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Abstract — The variation in some of the morphometric, meristic and qualitative characters of the Common Lizard
(Zootoca vivipara) in five population samples from mountains of the Central Balkans was analyzed using univariate and
multivariate statistics. The morphological differentiation was greater in males than in females and is more expressed in
the morphometric than in the pholidosis and qualitative characters. The largest differences in morphometric traits
appeared between the populations from the Sara and Stara Planina mountains. The “median” pileus pattern generally
prevailed, with the appearance of other states in a certain proportion in some of the populations. Further analyses of the
possible morphological and ecological distinctions of the population from Mt Tara are proposed.
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INTRODUCTION

The Common Lizard, Zootoca vivipara (Jacquin,
1787), has the largest distribution of all lizard species,
occurring throughout Eurasia from NW Spain to
Sakhalin island in the China Sea (Bohme, 1997). The
Balkan Peninsula is an area of the southern edge of
its range. There the Common Lizard is restricted to
humid habitats at higher altitudes in mountains,
reaching 2400 m (Dely and Bohme, 1984; Bohme,
1997). The patchy distribution is particularly
character for the central part of the peninsula where
the occurrence of the Common Lizard has been
reported on several mountains (Radovanovi¢, 1951;
Dzuki¢, 1974) that are dissimilar in their geological
origin and history (Dimitrijevi¢, 1995), as well as in
biotopes of different floristic provinces of the Balkan
boreal subregion (Stevanovi¢, 1995).

Owing to its large areal presence and its
specificity in reproductive bimodality, the Common
Lizard has been the subject of many studies into the
morphological  variability, life-history traits,
karyological and molecular affinities of its
populations, especially in recent vyears (e.g.
Guillaume et al., 2006; Kupriyanova et al., 2006;
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Surget-Groba et al., 2006; Arribas, 2008). To date,
some of the Balkan populations have been included
in genetic studies (Guillaume et al., 1997; Heulin et
al., 2000; Surget-Groba et al., 2006), while integrative
morphological analyses of the species included
restrictive samples of some eastern (Bulgaria) and
western (Slovenia, Croatia) Balkan populations (see
Arribas, 2001, 2008; Guillaume et al., 2006). To the
best of our knowledge, comparative morphological
analyses of populations from the Central Balkans
have not been carried out.

This paper deals with morphological characters
of samples of Z. vivipara collected from the central
part of the Balkan Peninsula (Serbia and
Montenegro) in order to characterize the pattern of
morphological variation in this part of the southern
periphery of the species’ range.

MATERIAL AND METHODS

Samples and measurements

A total of 96 adult specimens from five localities in
Serbia and Montenegro were used (Fig. 1). 1 -
Mt.Tara, Serbia (Baturski Rzav: Jezero, 960m above
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Figure 1. Location of Zootoca vivipara populations used in this
study. 1-Tara Mt. (Serbia); 2- Mt. Kopaonik (Serbia); 3- Mt.
Stara (Serbia); 4- Mt. Bjelasica (Montenegro); 5- Mt. Sara
(Serbia).

sea level, 43° 54’N, 19° 22’E; 0 females, 3 males); 2 —
Mt.Kopaonik, Serbia (Panci¢ev vrh, 2000m,
43°16'N, 20°49’E, Mali Karaman, 1904 m,
43°17’N, 20°50’E, Mala Gobelja, 1800m, 43°19’N,
20°49’E, Velika Gobelja, 1870m, 43° 18'N, 20° 49’E;
9 females, 5 males); 3 — Mt. Stara, Serbia (Strazna
¢uka, 1740m, 43°16'N, 22°48’E, Kopren: Sosina
vunija, 1840m, 43°17'N, 22°48’E, Ponor, 1434m,
43°15’N, 22°48’E; 13 females, 7 males); 4 — Mt.
Bjelasica, Montenegro (PeSica jezero, 1840m,
42°51N, 19°41’E; 3 females, 0 males); 5. Mt. Sara,
Serbia (Piribeg: Crvena karpa, 42°10°N, 21°02’E,
1800-1900m, Strbacki jalovarnik, 42° 11'N, 21° 02’E,
1700m and Cemeriste, 2050-2100m, 41°54’N,
20° 42’E; 32 females, 24 males).

