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Abstract. Although the Viviparous lizard (Zootoca vivipara) is one of the most successful lizard species and is widespread across 

Eurasia, data on its dietary habits are still lacking, especially from the southern part of its range. In order to shed light on its diet, we 

conducted а study in three high mountains in Bulgaria, which represent separate “patches” from the range of Z. vivipara in the 

country. To investigate the food preferences, we adopted a non-invasive method using faecal samples and a total of 290 faecal 

samples that could be assigned to individual specimens with determined age and sex were collected. A total of 19 prey categories 

were detected and the number of categories per each study site varied between 16 and 18, which indicates opportunistic feeding 

habits. The most preferred prey types were Auchenorrhyncha (Order Hemiptera) and Araneae, while Formicidae and Opilones, 

abundant in the field, were avoided. Two physical characteristics of the prey, hardness and evasiveness, were analysed. In respect to 

hardness, Z. vivipara choose more often hard prey, and in respect to evasiveness, sedentary prey was consumed more often, hence 

we could suggest that Z. vivipara is an active forager. Statistically significant differences between immatures and adults were found 

as adults showed more diverse diet. No such differences between sexes were detected. Two cases of (partial) cannibalism and many 

cases of keratophagy (in 9% of the faecal pellets) were detected. 
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Introduction 

 

Lizards have an intermediate position in food chains, as they 

simultaneously fulfil the roles of both predators and prey 

(Žagar et al. 2015), and knowledge on their feeding ecology 

is of crucial importance in understanding the relations with-

in these chains. The Lacertidae family is the most species-

diverse lizard family in Europe, and its representatives are 

widely distributed across the area. Although there have been 

a number of studies on food preferences and trophic ecology 

of lacertid lizards, they focus mostly on species from West-

ern Europe and the Mediterranean (Arnold 1987, 

Adamopoulou et al. 1999, Capula & Luiselli 1994, Carretero 

& Llorente 1993, Crovetto & Salvidio 2013, Pérez-Mellado et 

al. 2011), while less attention has been directed to Eastern 

Europe and the non-Mediterranean part of the Balkan Pen-

insula in particular. Lacertids are opportunistic feeders and 

are mainly insectivorous (Arnold 1987, Carretero 2004 and 

references therein) but they also feed on other arthropods, 

snails, etc. (Castilla et al. 2008, Van der Meer et al. 2010). 

Small vertebrate animals (Castilla et al. 1996) or plant matter 

(Pérez-Mellado & Corti 1993, Van Damme 1999) can also be 

consumed by lacertids. Cannibalism is not rare and has been 

documented in few species (Žagar & Carretero 2012, Simović 

& Marković 2013, Mateoa & Pleguezuelos 2015). 

Zootoca vivipara is a small-sized, cold-adapted lizard oc-

casionally reaching up to 20 cm, and is the reptile species 

with the widest distribution in Eurasia: from Ireland to Sa-

khalin Island and from South Europe to north of the Arctic 

Circle (see Dely & Böhme 1984 and references therein), as a 

result of multiple expansion and colonization of new bioge-

ographic regions during interglaciation (Horreo et al. 2018). 

In Bulgaria, Z. vivipara is considered a glacial relict, known 

only from areas above 1200 m a.s.l. in the mountains of Stara 

Planina, Vitosha, Rila, Pirin, Osogovo and Western Rhodo-

pes (Stojanov et al. 2011). 

Despite its wide distribution, data on many aspects of 

the species ecology are still lacking. Studies on food prefer-

ences and trophic ecology are available mainly for popula-

tions from the northern part of species’ range: England 

(Avery 1966, 1971), Finland (Kopponen & Hietakangas 1972), 

France (Pilorge 1982), Netherlands (Strijbosch 1992), Ukraine 

(Shcherbak & Shcherban 1980), and Russia (Anufriev & 

Bobretsov 1996, Kuranova et al. 2005). For the south-

westernmost populations (represent the egg-laying subspe-

cies Z. vivipara louislantzi Arribas, 2009) there is a single 

study (Roig 1998, Roig et al. 1998). As cold-adapted species, 

in the southern range Z. vivipara is restricted to higher alti-

tude. These high mountain areas are poor in dietary re-

sources (see for example Amat et al. 2008, Pérez-Mellado et 

al. 1991). Until now, no dedicated and detailed studies about 

the feeding ecology of the Viviparous lizard have been done 

on the Balkan Peninsula (with exception of the master’s the-

sis of Naydenova 1966). 

The aims of the present work were: (1) to investigate the 

prey composition in the diet of Z. vivipara in Bulgaria; (2) to 

see if any differences occurred between sexes and age 

groups; (3) to characterize the diet in relation to hardness 

and evasiveness of prey; (4) to compare the consumed prey 

with the available resources. 
 

 

Material and Methods 

 

Study area 

Field work was conducted in three representative territories, situated 

in different mountains, which represent separate “patches” from the 

range of Z. vivipara in Bulgaria (Fig. 1). Ordered by altitudinal gradi-

ent, they were as follows: 1) the surroundings of Ambaritsa hut in 

the central part of Stara Planina Mts. (N42°44' E24°46', 1500-1800 m 

a.s.l.); 2) the plateau in the Vitosha Mts. (N42°35' E23°17', 1750-1880 

m a.s.l.); 3) the surroundings of Skakavitsa lake in the north-western 

part of Rila Mts. (N42°13' E23°18', 2100-2250 m a.s.l.). All study areas 

generally represent subalpine meadows above the forest belt (in  
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Figure 1. Location of the studied sites on the territory of Bulgaria (1: 

Ambaritsa; 2: Vitosha; 3: Skakavitsa). 
 

 

Ambaritsa: dry meadows on a mountain slope, covered with Juni-

perus communis shrubs and different grasses of Poaceae family; in Vi-

tosha and Rila: peatlands and meadows with dense herbaceous veg-

etation). 

