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Habitat segregation patterns of reptiles in
Northern Dinaric Mountains (Slovenia)

Anamarija Zagar'->*, Ivan Kos', Al Vrezec?

Abstract. We have surveyed sympatric reptiles in a diverse and preserved montane environment in the Northern Dinaric
region (Southern Slovenia) to determine the assemblage structure and assess the patterns of habitat segregation. Altitude and
habitat type contributed the most to segregations between the most abundant species. The most similar were species pairs of
L. viridis/bilineata and P. muralis, and I. horvathi and V. ammodytes. In snakes, significant segregation patterns have been
observed between all species. Among lizards, we have found strong altitudinal segregation between two morphologically
and ecologically most similar species; P. muralis was most abundant at low and I. horvathi at higher elevations. This result
indicated a potential competitive interaction between these species.
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Species habitat selection is influenced by di-
verse biotic and abiotic factors. Both are impor-
tant, but act differently regarding species ecol-
ogy and trophic level (e.g. Langklide and Shine,
2004; Vrezec and Tome, 2004). Habitat use pat-
terns studied between sympatric species can un-
cover the most influential factors and reveal
habitat segregations. To study habitat segrega-
tions within species assemblages it is necessary
to assess the biotic interactions which can influ-
ence species densities and distributions (Aradjo
and Luoto, 2007; Heikkinen et al., 2007). In rep-
tiles it has been shown that ecological segrega-
tion occurs in habitat use (e.g. Langklide and
Shine, 2004) or diet preferences (e.g. Hender-
son, 1982; Carretero, 2004; Luiselli, 2006).

In SE Europe and especially in the Dinaric
region, habitat use of reptiles is still understud-
ied despite the high species diversity reported
(Dzukié¢ and Kalezi¢, 2004). We aim to deter-
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mine the assemblage structure and assess the
patterns of habitat segregation in the reptile as-
semblage of a diverse montane environment in
the Northern Dinaric region in Southern Slove-
nia. We expected that habitat segregation would
be strongest among ecologically similar species
occupying the same area (Begon et al., 1996),
since interactions are expected to be more in-
tense between species with a similar ecological
niche than between species with a different eco-
logical niche (Root, 1969; Schoener, 1982).

We studied an area of 135 km? in the northern part
of the Dinaric region, Southern Slovenia (lat. 45°29'N,
long. 14°49’E; fig. 1). The altitudinal span ranged from
135 m a.s.l. to 1066 m a.s.]. Landscape was karstic with
prevalence of carbonate stoneware. Mean temperature in the
hottest month of the year (July) was 18°C (Puncer, 1980).
The study area had about 80% coverage of forest, mainly
Dinaric beech-fir forest (Omphalodo-Fagetum s. lat.; Perko
and Orozen Adamic, 1998).

On the basis of preliminary field visits we selected eight
habitat types according to the main habitat extent found in
the area. Two types were natural forest clearings (natural
rock and water bank), four human made forest clearings
(urban area, agricultural land, road and artificial rock), and
two forested areas (open forest and closed forest). Sixty-
six transect lines were distributed in eight habitat types
to cover the whole altitudinal span of the study area (see
supplementary table S1). We used ArcMap 9.2 (ESRI, 2004)
to create a buffer zone of 10 m around each transect line
and divided them into 10 m long segments, each covering
an area of 200 m2. Thereafter we applied the following
habitat variables to each surveyed segment: (i) altitude
at the middle point of the segment (DMR layer, source:
Geodetska uprava RS), (ii) habitat type (field observation),
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Figure 1. Geographical position of the study area in Europe (top right corner) with a detailed map of the study area
representing forest (dark grey) and non-forested (light grey) areas with CORINE Land Cover 2000 maps of Europe (CLC,
2000) and altitude with 100 m altitudinal contours labelled with values of 300, 600, 900 and 1192 m a.s.l. Middle locations
of the 66 surveyed transect lines are represented with black crosses outlined in white.

(iii) proportion of the area covered with forest (CLC, 2000),
and (iv) exposition (topographic maps of 1:25 000, source:
Geodetska uprava RS). Some forest clearings had narrow
properties and were in some proportion also covered with
forest, but never 100%.

