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Abstract:

Habitat selection is an important mechanism for alleviation and reduction of inter- and intraspecific com-

petition in lizards. We examined the poorly studied Balkan subspecies of the sand lizard — Lacerta agilis
bosnica, as a target taxon to define the importance of grass height and density, which are key microhabitat
features that shape sand lizard’s distribution. The study was conducted in three mountains in western
Bulgaria during 2014-2019. A total of 350 (190 adults and 160 immatures) lizards were examined. We
established a diverse microhabitat use in different age classes as well as some differences between sexes.
Adult males were attached to the most suitable and secure microhabitats, those with higher vegetation,
while adult females and both immature groups occupied less optimal microhabitats. The importance of
vegetation height and density should be taken into account during planning and application of conserva-

tion measures for L. agilis bosnica.
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Introduction

Spatial distribution of lizards, as ectotherms, is not
uniform in the temperate climate zone. Geographic
and climatic factors are the main variables that de-
termine species distribution in Europe (GUISAN &
Horer 2003). Within species ranges, habitat qual-
ity additionally shapes habitat use (MARTENS et al.
1996), as resources are not equally distributed and
all species strive to occupy the most suitable habitat
to maximise their fitness and reproductive success
(PILORGE 1987, PATERSON & BLOUIN-DEMERS 2018).
A complex of factors influences habitat selection in
lizards (HEarwoOLE 1977). These factors could be a
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result of a structure-function relationship (ARNOLD
1998, VANHOOYDONCK & VAN DAMME 1999, KAa-
LIONTZOPOULOU et al. 2010, HERREL et al. 2001,
Toyama 2017), or due to interspecific competition
(EDWARDS & Lamvaux 2013). They may also be
associated with antipredator behaviour (VANHOOY-
DONCK & VAN DaMME 2002), with the necessity to
reduce inter- and intraspecific competition (VAN-
HOOYDONCK et al. 2000, DELANEY & WARNER 2017).
Thus, species require structurally complex habitats,
containing different patches for thermoregulation,
foraging, avoiding predators and egg-laying. The
habitat selection in the most diverse group of lizards
in Europe, the lacertids (Lacertidae), is a focus of
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many studies (e.g., MARTIN & SALVADOR 1995, Dik-
GO-RASSILA & PEREZ-MELLADO 2003, PRIETO-RAM-
IREZ et al. 2018).

The sand lizard, being the second most wide-
spread lizard species (BISCHOFF 1984, SPEYBROECK
et al. 2016), occupies a large variety of habitats from
sand dunes on the sea level to meadows at high alti-
tude (CORBETT & TAMARIND 1979, BisCHOFF 1984).
Because of its wide distribution, the preferred habi-
tats differ throughout its range, leading to numerous
studies on habitat use (CORBETT & TAMARIND 1979,
StumPEL 1988, BorczYK 2001, NEMES et al. 2006,
Ceirans 2007a, b, EKNER et al. 2008, GROZDANOV
et al. 2014, HeLTAI et al. 2015, KirBIS 2015). Often,
populations from periphery display higher speciali-
sation and sensitiveness due to habitat changes and
fragmentation (HENLE et al. 2017). In addition, it
must be noted that in the southern range of L. agilis,
habitat differs from those in the northern popula-
tions (AMAT et al. 2003). The most important mi-
crohabitat features that shape the sand lizard distri-
bution are vegetation height and density (GLANDT
1991, TO6rOK 1998, 2002).

At least nine subspecies of Lacerta agilis are
known throughout its range (ANDRES et al. 2014).
In Bulgaria, the species is represented with two sub-
species: the lowland L. agilis chersonensis Andrze-
jowski, 1832 and L. agilis bosnica Schreiber, 1912,
which occupies higher altitudes. The latter has a very
limited distribution, restricted to the Balkan Penin-
sula only, and in Bulgaria it is known from isolated
mountainous locations in the western part of the
country (StosaNov et al. 2011).