 

Sampling and data processing 

Diet of Z. vivipara was investigated on the basis of faecal samples, 

collected from captured lizards. Sampling was done in 2016 and 2017 

during the period from May to September. A total of 41 field days 

were conducted, as follows: Ambaritsa – 18 days, Vitosha – 13 days, 

and Skakavitsa – 10 days. Lizards were captured by hand and were 

measured (snout-vent length, SVL) with transparent ruler to the 

nearest 1 mm. Age class was determined based on size, external 

morphology and colouration, closer observation in the cloacal area in 

males, and the presence of bite marks in females, and due to varia-

tion in size and maturity across the species’ range (Bauwens & Ver-

heyen 1987, Heulin 1985) we considered adult SVL to be > 40 mm in 

males and > 45 mm in females, with juveniles and subadults 

grouped in a single category (immatures). 

All of the captured lizards were placed separately in plastic box-

es until defecation (two-three days) and the faecal matter from each 

lizard was preserved in test tubes with ethanol. The obtained sam-

ples were examined with stereoscopic microscope (magnification 10-

40X), and invertebrate remnants were identified to the lowest possi-

ble taxonomic level (in most cases to the level of Order). Counting of 

individual invertebrates in the pellets was based on chitinous parts, 

as cephalic capsules, wings and legs, or some specific structures, as 

elytra in Coleoptera, chelicerae and pedipalps in spiders, chelae in 

harvestmen, etc., following the minimum numbers criterion by sam-

ple. In addition, lizard remnants were noticed too: when parts of the 

upper keratinous layer of the skin were present only, and scales and 

bone remains were absend, we atributed them as shed skin, suggest-

ing keratophagy (see Mitchell et al. 2006). 

Food resources in the study areas were evaluated by pitfall traps 

for collecting of invertebrates, which is a widely used method in sim-

ilar studies (e.g., Diaz & Carascal 1993, Hódar et al. 1996, 

Adamopoulou et al. 1999, Crovetto & Salvidio 2013). Cylindrical 

plastic containers (9.5 cm wide and 12 cm deep), filled with propyl-

ene glycol, were used as pitfall traps. In each of the three areas, 18 

pitfall traps (10 meters apart) were placed, but their exposition was 

different (both in total sampling duration and across seasons), as fol-

lows: in Ambaritsa – total of 50 days (unevenly in May, July and Au-

gust); in Vitosha – 28 days (unevenly in June and July); in Skakavitsa 

– 18 days (unevenly in June, July and September). Collected inverte-

brates were identified to the lowest possible taxonomic rank. 

In most cases (both in the main text and tables/figures), the term 

“operational taxonomic unit” (abbreviated as OTU) is used instead 

of the term "taxon", because here the individual taxa are considered 

without taking into account their rank, and also categories such as 

"insect larvae" or "undefined insects" are presented. Collected inver-

tebrates (both from the faecal and trap samples) were categorized 

with regards to their hardness (hard, intermediate, soft) and eva-

siveness (sedentary, intermediate, evasive) in accordance with Ver-

waijen et al. (2002) and Vanhooydonck et al. (2007). Intensity of 

fieldwork was not equal across months or seasons, for which reason 

data from 2016 and 2017 were combined and all analyses were done 

without taking into account possible seasonal variations. 

 

Statistical approach 

Taxonomic diversity in the food of Z. vivipara was analysed by Ré-

nyi's index family (diversity profiles), which is considered one of the 

most useful methods for ordering communities according to their 

diversity (see Tóthmérész 1995). When acceptable (Rényi's profiles 

did not intersect), the significance of differences in diversity between 

the separate samples (adults vs. immatures and males vs. females) 

was assessed by a permutation test, based on the diversity indices of 

Shannon (H) and Simpson (1-D). Shannon’s index gives higher 

weight to rare taxa, and Simpson’s index – to abundant taxa (see 

Krebs 1999). 

Food selectivity was analysed by comparing the faecal samples 

with trap samples on the basis of abundance of individuals from par-

ticular OTUs (standardized toward total number of individuals in 

the sample). The electivity was described by the indices of Ivlev (E) 

and Vanderploeg & Scavia (E*) (see respectively Ivlev 1961 and 

Vanderploeg & Scavia 1979). Both indices take values from -1 to +1, 

where the positive values indicate that the respective component is 

preferred, and the negative – that it is avoided. The first index ap-

pears to be more widely used, but the second has better theoretical 

justification (see Lechowicz 1982). 

Spearman's rank correlation coefficient was used to test for cor-

relation between abundance and frequency of the prey items. A Chi-

square test was used for the comparison between sexes and between 

age groups, regarding the categories of evasiveness and hardness of 

the nutritional components. 

Calculation of the diversity indices, as well as statistical tests, 

were done using PAST 3.21 (Hammer et al. 2001). The electivity indi-

ces were calculated in Microsoft Excel (2010) after manual input of 

the respective formulas. 

 

 

Results 

 

During the fieldwork, a total of 290 faecal samples from dif-

ferent individuals of Z. vivipara (85 adult males, 146 adult 

females, 59 immatures) were collected. The identifiable in-

vertebrate remnants could be attributed to 1862 individual 

specimens; besides invertebrates, parts of shed skins and 

bones of Z. vivipara were found in some samples, as well as 

plant remnants (Appendix 1). Material collected from the 

pitfall traps included a total of 22177 invertebrates (Appen-

dix 2). Proportional participation of the OTUs in the faecal 

and trap samples is presented on Fig. 2. 

In view of possible interspecies competition between liz-

ards, it should be mentioned that besides Z. vivipara, the fol-

lowing lizards were also registered in two of the study areas: 

in Ambaritsa – Anguis colchica (Nordman, 1840) and Podarcis 

muralis (Laurenti, 1768), the latter inhabits screes and aban-

doned buildings, and was not found syntopically with Z. 

vivipara; in Vitosha – Anguis fragilis Linnaeus, 1758; in Ska-

kavitsa – no other lizard species were found. 

 

Taxonomic composition of the food  

(diversity and selectivity) 

Total number of OTUs registered in the faecal samples, was 

19 (excluding the category “Arthropoda indet.”), and in the 

different study areas it varied between 16 and 18. Almost all  
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Figure 2. Percentage of the invertebrates by OTUs according to: total 

number of specimens in the faecal samples of Z. vivipara (N); num-

ber of faecal samples in which the OTU is presents (Fr); total num-

ber of specimens, collected by pitfall traps (NTr). OTUs are in de-

scending order according to the values of N. 
 

