrmiickyo (KO3 u C Ilpukacnwii) 1 «OCHOBHYIO a3WaTcKyro». OHH pa3IHyaioTcs TIaBHBIM 00pa3oM
pa3mepamMu CcIyxoBoro 6apabaHa (HaMMEHBIINE B MPHUKACTIMHCKON TPYNIE) M 3ape3lOBBIX OTBEPCTHI
(HanMeHbIINe B HEKOTOPBIX BEIOOPKAX «OCHOBHOMW a3uaTckoiy rpynnsl). [lokasaHno, 4To pazMepsl Ciyxo-
BOro OapabaHa CBsI3aHbI OTPHLIATEIBHON KOPPEIALUi (BIpoYeM, HE OYEHb YETKO BBIPAKEHHOW) C MHJIEK-
coM apuaHocTH. OJJHAKO TeCYaHKU U3 MPUKACTIMHCKOM IPYIIIBI XapaKTepU3YIOTCSI CYIECTBEHHO MEHBIIIN-
My GapabaHaMu, 4eM ITO NpeacKa3zaHo perpeccueid. s o0bsiCHeHNs 3TOH 0COOCHHOCTH MPEATIONATaeTCsl,
YTO B HA3BAHHOW TPYIIE COXPaHEHbI IPUMHUTHBHBIE OCOOCHHOCTH CIIyXOBOW CHCTEMBI. JlenaeTcs BEIBO,
YTO 3aKaBKa3CKUi monasua M. I caucasius Hambonee 9€TKO OYepUYEeH KPaHUOJIOTHYECKH, HO €r0 CBS3H C
ceBepo-Kacnuickoit popmoit M. I eversmanni TpeOyrOT yrouHeHus. Crob30BaHHBIN METO] «BEKTOPHO-
ro» aHalu3a reorpaguyeckoil N3MEHUYMBOCTH MOJXKET OBITH IOJIE3eH MPU U3YYECHUH MPOCTPAHCTBEHHON
muddepeHany BUJ0B € MUPOKUMHU apeaaMy, BPOae KPAaCHOXBOCTOH IECYaHKH, TI03BOJISIS BBISIBIISATh
OMoJIOrHYecKrue 0COOCHHOCTH BHYTPHBHIOBBIX PETHOHABHBIX IPYIITUPOBOK.

KJIFOYEBBIE CJIOBA: kpacHoxBocTas niecuanka, Meriones libycus, reorpadudeckas U3MEHIHBOCTb.
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Figure 1. Sampling localities of Meriones libycus used in the main analyses. See text for subsample identification.
Geographical positions of weather station, data from which was used in analysis, are shown by hollow circles.

Introduction

The Libyan jird, Meriones libycus Lichtenstein,
1823, is one of the most widely distributed species
among wild rodents, with its range being extended over
nearly entire Palaearctic Desert Belt from Morocco in
NW Africa to Xinjiang in C Asia. Its regional differen-
tiation has been described in terms of subspecies taxon-
omy in several faunal check-lists (Ellermann & Morri-
son- Scott, 1951; Gromov et al., 1961; Setzer, 1961,
Ranck, 1968), and peculiar pattern of auditory bulla
size variation was also revealed at the regional level, as
well (Lay, 1967; Pavlinov, 1979). However no overall
trends of geographic variation for this species have
been traced so far over its entire distribution range.
Meanwhile, analysis of these trends in case of cranial
traits is of importance, as it allows considering some
questions of limits of stability and variability of certain
form-functional complexes (in sense of Bock & Wahl-
ert, 1965) at the species level.

In the present contribution, we consider geographic
variation of measurable cranial traits of the Libyan jird
characterizing its general skull size and proportions,
with special attention being paid to the auditory bulla.
Analyses of both global trends and local differentiation
are conducted employing several both routine and new
numerical methods. Conspecifity of all African and
Asian populations and taxonomic nomenclature of the
Libyan jird were adopted after the senior author (Pavli-
nov, 1982; Pavlinov et al., 1990).

