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The skulls of 46 Talpa romana stankovici V. et E. Martino, 1931 from
Macedonia were examined. Considerable differences were found between
the sexes. Males are larger in all cranial dimensions with the exception
of interorbital constriction, and have higher values of the coefficients
of variation. The size of T. romana stankovici does not depend on the
altitude. Differences between three population groups were found in
four out of five analysed cranial measurements, Differences between the
ggographic populations are more important than those between zones
of altitude.

[Natural History Museum of Slovenia, PreSernova 20 — p.p. 290,
61001 Ljubljana, Yugoslavia).

1. INTRODUCTION

Talpa romana stankovici V. et E. Martino, 1931 (T.r.s.) is an endemic
relict mole from the Balcan Peninsula. Its closest allies live in southern
Italy and probably. in the Caucasus (Corbet, 1978; Gureev, 1979; Gromov
& Baranova, 1981). The studies of T.r.s. have been devoted so far to its
distribution and taxonomic status, above all its relationship to Talpa
europaea (Todorovié, 1967; Petrov, 1971, 1974) and Talpa romana (Ca-
panna, 1981). Within this framework its skull variability was also
studied.

Open taxonomic questions concerning T.r.s. and its relationships to
some other populations of Talpa cf. romana from the Balcan Peninsula,
as well as to Talpa romana from Italy necessitate a closer knowledge on
its skull variability. The aim of the present study is to describe the skull
of T.r.s. from western Macedonia where the description of that taxon
originates from.

2. MATERIAL AND METHODS

Fourty-six specimens of T.r.s. were examined from the entire territory of
western Macedonia. The majority of the material used in this study is kept in
the collection of B. Petrov (Belgrade), and the rest in the Natural History Museum
of Slovenia (Ljubljana). In determining the material at the species level I followed
the characters presented by Petrov (1971).

The following dimensions were measured on freshly caught animals: (1) W —
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weight (in grams), (2) HB — head and body length (from the snout to the anus),
(3) TL — tail length (from the anus to the tail tip), (4) HF — hind foot length
(without claws).

Ten linear measurements were taken on each of the skulls using a vernier
caliper with accuracy to the nearest 0.1 mm. Their definitions and symbols are
as follows: (1) CB — condylobasal length, (2) GL — greatest length of skull,
(3) ZY — zygomatic breadth, (4) IC — interorbital constriction, (5) BB — braincase
breadth, (6) BH — braincase height, (7) RC — rostrum breadth over canins,
(8) RM — rostrum breadth over molars, (99 MT — maxillary tooth-row length,
(10) MD — mandible length.

The following quotient indices were calculated:

(1) MT x100:CB=IND1
(2) RM x100:CB=IND2
(3) RCX100:CB=IND3

All the skulls were from the adult animals. Due to a limited number of the
skulls available the calculations include also damaged skulls on which not all
the parameters could be measured. All measurements could be taken on 32 skulls
(=170%).

Mean values (¥), standard deviations (SD), coefficients of variation (CV) and
correlation coefficients (r) were calculated. To present mutual relations and
interdependences among particular skull measurements the method of Terentjev’s
pleiads (Terentjev, 1943; according to Cabon-Raczynska, 1964; Ruprecht, 1972, 1974,
1984) has been adopted.

3. RESULTS

3.1. Sex Dimorphism

Greather mean values of body and cranial dimensions were noticed
in the males (Table 1). The differences between sexes are significant at
p<<.01 level, with the exception of IC where no sex dimorphism is
expressed. Quotient indices reveal no differences between the sexes.

The sex dimorphism was described as quotients of male to female
mean values for any of the 14 different measurements and for indices.
These quotients were between 1.04 (HF) and 1.21 (W) in body dimensions,
and between 1.02 (IC) and 1.04 (ZY, BH, RC, RM) in skull measurements.
The mean dimensions of males are greater than those of females from
2 to 21%. The differences between sexes are larger in the body than the
skull measurements.

The coefficient of variation (CV) varies between 1.46 (IND1) and 11.12
(W) in the males, whereas between 1.35 (IND1) and 9.57 (TL) in the
females. In 12 dimensions and quotient indices out of totally 14 (=85.7%)
males have a higher CV than females. Thus we can say that males reveal
a greater variability. The differences become more obvious in metrical
characters than in quotient indices.
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3.2. Correlation Structure of Skull Dimensions

In males 37 (=82%) correlation coefficients (r) are significantly greater
than zero (p<<.05; 32 of them at p<<.01 level). In females 17 coefficients
(=38%) only are significantly greater than zero (p<<.05; 14 i.e. 31% at
p<<.01 level) which obviously results from a smaller sample. This is
evident particularly in ZY where out of 12 females only 7 had unda-
maged zygomatic arches. Thus, in spite of high values the correlation
coefficients of ZY with other skull measurements are significantly greater
than zero in two cases only (IFig. 1).
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Fig. 1. Correlation structure of skull dimensions in Talpa romana stankovici from
the sex aspect. Inscribed are only the coefficients of correlation significant at
p<.05.

