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Introduction
The lizard family Lacertidae (Reptilia, Squamata, 
Sauria) is presented with 9 species in Bulgaria 
(BeshKov, nanev 2002). So far six species are stud-
ied regarding their trophic spectrum – Lacerta viridis 
(Laurenti, 1768), Lacerta trilineata Bedriaga, 1886, 
Lacerta agilis Linnaeus, 1758, Podarcis muralis 
(Laurenti, 1768), Podarcis tauricus (Pallas, 1814) 
and Zootoca vivipara (Jacquin, 1787) (peters 1963, 
angelov et al. 1966, KaBisch, engelMann 1969, 
1970, angelov et al. 1972a, 1972b, 1972c, donev 
1984a, 1984b, toMov 1990, Mitov 1995, donev et 
al. 2005). 

Balkan wall lizard (Podarcis tauricus) and 
Green lizard (Lacerta viridis) are two of the most 
common lizard species in the country (BeshKov, 
nanev 2002). Their diet is relatively well studied, 
but there are still some aspects of their feeding ecol-
ogy and behaviour, which is important aspect of 
the ecological studies, that remain fairly unknown. 
Currently there are no studies conducted in Bulgaria, 
concerning the species’ trophic niche breadth and 

niche overlap, which can give valuable information 
about the possible interspecific competition relations 
between these two species at the places with sympat-
ric distribution.

The aim of the current study is to supplement 
the data about the trophic spectrum of Lacerta viridis 
and Podarcis tauricus, by presenting new data about 
their diet, trophic niche breadth and niche overlap.

Material and Methods
During the current study we analysed the stomach 
contents of 120 specimens, belonging to Balkan wall 
lizard (P. tauricus) and 110 specimens, belonging 
to Green lizard (L. viridis). The material was col-
lected in the period May-September 1980-1981 from 
the surroundings of Purvomay Town – Bryagovo 
Village (UTM LG44), Dragoynovo Village (UTM 
LG55) and Ezerovo Village (UTM LG55) and it was 
kept in the zoological collection of Department of 
Zoology, Faculty of Biology at the Paisii Hilendarski 
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University of Plovdiv. The stomach contents were 
preserved in 70% alcohol and were analysed in 
laboratory under a stereo microscope. The prey taxa 
were identified to the lowest possible taxon, based 
on its degree of composition, using the field guides 
of ivanov et al. (1981) and angelov (1994). The 
systematic of the identified invertebrate taxa follows 
‘Fauna Europaea’ (Fauna Europaea Web Service 
2012).

Sampling adequacy was determined using 
Lehner’s formula (lehner 1996):

I
NQ 11−=

,
rising from 0 to 1, where N1 is the number of 

food components occurring only once, and I is the 
total number of food components. 

The diversity of the diet (niche breadth) was 
calculated for each species, using the reciprocal val-
ue of the Simpson’s diversity index (pianKa 1973, 
Begon et al. 1986):

∑
=

2

1

ip
S ,

where: S – trophic niche breadth; Pi – propor-
tion of food component i.

To determine the level of food specialization 
of each species we used the index of dominance of 
Berger-Parker (d), calculated by the following for-
mula (Magurran 1988):

N
n

d i max
= ,

where: N – number of all recorded food com-
ponents (taxa); nimax – number of specimens form 
taxon i (the most numerous taxon in the diet).  
Berger-Parker index (d) varies between 1/N and 1. A 
value closer to 1 means a higher specialization in the 
choice of food; a value closer to 1/N is typical for a 
species that is a general feeder (polyphage).

The food niche overlap was calculated by 
Pianka’s adaptation of Mac Arthur and Levin’s for-
mula (pianKa 1973):
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where:  j and k refer to the two species under 
comparison; O – niche overlap; Pi – proportion of 
food component i. 

The results were statistically processed us-
ing descriptive statistics and t-test for independent 
samples, to compare the numeric proportion all prey 

taxa between species in order to detect differences 
in the use of food resources. Because the data did 
not have normal distribution it was normalized us-
ing the arcsine transformation (FoWler et al. 1998). 
Cluster analysis (Bray-Curtis index, group average 
link) was used to determine the similarity between 
the trophic spectrums of both species during the dif-
ferent months (seasons).