Material and methods

The general sample studied includes 304 specimens
of the Libyan jird. The most part of this sample was
divided into 37 local subsamples with no less than 3
specimens each (Fig. 1), which were used in the main

analysis. This subsamples are as following (figures in
brackets indicate specimen numbers): MOROCCO: 1 —
Agadir (4), 2 — Ouarzazate (15), 3 — Fes (7), 4 —
Ksar (3); ALGERIA: 5 — Beni Abbes (6), 6 — Ain
Sefra (8), 7— Laghouat (3); LIBYA: 8 — Fezzan (7),
9 — Cyrenaica (3); EGYPT: 10 — Siwa (4), 11 —
Matruh (13); IRAQ: 12 — Ali Gharb (5);] RAN: 13 —
Fars (5), 14 — Baluchistan (3), 15 — Bodjnour (3),
16 — Gorgan (4); AFGHANISTAN: 17 — Kunduz
(8), 18 — Jalal Abad (6); TURKMENISTAN: 19 —
Gassan Kuli (3), 20 — Nebit Dagh (4), 21 — Kyzil
Atrek (6), 22 — Kara-Kala (9), 23 — Ashgabat (8),
24 — Takhta Bazar (11),25 — Tashauz (17); UZBEKI-
STAN: 26 — Bukhara (6), 27 — Kokand (4), 28 —
Namangan (4); KYRGYZSTAN: 29 — Osh (10); KA-
ZAKHSTAN: 30 — Betpak Dala (6), 31 — Almaty (8),
32 — N shore of Balkhash Lake (4), 33 — Taldy
Kurgan (3), 34 — Emba River (3); AZERBAIJAN: 35 —
Adjinour (9), 36 — Apsheron (11), 37 — Mil’skaya
Steppe (15). Besides, some specimens not included in
the above subsamples but used in several analyses,
came from the following localities: CHINA: Xinjiang,
Turfan (2); SAUDI ARABIA: Qaisumah (2); SYRIA:
Palmyra (2); JORDAN: Azrag-Shishan (3).

The material studied herewith is deposited in the
collections of the following institutions: Zoological
Museum of Moscow Lomonosov University; Zoologi-
cal Institute of RAS, St. Petersburg; Museum National
d’Histoire Naturelle, Paris; American Museum of Nat-
ural History, New York; Carnegie Museum of Natural
History, Pittsburgh; Field Museum of Natural History,
Chicago; National Museum of Natural History, Wash-
ington (D.C.).

The skull was described, for the purposes of the
present study, by the following measurable traits: 1.
Occipito-nasal length (ONL), 2. Length of nasal bones
(NL), 3. Combined width of nasal bones (NW), 4.
Minimal interorbital width (IOW), 5. Maximal zygo-
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matic width (ZW), 6. Braincase width at the level of
most extended auditory tube anterior to auditory me-
atus (BCW-1), 7. Braincase width at the level of poste-
rior ream of auditory meatus (BCW-2), 8. Diastema
length (DL), 9. Incisive foramina length (IFL), 10.
Maximal upper tooth row length (TRL), 11. Maximal
bullar length (BL). In additional, relative bullar length
(RBL) was calculated as BL/ONL. All subsequent anal-
yses were performed on logarithmic values of original
measurements.

Gender allocation of the specimens was taken from
museum labels. The skulls with fully erupted molars
were included in the sample studied; their relative age
was detected by dental morphology using standard meth-
od (Pavlinov, 1979). The sex differences were evaluat-
ed numerically in 14 samples with n>6 and with ap-
proximately equal ratio of males and females. Age
differences were evaluated numerically between two
principal age categories in 6 samples for which suffi-
cient amount of skulls was available. In both cases, the
differences between sex and age groups were evaluated
separately using two-factor hierarchical MANOVA, in
which geographic locality and sex/age groupings were
used as factors, with sex/age factors being nested in the
geographic one.

In order to exclude effect of sex differences from
morphometric analysis, we used an orthogonal projec-
tion of initial data along the vector of sex variation
(Burnaby, 1966). This vector was calculated as the first
eigenvector of the between-group covariance matrix
computed with MANOVA, in which sex allocation was
used as a grouping variable.

Geographic variation of craniometric traits was eval-
uated using the following methods.

Hierarchical cluster analysis was performed on the
basis of the matrix of Mahalanobis distances between
the above 37 local subsamples using UPGMA algo-
rithm. The bias induced by using samples of different
sizes was corrected according to (Marcus, 1993).

Ordination of the local subsamples was performed
using canonical discriminant analysis. The subsamples
with more than 5 specimens each were included in the
learning sample in the primary analysis and allocation
of other specimens was estimated in the secondary
analysis on the basis of their canonical scores.