Specimens preserved in 70% ethanol were from
the herpetological collection of the Institute for
Biological Research, Belgrade.

The specimens were examined for the following
characters:

Morphometric characters: snout-vent length
(L.cor), head length (L.cap), head width (Lt.cap),
head height (Alt.cap), mouth length (L.fo), mouth

width (Lt.fo), forelimb length (L.pa), hindlimb
length (L.pp), length of fourth toe on hindlimb
(L.dg), pileus length (L.pil), pileus width (Lt.pil),
distance between fore and hind limbs (Pap).

Scalation characters: numbers of supraciliary
scales (CIL), postocular scales (POC), temporal
scales (TMP), supratemporal scales (STM),
supralabial scales anterior to subocular (SLB),
sublabial scales (SUB), submaxilar scales (SMX),
gular scales (GUL), collar scales (COL), ventral scales
(VNT), dorsal scales (DOR), praeanal scales (PRA),
femoral pores (FPO), femural scales (FEM),
subdigital scales (SDG). Qualitative characters: (I)
pileus type: a — normal, b - with additional scales
and anomalies. (II) masseteric plate: a — single, b -
indistinct, ¢ — divided. (III) contact between the
supranasal and first loreal scales: a — wide contact, b
- contact at one point, ¢ — lack of contact. (IV)
disposition of supranasals: a - wide contact
(“median” type), b - contact at one point (“cross”
type), ¢ — lack of contact (“transversal” type), d -
supernumerary scale among supranasals
(“rectangular” type). (V) disposition of prefrontals: a
- wide contact (“median” type), b — contact at one
point (“cross” type), ¢ — lack of contact (“transversal”
type), d — supernumerary scale among prefrontals
(“rectangular” type). (VI) row of supraciliary
granules: a — absent; b — present. (VII) number of
postnasal scales: a — one, b - two superposed, ¢ —
absent (fused with the first loreal scale). (VIII)
number of first loreals: a — one, b - two, ¢ — absent,
fused with the postnasal scale, d — absent, fused with
the second loreal scale. (IX) number of the second
loreals: a — one, b - two, ¢ — absent, fused with the
first loreal scale. (X) number of preocular scales: a -
one; b - two and more. (XI) presence of black spots
on the ventral scales: a — on all scales, b — on majority
of scales, c — on some scales, d — only in the lower
part of the trunk, e — absent. (XII) dorsal pattern: a -
broad continuous or discontinuous vertebral band,
dark dorsolateral stripes of distinct large spots, b -
broad continuous or discontinuous vertebral band,
dark dorsolateral stripes of small or indistinct spots,
¢ - narrow continuous or discontinuous vertebral
band, dark dorsolateral stripes of distinct large spots,
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d - narrow continuous or discontinuous vertebral
band, dark dorsolateral stripes of small or indistinct
spots, e — vertebral band of irregular scattered points,
dark dorsolateral stripes of small or indistinct spots, f
— vertebral band indistinct, dark dorsolateral stripes
of small or indistinct spots. Some of the qualitative
characters were recorded following Voipio (1992)
and Arribas (2008).

Counts were taken under a stereoscopic
microscope, while the body and head dimensions
were taken with digital calipers to the nearest 0.01
mm. Symmetrical characters were checked on both
sides. Data processing for morphometric characters
concerned the mean of the right and left values.
Analyses of bilateral counts concerned the sum of
scales in both sides in order to increase the number
of phenotypic classes represented. Meristic cha-
racters with a small number of states were treated as
qualitative characters, and a combination of states
for both the right and left side was used.

Statistical analyses

All the statistical procedures used in this study are
fully described in our previous studies of
morphological variation in the lacertid species (e.g.
Ljubisavljevi¢ et al, 2006, 2007) and included
ANOVA (for scalation and snout-vent length),
ANCOVA (with L.cor as covariate for other
morphometric characters), the post-hoc Tukey HSD
test for quantitative characters and the Williams’
corrected G test for qualitative characters. Only
characters showing significant geographical varia-
tion were subjected to multivariate analysis (Cano-
nical Discriminant Analysis- CDA). The analyses
were carried out using the computer package
STATISTICA (StatSoft, Inc. 1997).

