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DATA ON THE FOOD COMPOSITION OF FOUR LIZARD SPECIES
(REPTILIA: LACERTIDAE) ACCIDENTALLY FALLEN IN PITFALL TRAPS
IN WESTERN ROMANIA

DOBALI Rebeca-Simina, COVACIU-MARCOYV Severus-Daniel, CUPSA Diana, CICORT Abigail,
MOS Andreea-Selena, FERENTI Sara

Abstract. We studied the food composition of 39 individuals belonging to four lizard species (Lacerta viridis, Lacerta agilis,
Podarcis tauricus, Zootoca vivipara). The studied lizards accidentally fell in pitfall traps installed in north-western Romania (Bihor
and Satu-Mare counties) in the years 2004, 2008, and 2009. Among the 39 lizards, only three did not have stomach contents. Only in
the case of P. tauricus all studied individuals had stomach contents. L. agilis had a higher food diversity, as it consumed preys that
were larger, harder, and more rigid compared with the other species. At the opposite pole, Z. vivipara had a lower feeding intensity; it
consumed a lot of soft and small-sized preys, as its feeding is focused primarily on spiders. The low feeding intensity of Z. vivipara
could be a consequence of the fact that in the region, it is distributed in plain areas, thus at an unusual altitude for this species in
Romania. P. tauricus had a food composition that reflects the peculiarities of the habitats it populates in north-western Romania,
namely areas with sandy soil. In the case of L. viridis, the reduced food composition and diversity is probably a consequence of the
small number of individuals identified in the pitfall traps. Our results indicated the importance of the university scientific collections
in offering complex information and that even the lizards accidentally collected in pitfall traps can offer numerous information on
them, just like those originating from road mortality.
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Rezumat. Date asupra spectrului trofic a patru specii de soparle (Reptilia: Lacertidae) ciazute accidental in
capcane de sol in vestul Romaniei. Am studiat compozitia hranei la 39 de indivizi apartinand la patru specii de soparle (Lacerta
viridis, Lacerta agilis, Podarcis tauricus, Zootoca vivipara). Soparlele studiate au cazut accidental in capcanele de sol instalate in
nord-vestul Romaniei (judetele Bihor si Satu-Mare) in anii 2004, 2008 si 2009. Dintre cele 39 de soparle numai trei nu au avut
continut stomacal. L. agilis a avut o diversitate mai mare a hranei, aceasta consumand prazi mai mari, mai dure si mai rigide in
comparatie cu celelalte specii. La polul opus, Z. vivipara a avut o intensitate mai micd a hranirii, consumand multe prazi moi si de
dimensiuni reduse, hranirea sa fiind bazatd in mod primordial pe paianjeni. Intensitatea scazuta a hranirii in cazul speciei Z. vivipara
poate sa fie o consecintd a faptului ca in regiune aceasta se afld la campie, la o altitudine neobisnuitd pentru aceastd specie in
Romania. Compozitia hranei speciei P. tauricus reflecta particularitatile habitatelor populate in nord-vestul Romaniei, adica zone cu
sol nisipos. in cazul speciei L. viridis compozitia redusa si diversitate scizutd a hranei este probabil o consecintd a numarului mic de
indivizi identificati in capcanele de sol. Rezultatele noastre indica importanta colectiilor stiintifice universitare in a oferi informatii
complexe, precum si faptul ca soparlele cazute accidental in capcanele de sol pot oferi numeroase informatii despre acestea, la fel ca
cele provenite din mortalitatea rutiera.

Cuvinte cheie: marime, ecologie, habitat, comportament de hranire, reptile.