Out of 10 measurements compared, 7 have high values of r, the
average of which range from 0.517 to 0.660 in males and from 0.538
to 0.600 in females. In males these measurements are: CB, GL, ZY, IC,
RM, MT, MD, and in females: CB, GL, ZY, BB, RM, MT, MD. Thus,
with the exception of IC and BB 6 measurements in either sex are most
closely correlated with one another and the remaining measurements. The
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remaining three dimensions have low r values in males, the average of
which range from 0.312 to 0.416 (BB, BH, RC). In females the mean
values of correlation coefficients in three measurements (IC, BH, RC)
are quite low, nearing zero (range 0.164—0.195).

In both sexes the correlation coefficients show variable range and
frequency distribution. In males the range varies between 0.116 (BH—RC)
and 0.979 (CB—GL) and in females between —0.284 (BB—RC) and 0.966
(CB—GL). In males the frequency distribution of r-values has three
peaks (Fig. 2). Two lower ones include dependent and independent con-
nections, respectively, and the central one “mixed” connections: In
females the polarization in the r-values frequency is all the more obvious.
A part of coefficients are grouped in the range of dependent connections
of males, another in the range of independent connections of males and
lower, near zero or below it in the range of negative values. The cor-
relation coefficients thus reveal a much greater variability and a larger
range in females than in males.
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Fig. 2. Distribution of frequencies of correlation coefficients for skull measurements
in Talpa romana stankovici from Macedonia from the sex aspect.

In males the group of dependent pleiads relates to the following four
measurements: CB, GL, MT, MD. In females this group is extended also
to RM. In the latter a small dependent pleiad is formed also by the pair
ZY—BB (Fig. 3). In males the group of dependent pleiads consists of
longitudinal measurements only, whereas those of females include also
broadness characters.

In males the group of independent pleiad is formed only by pair
BH—RC and in females by BH—IC. In both sexes BH reveals a very
slight connection with other craniological measurements.
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Fig. 3. Correlation structure of skull measurements in Tal';m romana stankovici

from the sex aspect. The differences between the sexes are presented by means

of Terentjev's correlation pleiad method. The circle is devided into ten sections

presenting skull measurements denoted by the symbols. Note that the group of

dependent pleiads is related to the greater number of females measurements
than of males.

3.3. Interpopulation Variability

In studying interpopulation wvariability the work was concentrated
on the males only. The females were excluded due to a small number
of specimens available. Five measurements were chosen, three of them
(CB, MT, MD) forming a strong dependent pleiad. The interpopulation
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variabilities were studied from two points of view: the altitude and the
geographic variability.

The material was grouped into three altitudinal zones: (1) 500—1000
m a.s.l, (2) 1000—1500 m a.s.l., (3) above 1500 m a.s.l. The moles living
in the zone of 1000 to 1500 m have smaller BB (braincase breadth) than
those of the populations occupying lower as well as higher areas. The
other measurements obviously elude the influence of the altitude
(Table 2).

Table 2

Variation in skull measurements in males Talpa romana stankovici from three
different zones of altitude (in m a.s.l). * p<<.05, ** p<<.0L.

I II 111 Significant

Alt. 500—1000 1000—1500 above 1500 differences
N TiSD N g o B N x*SD

CB (16)  33.9010.73 (6) 33.3810.76 (12) 33.83%0.67
BB (16) 16.9310.32 (5) 16.68%0.15 (11) 17.2240.31 I-I11*, II-TII**
RM (16) 10.5510.36 (6) 10.3510.27 (12)  10.4710.28
MT (16)  13.4810.37 (6) 13.3710.29 (12) 13.48%0.31
MD (16)  23.03%0.55 (6) 22.6210.52 (11)  22.9910.68

In studying the geographic variability the material from Macedonia
was grouped into the following three population groups (Fig. 4): (A)
Northwestern (localities: Sar planina Mts.,, Bistra Mts.), (B) Central
(localities: Pletvar, Derven, Prilep, Topol¢ani), (C) Southern (localities:
Mogila, Magarevo, Gali¢ica Mts., Struga, VratiSte, Resen).