RESULTS

Quantitative characters

Preliminary analyses detected significant dif-
ferences between the sexes (results not shown) and
therefore the results are presented for males and
females separately.

Table 1. Standardized coefficients of variation of the first three
canonical variates of male Zootoca vivipara. Only characters
showing significant geographical variation were subjected to
CDA. Abbreviations of characters are given in “Materials and
methods”.

Characters CVvl1 Cv2 Cv3
L.cap -0,482 -0,142 -0,354
Lt.cap 0,100 -1,747 1,967

Alt.cap 0,827 0,033 1,162
Lt.fo 0,621 0,729 -0,939
L.pa -0,618 0,264 -0,259
L.pp 0,188 -0,431 -0,343
L.dg 1,476 -0,056 -0,178
L.pil 0,358 -0,005 -0,859
Lt.pil -1,980 2,022 -0,630
CIL 0,116 0,591 0,347
SAN 0,387 -0,471 0,323
GUL -0,654 -0,870 0,025
COL -0,181 0,118 0,784
VNT -0,893 -0,026 -0,101
DOR 0,505 -0,288 0,062
FPO 0,661 0,002 0,012
SDG 0,142 0,150 -0,259

Eigenvalue 14,476 4,643 2,704

% of variance 66,33 87,61 100,00

The results of an ANOVA test for L. cor. and an
ANCOVA for other morphometric traits indicated
that nine and five out of twelve examined
characters presented significant geographical
variation for males and females, respectively
(ANCOVA/ANOVA, P < 0.05 for L.cap, Lt. cap,
Alt. cap, Lt.fo, L.pa, L.pp, L.dg, L.pil, Lt. pil in
males; Alt. cap, L.pp, L.pil, Lt. pil, Pap in females).
Paired testing revealed that the greatest differences
were between Mt. Stara and Mt. Sara in both sexes
(Tukey HSD test, P< 0.05 in 3 variables in females
and 10 variables in males, respectively). The limb
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Figure 2. Scatterplot of the first and second canonical variates
(CV) for quantitative characters in male Zootoca vivipara.
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Figure 3. Scatterplot of the first and second canonical variates
(CV) for quantitative characters in female Zootoca vivipara.

dimensions and pileus length showed the greatest
differences across the paired comparisons in males,
while the head height was the most variable
character in females (in 4 and 2 out of 6 pairwise
comparisons, respectively).

The meristic traits appeared to be less variable
than the morphometric characters. Significant
locality differences were found for eight and five
out of fifteen traits in males and females,
respectively (ANOVA, P < 0.05 for CIL, SLB, GUL,
COL, VNT, DOR, FPO, SDG in males; CIL, SUB,
GUL, COL, FPO in females). Pairwise comparisons

Table 2. Standardized coefficients of variation of the first three
canonical variates of female Zootoca vivipara. Only characters
showing significant geographical variation were subjected to
CDA. Abbreviations of characters are given in “Materials and

Methods”.

Characters CVvl1 Cv2 Cv3
Alt.cap -0,356 -0,427 0,854
L.pp -0,362 -0,649 -0,625
L.pil 0,127 1,441 0,417
Lt.pil -0,484 0,666 -0,096
Pap 0,821 -1,084 -0,349
CIL -0,340 0,028 -0,585
SUB -0,003 0,104 0,369
GUL 0,556 0,064 -0,391
COL -0,272 0,173 0,054
FPO -0,674 -0,157 -0,237
Eigenvalue 3,113 0,475 0,287
% of variance 80,33 92,90 100,00

revealed only slight and inconsistent differences
among some samples. Thus, in males the greatest
differences were found between samples from Mts.
Tara and Kopaonik (P < 0.05 in three characters),
while among females significant differences for two
characters existed only between Mts. Sara vs. Stara
and Kopaonik .

The first three canonical variate axes (CV1 -3)
explain the whole interpopulation variation (100%)
in both sexes (Tables 1 and 2). Discrimination was
however more pronounced among the males than
among the females (see Figs. 2 and 3), which is
reflected in the higher percentage of correctly
classified cases in the males (100% vs. 91%, for
males and females, respectively).