INTRODUCTION

Recent data also confirm in Romania that road-killed reptiles could offer valuable information about them (ILE
et al., 2020), even their food composition (MAIER et al., 2020). This fact is important because, in Romania, there is
only very little information on the lizards’ food composition (SiRBU, 1977, 1979; MAIER et al., 2020). Moreover,
these data are generally old and obtained after the killing and dissection of animals captured alive (SIRBU, 1977, 1979).
The volume on the Romanian fauna dedicated to reptiles only includes general and vague information, probably taken
from the literature, about the lizards’ food composition (FUHN & VANCEA, 1961). Unlike these, the information
regarding the amphibians’ food composition is highly numerous in Romania, covering all species (e.g., SAS et al.,
2009; CICORT-LUCACIU et al., 2011; BOGDAN et al., 2013; COVACIU-MARCOV et al., 2012; ROSCA et al.,
2013; MAIER et al., 2022). Knowing the above, we have wondered to what extent pitfall traps could offer helpful
information regarding the food composition of some lizards that had accidentally fallen into them. This has been
supported by the fact that in western Romania, approximately 20 years ago, several studies were made about different
invertebrate groups using pitfall traps (TOMESCU et al., 2008; FERENTI & DIMANCEA, 2012, 2013; FERENTI &
COVACIU-MARCOV, 2012; FERENTI et al., 2012a, 2012b; SAS-KOVACS et al., 2015). The content of those traps is
nowadays stored in the scientific collection of the University of Oradea. It is a well-known fact that the scientific
collections held by universities or museums serve as a base for studies on the food composition of some reptile species
(e.g., SHINE, 1988; MONTECHIARO et al., 2011; CICEK & GOCMEN, 2013; CICEK et al., 2014; SAGONAS et al.,
2015), and this is also true for some lizard species that are also present in Romania, as Lacerta viridis, Lacerta agilis,
Podarcis tauricus or Podarcis muralis, but those studies were made in other regions of their distribution range
(MOLLOV et al., 2012; MOLLOV & PETROVA, 2013; MOLLOV & BOYADZHIEV, 2021). Thus, we hypothesized
that, if in the pitfall traps from western Romania, we would identify lizards that accidentally fell into them, the traps
would also offer information about their food composition, not only about the invertebrate assemblages from the region.
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Thus, the objectives of our study were the following: 1. to identify and determine the lizard species accidentally fallen
in the pitfall traps, 2. to establish the food composition of those lizards, and 3. to compare the food composition
between species and with the literature.

MATERIAL AND METHODS

We have studied the food composition of 39 lizard individuals that belonged to four species: Lacerta viridis,
Lacerta agilis, Podarcis tauricus, and Zootoca vivipara. The number of lizard individuals identified in the pitfall traps
differed between the four species (Table 1). The lizards had accidentally fallen in pitfall traps that were installed in
different areas of north-western Romania in the years 2004, 2008, and 2009 to collect some invertebrates, especially
terrestrial isopods and spiders, some of those data being published (TOMESCU et al., 2008; FERENTI & DIMANCEA,
2012, 2013; FERENTI & COVACIU-MARCOV, 2012; FERENTI et al., 2012a, 2012b; SAS-KOVACS et al., 2015).
The pitfall traps were installed in different areas from the Bihor and Satu Mare counties, in the Oas Mountains, Carei
Plain, Livada Plain, Someg Plain, Crasna Hills, and areas neighboring the Beius Depression (TOMESCU et al., 2008;
FERENTI & DIMANCEA, 2012, 2013; FERENTI & COVACIU-MARCOV, 2012; FERENTI et al., 2012a, 2012b;
SAS-KOVACS et al., 2015). The pitfall traps were made from plastic bottles buried in the soil, partially covered with
metal covers, and collected once a month in the warm season (TOMESCU et al., 2008; FERENTI & COVACIU-
MARCOYV, 2012; FERENTI et al., 2012a, 2012b). Subsequently, the contents of the pitfall traps were stored in jars and
deposited in the zoological collection of the University of Oradea. Although the pitfall traps were covered with metallic
covers, these did not capture only invertebrates, but sometimes accidentally, a few lizards had fallen into them, a fact
that was observed directly, even on the field. Starting from those mentioned above, in December 2022, we verified all
pitfall traps collected in the years 2004, 2008, and 2009, stored in the scientific collection of the University of Oradea,
and searched them for lizards. The 39 lizards identified in those pitfall traps were determined to the species level.
Subsequently, the lizards were dissected, and their stomach was collected, as in other cases (MAIER et al., 2020). The
stomach content was displayed on the stereomicroscope, and the preys were determined at the lowest possible
taxonomic level, as in other cases (e.g., ANGELICI et al., 1997; HARDY & CRNKOVIC, 2006; SAGONAS et al.,
2018; MAIER et al., 2020). Subsequently, we established the number of preys, the maximum and the average number
of preys/individuals in the case of each species, but also the food diversity of each species with the Shannon index.
Also, we have calculated the percentage abundance and the frequency of occurrence of each stomach content category
in the case of each species. Finally, we have calculated the significance of the differences in the food composition
between the four lizard species with the Mann-Whitney test and the similarity of food composition between the four
species with the Jaccard index. All calculations were made with the help of the Past software (HAMMER et al., 2001).