 

OTUs were common to the three (or at least two) areas; an 

exception was Myriapoda, found only in the samples from 

Ambaritsa. In each of the study areas, Auchenorrhyncha 

(Order Hemiptera) and Araneae had the largest participa-

tion in faecal samples, both in number and frequency of oc-

currence. The correlation between abundance and frequency 

of OTUs for all three sites was positive with very high level 

of statistical significance (in all cases: Spearman's Rho > 

0.970, p < 0.001). Hence, the most abundant OTUs in the fae-

cal samples were also the most frequently eaten prey. 

Total number of OTUs registered in the pitfall traps, was 

20 (between 16 and 19 in the different areas). Most of them 

coincided with those found in the faecal samples, with the 

exception of Aphidoidea and Trichoptera. In all three areas, 

the most abundant taxon was Formicidae (between 29.7 and 

54.6% of all invertebrates collected), followed by Diptera (in 

Vitosha and Skakavitsa) or Opiliones (in Ambaritsa). 

There was a marked difference between the relative 

abundance of OTUs in faecal and trap samples (Fig. 2). A 

more accurate notion could be obtained from the electivity 

indices applied to high-abundance OTUs in the faecal sam-

ples (Table 1). The numerical values of the two used indices  

Table 1. List of the most abundant (r > 5%) OTUs from the faecal 

samples of Z. vivipara according to the electivity indices of Ivlev (E) 

and Vanderploeg & Scavia (E*); r = percentage in the faecal sam-

ples, p = percentage in the pitfall traps. 
 

Site OTU r p E E* 

Ambaritsa Auchenorryncha 41.66% 5.36% 0.7719 0.4657 

Araneae 16.23% 6.02% 0.4590 -0.0243 

Coleoptera 11.80% 7.12% 0.2476 -0.2613 

Formicidae 9.88% 29.74% -0.5014 -0.7900 

Vitosha Auchenorryncha 33.33% 1.38% 0.9205 0.6458 

Orthoptera 9.39% 3.30% 0.4793 -0.2934 

Coleoptera 12.07% 5.65% 0.3621 -0.4178 

Araneae 12.45% 7.51% 0.2476 -0.5165 

Hymenoptera (eF) 5.36% 3.69% 0.1844 -0.5634 

Opiliones 6.51% 6.24% 0.0213 -0.6657 

Skakavitsa Araneae 21.56% 7.35% 0.4917 0.2240 

Auchenorryncha 41.51% 16.25% 0.4374 0.1573 

Hymenoptera (eF) 6.20% 3.27% 0.3091 0.0091 

Coleoptera 7.82% 7.63% 0.0118 -0.2901 

Formicidae 7.28% 37.54% -0.6753 -0.8113 

 

 

were different (as expected, see Lechowicz 1982), but they 

exhibited the same trends in the ranking of OTUs by selec-

tivity: the most preferred prey types were Auchenorrhyncha 

(in Ambaritsa and Vitosha) and spiders (in Skakavitsa), and 

the most avoided – ants (in Ambaritsa and Skakavitsa) and 

harvestmen (in Vitosha). 

 

Ontogenetic and sexual variations in the diet diversity and 

selectivity 

Diversity in the diet of adults was higher than in immatures 

(Fig. 3). The number of OTUs in faecal samples from adults 

ranged from 14 to 17, and in those from immatures – be-

tween 11 and 13. Taxa of Myriapoda, Isopoda, Collembola 

and Lepidoptera were found only in adults, whereas in im-

matures, there was no unique OTU. Both in adults and im-

matures, the most common were the remnants of Auchenor-

rhyncha and Araneae. 

Statistically significant differences in dietary diversity 

between adults and immatures (Table 2) were present in the 

samples from Ambaritsa and Skakavitsa (in both indices), 

whereas in that from Vitosha the differences were not signif-

icant. It should be noted that in the case of Vitosha, the 

number of faecal samples from immatures was the smallest, 

and the difference in the sample size (adults vs. immatures) 

– the largest. Therefore, this study area may be considered 

the least indicative in terms of differences between age 

groups. 

According to the electivity indices (Table 3) adults in 

Ambaritsa mostly preyed on Auchenorrhyncha, and imma-

tures – on Gastropoda. In both adults and immatures from 

Vitosha, Auchenorrhyncha and Opiliones were the most pre-

ferred and the most avoided prey, respectively. In Ska-

kavitsa, Araneae was the most preferred prey (for each of 

the two age classes), but the ranking of OTUs in immatures 

cannot be considered indicative because in the faecal sam-

ples, there were only two high abundant OTUs. 

Diversity in the diet of males and females was very simi-

lar according to Rényi's profiles (Fig. 4). The OTUs number 

in the faecal samples of males varied from 12 to 15, and in 

those of females – between 13 and 17. Permutation test (Ta- 



Diet of Zootoca vivipara from its southern range 
 

181 
 

 
 

Figure 3. Diversity profiles of the food in adults (ad) and immatures (imm) Z. vivipara according to the abundance (N) and frequency 

(Fr) of OTUs in the faecal samples. 
 

 

Table 2. Diversity indices and statistical significance (Permutation p) of the differences be-

tween adults (ad) and immatures (imm), estimated on the basis of abundance (N) and fre-

quency of occurrence (Fr) of OTUs in the faecal samples. Significant differences are indicat-

ed by asterisks (* p < 0.05, ** p < 0.01, *** p < 0.001). 
 

Ambaritsa 

n = 84 (ad), 24 (imm) 

N Fr 

ad imm Perm p ad imm Perm p 

Shannon H 1.998 1.738 
n/a 

2.432 1.920 0.0005*** 

Simpson 1-D 0.783 0.770 0.888 0.814 0.0032** 

Vitosha 

n = 95 (ad), 12 (imm) 

N Fr 

ad imm Perm p ad imm Perm p 

Shannon H 2.274 1.966 0.0900 2.448 2.244 0.399 

Simpson 1-D 0.851 0.789 0.0790 0.889 0.871 0.466 

Skakavitsa 

n = 52 (ad), 23 (imm) 

N Fr 

ad imm Perm p ad imm Perm p 

Shannon H 2.056 1.570 0.0007*** 2.33 1.990 0.0399* 

Simpson 1-D 0.817 0.690 0.0013** 0.884 0.810 0.0101* 

 

 

ble 4) did not show statistically significant differences be-

tween sexes for the samples from Ambaritsa and Vitosha. 