For the statistical processing of the data we used 
the software package Statistica 7.0 (statsoFt inc. 
2004). For the calculations of Simpson’s diversity in-
dex and the Berger-Parker index and the cluster anal-
ysis we used the computer software BioDiversityPro 
(Mcaleece et al. 1997) and for the calculation of the 
niche overlap we used the computer program EcoSim 
7.0 (gotelli, entsMinger 2001).

Results and Discussion
The analysed stomach contents of P. tauricus and 
L. viridis contained 195 and 184 prey items, respec-
tively, and were divided into 19 prey categories. 
The identified prey remains are referred to as ‘prey 
items’ and they were identified to order or family 
level, dividing them into ‘prey categories’ listed be-
low. The descriptive statistics of the diet of both spe-
cies (number of stomachs, number of prey items and 
number of prey categories, means, standard devia-
tion and standard error) are given in Table 1. Box 
and Whiskers plots of the trophic spectrum of both 
species are presented in Fig. 1. The average number 
of prey items per stomach for the studied lizard spe-
cies is very similar: P. tauricus – 1.63; L. viridis – 
1.68. The qualitative and quantitive proportion of 

Fig. 1. Box & Whiskers plots of the diet of Podarcis tau-
ricus and Lacerta viridis for the whole period of study.
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trophic spectrum, as well as trophic niche breadth 
and niche overlap of studied lizard species is pre-
sented in Table 2. The insects are the predominating 
prey in both species, as for the non-insect preys pre-
dominating are the spiders. 

The main food source for both lizards is in-
sects. For P. tauricus the predominating food type 
is Orthoptera (44.62%), followed by Coleoptera 
(14.36%) and Hemiptera (7.18%) and from the diet 
of L. viridis predominating are again Orthoptera 
(34.05%), followed by Coleoptera (12.97%) and 
Hymenoptera (9.73%). angelov et al. (1966) record-
ed spiders and beetles as predominating food source 
for P. tauricus and that the majority of spiders are 
caught during the spring. The same authors recorded 
Coleoptera and partly Orthoptera as the major food 
source for L. viridis, also pointing out the high per-
centage of the spiders. KaBisch, engelMann (1970) 
recorded Hemiptera (27.6%), Coleoptera (17.2%) 
and Hymenoptera (14.1%) as major prey groups for 
P. tauricus, also noting the relatively high percentage 
of the spiders. According to angelov et al. (1972b) 
the predominating food type for Balkan wall lizard 
is Coleoptera (43.56%), especially Carabidae family, 
followed by Lepidoptera (larvae) (16.33%) and Aranei 
(14.29%). For Green lizard angelov et al. (1972a) 
reported Coleoptera, Lepidoptera and Hymenoptera 
as major food sources, while donev (1984b) regis-
tered Coleoptera, Diptera and Crustacea as predomi-
nating food. donev (1984a) also reported Coleoptera 
as the major food source for P. tauricus, followed 
by Aranei, Hemiptera and Hymenoptera. According 
to donev et al. (2005) the predominating preys in 
the trophic spectrum of P. tauricus are Coleoptera, 
Diptera and Aranei and for L. viridis – Coleoptera, 
Lepidoptera (larvae), Orthoptera and Aranei.

Our results confirm the results obtained by other 
authors and the imago of Coleoptera should be con-
sidered as the most important food source for both 
lizard species. It seems both species prefer imago 
and feed less on larvae, except in the spring when the 

larvae of some insects are with higher abundance, 
heads easy prey. redFord, dorea (1984) claimed 
that adult insects do not vary much as nutrition con-
tent but still it is considered that the larvae and pupae 
elements of holometabolic insects are rich in lipids 
and thus, more nutritive (BRooks et al. 1996). The 
higher percentage of Orthoptera, registered in the 
current study in both species, could be explained 
by habitat types of the localities, where the mate-
rial was collected – the area is mainly arable land 
from semi-mountain type. The beetles, grasshoppers 
and spiders are basic food most probably due to the 
abundance of this preys and the wide range of habi-
tats where they can be found (Mollov 2008).