In males, the sample from Mt. Tara (that could
not be analysed in females) is differentiated from
the others in the lower right quadrant, and is
characterized by the high values for all traits that
accounted for most of the variation on the first axis
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(L.dg, Alt.cap, FPO, L.pa, see Table 1), except for
the number of ventral scales (lowest values). The
second axis separates the samples from Mt. Stara in
the most positive part from the Mt. Sara sample in
the negative part (Fig. 2). This is due to the lower
values for head dimensions (Lt.cap, Lt.pil and Lt.fo)
and the number of supraciliary scales. The higher
values for the number of gular scales in the Mt. Sara
sample highly loaded the second CV.

In the females, the greatest contributions to
variance on the first CV were recorded for the
meristic characters — number of femoral pores
(FPO) as negative, and number of gular scales
(GUL) as positive factors, respectively (Table 2).
The second CV showed a high weighting for the
pileus dimensions (L.pil, Lt.pil) as positive factors
and some limb and interlimb dimensions (L.pp and
Pap as negative factors). The first CV mainly sepa-
rated Mts. Sara and Bjelasica from the others on the
basis of a greater number of gular scales but smaller
number of femoral pores (Fig. 3). The second CV
mainly separated the Stara and Kopaonik samples
according to greater pileus and hindlimb dimen-
sions, but smaller interlimb distance in females
from Mt. Stara in relation to those from Mt. Ko-
paonik.

Qualitative traits

All qualitative characters except for the presence of
black spots on the ventral scales in males (G = 22.42, P
< 0.01), showed an insignificant variation among the
localities. The males from Mt. Sara were mostly
characterized by the presence of black spots only on
some ventral scales (54%) and differed significantly
from those from Mt. Stara (G = 8.82, P < 0.05) and
Kopaonik (G = 13.84, P < 0.01) which were
characterized by the presence of black spots on all the
scales (54% and 80%, respectively). All females were
generally characterized by a complete lack of black
spots or the presence of black spots only on lower part
of the trunk (XId, XIe 67 — 100%).

Generally, the analyzed populations from the
Central Balkans were characterized by: wide contact
of prefrontals (Va 67 — 100%) and single loreals on

one or both head sides (VIIIaa, VIIIab 60 — 100%;
IXaa 80 - 100%). Also, they predominantly had
normal pileus type (Ia 67 — 92%) and one postnasal
scale (VIIaa 67 - 92%) while lacking supraciliary
granules (VIaa 78 - 100%), except for the males from
Mt. Tara where the pileus with additional scales and
anomalies, supraciliary granules and two or none
postnasal scales appeared in a greater proportion (Ib,
VTlaa, VIab, VIIab, VIlcc all 67%). Furthermore, the
analyzed samples were characterized by: wide
contact between the supranasal and first loreal scales
on both head sides (IIlaa, 59 — 92%), except in the
Kopaonik sample where the lack of contact on both
head sides appeared in somewhat greater percentage
(Illcc 44% and 40% in females and males,
respectively); wide contact between supranasals (IVa
89 -100%), except for the Kopaonik males and Mt.
Stara females where contact at one point or lack of
contact predominated (IV b + IVc 80% and 54% for
Kopaonik and Mt. Stara, respectively).

The states of the masseteric plate (III) and num-
ber of preocular scales (X) showed great intra- and
interpopulation variability, and there was no general
prevalence of certain states. The same could be true
for the dorsal pattern, although the data gave some
indication of a prevalence of the pattern XIId in most
samples (narrow vertebral band with dorsolateral
stripes of small or indistinct spots, 37 — 67%), except
in males from Kopaonik which were characterized by
broad vertebral band and dorsolateral stripes of
distinct large spots (XIIa 60%) and Tara males where a
vertebral band of irregular scattered points and
dorsolateral stripes of small or indistinct spots
occurred in a greater proportion (67%).

As can be seen, the distinctiveness of some of
the samples, such as the Tara and Kopaonik male
samples, was observable, but still not statistically
significant, probably due to the small sample size.