Regarding the Skakavitsa sample, the difference between 

sexes was statistically significant in terms of abundance of 

OTUs, but not in frequency of occurrence. In each of the 

study areas, the number of faecal samples from females was 

almost twice that of males, but from Skakavitsa the sample 

size was smallest (both from males and females). The latter 

is likely to distort test result and may potentially lead to false 

positive expression of a significant difference between sexes. 

According to the electivity indices (Table 5), Aucheno- 

rrhyncha and Formicidae were respectively the most pre-

ferred and the most avoided prey in Ambaritsa, in both 

males and females. In Vitosha, the insect larvae were the 

most preferred prey in males, whereas in females it was 

Auchenorrhyncha; spiders were the most avoided prey in 

both sexes. In Skakavitsa, Auchenorrhyncha was the most 

preferred prey in males, and Heteroptera – in females. 

 

Evasiveness and hardness of the food components 

An additional idea (beyond the taxonomic diversity) for the 

feeding of Z. vivipara could be obtained by analysing some of  
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Table 3. List of the most abundant (r > 5%) OTUs from the faecal samples of adults (ad) 

and immatures (imm) according to the electivity indices of Ivlev (E) and Vanderploeg & 

Scavia (E*); r = percentage in the faecal samples, p = percentage in the pitfall traps. 
 

Locality Age OTU r p E E* 

Ambaritsa ad Auchenorryncha 42.01% 5.36% 0.7735 0.4774 

Araneae 14.66% 6.02% 0.4179 -0.0641 

Coleoptera 11.10% 7.12% 0.2183 -0.2799 

Formicidae 11.23% 29.74% -0.4518 -0.7601 

imm Gastropoda 5.65% 0.22% 0.9255 0.7794 

Heteroptera 8.06% 1.06% 0.7682 0.4084 

Auchenorryncha 39.52% 5.36% 0.7610 0.3937 

Araneae 25.81% 6.02% 0.6217 0.1445 

Coleoptera 16.13% 7.12% 0.3875 -0.1717 

Vitosha ad Auchenorryncha 32.25% 1.38% 0.9180 0.6257 

Heteroptera 5.19% 1.05% 0.6648 -0.0401 

Orthoptera 9.31% 3.30% 0.4760 -0.3129 

Coleoptera 12.99% 5.65% 0.3935 -0.4016 

Araneae 11.69% 7.51% 0.2176 -0.5514 

Hymenoptera (eF) 5.63% 3.69% 0.2075 -0.5587 

Opiliones 6.49% 6.24% 0.0198 -0.6760 

imm Auchenorryncha 41.67% 1.38% 0.9359 0.7766 

Orthoptera 10.00% 3.30% 0.5033 -0.1129 

Araneae 18.33% 7.51% 0.4188 -0.2173 

Opiliones 6.67% 6.24% 0.0329 -0.5609 

Skakavitsa ad Araneae 19.29% 7.35% 0.4482 0.1718 

Hymenoptera (eF) 7.86% 3.27% 0.4120 0.1283 

Auchenorryncha 37.50% 16.25% 0.3955 0.1089 

Coleoptera 10.36% 7.63% 0.1513 -0.1552 

Formicidae 8.57% 37.54% -0.6283 -0.7808 

imm Araneae 28.57% 7.35% 0.5909 0.3489 

Auchenorryncha 53.85% 16.25% 0.5364 0.2769 
 

 

 
 

Figure 4. Diversity profiles of the food in males (M) and females (F) according to the abundance (N) and frequency (Fr) of OTUs in 

the faecal samples. 



Diet of Zootoca vivipara from its southern range 
 

183 

Table 4. Diversity indices and statistical significance (Permutation p) of the differences be-

tween males (M) and females (F), estimated on the basis of abundance (N) and frequency 

of occurrence (Fr) of OTUs in the faecal samples. Significant differences are indicated by as-

terisks (* p < 0.05, ** p < 0.01, *** p < 0.001). 
 

Ambaritsa 

n = 32 (M), 52 (F) 

N Fr 

M F Perm p M F Perm p 

Shannon H 2.068 1.920 
n/a 

2.363 2.434 0.4631 

Simpson 1-D 0.819 0.757 0.8766 0.8925 0.3051 

Vitosha 

n = 35 (M), 60 (F) 

N Fr 

M F Perm p M F Perm p 

Shannon H 2.153 2.224 0.4528 2.344 2.436 0.3605 

Simpson 1-D 0.8243 0.8486 0.2544 0.8758 0.8908 0.3439 

Skakavitsa 

n = 18 (M), 34 (F) 

N Fr 

M F Perm p M F Perm p 

Shannon H 1.824 2.101 0.0267* 2.225 2.314 0.5036 

Simpson 1-D 0.753 0.840 0.0075** 0.870 0.886 0.4039 

 

 

Table 5. List of the most abundant (r > 5%) OTUs from the faecal samples of males (M) and 

females (F) according to the electivity indices of Ivlev (E) and Vanderploeg & Scavia (E*);  

r = percentage in the faecal samples, p = percentage in the pitfall traps. 
 