The seasonal variation of food of both species is 
presented in Table 3 and 4. For the whole period of 
study Balkan wall lizard shows highest feeding activ-
ity (number of eaten prey items) in the early autumn 
(September), while Green lizard – during the summer 
(July-August). The results registered by angelov et 
al. (1966) and donev (1984a) showed that the troph-
ic spectrum of P. tauricus is much more diverse dur-
ing the spring with predominating Coleoptera, while 
during the summer this species prefers Hemiptera 
and Orthoptera. angelov et al. (1972a) reported 
similar results for L. viridis – the diet of Green liz-
ard is much more diverse in the spring, consisting of 
beetles and larvae of Lepidoptera, with lower feeding 
activity among the lizards. During the summer the 
predominating food are beetles ants and spiders and 
the authors noted a higher feeding activity among the 
lizards, which they explain with the higher tempera-
tures during that season. Similar results were report-
ed by donev (1984b). None of the above mentioned 
authors conducted studies on the trophic spectrum 
of these two species, which extend to the autumn 
season. According to our results P. tauricus shows 
the highest feeding activity and most diverse diet in 
September. That’s probably why September differs in 
separate cluster with approximately 55% similarity 
(Fig. 2). May (spring season) is separated next with 

Table 1. Descriptive statistics of the diet of Podarcis tauricus and Lacerta viridis for the whole period of study.

Species Number  
of stomachs

Number of prey 
categories

Number of prey 
items Mean Standard De-

viation (SD)
Standard 

Error (SE)

Podarcis tauricus 120
19

195 10.26 19.82 4.55

Lacerta viridis 110 185 9.74 14.34 3.29
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about 60% similarity and July and August (summer 
season) are grouped together with about 75% similar-
ity. The reason for the high feeding activity in the au-
tumn is perhaps the need of this species to accumulate 
nutrients before the winter hibernation. The Green 
lizard on the other hand exhibited highest feeding ac-
tivity during the summer, according to our results, as 
it was also pointed out by angelov et al. (1972a) and 

donev (1984b). The results from the cluster analysis 
showed a grouping of May and September with about 
55% similarity and the summer season (July-August) 
at about 60% similarity (Fig. 3). Perhaps during the 
summer, due to the higher temperatures, the lizards 
and also most of insects are more active, thus the 
registered higher proportions in their diet during this 
season (Table 3, 4).

Fig. 2. Cluster analysis of the seasonal distribution of the trophic spectrum of Podarcis tauricus for the whole period 
of study (Bray-Curtis index, group average link).

Fig. 3. Cluster analysis of the seasonal distribution of the trophic spectrum of Lacerta viridis for the whole period of 
study (Bray-Curtis index, group average link).



Trophic Niche Breadth and Niche Overlap Between Two Lacertid Lizards ...

133

Although we registered a slight preference of 
both species towards Orthoptera, Berger-Parker in-
dex showed a moderate to low value (Table 2). The 
trophic niche breadth for both species, calculated 
from our results showed a low value for P. tauri-
cus and moderate value for L. viridis (Table 2). The 
trophic niche breadth for P. tauricus, calculated from 
the results from other authors is as follows: 3.73 (af-
ter angelov et al. 1966); 14.87 (after angelov et al. 
1972b); 5.87 (after donev 1984a); 9.98 (after donev 
et al. (2005) and for L. viridis: 2.89 (after angelov 
et al. 1966); 5.10 (after angelov et al. 1972a); 
19.41 (after donev 1984b);  4.13 (after donev et al. 
2005). Our results confirm the results obtained from 
the other authors – both lizards have very similar 
trophic niche breadths. This lead us to the conclu-
sion that both species should be considered general 
feeders (polyphages) with slight preference towards 
Coleoptera, Orthoptera or other taxa, depending of 
the season and habitat.

We calculated a niche overlap between the two 
species (after Pianka’s formula) – 82.30%. The t-test 

for independent samples also showed no statistically 
significant differences in the diet of the two species 
(t=0.45, df=36, p=0.66). According to our results 
there should be a considerable competition for food 
between P. tauricus and L. viridis at the places with 
sympatric distribution. 

Conclusions
During our study we analysed the contents of 120 
specimens of P. tauricus and 110 specimens of L. 
viridis, which contained 195 and 184 prey items, 
respectively. The average number of prey items per 
stomach for the studied lizard species is very similar: 
P. tauricus – 1.63; L. viridis – 1.68.

The main food source for both lizards is in-
sects. For P. tauricus the predominating food type 
is Orthoptera (44.62%), followed by Coleoptera 
(14.36%) and Hemiptera (7.18%) and from the diet 
of L. viridis predominating are again Orthoptera 
(34.05%), followed by Coleoptera (12.97%) and 
Hymenoptera (9.73%).