The “vector” analysis (in sense of Lissovsky &
Pavlinov, 2008; Pavlinov, 2008) was performed to study
geographic trends in craniometric variation, for which
first eigenvector of the between-group covariance ma-
trix was computed with MANOVA. Two analyses were
conducted: a) within each of 3 principal clusters identi-
fied by the above analyses, sample name being used as
a grouping variable; b) between these clusters on pair-
wise basis, cluster ID being used as a grouping variable.
Resampling procedure was employed to evaluate sig-
nificance of the differences in geographic trends both
between and within clusters, 100 bootstrap replicas of
initial data were performed with preservation of within-
sample data structure (Lissovsky & Pavlinov, 2008).
Absolute values of vector coordinates were used in all

comparisons; principal component analysis of these
values was conducted to visualize the differences of
interest.

For analysis of the supposed environmental effect
on the auditory bulla size, we used De Martonne’s
aridity index calculated as Al = R/(T + 10), where R is
the mean annual precipitation in cm and T is the mean
annual temperature in °C. The initial climatic data used
for the calculations were taken from meteorological
stations most close to respective sample localities for
the period 1961 to 1991, these data were borrowed
from the site http://www?7.ncdc.noaa.gov/CDO/geore-
gion, using choice Monthly Global. The only exclusion
was Azerbaijan for which no total monthly precipita-
tion could be found; for this, mean annual precipitation
was borrowed from another source (Afonin ez al., 2006),
its value corresponding to the range indicated in (Boris-
ov, 1977).

All analyses were made using standard modules of
STATISTICA 8.0 (StatSoft, 2007) and several custom
algorithms written by the second author using Statistica
Visual Basic programming language.

Results

Preliminary analyses. Age differences in the skull
traits were first evaluated. No statistically significant
differences were revealed in the subsamples studied
(Wilks’ lambda = 0.019, p = 0.065), so the subsequent
analyses were conducted on the materials with no age
segregation. Sex differences appeared to be statistically
significant, though not very high (Wilks’ lambda =
0.170, p=0.023). The effect of the latter differences on
geographic comparisons was eliminated by the above
Burnaby transformations of original data.

Analysis of geographic grouping. Hierarchical clus-
ter analysis of the differences between local subsam-
ples indicates their clear differentiation into three main
regional groups (Fig. 2). One of them, most separated,
includes four samples from SW (Azerbaijan) and N
(Emba River) of Caspian region. Another one includes
most of other Asian subsamples from Iran, Afghani-
stan, Turkmenistan, Uzbekistan, and Kazakhstan, while
the third one includes all African subsamples from
Morocco to Egypt added with several those from Iran.
The pairwise comparison of the subsamples indicates
the following: the Mahalanobis distance values within
the SW-N Caspian cluster is equal to 3.50—13.31, within
the “main Asian” cluster is equal to 1.12—17.70, within
the African cluster is equal to 0.00—18.10. The distances
between three main clusters are 5.70-99.41, the African
and “main Asian” clusters being most similar.

More detailed pattern of geographic differentiation
is uncovered by canonical discriminant analysis. The
Ist canonical variable takes about 67 per sent of total
variance, it is correlated mostly with BL (-0.54) and
BCW-2 (-0.34). The 2d canonical variable takes only
about 10 per sent of total variance, it is correlated
mostly with IFL (-0.57) and also with BCW-2 (-0.36).
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Figure 2. Phenogram of similarity relations between subsamples of Meriones libycus by corrected skull traits resulted from
UPGMA cluster analysis. See text for subsample identification.

Table 1. Craniometric characteristics (Limits, Mean + Std in mm) of three main clusters of Meriones libycus (see text for

character abbreviations; rel-BL — relative bullar length, %).

African cluster “Main Asian” cluster SW-N Caspian cluster
ONL 35.9-42.4, 39+1.39 35.7-45.5, 39.2+1.73 35.2-40.2, 38£1.11
NL 13.2-17.1, 15+0.77 13-17.8, 15.3+0.89 13.6-16.5, 15.14£0.64
NW 3.2-4.5,3.7740.24 3.4-5.1, 3.9+0.27 3.5-4.6,4+0.23
IOW 6.4-8.1, 7.1£0.37 6.3-8.3, 7+0.4 6.1-7.5, 6.9+0.3
ZW 19.9-24.1, 21.14£0.79 19-24.4,21.4+1.07 18.8-23, 21+0.93
BCW-1 20.5-24.3, 22+0.71 19.4-24.7,21.6+0.91 18.8-22.1, 20.5+£0.72
BCW-2 16.1-20, 17.7+0.61 16-19.4, 17.4+0.65 15-17.4,16.3+0.49
DL 8.6-11.2, 9.8+0.52 8-12, 9.9+0.66 9.1-11.1, 10.2+0.43
IFL 5.4-8.3,7.1+£0.53 4.9-8.4, 6.5+£0.65 5.5-7.4, 6.6£0.38
TRL 5-7.6, 5.6+0.34 5.1-8, 5.9+0.37 5.2-6.1,5.7+£0.23
BL 15.2-18.2, 16.5+0.59 14.2-18, 15.7+£0.66 13.1-15.4, 14.3+£0.47
rel-BL 39.845.4,42.4+1.1 36.743.3,40.0£1.1 35.8-39.2, 37.5+0.8