Having in mind the low effort given to this ex-
act subspecies, it is poorly studied. To our knowl-
edge, no previous research on its habitat use has
been done. The main aim of this study is to identify
the microhabitat preferences of L. a. bosnica, in re-
gards to age and sex differences.

Materials and Methods

The study sites were situated in three mountains in
Western Bulgaria (Fig. 1) and their main charac-
teristics were as follows: 1) Plana Mts.: a complex
of meadows and open patches complemented with
shrubs and small trees (approximate coordinates
N42.473°, E23.405° 1100-1150 m a.s.l.); 2) Vito-
sha Mts.: a wide meadow surrounded with beech
forest (N42.627°, E 23.223° 1200 m a.s.l.); 3) Os-
ogovo Mts.: four meadows near to each other and
surrounded with juniper shrubs and coniferous for-
est (N42.194°, E22.593°, 1600-1700 m a.s.l.). The
field studies were conducted in the period 2014—
2019 during the months from April to September
but the individual visits were not equally distribut-
ed per months and sites (total 16 visits in Osogovo,
14 — in Plana, and 19 — in Vitosha).

Lizards were registered by a visual survey and
captured for a closer evaluation, sexing and meas-
uring (snout-vent length (SVL)). Two age classes
were defined as follows: immatures — a combined
group of juvenile and subadult lizards (SVL up to
55 mm) and adults — sexually mature lizards (SVL

N
A

Fig. 1. Location of the studied sites: 1. Plana Mts; 2 Vito-
sha Mts.; 3. Osogovo Mts.

Table 1. Chi-square test results for the difference between the age-sex groups of L. agilis bosnica (Chi-square values,

degrees of freedom number, and p-values).

Plana Vitosha Osogovo
Chi-sq. (df) p Chi-sq. (df) p Chi-sq. (df) p
M/F 6.287 (5) 0.2791 1.719 (5) 0.8864 6.754 (7) 0.4554
M/imM 7.311 (4) 0.1201 8.474 (6) 0.2054 7.504 (7) 0.3780
M/imF 12.739 (5) 0.0262* 9.095 (5) 0.1051 7.293 (7) 0.3991
F/imM 10.469 (6) 0.1064 12.252 (6) 0.0572 15.741 (6) 0.0151%*
F/imF 10.943 (5) 0.0532 12.523 (5) 0.0284* 13.587 (6) 0.0350*
imM/imF 6.328 (5) 0.2764 6.612 (6) 0.3581 3.843 (4) 0.4282
ad/im 15.706 (6) 0.0154* 17.203 (6) 0.0093** 19.936 (7) 0.0064**
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Fig. 2. Diversity profiles of the age-sex groups of L. agilis bosnica, according to the abundance in the individual mi-

crohabitat classes.

> 55 mm) (see Popova et al. 2019). The sex of the
captured lizards was determined based on colora-
tion pattern (green colored sides of the body in
males vs. brown in females; a large count of black
dots on the abdominal side of the body in males vs.
absence or only very small count in females), num-
ber of ventral scales (larger in females), and size of
the femoral pores (larger in males) (e.g. DAREVSKY
et al. 1976, MAJLATH et al. 1997). Thus, four age-
sex groups were defined: adult males (M), adult
females (F), immature males (imM) and immature
females (imF).

For each of the captured lizards, the grass
height and density (at a radius of 5-6 m around the
observation point) were categorised according to
GrozpANOV et al. (2014), i.e.: 1) Grass height: up to
20 cm (H1), 2040 cm (H2), and 40-60 cm (H3); 2)
Grass density: low (D1 — more than 90% of the soil
surface visible), medium (D2 — respectively about
50%), dense (D3 — respectively about 10%), very
dense (D4 — no soil visible). The categories of grass
height and density were combined in aim to define
specific microhabitat classes, appropriate for analy-
sis (e.g. the combination “H1D4” means a patch,
where the grass is low but very dense).