DISCUSSION

The morphological variation that was observed
among the studied high-altitude populations of the
Common Lizard in the Central Balkans appeared to
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be more expressed in the morphometric traits than
in the pholidosis and qualitative characters. Also,
morphological differentiation was greater in males
than in females, a result that was also reported for
the Common Lizard by Arribas (2008). Why the
females of this species tend to be less variable is
difficult to assess on the basis of the current data. A
plausible explanation could be that different
selection pressures may affect males in different
ways from females.

The high altitude populations of South European
lacertids often tend to be morphologically (but also
genetically) well differentiated even in neighboring
massifs (e.g. Arribas and Carranza, 2004;
Ljubisavljevi¢ et al., 2007). However, it is still to be
investigated whether the well-defined positions of
the analyzed populations in the morphospace will
disappear after the inclusion of samples from other
regions (e.g. see Bulgarian high altitude populations
in Guillaume et al., 2006). Previous studies have
revealed a rather mosaic variability of Z. vivipara
with respect more to local/ecological variations than
to consistent differences between regions (Sas et al.,
2004; Guillaume et al., 2006). However, when
populations with different reproductive modes were
compared, both oviparous forms showed consistent
morphological differences in regard to all viviparous
forms of this species (Guillaume et al., 2006; Arribas,
2008). These studies, together with molecular and
karyotypic data, confirmed the validity of two sub-
species Z. v. carniolica (eastern oviparous form in
southern Austria, northern Italy, Slovenia, partly
reaching the north-west of the Balkan Peninsula in
its type locality on Mt. Sneznik and northwestern
Croatia) and Z. v. louislantzi (western oviparous
form in the Pyrenees and Cantabrian mountain
regions), although there was no single character
which could serve for diagnostic purposes.

Three of the five populations analysed here have
been included in the phylogenetic study of Surget-
Groba et al., (2006), which revealed the position of
the Bjelasica, Sara and Kopaonik populations within
the “Western Viviparous” clade. However, this clade
may be complex and needs further study to
determine if it is a valid subspecies (Arribas, 2008).

Although there was no significant geographical
variation in body size, the largest differences in other
morphometric traits appeared between Mts. Sara and
Stara in both genders. Some differences in life-history
characters between these populations have been
already found and were explained as the results of
fine-grained differences in the environmental
conditions between these two localities (Crnobrnja-
Isailovi¢ and Aleksi¢, 2004). The morphological
distinction of the Tara males in comparison to the
other populations could be simply due to the small
sample size, but it could also be caused by adaptation
to local environmental conditions, given that this
population is found at a much lower altitude (960 m)
with regard to the other analyzed populations. Also,
the Tara population which occurs in relic habitats of
refugial type (Dzuki¢, 1974) deserves more thorough
study for other reasons. Firstly, further survey work is
essential to confirm whether the Common Lizard still
exists on this mountain, as the latest field in-
vestigations did not confirm the presence of this
species in previously recorded localities (Dzukic,
unpublished data). If still present, its reproductive
mode should be studied because some lower- and
medium-altitude populations from the north-western
Balkans (245 - 1250 m, Heulin et al., 2000; Mayer et
al., 2000) appeared particularly distinctive due to their
oviparous reproductive mode (see above). Other
populations from this study, as well those from the
eastern Balkans (Bulgaria) exist at lower latitudes but
higher altitudes (1434 - 2100 m this study; 1300 —
1950 m Bulgarian populations, see Guillaume et al.,
1997) than those of the western Balkans and are
viviparous (Guillaume et al., 1997; Crnobrnja-Isailovi¢
and Aleksi¢, 2004; Surget-Groba et al., 2006).

Finally, we have noted the variation in
qualitative traits which has been widely discussed in
previous studies (Voipio, 1968; Dely, 1978, 1981;
Dely and Bohme, 1984; Heulin, 1986; Voipio,
1992; Arribas 2008). According to the scheme of
dorsal pattern given by Arribas (2008), the
analyzed populations (except the Kopaonik males)
did not display the typical pattern of the “Western
Viviparous” clade, but rather resembled those of
other clades, even of the western oviparous form Z.
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v. louislantzi (especially frequent in the males and
females from Mt. Sara). However, part of the
females from Mts. Stara and Sara resembled the
“Central Viviparous I”, or “Eastern Viviparous”
from Romania and Bulgaria.