Locality Sex OTU r p E E* 

Ambaritsa M Auchenorryncha 33.85% 5.36% 0.7264 0.2617 

Araneae 18.29% 6.02% 0.5047 -0.0973 

Coleoptera 15.18% 7.12% 0.3613 -0.2681 

Formicidae 10.89% 29.74% -0.4637 -0.8195 

F Auchenorryncha 46.20% 5.36% 0.7920 0.5791 

Araneae 12.80% 6.02% 0.3603 -0.0382 

Coleoptera 9.00% 7.12% 0.1166 -0.2898 

Formicidae 11.40% 29.74% -0.4458 -0.7138 

Vitosha M Insecta (larvae) 5.45% 0.13% 0.9522 0.7626 

Auchenorryncha 37.58% 1.38% 0.9292 0.6639 

Orthoptera 11.52% 3.30% 0.5540 -0.2244 

Opiliones 12.12% 6.24% 0.3202 -0.4782 

Araneae 11.52% 7.51% 0.2105 -0.5641 

F Auchenorryncha 29.29% 1.38% 0.9100 0.5995 

Heteroptera 5.39% 1.05% 0.6749 -0.0157 

Coleoptera 19.53% 5.65% 0.5511 -0.2121 

Orthoptera 8.08% 3.30% 0.4195 -0.3698 

Hymenoptera (eF) 6.73% 3.69% 0.2915 -0.4893 

Araneae 11.78% 7.51% 0.2215 -0.5442 

Skakavitsa M Auchenorryncha 48.51% 16.25% 0.4983 0.1419 

Araneae 18.81% 7.35% 0.4382 0.0658 

Hymenoptera (eF) 5.94% 3.27% 0.2897 -0.1056 

Coleoptera 9.90% 7.63% 0.1292 -0.2675 

F Heteroptera 6.15% 1.32% 0.6463 0.4800 

Hymenoptera (eF) 8.94% 3.27% 0.4641 0.2510 

Araneae 19.55% 7.35% 0.4537 0.2387 

Auchenorryncha 31.28% 16.25% 0.3164 0.0815 

Coleoptera 10.61% 7.63% 0.1633 -0.0811 

Formicidae 12.85% 37.54% -0.4900 -0.6539 

 

 

the physical characteristics of the prey, in this case evasive-

ness and hardness. 

In terms of evasiveness (Fig. 5), the sedentary prey pre-

vailed in the faecal samples (in each study area), both in 

number (59 to 69% of all identified invertebrates) and in fre-

quency of occurrence (89 to 92% of the faecal samples). In 

regards to hardness (Fig. 5), the hard invertebrates prevailed 

in the faecal samples (in each study area), but only in num-

ber (56 to 69% of all identified invertebrates), whereas the 

frequency of occurrence of hard and soft invertebrates was 

very similar (hard: 75 to 89%, soft: 75 to 85%). 

 

Ontogenetic and sexual variations in the evasiveness  

and hardness of food components 

Differences between adults and immatures in evasiveness of 

the prey items (Table 6) were statistically significant (both in 

number and frequency) in the samples from Ambaritsa and 

Skakavitsa. In those areas, sedentary prey items predomi- 
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Figure 5. Proportions of the invertebrates in the faecal samples of Z. vivipara according to their evasiveness (A) and hardness (B) as percent-

age from all of the identified invertebrates. 
 

 

Table 6. Results of Chi-square test for the differences between adults (ad) and immatures (imm) 

in regards to evasiveness and hardness of the prey items (FS = faecal samples, n = number of 

faecal samples; the significant differences are indicated by asterisks: * p < 0.05, ** p < 0.01, *** p 

< 0.001). 
 

Evasiveness 
Number in FS Frequency in FS 

χ2 df p χ2 df p 

Ambaritsa [n = 84 (ad), 24 (imm)] 7.651 2 0.022* 7.720 2 0.021* 

Vitosha [n = 95 (ad), 12 (imm)] 3.943 2 0.139 0.187 2 0.911 

Skakavitsa [n = 52 (ad), 23 (imm)] 23.876 2 0.000*** 8.419 2 0.015* 

Hardness 
Number in FS Frequency in FS 

χ2 df p χ2 df p 

Ambaritsa [n = 84 (ad), 24 (imm)] 8.634 2 0.013* 5.433 2 0.066 

Vitosha [n = 95 (ad), 12 (imm)] 0.034 2 0.983 0.178 2 0.915 

Skakavitsa [n = 52 (ad), 23 (imm)] 1.687 2 0.430 1.180 2 0.554 

 

 

Table 7. Results of Chi-square test for the differences between males (M) and females (F) in re-

gards to evasiveness and hardness of the prey items (FS = faecal samples, n = number of faecal 

samples; the significant differences are indicated by asterisks: * p < 0.05, ** p < 0.01, *** p < 

0.001). 
 

Evasiveness 
Number in FS Frequency in FS 

χ2 df p χ2 df p 

Ambaritsa [n = 32 (M), 52 (F)] 1.561 2 0.458 0.646 2 0.724 

Vitosha [n = 35 (M), 60 (F)] 25.228 2 0.000*** 4.277 2 0.118 

Skakavitsa [n = 18 (M), 34 (F)] 10.320 2 0.006** 1.765 2 0.414 

Hardness 
Number in FS Frequency in FS 

χ2 df p χ2 df p 

Ambaritsa [n = 32 (M), 52 (F)] 2.851 2 0.240 0.166 2 0.920 

Vitosha [n = 35 (M), 60 (F)] 8.049 2 0.018* 0.390 2 0.823 

Skakavitsa [n = 18 (M), 34 (F)] 0.212 2 0.899 0.090 2 0.956 

 

 

nated in both adults and immatures, but the portion of eva-

sive prey in immatures was very low, whereas in adults the 

distribution of prey items according their evasiveness was 

more uniform (see Appendix 3). Similar tendency was also 

observed in the sample from Vitosha, but it should be noted 

that in this case, the sample from immatures was half the 

size of those from the other study areas (in all likelihood this 

fact has influence on test results). 

In regards to hardness of the prey items (Table 6), the 

difference between adults and immatures was statistically 

significant only for the sample from Ambaritsa. This is most 

probably due to the complete absence of one of the hardness 

categories in the immatures from Ambaritsa, while the sam-

ples from the other two study areas contained all categories 

(see Appendix 4). Therefore, the difference between adults 

and immatures in Ambaritsa can hardly be considered real, 

the more so because it lacks exactly the intermediate catego-

ry of hardness. 

Differences between the sexes in evasiveness of the prey 

items were statistically significant (in number, but not in fre-

quency) in the samples from Vitosha and Skakavitsa (Table 

7). In all three areas, the sedentary prey items predominated 

in both sexes, but in males from Vitosha and Skakavitsa they 

were followed by highly evasive prey, while in females – by 

prey items with intermediate evasiveness (see Appendix 3). 