Table 2. Qualitative and quantitative contents of the diet of Podarcis tauricus and Lacerta viridis for the whole period 
of study. Legend: n – number of prey items; n % – numeric proportion; f % – frequency of occurrence.

Prey taxa
P. tauricus L. viridis

n n % f % n n % f %

Gastropoda
Crustacea
Aranei
Myriapoda
Insecta
Insecta (larvae)
     Apterigota
     Orthoptera
     Dermaptera
     Hemiptera
     Hymenoptera – undet.
          Formicidae
     Diptera.
     Coleoptera – undet.
          Carabidae
          Scarabaeidae
          Cerambicidae
          Histeridae
     Lepidoptera
     Lepidoptera (larvae)

1
2
11
0

2
3
87
0
14
8
13
9
28
5
2
0
1
4
5

0.51
1.03
5.64
0.00

1.03
1.54
44.62
0.00
7.18
4.10
6.67
4.62
14.36
2.56
1.03
0.00
0.51
2.05
2.56

0.83
1.67
7.50
0.00

0.83
2.50
57.50
0.00
10.00
5.00
6.67
5.83
19.17
3.33
1.67
0.00
0.83
3.33
4.17

2
3
10
2

3
0
63
1
4
18
9
15
24
8
5
4
7
2
5

1.08
1.62
5.41
1.08

1.62
0.00
34.05
0.54
2.16
9.73
4.86
8.11

12.97
4.32
2.70
2.16
3.78
1.08
2.70

1.82
2.73
7.27
1.82

1.82
0.00
32.73
0.91
3.64
10.00
4.55
12.73
12.73
5.45
3.64
0.91
2.73
1.82
3.64

Sampling adequacy (Lehner’s index) 0.875 0.945
Berger-Parker index 0.446 0.341
Niche breadth (1/Simpson) 4.261 6.403
Niche overlap 82.30%
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For the whole period of study the seasonal vari-
ation of the diet of Balkan wall lizard showed high-
est feeding activity (number of eaten prey items) in 
early autumn (September), while Green lizard – dur-
ing the summer (July-August).

Berger-Parker index showed a low to moderate 
value for both species, although a slight preference 
to a certain taxon or taxa depending on the habitat or 
season may be observed.

The calculated trophic niche breadth for the 
two studies lizard species is as follows: P. tauricus 

– 4.26 and for L. viridis – 6.40. The trophic niche 
overlap between the two species is 82.30% and in 
our opinion there should be a considerable competi-
tion for food resources among these species at the 
places with sympatric distribution.

Achnowedgements: We would like to express our sincerest 
gratitude to Prof. Blagoy Gruev, DSc and Assoc. Prof. Dr. Vasil 
Tomov for the given data and their insights used in this manu-
script and Mr. Peter Ganev for his help during the field work and 
the laboratory analysis.

References

angelov p., B. gruev, v. toMov 1972a. Studies on the food of the 
Green Lizard Lacerta viridis Laur. in Bulgaria. – Travaux 
Scientifiques des Universite d’Plovdiv – Biologie, 10 (1): 
155-161. (In Bulgarian).

angelov p., B. gruev, v. toMov 1972b. Untersuchungen über die 
Nahrung von Lacerta agilis L. und Lacerta taurica Pall. 
Aus dem Rhodopi-Gebirge. – Natura, V (1): 121-122.

angelov p., v. toMov, B. gruev 1972c. Studies on the food of 
Lacerta muralis Laur in Bulgaria. – Travaux Scientifiques 
des Universite d’Plovdiv – Biologie, 10 (2): 147-150. (In 
Bulgarian). 

angelov p., v. toMov, B. gruev 1966. A study on the diet of 
some lizards in Bulgaria. – Scientific studies of the Superior 
Pedagogical Institute – Plovdiv, Biology, 4 (3): 99-105. 
(In Bulgarian).

angelov p. 1994. Atlas of Zoology – Invertebrates, Sofia, Prosveta 
Publ., 256 p. (In Bulgarian)

Begon M., j. harper, c. toWnsend. 1986. Ecology – Individuals, 
Populations and Communites. – Oxford, London, Edin-
burgh, Boston, Palo Alto, Melbourne. Blackwell Scientific 
Publications. 876 p.