Although it is proposed that the prefrontal pileus
pattern of the Common Lizard is variable in the
southern parts of Europe, which is explained as a
result of the stenotopy of isolated populations in
mountain areas (Dely and Bohme, 1984), we
recorded that the “median” type, as the usual
disposition for the species, prevailed in a high
percentage in the Central Balkans both for supra-
nasals and prefrontals (82% and 91% respectively, n
= 96 for the whole sample). The “rectangular” type is
believed to occur as a consequence of developmental
instability ~experienced during embryonic de-
velopment that is caused by various stresses (par-
ticularly under suboptimal environmental condi-
tions) or to be produced by an extreme genotype
(Voipio, 1992; Arribas, 2008). The “rectangular”
disposition of supranasals was not recorded in the
Central Balkan populations, while that of prefrontals
was recorded in a smaller percentage in three
populations (Mts. Sara, Stara and Kopaonik, 8 - 20%,
respectively). Also we did not observe direct connec-
tions between the presence of pileus anomalies and
rectangular pattern as proposed by Voipio (1992), or
between the occurrence of rare pileus configuration
and the absence of contact between the supranasals
and first loreal scales, as recorded in the West Can-
tabrians (Arribas, 2008). Significant sexual differen-
ces in pileus constellation were found in the western
France population (Heulin, 1986). We recorded
significant but not consistent differences between the
sexes in proportion to specimens with “median”
disposition of supranasals in two populations (i.e.
“median” type prevailed in the Mt. Stara males and
in Kopaonik females: detailed results will be
presented elsewhere). Although these results might
be affected by the small sample size (especially in
Kopaonik males), the appearance of “irregular” states
also does not seem to be caused by environmental
stress, at least on Mts. Sara and Stara where the first
data on some life-history traits (Crnobrnja-Isailovi¢

and Aleksi¢, 2004; authors unpublished data)
pointed to optimal environmental conditions at
these particular localities.
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MOP®OJIOIIKA BAPUJABMIHOCT INTAHMHCKOTI IT'YIITEPA
(ZOOTOCA VIVIPARA JACQUIN) Y HEHTPA/THOM JENTY BATTIKAHCKOT ITOJIYOCTPBA

KATAPUHA JbYBUCAB/BEBI'RI, [I. JOBUR? u I. IIYKIR'

' Ooemerve 3a esonyuuony 6uonozujy, Uncmumym 3a 6uonowika ucmpaxcusara "Cunuwma Cmanxosuh”,
11060 Beorpan, Cpbuja
2 3a600 3a sauwmumy npupode Cp6uje, 18000 Huur, Cpbuja

Y oBOM papy aHa/mM3MpaHa je MOp(OIOIIKa Bapuja-
OVWJIHOCT  TONy/lalMja  IUIAHMHCKOT  TyLITepa
(Zootoca vivipara) us neHTpanHor fena bamkaHcKor
nonyoctpsa y norneny Beher 6poja Mmopdomerpuj-
CKMX, MEPUCTMYKMX U KBAaTUTAaTUBHUX KapakTepa
noMolly yHUBapujaHTMX M MY/ITMBApUjaHTHUX
CTATUCTUYKUX MeTofa. Mopdornomka audepeniu-
janyja momynanyja je BUIIe M3paXkKeHa KoJ MyXKjaka
Hero KOoj >KeHK) M TO 3HaTHO Bulle Y MOp¢poMeT-

PMjCKMM KapaKTepuMa Hero y (ONnmosy U KBajm-
TaTMBHUM Kapakrepyuma. Hajsehe pasmuke y morse-
Iy MOp(hOMeTpUjCKMX KapakTepa cy yrBphene us-
meby monynanuja ca Ilap-mmannne n Crape mra-
HIHe. JJoMUHMpa KOHCTeNanuja nuieyca “Mefuan”
THUIIA, ca 110jaBOM Maiber MPOLIeHTa OCTa/IMX CTamba
y nojepuHuM mnomnynanujaMa. Ilpegmaxy ce mampe
aHamm3e Moryhe Mop¢oJIolIKe 1 eKOJIOIIKe Pasyin-
YUTOCTY IOIy/aluje ca naanuHe Tape.