In regards to hardness of the prey items, the difference 

between sexes was statistically significant (in number, but 

not in frequency) only for the sample from Vitosha (Table 7). 
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In this study area, the abundance of the hard and soft prey 

items was almost equal in males, but in females the number 

of hard prey items was double the number of soft prey 

items; in the faecal samples from the other study areas, the 

distribution of prey items per hardness categories was very 

similar in both sexes (see Appendix 4). 

 

Cannibalism and keratophagy 

Two cases of (partial) cannibalism were established: rem-

nants of lizard fingers in the faecal pellets of two adult males 

from Ambaritsa and Skakavitsa. In both sites, Z. vivipara was 

the only lacertid representative, therefore the finger remains 

could be referred solely to this species. 

Most of the data for keratophagy, obtained by the exam-

ined here faecal samples, are already published by Vacheva 

(2018). In the whole dataset, parts of lizard shed skin were 

found in the faecal pellets of 27 Z. vivipara (9.31% from the 

total number of studied pellets for the three territories to-

gether). 

 

 

Discussion 

 

Our results strongly underline that Z. vivipara feeds mainly 

on arthropods, like many other lacertids (see Arnold 1987, 

Adamopoulou et al. 1999, and Pérez-Mellado et al. 2011). 

Four arthropod groups, Hemiptera (mostly from the Subor-

der Auchenorryncha), Araneae, Coleoptera, and Formicidae, 

composed more than 70% of the consumed preys. Our find-

ings partially confirm previous research done for this spe-

cies, in which Homoptera, Cicadoidea, Araneae and Coleop-

tera took the main part in the diet of Z. vivipara (e.g., Avery 

1966, Kopponen & Hietakangas 1972, Shcherbak & 

Shcherban 1980, Pilorge 1982, Strijbosch 1992, Anufriev & 

Bobretsov 1996; see Appendix 5). Those groups contained 

mainly terrestrial, small-sized arthropods, while actively fly-

ing insects, as Lepidoptera, Diptera and Hymenoptera (ex-

cluding Formicidae), which have main role in the diet of this 

species in some studies (e.g., Kuranova et al. 2005, Nayde-

nova 1966, Roig 1998, Strijbosch 1992), were less represented 

in our samples (under 7%). 

The case with hard prey taxa, like Coleoptera and Formi-

cidae, which play a prominent part in the diet of Z. vivipara 

in our study (more than 15% of the consumed prey) was in-

teresting. Energetically, those highly chitinized prey items 

are unprofitable, and often avoided by lizards. Myrmecoph-

agy has been observed mostly in insular populations or arid 

areas (Adamopoulou et al. 1999, 2002, Carretero et al. 2004, 

2010, Lo Cascio & Pasta 2011, 2006, Pérez-Mellado & Corti 

1993), where the abundance of prey is limited, and often the 

lizard populations are very dense, leading to high intraspe-

cific competition. Most lizards avoid ants due to their highly 

chitinized bodies, small size and toxins, but the advantage of 

myrmecophagy is in the spatial distribution of ants as 

clumped prey, and the low cost of finding them (Pianka 

1981) – this determines their important role in mountain 

habitats. Nevertheless, in comparison with the available re-

source, Formicidae had negative electivity values despite be-

ing one of the most distributed prey groups (Table 1), and 

most likely were eaten due to their high abundance in the 

field. The most abundant coleopterans in the faecal pellets 

were those from Subfamily Apioninae, which represent 

small-sized insects (mostly 3-4 mm, Angelov 1976), and like 

ants, they could be described as clumped prey. 

Diet depends on different factors, such as specific charac-

teristics of the lizard (body size, head dimension, bite capaci-

ty, etc., see for example Edwards et al. 2013, Herrel et al. 

2001, Kaliontzopoulou et al. 2008), available food resource 

(Arnold 1987), and inter- and intraspecific competition (Car-

retero 2004, Donihue et al. 2016). The high number of con-

sumed OTUs suggests opportunistic feeding habits, and a 

comparison between the available resources and the faecal 

samples revealed high degree of overlapping, with only few 

invertebrate groups not present in the diet of Z. vivipara (e.g., 

Aphidoidea and Trichoptera). On the other hand, lizards’ 

diet is not a simple and direct reflection of food availability. 

The negative electivity values of some of the groups suggest 

avoidance of some well-represented groups in the field, 

mostly those that could be classified as hard prey, or rela-

tively large insects as grasshoppers (Table 5.), while other 

less abundant prey groups were chosen more often. In com-

parison with other similar sized lizards (see Herrel et al. 

2001), Z. vivipara has relatively short fore and hind limbs, 

and smaller head, and that could affect its general perfor-

mance and bite force, explaining why soft and small-sized 

prey were more preferred. The analysis of the physical char-

acteristics of the prey, in respect to hardness, suggested that 

hard invertebrates prevailed in the faecal samples, but only 

in number, whereas the frequency of occurrence of hard and 

soft invertebrates was very similar. Our results indicate that 

Z. vivipara, despite its lower bite force, is capable of handling 

harder but smaller prey, like Coleoptera (in particular Apio-

nidae), Heteroptera and Formicidae. In respect to evasive-

ness, our results revealed that sedentary preys were con-

sumed more often, hence we indicating that Z. vivipara is an 

active forager (see Huey & Pianka 1981). 

Аs a whole, the difference between adults and imma-

tures was expressed in the number of consumed OTUs, with 

adults having more diverse diet, but despite that, immatures 

showed preferences to the same OTUs as adults. Immatures 

consumed mostly sedentary prey, while evasive prey was 

more or less excluded from their diet. The difference be-

tween sexes was due to the lower numbers of evasive prey 

in female diet, which could be related to female disad-

vantage in chasing fast moving prey, especially during the 

reproductive season, when gravid females move slower 

(Bauwens & Thoen 1981). In general, the low prey diversity 

observed, and the similarity in the diets among age and sex 

classes could be a result of the low food availability in food-

restricted high mountain areas (Amat et al. 2008). 