Fig. 4. Geographic position of three groups of populations of Talpa romana stan-

kovici from Macedonia. The concrete localities are marked with closed circles.

Dotted line shows the eastern border of Talpa romana stankovici distribution area

in Macedonia. Population groups: A — Northwestern, B — Central, D — Southern.
See the text for further explanation.
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Four measurements out of [ive are affected by geographic inter-
population variability (CB, BB, RM, MT). The northwestern group is
significantly greater in longitudinal measurements (CB, MT, RM) than
the central one and the southern group of populations reveals a greater
RM than the central one. The central group has the smallest BB and
RM (Table 3).

Table 3
Variation in skull measurements in males of Talpa romana stankovici from three
different population groups from Macedonia. The designations of the populations
are the same as in Figure 4. * p<.05, ** p<.0l.

A B & Significant
Pop. Northwestern Central Southern differences
N xtSD N TtSD N xiSD
CB () 34.24%+0.52 (8) 33.44+0.82 (18) 33.7610.72 A-B*
BB () 17.41+0.19 (8) 16.6610.21 (17) 16.97%0.26 A-B**, A-C**, B-C*
RM (7) 10.59%0.21 (8) 10.28%0.32 (18) 10.57+0.31 A-B** B-C**
MT () 13.63+0.28 (8) 13.2610.35 (18) 13.4810.32 A-B*

- MD (6) 23.33+0.69 (8) 22.58+0.62 (18) 23.0110.47

The northwestern group of populations significantly differs from the
southern only in one and from the central in four measurements. The
central and the southern group significantly differ in two characters.
It means that the greatest differences exist between the northwestern
and the central group of populations and the smallest between the
northwestern and the southern group of populations. The central group
of populations reveals the greatest number of morphological pecularities.

4. DISCUSSION

In three Central European populations of Talpa europaea (data ac-
cording to Stein, 1950) the CB of males exceeds that of females by 5
to 6% on an average (by 3% in T.r.s.), whereas in weight the males are
heavier by 26 to 33% (21% in T.r.s.). Thus in T. europaea sex dimorphism
is more pronounced than in T.r.s. In another mole from western Ma-
cedonia, i.e. Talpa caeca beaucournui Grulich, 1971, sex dimorphism is
expressed as weakly as in T.r.s. The males of T. caeca beaucournui from
Pelister Mts. are by 13% heavier in weight than the females; in the
external measurements scx dimorphism varies between 1.01 (HF) and
1.13 (TL) while in the skull measurements between 1.01 (IC, RM) and
1.03 (CB, RC; data according to Grulich, 1971). Sex dimorphism is the
least pronounced in two mole species living on the border of the genus
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area where the limiting ecological conditions are more outstanding (above
all drought which is present during the summer also in mountains).

In western Macedonia at least two and exceptionally even three mole
species live sympatrically. T.r.s. and Talpa caeca are quite often found
also syntopically (Petrov, 1971). A more pronounced sex dimorphism of
these two species would increase the interspecific competition for the
larger males of T. caeca would overlap with smaller females of T.r.s.
The decrease in sex dimorphism of these two sympatric moles thus
represents a phenomenon known as character displacement resulting
from niche displacement. Wherever in the Balcan Peninsula two species
of moles live sympatrically, a marked difference can be noticed in their
size. The small T. caeca can coexist with the large T.r.s. or T. europaeq,
whereas the latter two, equal in size, never live sympatrically. In Ma-
cedonia, for instance, in one case only the populations of T.r.s. and
T. europaea come into direct contact with each other (Petrov, 1971). The
physically largest populations of T. caeca can be found in Yugoslavia in
the areas where they do not compete with other mole species (e.g.
southern Montenegro; Petrov, 1974). Therefore, the difference in the
body size seems to be important factor making possible the syntopic
occurrence of two mole species. An increased sex dimorphism in Talpa
europaea may result from the absence of congeneric competitors. In this
connection it is indispensable to study also the regional variability of
sex dimorphism of T. europaea in the areas where it lives sympatrically
with T. caeca.

Sex dimorphism is obvious also in the correlation structure of skull
dimensions. In females the correlation coefficients are gathered, on one
side, in a large group of dependent pleiads, and on the other in a large
and elongated group of independent pleiads. In males the variability of
correlation coefficients is much smaller. In the period of rapid growth,
i.e. in young mammals, the skull dimensions are characterized by higher
values of correlation coefficients (Buchalczyk & Ruprecht, 1977; Cabon-
-Raczynska, 1964; Kobrynczuk & Roskosz, 1980; Ruprecht, 1974, 1984).
The tendency of a synchronous growth of the skull is preserved in adult
males of T.r.s. to a considerably larger extent than in females. In the
latter individual differences seem to prevail over isometric growth. It
is quite possible that certain regions of the skull with a low correlation
with other measurements (above all VL and RC) form themselves earlier
in the ontogenetic development. In this way Yegorov (1979; according to
Ruprecht, 1984) explains the low correlation of the postorbital breadth
with other measurements of the skull in mink.