On the basis of the frequency of lizards in the
separate microhabitat classes, the age-sex groups
were compared through a Chi-square test. The di-
versity of microhabitats used by the separate age-
sex groups was exposed by Rényi’s diversity pro-
files. In addition, the Shannon diversity index was
calculated, and it was tested for differences between
age-sex groups by a permutation test (only for the
pairs, in which no intersection of diversity profiles
observed). The similarity between age-sex groups
with respect to microhabitat choice was estimated

Table 2. Values of Shannon diversity index (H’) of the
age-sex groups and results (p-values) of the permutation
test for differences between groups by H’ (significant dif-

ferences are marked with an asterisk).

Plana Vitosha | Osogovo

M 1.29 1.52 1.98
. F 1.52 1.53 1.42
imM 1.09 1.82 1.34
imF 1.08 1.67 1.45

M/F 0.309 n/a 0.142

M/imM 0.366 0.036* 0.025*

M/imF n/a 0.248 0.076
P FimM | 0.047% | 0.047 n/a
F/imF 0.028* 0.269 n/a
imM/imF n/a 0.189 n/a

Table 3. Similarity (Morisita index) between the age-sex
groups of L. agilis bosnica.

Plana M F imM imF
M 1 0.92 0.85 0.69
F 0.92 1 0.91 0.78
imM 0.85 0.91 1 0.94
imF 0.69 0.78 0.94 1

Vitosha M F imM imF
M 1 0.98 0.85 0.83
F 0.98 1 0.86 0.81
imM 0.85 0.86 1 0.87
imF 0.83 0.81 0.87 1

Osogovo M F imM imF
M 1 0.77 0.64 0.74
F 0.77 1 0.49 0.67
imM 0.64 0.49 1 0.78
imF 0.74 0.67 0.78 1
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through Morisita index and the same index was
used for the cluster analysis (through UPGMA al-
gorithm). A Correspondence analysis was used to
expose the ordination of age-sex groups and micro-
habitat classes. All statistical procedures were done
using PAST 3.1 (HamMER et al. 2001) and STATIS-
TICA 10 (StatSoFT INC. 2011).

Results

Collected data for the microhabitat choice relate
to the total of 350 specimens of L. agilis bosnica
(see Appendix 1). Chi-square test (Table 1) did not
show statistically significant differences between
sexes (neither in adults nor in immatures), because
of that, the comparison of adults and immatures
was performed also regardless of sex affiliations
(the last row in Table 1). The differences between
adults and immatures were statistically significant
for each of the studied sites.

According to Rényi’s profiles (Fig. 2), the di-
versity in microhabitat choice was highest in adult
males in Osogovo, adult females in Plana, and im-
mature males in Vitosha. Statistically significant
differences by Shannon diversity index (Table 2)
were observed between adult males and immature
males (in Osogovo and Vitosha), between adult fe-
males and immature males in Plana and Vitosha,
as well as between adult and immature females (in
Plana).

The similarity between the age-sex groups in
regard to the number of specimens, found in the
separate microhabitat classes (Table 3), was high
in most of the combinations. The highest similar-

ity was observed between adult males and adult
females (in Vitosha) and between immature males
and immature females (in Plana and Osogovo). The
cluster analysis (Fig. 3) showed a grouping of the
adults and immatures in separate, relatively well-
differentiated clusters, for each of the study sites.

The results from the Correspondence analysis
(Fig. 4) were similar to those, obtained on the basis
of similarity and diversity indices. In all cases, the
first two axes explained more than 84% of the total
dispersion. According to the values of the first axis,
there was a clear differentiation between adults and
immatures (for each study site), and according to the
second axis — between the sexes, both for adults and
immatures (in Plana), and only for adults (in Osogo-
vo) or immatures (in Vitosha). Adult males could
be associated with the patches, where the grass was
most high and dense (especially in Osogovo and
Plana), and adult females — with the patches, where
the grass was dense or very dense, regardless of its
height. In all cases, the immatures could be associ-
ated with the patches, covered by low, but dense or
very dense grasses.