Males are known to be the more aggressive sex, thereby 

most of the cases of cannibalism in lacertids have been rec-

orded in males (Castilla & Van Damme 1996, Grano et al. 

2011, Žagar & Carretero 2012, Simović & Marković 2013). In 

most lizard species, cannibalism appears opportunistically 

as a result of normal predatory behaviour or due to intraspe-

cific competition and aggressive behaviour that males often 

display. Because of the relatively low number of lizards that 

displayed cannibalism in our research (less than 1% of the 

examined faecal pellets) and the presence of fingers only, we 

hypothesize that the cases of cannibalism in Z. vivipara are 

very rare (in our knowledge there are no published data for 
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cannibalism in this species). Another unusual consumed 

matter was shed skin, or so-called keratophagy, observed in 

more than 9% of the studied lizard, but mostly in females. 

The ecological implication of keratophagy is still poorly un-

derstood and a set of hypotheses exist (see Vacheva 2018 and 

the references therein), but the relatively high number of ob-

servations implies its significance in the study populations. 

In addition to the animal remains, plant matter and small 

stones were also present in the faecal pellets, but these were 

probably ingested accidentally during feeding (Adamopou-

lou et al. 1999, Crovetto & Salvidio 2013) - in contrast to is-

land populations were herbivory is a more common event 

(Pérez-Mellado & Corti 1993, Van Damme 1999). 

In conclusion, we advocate the use of faecal samples as a 

safe and non-invasive method that provides adequate results 

in dietary studies. Some authors argue that soft-bodied in-

vertebrates may be absent or under-represented, because of 

complete assimilation in the digestive tract (Carretero 2004, 

Pincheira-Donoso 2008). However, the presence of soft-

bodied and small-sized prey (earthworms, spiders, insect 

larvae, etc.) in our study, in proportion similar to those given 

in other studies (based on stomach dissection), indicates the 

accuracy of the chosen method. Of course, this method has 

some limitations, such as the impossibility to estimate the 

overall size or volume of prey categories, and it is limited 

only to determine the proportion and frequency of occur-

rence of prey taxa. Still, due to ethical and conservation con-

siderations, this method has to be accepted as more advan-

tageous and harmless for small-sized lizards (Bombi et al. 

2002, Luiselli et al. 2011, Pérez-Mellado et al. 2011). 
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Appendix 1: Distribution of the material from the faecal samples of Z. vivipara per OTUs (Evas. = evasiveness 

category, E1, E2, and E3 refer to sedentary, intermediate, and evasive, respectively; Hard. = hardness  

category, H1, H2, and H3 refer to soft, intermediate, and hard, respectively; Fr = number of the faecal samples 

in which OTU occurs; N = number of specimens; eF = except Formicidae). 
 

Phylum OTU Evas. Hard. 
Ambaritsa Vitosha Skakavitsa 

Fr N Fr N Fr N 

Annelida Oligochaeta E1 H1 - - 2 2 1 1 

Arthropoda Acari E1 H1 1 1 3 3 5 5 

Arthropoda Araneae E1 H1 85 143 50 65 45 80 

Arthropoda Arthropoda (indet.) - - 2 2 - - 3 3 

Arthropoda Auchenorrhyncha E1 H3 75 367 81 174 44 154 

Arthropoda Blattodea E3 H1 3 4 6 7 - - 

Arthropoda Coleoptera E2 H3 34 104 27 63 19 29 

Arthropoda Collembola E1 H1 - - 1 1 1 1 

Arthropoda Diptera E3 H1 8 8 9 10 9 12 

Arthropoda Formicidae E2 H3 35 87 20 23 15 27 

Arthropoda Heteroptera E2 H1 29 41 22 26 11 14 

Arthropoda Hymenoptera (eF) E3 H3 18 29 19 28 20 23 

Arthropoda Insecta (indet.) - - 26 30 17 19 28 34 

Arthropoda Insecta (larvae) E1 H1 17 18 20 22 7 7 

Arthropoda Isopoda E1 H2 4 10 1 1 - - 

Arthropoda Lepidoptera E3 H1 7 7 9 9 2 2 

Arthropoda Myriapoda E2 H1 2 2 - - - - 

Arthropoda Opiliones E2 H1 19 23 25 34 6 7 

Arthropoda Orthoptera E3 H2 17 18 49 49 8 8 

Mollusca Gastropoda E1 H3 11 19 5 5 1 1 

Other prey items plant material   11  8  11  

cannibalism   1  -  1  

keratophagy   6  18  3  

 

 

 

Appendix 2: Distribution of the material from the pitfall traps per OTUs (Evas. = evasiveness category, 

E1, E2, and E3 refer to sedentary, intermediate, and evasive, respectively; Hard. = hardness category, 

H1, H2, and H3 refer to soft, intermediate, and hard, respectively; eF = except Formicidae). 
 

Phylum OTU Evas. Hard. Ambaritsa Vitosha Skakavitsa 

Annelida Oligochaeta E1 H1 4 - 2 

Arthropoda Acari E1 H1 138 8 65 

Arthropoda Aphidoidea E1 H1 30 39 10 

Arthropoda Araneae E1 H1 689 675 128 

Arthropoda Auchenorrhyncha E1 H3 614 124 283 

Arthropoda Blattodea E3 H1 14 - - 

Arthropoda Coleoptera E2 H3 815 508 133 

Arthropoda Collembola E1 H1 158 - 12 

Arthropoda Diptera E3 H1 1503 1356 287 

Arthropoda Formicidae E2 H3 3404 4906 654 

Arthropoda Heteroptera E2 H1 121 94 23 

Arthropoda Hymenoptera (eF) E3 H3 428 332 57 

Arthropoda Insecta (larvae) E1 H1 14 12 9 

Arthropoda Isopoda E1 H2 656 9 1 

Arthropoda Lepidoptera E3 H1 34 31 2 

Arthropoda Myriapoda E2 H1 20 35 3 

Arthropoda Opiliones E2 H1 2602 561 65 

Arthropoda Orthoptera E3 H2 178 297 4 

Arthropoda Trichoptera E3 H1 - 1 2 

Mollusca Gastropoda E1 H3 25 - 2 

Total 11447 8988 1742 

Number of trap days 900 504 324 
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Appendix 3: Percentage distribution of the invertebrates from the faecal samples of Z. vivipara per evasiveness 

categories (N% = standardized number of the invertebrates in respective category; Fr% = standardized number 

of the faecal samples in which the category occurs). 
 