RESULTS

Among the 39 studied lizard individuals, only four did not have stomach contents. Only in the case of P. tauricus
all studied individuals had stomach contents (Table 1). The four lizard species from the pitfall traps from western Romania
consumed a total of 168 preys. L. agilis consumed the highest number of preys, and the lowest number of preys was
consumed by L. viridis (Table 1). The maximum number of preys consumed by a single individual was 18 in the case of L.
agilis. Unlike this, in the case of Z. vivipara, the maximum number of preys/individual was only five (Table 1). There were
differences in food diversity between the four studied species, as L. agilis consumed the most diverse food, and the least
diverse food was consumed by Z. vivipara (Table 1). Also, the number of consumed prey taxa was the highest in the case
of L. agilis, and the lowest number of consumed prey taxa was registered by L. viridis (Table 1).

Table 1. The number of studied individuals, individuals with empty stomachs, the maximum and average number of preys/individual,
the total number of preys, the number of prey taxa, and food diversity (Shannon Index).

Lacerta Lacerta Podarcis Zootoca

viridis agilis tauricus __ vivipara

No. of individuals 5 13 9 12
Individuals with empty stomach 1 2 - 1
Maximum number of preys/individual 9 18 8 5
Average number of preys/individual 3.6 5.30 4.77 3.16
Total number of preys 18 69 43 38
Number of prey taxa 9 16 13 10
Prey diversity (Shannon index H) 2.043 2.351 2.226 1.843

The four studied lizard species consumed 23 prey taxa, all belonging to invertebrates. Among them, only six
prey taxa were consumed by all four lizard species (Table 2). L viridis did not consume any prey taxa that were not
consumed by the other lizard species. L. agilis was the only lizard species in which stomach contents we could
determine more Coleoptera families (Table 2). Nevertheless, we cannot exclude the fact that the other lizards also
consumed preys from those Coleoptera families, but because of their advanced stage of digestion, we could not
determine them to a family level and just considered them as Coleoptera undetermined. P. tauricus consumed a prey
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taxon absent from the other species’ food, namely antlions larvae. Z. vivipara consumed two prey taxa absent from the
other species’ food, namely Blattodea and Brachicera larvae. The percentage abundance and the frequency of
occurrence of the consumed prey taxa differed greatly between the four lizard species (Table 2). Nevertheless, in the
case of all four species, spiders represented an important prey taxon, but in the case of L. agilis, Coleoptera registered a
higher percentage abundance (Table 2). The highest percentage abundance of spiders was registered by Z. vivipara, of
which food was greatly based on this prey taxa. Nevertheless, in the case of all four lizard species, none of the prey taxa
had a percentage abundance higher than 50%, as their food was diverse. Besides animal prey, we identified vegetal
remains and inorganic elements in the stomach contents of the four studied lizard species, of which frequency of
occurrence varied depending on the species (Table 2).

Table 2. Percentage abundance and frequency of occurrence of the prey taxa and other ingested elements
(vegetal fragments and inorganic elements) consumed by the four lizard species.