BeshKov v., K. nanev 2002. The amphibians and reptiles in 
Bulgaria. – Sofia-Moscow. Pensoft, 120 p.

BrooKs j., c. calver, r. dicKMan, e. Meathrel, s. Bradley 
1996. Does intraspecific variation in the energy value of a 
prey species to its predators matter in studies of ecological 
energetics? A case study using insectivorous vertebrates. – 
Ecoscience, 3 (3): 247-251.

donev a. 1984a. Studies on the food of Balkan Wall lizard (Lac-
erta taurica Pall.). – Travaux Scientifiques des Universite 
d’Plovdiv – Biologie, 22 (1): 45-50. (In Bulgarian).

donev a. 1984b. Studies on the food of the Green lizard Lac-
erta viridis Laur. – Travaux Scientifiques des Universite 
d’Plovdiv – Biologie, 22 (2): 121-126. (In Bulgarian).

donev a., i. Mollov, M. Kechev 2005. A contribution to knowl-
edge of the trophic spectrum of three species of lacertid 
lizards from South Bulgaria. – Scientific Studies of the 
University of Plovdiv – Biology, Animalia, 41: 109-114. 
(In Bulgarian).

Fauna europaea WeB service 2012. Fauna Europaea ver. 2.4. 
Available at: http://www.faunaeur.org.

FoWler j., l. cohen, p. jarvis 1998. Practical statistics for field 
biology. – Chichester: John Wiley & Sons, 259 p.

gotelli n., g. entsMinger 2001. EcoSim: Null Models Software 
for Ecology, Version 7.0. – Computer software, Acquired 
Intelligence Inc. & Kesey-Bear. Available at: http://homep-
ages.together.net/~gentsmin/ecosim.htm.

ivanov a., y. poliansKii, a. strelKov 1981. Big field guide on 
zoology of invertebrates, Moscow, Viyshaya shkola Publ., 
500 p. (In Russian).

KaBisch K., W. engelMann 1969. Zur Nahrung von Lacerta mu-
ralis (Laurenti) in Ostbulgarien. – Zoologische Abhandlung 
Berlinen Museum, Tierkunde. Dresden, 30 (4): 89-92.

KaBisch K., W. engelMann 1970. Zur Ernahrung von Lacerta 
taurica in Ostbulgarien. – Salamandra, 8 (3/4): 104-107.

lehner p. 1996. Handbook of ethological methods. Cambridge 
University Press, Cambridge, 672 p.

Magurran a. 1988. Ecological Diversity and its Measurement. – 
Princeton University Press, Princeton, N. J. 179 p.

Mcaleece n., p. laMBshead, g. paterson, l. gage. 1997. Bio-
Diversity Professional London (UK), Oban (Scotland). 
– The Natural History Museum, The Scottish Association 
for Marine Sciences. Software, Available at: http://www.
sams.ac.uk/research/software.

Mitov p. 1995. Opiliones (Arachnida) as a component of the 
food stuffs of some animals. – Annuaire de l’Universite 
de Sofia St. Kliment Ohridski, Faculte de Biologie, Livre 
1 – Zoologie, 86-87: 67-74.

Mollov i. 2008. Sex Based Differences in the Trophic Niche of 
Pelophylax ridibundus (Pallas, 1771) (Amphibia: Anura) 
from Bulgaria. – Acta zoologica bulgarica, 60 (3): 277-
284.

peters g. 1963. Studien zur Taxonomie, Verbraitung und 
Okologie der Smaragdeidechsen. II. Okologische Notizen 
uber einige ostbulgarische Populationen von Lacerta tri-
lineata. – Mittelungen aus dem Zoologischen Museum in 
Berlin, 39: 203-222.

pianKa e. 1973. The Structure of Lizard Communities. – Annual 
Review of Ecology and Systematics, 4: 53-74.

redFord K., j. dorea. 1984. The nutritional value of invertebrates 
with emphasis on ants and termites as food for mammals. – 
Journal of Zoology, 203: 385-395.

statsoFt inc. 2004. STATISTICA (data analysis software system), 
version 7. Available at: www.statsoft.com.

toMov v. 1990. Studies on the food Lacerta muralis Laur. – 
Travaux Scientifiques des Universite d’Plovdiv – Biologie, 
28 (6): 131-137. (In Bulgarian).