 Total Adults Immatures Males Females 

Ambaritsa N% Fr% N% Fr% N% Fr% N% Fr% N% Fr% 

evasive 7.49 38.89 8.45 47.62 1.61 8.33 8.95 40.63 8.20 51.92 

intermediate 26.56 61.11 26.68 65.48 25.81 45.83 29.18 62.50 25.40 67.31 

sedentary 65.95 91.67 64.86 89.29 72.58 100 61.87 93.75 66.40 86.54 

Vitosha N% Fr% N% Fr% N% Fr% N% Fr% N% Fr% 

evasive 19.92 66.36 20.35 66.32 16.67 66.67 21.21 77.14 19.87 60.00 

intermediate 21.46 46.73 22.51 47.37 13.33 41.67 9.70 31.43 29.63 56.67 

sedentary 58.62 90.65 57.14 89.47 70.00 100 69.09 97.14 50.51 85.00 

Skakavitsa N% Fr% N% Fr% N% Fr% N% Fr% N% Fr% 

evasive 12.40 44.00 14.29 55.77 6.59 17.39 14.85 55.56 13.97 55.88 

intermediate 18.87 45.33 23.57 57.69 4.40 17.39 12.87 38.89 29.61 67.65 

sedentary 68.73 89.33 62.14 86.54 89.01 95.65 72.28 94.44 56.42 82.35 

 

 

 

Appendix 4: Percentage distribution of the invertebrates from the faecal samples of Z. vivipara per hardness cat-

egories (N% = standardized number of the invertebrates in respective category; Fr% = standardized number 

of the faecal samples in which the category occurs). 
 

 Total Adults Immatures Males Females 

Ambaritsa N% Fr% N% Fr% N% Fr% N% Fr% N% Fr% 

hard 68.79 88.89 69.62 89.29 63.71 87.50 66.54 93.75 71.20 86.54 

intermediate 3.18 18.52 3.70 23.81 - - 3.11 21.88 4.00 25.00 

soft 28.04 85.19 26.68 85.71 36.29 83.33 30.35 87.50 24.80 84.62 

Vitosha N% Fr% N% Fr% N% Fr% N% Fr% N% Fr% 

hard 56.13 88.79 56.06 89.47 56.67 83.33 47.27 91.43 60.94 88.33 

intermediate 9.58 46.73 9.52 46.32 10.00 50.00 11.52 54.29 8.42 41.67 

soft 34.29 74.77 34.42 73.68 33.33 83.33 41.21 77.14 30.64 71.67 

Skakavitsa N% Fr% N% Fr% N% Fr% N% Fr% N% Fr% 

hard 63.07 74.67 64.29 78.85 59.34 65.22 65.35 77.78 63.69 79.41 

intermediate 2.16 10.67 2.50 13.46 1.10 4.35 1.98 11.11 2.79 14.71 

soft 34.77 78.67 33.21 78.85 39.56 78.26 32.67 77.78 33.52 79.41 
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Appendix 5: Comparison of the diet composition of Zootoca vivipara with previous studies (values given as percentage). Study locations (or-

dered in latitudinal gradient from N to S) and number of examined lizards (stomach content in all cases except of Strijbosch 1992 and this 

study) are specified. The references are as follows: 1Anufriev & Bobretsov (1996), 2Kopponen & Hietakangas (1972), 3Kuranova et al. (2005), 
4Avery (1966), 5Strijbosch (1992), 6Shcherbak & Shcherban (1980), 7Pilorge (1982), 8Roig (1998), 9Naydenova (1966), and 10this study. 

 

 European NE 

of Russia 

(n = 68)1 

SW Finland 

(n = 65)2 

Tomsk, Russia 

(n = unk.)3 

England 

(n = 138)4 

Netherlands 

(n = 98)5 

Ukraine 

(n = 30)6 

France 

(n = 60)7 

Spain 

(n = 129)8 

Vitosha Mts., 

Bulgaria 

(n = 200)9 

Bulgaria 

(n = 290)10 

Homoptera 4.9 15.14 25  25 31.90 59 12.14 1.9  

Auchenorrhyncha    17.01  8.80    37.33 

Aphidoidea    7.95       

Heteroptera  2.52  1.44 4.8 3.70 1.5 3.29  4.35 

Hymenoptera 5.7 7.75 11 1.01 2.6 5.10 1.1 3.09 25.7 4.30 

Formicidae 0.8   5.20 2.7 3.70  1.65  7.36 

Diptera 5.7 7.93 16 4.75 9.4 5.20 3.8 29.42 5.3 1.61 

Orthoptera 1.6  16 0.67 0.2 10.4 0.4 2.26 1.9 4.03 

Coleoptera 27.6 2.52 11 0.60 5.2 6.50 6.1 4.12 13.9 10.53 

Blattodea  0.72        0.59 

Lepidoptera    0.82 0.4 5.80  7.41 33.2 0.97 

Dermaptera    0.85 0.2 0.70  0   

Collembola  1.80  7.04 0.6   0  0.11 

Psocoptera  6.49         

Thysnura     2.7   2.68   

Neuroptera      2.20     

Insecta larvae 8.1 5.59 5 3.41 1  3.8 7.82  2.52 

Insecta (ind.) 16.2 11.53  9.81     9.4 4.46 

Araneae 27.6 28.83  25.61 34.5 7.40 11.9 22.84 4.6 15.47 

Opiliones  1.44  5.69 5.5 3.70   2.3 3.44 

Acarina  1.26  0.09 5   0.41  0.48 

Chilopoda 0.8   0.09    0.21  0.11 

Isopoda    3.99     0.75 0.59 

Lumbricidae 0.8   0.09  3.70  0.21 0.75 0.16 

Gastropoda 0.8 3.06  3.60   7.3 2.47 0.37 1.34 

other    0.28       

Arthropoda (ind.)  3.42 16       0.27 

 

 