Reptile surveys had been conducted between April and
September in three consecutive years: 2006, 2007 and 2008.
Reptiles were searched by visually inspecting the area while
moving along the transect line in an equal slow pace (Buck-
land et al., 1993). Each transect line was surveyed three
times: two times in spring (April-June) and once in summer
(July-September) in all considered years, in optimal weather
conditions (sunny or partly sunny days) and in the time of
the day when most of the reptile species are active. During
the study, the first author also noted other records of rep-
tiles within the study area that contributed to the results of
assemblage structure presented in Appendix 1. All individ-
uals were identified to the species level except green lizards
(Lacerta viridis/bilineata) where two species of green lizard
(L. viridis and L. bilineata) were considered as one opera-
tive taxonomic group (Sneath and Sokal, 1973), due to the
fact that both members of this species complex could occur
in the Northern Dinaric region (Bohme et al., 2006), but are
difficult to distinguish in the field.

Rare species in the area have been excluded from further
analysis due to small sample size obtained. Seven species
were used in further analysis of habitat segregation pat-
terns which had been investigated with the discriminant

function analysis (DFA) after the backward stepwise pro-
cedure (alfa = 0.01), a multivariate statistical method that
separated groups of individuals according to measurements
on several variables (Manly, 1994). For data from tran-
sect lines the maximal count on each transect was used to
avoid pseudo-replication. All four habitat variables were
inserted in the DFA, but from them only two were se-
lected by the final model (altitude and habitat type), for-
est cover (Wilks” lambda = 0.3334, P = 0.04) and ex-
position (Wilks’ lambda = 0.3235, P = 0.001) were re-
jected. Canonical variate analysis of each variable was used
to derive a matrix of Mahalanobis distances that allows esti-
mating dissimilarity in species (Manly, 1994). These analy-
ses were done using Statistica 10 (STATSOFT, 2011). Vari-
ables contributing the most to the discrimination (altitude
and habitat type) were afterwards additionally analysed to
examine the habitat selection pattern for each species sepa-
rately. We used buffered 10 m segments of surveyed transect
lines to which we assigned the species presence/absence.
Then we compared the habitat variables of occupied versus
unoccupied habitat segments. Wilcoxon rank sum test was
used to test the differences between segments for contin-
uous variable (altitude) and Chi-square test for categorical
variable (habitat type), all done using R package (R Devel-
opment Core Team, 2008).

In total ten species with 551 sights were
recorded during the sampling period, among
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which 427 sights and nine species were re-
corded at transect line surveys (Appendix 1).
The most abundant lizard species were the
common wall lizard (Podarcis muralis), green
lizard (Lacerta viridis/bilineata) and Horvath’s
rock lizard (Iberolacerta horvathi), and among
snakes the grass snake (Natrix natrix), dice
snake (Natrix tessellata) and nose-horned viper
(Vipera ammodytes).

Discriminant function had power to sepa-
rate between habitat selection patterns of the
most abundant studied reptile species (Wilks’
Jlambda = 0.3482, F10,584 = 38.089, P <
0.0001) with altitude and habitat type being
the only variables contributing to the discrim-
ination between species (table 1). Root 1 ex-
plained larger part of the variability with alti-
tude as the parameter contributing the most to
the discrimination (table 1). Four out of seven
species showed significant selection pattern ac-
cording to the altitude (table 1), with N. fes-
sellata and P. muralis confined to low, and I
horvathi and V. ammodytes to high elevations.
L. viridis/bilineata and N. natrix did not show
any altitudinal preferences and N. natrix was the
species recorded in the largest altitudinal span.
The most similar habitat preferences consider-
ing both factors (altitude and habitat type) were
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found between two pairs: L. viridis/bilineata
and P. muralis, and between I. horvathi and V.
ammodytes, while N. natrix and N. tessellata
were significantly separated from all (table 1).
More detailed habitat selection analyses are pro-
vided in supplementary table S2.

Our results showed that altitude and habi-
tat type influenced the habitat segregation pat-
terns between reptiles in the montane and highly
forested area of the Northern Dinarics in Slove-
nia. The variables that were excluded by the
model were exposition and forest cover and
clearly do not influence the segregation. Indeed
all species were in majority found on localities
with southern expositions and in areas with low
forest cover (open habitat types).