The coefficients of variation of cranial measurements in T.r.s. from
western Macedonia have low values, not exceeding 4%. In mammals, the
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coefficients of variation of linear measurements usually amount to 4—10%
(Mayr, 1969). Irrespectively of such a slight skull variability, significant
interpopulation differences exist, showing that the entire population of
T.r.s. of Macedonia is morphologically not homogeneous. Altitude has
a very weak influence upon the interpopulation wvariability. The only
character (BB) differing in dependence upon altitude reveals no re-
gularity in this respect. In T. europaea the size normally decrease with
the increasing altitude (Grulich, 1969; Martino, 1930; Stein, 1950). In
T.r.s. from Macedonia it is constant irrespectively of the height zone.
Scarce data from Thessaly (Felten & Storch, 1965) point to the existance
of smaller T. romana in the lowlands of Greece. Such a decrease of size
in dependence upon lowering altitude in T. romana was explained as
due to a more pronounced dryness of lower regions. It was presumed
that in the Mediterranean size depends on humidity as a basic ecologic
factor of the environment (Todorovi¢, 1967; Witte, 1964). The finding
of small moles with the karyotype of T. romana at Ulcinj, Montenegro
(Todorovi¢ et al., 1972) at the altitude of about 5 m as.l. seems to cor-
roborate this presumption. The taxonomic position of this population
has not been clearly defined however.

The decennial average (1971—1980) of the humidity of the air (taken
as an indicator of the humidity of the environment) of some Macedonian
localities is as follows: Sar planina Mts., Popova Sapka (alt. 1750 m)
70.1%; Mavrovi Hanovi (1240 m) 72.9%; KruSevo (1230 m) 74.7% and
Prilep (673 m) 67.8%. We can see that the yearly average reveals no
outstanding differences connected with the altitude. In the same period
the average humidity at Ulecinj, Montenegro (alt. 97 m) amounted to
66.3% (data taken from the Annuaire meteorologique de I'Institut hydro-
meteorologique federal, Beograd). It means that no differences in the
average relative humidity of air exist between the Macedonian lowlands
(Prilep) and Ulcinj in Montenegro; and yet the former is inhabited by
a large population of T. romana (CB 31.6—35.2) and the latter by a
distinctly smaller population of T. cf. romana (CB 28.7—30.2; according
to the material in the Nat. Hist. Museum of Slov.). It should be mentioned
that T. europaeea, which in Yugoslavia lives in a part of the Mediter-
ranean, reveals a decrease of dimensions in dependence upon an in-
creasing altitude. Though not categorically negating the importance of
humidity in the formation of the morphotype of moles (T.r.s. from the
central group of populations, lying lowest and in the driest areas, is
significantly smaller than the population from the Sar planina Mts.),
all the differences cannot simply be ascribed to this single ecological
factor. Geographic differences between the groups of populations of
T.r.s. from Macedonia are more marked than those between single height
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zones which indicates that the influence of ecological factors should not
be overvalued. Thus, the differences between the populations of T. ro-
mana from the Balcan Peninsula much more likely result from the
independent development in the past (e.g. geographic isolation) and
also have a taxonomic significance.
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Boris KRYSTUFEK

ZMIENNO_SC CZASZKI U KRETA TALPA ROMANA STANKOVICI
7Z MACEDONII

Streszczenie

Zbadano czterdzieéci szes¢ czaszek kreta Talpa romana stankovici V. et E. Mar-
tino, 1931 z Macedonii. Wykryto wyrazny dymorfizm pleiowy: u samcéw wszystkie
wymiary z wyjatkiem szeroko$ci miedzyoczodolowej sq wieksze i charakteryzuja
sie wyzszym wspoOlezynnikiem zmiennosci (Tabela 1). Wielkos¢ Talpa romana
stankovici nie zalezy od wysokosci nad poziomem morza (Tabela 2). Trzy badane
populacje réznily sie miedzy sobg pod wzgledem czterech (z pieciu badanych)
cech. Zroznicowanie miedzy populacjami, pochodzgacymi z roznych czeéei Macedonii,
bylo wieksze niz miedzy probami z réznych stref wysokosei nad poziomem morza
(Tabela 3).