Discussion

When comparing the analysis results of the three
surveyed territories, both similar and different
trends in the choice of microhabitat were observed.
The differences are hardly to be explained unam-
biguously: they can be dependent on the influence
of site-specific environmental factors (e.g. altitude,
microrelief, etc.), as well as on the subjective factors
(e.g. insufficiency in sample sizes, and/or absence
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Fig. 3. Clustering of the age-sex groups of L. agilis bosnica, based on the Morisita index.
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of uniformity in the time framework of the field re-
searches).

In view of the results obtained, it can be ar-
gued that in the studied populations of L. agilis bos-
nica, there is a clear ontogenetic differentiation in

microhabitat choice (corroborated by each of the
used analytical methods for each of the three stud-
ied sites). Adults mostly choose high grass patches,
and immatures — low grass patches. A similar ten-
dency is observed also in the other subspecies (L.
agilis chersonensis), which occurs in Bulgaria (see
GRrozDANOV et al. 2014). It should be taken into ac-
count, that the density of the grasses may impact
the ability of the researcher to detect the immature
lizards, but in our case this is unlikely, because all
of the age groups of lizards were detected mainly
by their movement and not by observation of im-
mobile specimens. Data for the Sand lizard ecology
in the neighbouring countries are very scarce, and
only the study of NEMES et al. (2006) is compara-
ble to our research. According to the cited authors,
the microhabitat selection showed some segregation
between the age groups with regard to ontogenetic
shifts and age-related differences. These could be
due to the morphological differences between adults
and immatures (EKNER et al. 2008), their different
thermal requirements in respect to size (PAULISSEN
1988, AMmaT et al. 2003, MARTIN & LOPEZ 2003,
HERCZEG et al. 2007), or competition avoidance of
the adults from the juveniles (DELANEY & WARNER
2017). Age-related habitat selection is observed in
many lizard species (CARRASCAL et al. 1990, NEMES
et al. 2006, KovAcs & Kiss 2016). Larger lizards
have greater thermal inertia which makes them able
to inhabit less exposed microhabitats than smaller
conspecifics, which need more open habitats to en-
sure proper thermal regulation (PAULISSEN 1988). In
contrast to adults, the immatures inhabit suboptimal
habitats, due to competition avoidance of the more
dominant adults or to avoid direct threat, as well
as cannibalism, a trait well documented in Lacerta
spp. (ANGELICI et al 1997, SAGoNas et al. 2018).
Some authors state the negative influence of bushy

patches to hatchlings (AMar et al. 2003, NEMES et al.

2006, KoLANEK et al. 2019). These patches are usu-
ally occupied by adults which might result in pos-
sible cannibalism. Therefore in immatures, there is a
prominent shift to the less suitable microhabitats as
those with the lowest grass height were preferred by
the immature females. Some studies on the north-
westernmost populations, where the sand lizards
prefer low-density cover of grass with bushes spread
along patches of bare ground (CORBETT & TAMARIND
1979, GLANDT 1979, STRIIBOSCH 1986, WOUTERS et
al. 2012, READING & JOFRE 2016) showed that sand
and bare soil were the most preferred habitats for fe-
males and hatchlings in connection with egg lying.
In our study patches with no grass or scarce grass
cover could not be associated with any of age-sex
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groups. The possible explanation, in this case, could
be that those patches were not providing secure
places to hide, as well the lack of artificial shelters in
them, and lizards are driven to choose more secured
nesting sites.