In the case of snakes, the three most abundant
species in the studied assemblage were habi-
tat segregated which coincides with their eco-
logical characteristics that define them as mem-
bers of different guilds (Luiselli and Rugiero,
1991; Luiselli, 2006). The largest habitat seg-
regation pattern was found between V. am-
modytes and both Natrix species. Nonetheless,
also both Natrix species exhibited segregation
pattern; N. tessellata was recorded only in
lowlands and almost exclusively on the water
banks, whereas N. natrix was found through-

Table 1. Results of the discriminant function and canonical variate analyses for seven sympatric reptile species from Northern
Dinaric region with two habitat variables used by the model: altitude and habitat type (upper part) and habitat segregations
between species pairs measured with squared Mahalanobis distances (D?; above the diagonal) and P values (below the
diagonal): Lacerta viridis/bilineata are counted as two species, * = P < 0.05, ** = P < 0.01, ** = P < 0.001 (bottom

part).
Variable Wilks’ lambda F P Root 1 Root 2
Altitude 0.72 58.83 <0.001 —0.94 0.36
Habitat type 0.48 20.36 <0.001 —0.45 —0.90
Eigenvalue - - - 1.30 0.25
Cumulative - - - 0.84 1.00
Iberolacerta Lacerta viridis/ Podarcis Natrix Natrix Vipera
horvathi bilineata muralis natrix tessellata ammodytes
Iberolacerta horvathi - 7.2 8.3 49 13.2 0.2
Lacerta viridis/bilineata oE - 0.04 2.7 5.0 5.2
Podarcis muralis ok N.S. - 29 4.7 6.1
Natrix natrix ok ok ok - 2.0 32
Natrix tessellata ok ok ok ok - 10.2
Vipera ammodytes N.S. e ok ok ok -
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out the entire area. V. ammodytes is exclusively
a terrestrial predator, N. natrix a semi-aquatic
predator, and N. fessellata a specialized pisciv-
orous and mostly aquatic predator (e.g. Luiselli
and Rugiero, 1991; Luiselli, 2006). The dietary
differences most likely determined differential
habitat use and consequently the observed seg-
regation. Therefore we suggest that segregation
pattern observed between snakes was a result
of their pre-adaptive characteristics or even of
ghost-of-competition (i.e. in the case of Natrix
species, Guicking et al., 2006), but not of actual
competitive interactions.

On the other hand, in the case of lacertids,
we have found significant habitat segregation
between I. horvathi and P. muralis that are
morphologically and ecologically most similar
species in the studied assemblage (Richard and
Lapini, 1993; Zagar et al., 2012), whereas the
biggest lacertid, L. viridis/bilineata, was seg-
regated from I. horvathi but not from P. mu-
ralis. Lacertids are mostly active searching for-
agers, more rarely “sit-and-wait” predators, that
feed mainly on arthropods (Carretero, 2004)
with their food niches differentiated according
to the size of prey they can consume (Angelici,
Luiselli and Rugiero, 1997; Carretero, 2004).
According to this size-related diet differentia-
tion we can assign smaller lacertids of the stud-
ied assemblage (I. horvathi and P. muralis with
adult SVL 55-65 mm; Zagar et al., 2012) to
one guild and green lizard (L. viridis/bilineata
with adult with >83 mm in SVL; Angelici,
Luiselli and Rugiero, 1997) to another. We ob-
served that, habitat segregation wise, intra-guild
differences appeared to be much larger than
inter-guild. In fact, L. viridis/bilineata and P.
muralis were both most abundant at low to
mid-elevations and occupied in large proportion
same habitat types. But in the case of P. muralis
and 1. horvathi, the species were strongly seg-
regated by altitude (P. muralis confined mainly
to low and I. horvathi to high elevations), but
not regarding the habitat type since both species
selected for similar habitat types (natural and
artificial rocks). Even in syntopic populations
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habitat use differences between the species are
very slight and only differ by I. horvathi more
often using vertical rocks than P. muralis (Ca-
bela, Grillitsch and Tiedemann, 2007). We sug-
gest that observed altitudinal segregation pat-
tern between small lacertids was not a reflec-
tion of pre-adaptive differences since they are
in fact morphologically and ecologically very
similar (De Luca, 1989; Lapini, Richard and
Dall’ Asta, 1993; Richard and Lapini, 1993; Ca-
bela, Grillitsch and Tiedemann, 2007; Zagar et
al., 2012), but can be viewed as an indication of
potential competitive interaction, as suggested
for the species of the same guild (Schoener,
1982; Crochet et al., 2004; Hochkirch, Groning
and Bucker, 2007).