Distribution of specimens in the canonical variables
hyperspace (Fig. 3A) indicates that SW-N Caspian clus-
ter takes most isolated position, just as in case of cluster
analysis. Other subsamples form continuous distribu-
tion with no clear gap between African and “main
Asian” clusters. It is to be noticed that the Iranian
subsamples previously allocated to the African cluster
do actually take intermediate position between the lat-
ter and “main Asian” cluster. It is to be noticed also that
there are several representatives of the “main Asian”
cluster placed quite close to the SW-N Caspian cluster
by the first canonical variable values; this indicates that

they are similar to the members of the latter cluster in
respect to bullar size.

Additional secondary analysis at the specimen
level, in which several specimens from the Asian
region not allocated to the local subsamples were
also included indicate the following (Fig. 3B). The
specimens from Arabian Peninsula and Levant take
intermediate position between those allocated to Af-
rican and main Asian clusters. The specimens from
Turfan are placed together with those from Middle
Asia and Kazakhstan thus showing no evident mor-
phological specificity.
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Figure 3. Distribution of specimens in the 1st and 2d canonical variables plane: A — only specimens from main analysis
included, B — the specimens from small samples also included.

The principal differences between the three main
clusters, after their composition being corrected in ac-
cordance with the results of secondary analysis, are as
following (Tab. 1). The most expressed are the differ-

ences in relative bullar size between SW—N Caspian
region and the remainders; the former is characterized
by the least auditory bulla, it is largest in the African
jirds and somewhat intermediate in those inhabiting
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Figure 4. Distribution of eigenvectors of geographic variation within and between main clusters on the plane of the two first

principal components of their coordinates.

SW-Middle—Central Asia and Kazakhstan. The princi-
pal differences between African and “main Asian” clus-
ters involve incisive foramen length and also bullar
length.

Distribution of coordinates of eigenvectors of geo-
graphic variation within and between three main clus-
ters indicates the following (Fig. 4). Within-cluster
coordinates calculated for each cluster overlap widely,
which means quite similar variation pattern in all of
them, SW-N Caspian cluster being more specific in
this respect. Between-cluster coordinates obtained for
pairwise comparisons of these clusters do not overlap
with the previous coordinates, which means that be-
tween-cluster trends are not the same as within-cluster
ones. Besides, of interest is that vector coordinates for
Africa and “main Asia” clusters comparison are placed
distantly from those obtained for two comparisons in
which SW-N Caspian cluster is included. This result
could be interpreted as indication that, again, geographic
trend within the SW—N Caspian cluster are most specif-
ic relative to those observed in both Africa and “main
Asia” clusters.

Analysis of bullar variation. Results of linear re-
gression analysis of correlation between relative bullar
size and the aridity index indicate the following pecu-
liar features. First, there is a slight negative correlation
between the two parameters compared, the Pearson
correlation coefficient being equal to -0.65, p<0.05.
Second, this general trend involves only African and
“main Asian” clusters, while SW—N Caspian cluster is

characterized by much smaller relative bullar size as
anticipated from the values predicted by linear regres-
sion (Fig. 5).

Discussion

The above results clearly indicate that the entire
population of the Libyan jird, M. libycus, is divided
craniometrically into three main groups differing by
both skull proportions and by geographic variation pat-
terns. In both respects, the SW—N Caspian cluster ap-
pears to be most distinct, while African and “main
Asian” cluster are more similar. The main factor dis-
criminating these groups is relative bullar size, by which
SW-N Caspian cluster appears to be most specific in
having the least value of this parameter.

Slight negative correlation between bullar size and
the aridity observed for the most of the distribution area
of the Libyan jird, save SW-N Caspian region, fits
general prediction from biomechanical model (Alex-
ander, 1970; Webster & Webster, 1975). This means
that bullar size in this species depends at least in part on
the climatic conditions, the jirds inhabiting the most
arid deserts having, in average, the largest auditory
bulla. But the Libyan jirds inhabiting SW—N Caspian
region with its quite arid conditions drop markedly out
of this overall trend, so the effects of some other factors
cannot be excluded for the latter case.