The difference between sexes in regard to mi-
crohabitat preferences in the studied populations
of L. agilis bosnica was comparatively weakly ex-
pressed (supported only by the Correspondence
analysis, moreover not for each of the used com-
binations). It seems that in L. agilis chersonensis,
the difference between sexes is more clear, but
supported also by Correspondence analysis only
(see GrozpANOV et al. 2014). On the other hand,
namely the multivariate analyses are considered to
give more detailed picture about lizards habitat use
and to be more sensitive than the classical “good-
ness of fit” tests (NEMES et al. 2006, GROZDANOV
et al. 2014). Results from the present study suggest
that the adult males, as a dominant group, often oc-
cupied the most suitable microhabitat patches (high-
est and densest grass cover), while the adult females
were observed mainly in the patches where the grass
cover was dense, but its height varied (i.e. subop-
timal microhabitat); in immatures, the sex-related
differences in microhabitat choice hardly to be ex-
pressed. To a large extent, that corresponds to the
species ecological requirements for occupying the
most appropriate and secured natural shelters, as
stated by GLANDT (1991). Sex-related differences in
the habitat use may be related to sexual dimorphism
(BUTLER et al. 2000, MoLINA-BorJA et al. 2010,
KaLioNTZOPOULOU et al. 2015): males have longer
bodies, tails, fore- and hind limbs, which has been
observed in L. a. bosnica (see Popova et al. 2019),
and that gives them greater opportunity in locomo-
tion and sprint speed, thereby making them capable
to inhabit sites with higher vegetation, shrubs etc.
Behavioural differences could also shape the micro-
habitat occupancy: males have to explore and guard
their territories (OLSSON 1986) or search for mates
(OLssoN 1993). They often are exposed to higher
predation risk (CooPER & VITT 2002), hence they
have to choose those microhabitats that increase
the probability to avoid predators, thus can provide
them with greater success during the breeding sea-
son, or in our case, were those patches with higher
vegetation. In contrast to males, adult females have
different thermal necessities related to the nesting
period (ANGILLETTA et al. 2009). Their microhabitat
choice is most probably related to the reproduction
and pregnancy: pregnancy affects locomotor per-
formance (BAUWENS & THOEN 1981) and restricts
climbing abilities, making females more vulnerable
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toward predators (BRODIE 1989, SCHWARZKOPF &
SHINE 1992, DOWNES & BAUWENS 2002). Therefore
females have to choose more cryptic microhabitats,
thus the dense vegetation gives them a better op-
portunity to flee or/and hide from predators, as well
as provides for their thermoregulation needs (NEEL
& McBRAYER 2018). Other factors, such as feeding
behaviour, may also influence habitat selection, but
more researches are needed to clarify their role.

Conclusion

The microhabitat selection in Lacerta agilis bosni-
ca depends mainly on ontogenetic stage, while the
sex-related differences seem to be of less impor-
tance. In general, L. agilis bosnica is a taxon relat-
ed to open habitats, but the structure of grass cover
is crucial, which make this subspecies sensitive to
habitat change caused by habitat management, pro-
cesses of succession and pasture abandonment. On
the other hand, intense land use and overgrazing
could also have a negative impact, due to the spe-
cific requirement of this species to avoid sites with
lowest grass cover. The importance of vegetation
height and density should be taken into account for
L. agilis bosnica when conservation measures are
planned and applied.
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Appendix 1: Percent distribution of the captured specimens (in age-sex groups) per microhabitat classes (“n” denotes
number of captured lizards; for the other abbreviations see section “Material and Methods”).

M F imM imF
HIDI 0.00 0.00 2.70 0.00
H1D2 10.00 2.94 0.00 0.00
H1D3 0.00 8.82 0.00 2.94

Plana
(n - 125) H1D4 25.00 11.76 16.22 20.59
H2D3 0.00 8.82 0.00 2.94
H2D4 25.00 32.35 51.35 61.76
H3D4 40.00 35.29 29.73 11.76
HID1 0.00 0.00 3.13 0.00
H1D3 3.03 6.56 9.38 20.69
. H1D4 3.03 1.64 18.75 10.34
221’51}?5) H2D3 36.36 37.70 21.88 20.69
H2D4 21.21 13.11 9.38 20.69
H3D3 21.21 22.95 21.88 24.14
H3D4 15.15 18.03 15.63 3.45
HID1 8.33 16.67 0.00 0.00
H1D3 25.00 53.33 18.18 29.41
H1D4 8.33 3.33 36.36 11.76
Os0govo H2D3 8.33 3.33 18.18 35.29
(n=70) H2D4 16.67 13.33 27.27 17.65
H3D2 8.33 0.00 0.00 0.00
H3D3 8.33 3.33 0.00 0.00
H3D4 16.67 6.67 0.00 5.88