In future studies the focus should be to assess
the processes driving the observed segregation
patterns of ecologically similar species in order
to better understand its reasons and outcomes.

Acknowledgements. We greatly thank two reviewers who
have contributed to the improvement of the manuscript,
and Miguel A. Carretero for his valuable advice. We thank
M. Krofel, T. Santl Temkiv, D. Vla¢i¢ and N. Pajk, who
helped during the field sampling campaigns and to M. Kro-
fel for his assistance with the use of the R package. Col-
lecting permits were provided by Agency for Environment
(Ministry for Environment, Space and Energy of Republic
of Slovenia, number 35601 — 33/2005).

References

Angelici, M.A., Luiselli, L., Rugiero, L. (1997): Food habits
of the green lizard, Lacerta bilineata, in central Italy and
areliability test of faecal pellet analysis. Ital. J. Zool. 64:
267-272.

Aratijo, M.B., Luoto, M. (2007): The importance of biotic
interactions for modelling species distributions under
climate change. Global Ecol. Biogeogr. 16: 743-753.

Arnold, E.N. (1987): Resource partition among lacertid
lizards in southern Europe. J. Zool. 1: 739-782.

Bohme, M.U., Fritz, U., Kotenko, T., DZukié, G., Ljubisavl-
jevi¢, K., Tzankov, N., Berendonk, T.U. (2006): Phy-
logeography and cryptic variation whitin the Lacerta
viridis complex (Lacertidae, Reptilia). Zool. Scr.: 1-13.

Buckland, S.T., Anderson, D.R., Burnham, K.P., Laake, J.L..
(1993): Distance Sampling: Estimating Abundance of
Biological Populations. Chapman and Hall, London.

Cabela, A., Grillitsch, H., Tiedemann, F. (2007): Habitat
preferences of co-occuring Podarcis muralis (Laurenti,



Short Notes

1768) and Iberolacerta horvathi (Méhely, 1904) (Squa-
mata: Sauria: Lacertidae). Herpetozoa 19(3-4): 149-
160.

Carretero, M.A. (2004): From set menu to a la carte. Linking
issues in trophic ecology of Mediterranean lacertids. Ital.
J. Zool. 2: 121-133.

CLC (2000): CLC2000 — Corine Land Cover 2000. http://
www.eea.europa.eu/data-and-maps/data/corine-land-cover-
2000-c1c2000-seamless-vector-database.

Crochet, P.-A., Chaline, O., Surget-Groba, Y., Debain, C.,
Cheylan, M. (2004): Speciation in mountains: phylo-
geography and phylogeny of the rock lizards genus
Iberolacerta (Reptilia: Lacertidae). Mol. Phylogenet.
Evol. 30: 860-866.

De Luca, N. (1989): Taxonomic and biogeographic char-
acteristics of Horvath$ rock lizard (Lacerta horvathi
Meéhely, 1904 Lacertidae, Reptilia) in Yugoslavia.
Scopolia 18: 1-48.

bukié, K., Kalezi¢, M.L. (2004): The biodiversity of
amphibians and reptiles in the Balkan Peninsula. In:
Balkan Biodiversity: Pattern and Process in the Euro-
pean Hotspot, p. 167-192. Griffiths, H.I., KryStufek, B.,
Reed, J.M., Eds, Kluwer Academic Press, Dordrecht
Holland.

ESRI (2004): ArcGIS 9.2. Redlands. ESRI Inc., CA.

Guicking, D., Lawson, R., Joger, U., Wink, M. (2006):
Evolution and phylogeny of the genus Natrix (Serpentes:
Colubridae). Biol. J. Linn. Soc. 87: 127-143.

Henderson, R.W. (1982): Trophic relationships and foraging
strategies of some new world tree snakes (Leptophis,
Oxybelis, Uromacer). Amphibia-Reptilia 3: 71-80.

Hochkirch, A., Groning, J., Bucker, A. (2007): Sympatry
with the devil: reproductive interference could hamper
species coexistence. J. Anim. Ecol. 76: 633-642.

Langklide, T., Shine, R. (2004): Competing for crevices:
interspecific conflict influences retreat-site selection in
montane lizards. Oecologia 140: 684-691.