One of these “other factors” to be taken into consid-
eration could be a historical one. The latter presumes
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Figure 5. Diagram showing regression of relative bullar size onto aridity index gradient.

that the typical large-bullar Libyan jird had evidently
originated from some other Meriones with smaller au-
ditory bulla and that cranial morphology peculiar to the
SW-N Caspian cluster could be explained by their
preservation of primitive condition. As a matter of fact,
it was suggested the Libyan jird had originated from an
ancestral form like the Recent small-bullar M. vinogra-
dovi in the west of Iranian Plateau, and spread subse-
quently over other territories (Heptner, 1940; Pavlinov,
1979; Pavlinov et al., 1990). However, this hypothesis
was based on some indirect evidence, in which Pavli-
nov (op.cit.) included just the small bullar size in the
Azerbaijan population, so appealing to it under the
present circumstance includes an evident element of
circular argumentation.

However, such a historical consideration, whatever
true might it be for the Azerbaijan population, is to
explain also similarity between the latter and the Emba
population. For this, such an explanation is to presume
also Libyan jirds migration from Transcaucasia to N
Caspian region along the west Caspian Sea shore. It
could occur somewhere in late Pleistocene—early Ho-
locene during Caspian Sea regression when its littoral
was free of water and might be covered with steppe
biota. The problem is that, at present, the Libyan jirds
from Azerbaijan and Emba are separated by far dis-
tance of more than 1000 km of the territories where no
population of this species is known to occur. As to the
paleontological data, they are quite limited and do not
provide any direct evidence for a hypothesis of disper-
sion of the species under consideration by that rout in

the past. Actually, there are several late Pleistocene to
Holocene sites at the west side of Volga River delta
which contain remains of Rhombomys opimus and sev-
eral other rodent species known to occur presently in
Kazakhstan, but no remains of Meriones of the libycus
size were revealed in them (Obolenskii, 1927; Tropin,
1976).

Thus, the causes of small auditory bulla in the Liby-
an jirds with from SW-N Caspian region remain un-
clear. More craniometric data from NE (Kazakhstan)
and S (Iran) Caspian regions are requested to study
more closely the presumed boundaries between SW-N
Caspian and “main Asian” clusters of M. libycus. It’s
needless to say that special molecular phylogeographic
investigation would be of extreme significance in eluci-
dation of distribution history in this species.

Taxonomic implications of our findings might be
the following. The previous supposition of quite dis-
tinct taxonomic position of population of M. libycus
from Transcaucasia is strongly supported thus making
M. . caucasius Brandt, 1855 very “good” subspecies.
However, it remains unclear if it is reasonable to unite it
taxonomically with population from N Caspian region
to which the name eversmanni Bogdanov, 1889 could
be applied. As to the remaining nominal forms of this
species, our results indicate clear separateness of Afri-
can and “main Asian” clusters and uniformity of each
of them in respect to craniometric parameters studied
by us. Therefore, this could be taken for indication of
their low taxonomic significance as far as subspecies
differentiation of members of these two clusters is con-
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cerned. The earliest synonym for African forms is /iby-
cus Lichtenstein, 1823, and the one for Asian forms
(save caucasius—eversmanni) is erythrourus Gray, 1842.

Conclusions

1. The Libyan jird, M. libycus, is divided craniomet-
rically into three principal clusters: African, SW-N
Caspian, and “main Asian” ones. The SW—N Caspian
cluster is characterized by the least auditory bulla size.
These groups can formally be diagnosable by ratio of
bullar and incisive foramina lengths.

2. Auditory bulla size is negatively though not very
strongly correlated with the aridity index over the entire
species distribution range, but SW-N Caspian form
possess much smaller bulla than it is predicted by re-
gression.

3. A hypothesis of historical cause of small bulla in
the SW-N Caspian form is considered but it seems to
be not strongly supported at present.

4. Subspecies M. I. caucasius from Azerbaijan seems
to be most strictly differentiated by cranial morpholo-
gy. Its taxonomic relation to M. /. eversmanni from N
Caspian region needs further clarification. Cranial dif-
ferences among other nominal forms are insignificant
and can be discarder (with certain reservations) in fu-
ture revisions.

5. The above method of “vector” analysis of geo-
graphic trends within large portions of the areas of
widely distributed species, such as M. libycus, seems to
be useful in providing additional important information
concerning biological specificity of respective territori-
al groupings.
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