Lapini, L., Richard, J., Dall’Asta, A. (1993): Distribution
and ecology of Lacerta horvathi Mehely, 1904 (Reptilia,
Lacertidae) in North-Eastern Italy. Atti. Mus. Civ. Stor.
Nat. Trieste 14(°92): 213-230.

Luiselli, L. (2006): Resource partitioning and interspecific
competition in snakes: the search for general geographi-
cal and guild patterns. Oikos 114: 193-211.

267

Luiselli, L., Rugiero, L. (1991): Food niche partitioning by
water snakes (genus Natrix) at a freshwater environment
in central Italy. J. Freshwater Ecol. 6: 439-444.

Manly, B.FJ. (1994): Multivariate Statistical Methods, a
Primer. Chapman & Hall, London.

Perko, D., Orozen Adami¢, M. (Eds) (1998): Slovenija:
pokrajina in ljudje. Zalozba Mladinska knjiga, Ljubl-
jana.

Puncer, I. (1980): Dinarski jelovo bukovi gozdovi na
Kocevskem. Razprave SAZU XII/6: 407-561.

R Development Core Team (2008): R: A Language and
Environment for Statistical Computing. R Foundation
for Statistical Computing, Vienna.

Richard, J., Lapini, L. (1993): Trophic niche overlap in
syntopic populations of Lacerta horvathi and Podarcis
muralis (Reptilia, Lacertidae). Atti Mus. Civ. Stor. nat.
Trieste 45: 151-157.

Scali, S., Mangiacotti, M., Bonardi, A. (2008): Living on the
edge: habitat selection of Hierophis viridiflavus. Acta
Herpetol. 3: 85-97.

Schoener, T.W. (1982): The controversy over interspecific
competition. Am. Sci. 70: 586-590.

Sneath, P.H., Sokal, R.R. (1973): Numerical Taxonomy. W.
H. Freeman and Co., San Francisco.

Strijpbosch, H., Bonnemajer, J.J.A.M., Dietvorst, P.J.M.
(1980): The northernmost population of Podarcis mu-
ralis (Lacertilia, Lacertidae). Amphibia-Reptilia 1: 161-
172.

Vrezec, A., Tome, D. (2004): Altitudinal segregation be-
tween Ural Owl Strix uralensis and Tawny Owl S. aluco:
evidence for competitive exclusion in raptorial birds.
Bird Study 51: 264-269.

Zagar, A., Osojnik, N., Carretero, M.A., Vrezec, A. (2012):
Quantifying the intersexual and interspecific morpho-
metric variation in two resembling sympatric lacertids:
Iberolacerta horvathi and Podarcis muralis. Acta Her-
petol. 7: 83-93.

Submitted: July 4, 2012. Final revision received: March 22,
2013. Accepted: March 26, 2013.
Associated Editors: José Brito and Sylvain Ursenbacher.



268 Short Notes

Appendix 1. Eleven reptile species recorded with the transect line method in eight different habitat types. Given are: total
number of finds in each habitat type (sum of three repeated transect surveys), number of coincidental finds (C. FINDS) and
the summed number of all finds (SUM). Number in brackets in the second row represent the maximum number of times a
species was recorded in the same transect (once: 1, twice: 2 or three times: 3). Lacerta viridis/bilineata are counted as two
species.

Species Habitat type
Natural Open Closed Water Artificial Road Agricultural Urban C.FINDS SUM
rock  forest forest bank rock land area
Anguis fragilis 1 3 1 1 / / / / 10 16
1) 3) Y] (1)
Iberolacerta horvathi 48 2 / / 9 / / / 2 61
(3) Y] (2)
Lacerta viridis/bilineata 6 17 / 3 2 4 4 12 20 68
(2) @) 1) (1) (1) 2 (3)
Podarcis muralis 38 18 / 6 78 58 1 50 47 296
(3) ) (2) (3) (3) Y] (3)
Zootoca vivipara / / / 3 / / / / / 3
1
Coronella austriaca 1 / / / 2 / / 1 1 5
1) (2) M
Natrix natrix 5 / / 10 4 / / 1 26 46
(2) (1) (1) (1)
Natrix tessellata / / / 7 / / 1 1 12 21
1) )] (1)
Zamenis longissimus / / / / / / / / 4 4
Vipera ammodytes 21 2 / 1 4 / / 1 2 31
(3) 2 (1 (2) (1)

TOTAL 551
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