Lacerta Lacerta Podarcis Zootoca
viridis agilis tauricus vivipara
P% % P% % P% % P% %
Vegetal fragments - 40.00 - 46.15 - 4444 - 91.67
Inorganic elements - 20.00 - 1538 - - - 8.33
Araneida 2222 60.00 | 1594 69.23 | 30.23 66.67 | 42.11 75.00
Opilionida - - - - - - - -
Acari - - 2.89 1538 465 11.11 | 13.16 16.67
Diplopoda 5.55  20.00 - - 4.65 2222 - -
Blattodea - - - - - - 2.63 8.33
Orthoptera 5.55  20.00 289 1538 232 1111 526 16.67
Coleoptera Carabidae - - 1.44 7.69 - - - -
Coleoptera Elateridae - - | 18.84 30.77 - - - -
Coleoptera Staphylinidae - - 1.44 7.69 - - - -
Coleoptera Chrysomelodae - - 2.89 1538 - - - -
Coleoptera Curculionidae - - 1.44 7.69 - - - -
Coleoptera undetermined 5.55 20.00 | 18.84 69.23 6.97 2222 | 1053 33.33
Coleoptera larvae - - 2.89 1538 9.30 2222 - -
Diptera Nematocera - - - - - - 2.63 8.33
Diptera Brachycera - - 1.44 7.69 4.65 2222 - -
Diptera Brachycera larvae - - - - - - 2.63 8.33
Lepidoptera - - - - 232 1111 - -
Lepidoptera larvae 11.11  40.00 8.69 30.77 | 16.28 33.33 2.63 8.33
Hymenoptera Formicidae 5.55  20.00 2.89 7.69 232 11.11 | 10.53 25.00
Hymenoptera undetermined 11.11  20.00 1.44 7.69 - - - -
Neuroptera Myrmeleontidea larvae - - - - 4.65 2222 - -
Auchenorrhyncha 11.11  20.00 579 23.08 465 11.11 7.89  16.67
Sternorrhyncha 22.22  20.00 | 10.14 7.69 6.97 2222 - -

In the case of the significance of differences between the food composition of the four lizard species, the only
significant differences were found, according to the Mann-Whitney test, between L. agilis and L. viridis (p=0.021). In
the case of the other species, the differences in terms of food composition were not significant according to the Mann-
Whitney test (p>0.05). According to the Jaccard similarity index, the most similar food composition was registered
between P. tauricus on one side and L. agilis and L. viridis on the other side. The most different food composition was
registered by Z. vivipara (Fig. 1).
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Figure 1. The Jaccard similarity between the trophic spectrum of the four lizard species.
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DISCUSSION

The lizards that accidentally fell into the pitfall traps in western Romania could offer useful information about
their feeding behavior, just as road-killed lizards had done previously (MAIER et al., 2020). The only species in which
all studied individuals presented stomach contents was P. tauricus. Among the other species, L. agilis had two
individuals without food, and the other two species each had one without food. The presence of individuals without
stomach contents may be a consequence of the fact that the studied lizards were accidentally captured with pitfall traps
because, in the case of a larger number of road-killed European green lizards, all studied individuals had stomach
contents (MAIER et al., 2020). This is relevant because, in the case of road mortality, the time passed between the
animal’s death and the moment it was preserved could sometimes be long (MAIER et al., 2020), but in the case of
pitfall traps, lizards were immediately preserved in the traps. It is possible that some individuals identified in the pitfall
traps vomited their food when they accidentally fell into the trap. At the same time, it is possible that individuals
without food had not eaten before falling into the trap. This assumption is supported by the fact that, in other cases as
well, lizards without food were identified (e.g., SIRBU, 1979; CASTILLA et al., 1991; HARDY & CRNKOVIC,
2006). In the case of amphibians, the number of individuals with empty stomachs is sometimes high, but usually in
periods with unfavourable conditions (e.g., COVACIU-MARCOV et al., 2005, 2010; KOPECKY et al., 2012).
Nevertheless, this fact is ruled out in our case because the European green lizard without stomach content was captured
in June, in the middle of this species’ activity period (FUHN & VANCEA, 1961). Moreover, we found another L.
viridis individual captured in the same month with stomach content. Also, in the case of L. agilis and Z. vivipara, the
individuals without stomach contents were captured in the summer. Therefore, there is a possibility that individuals
without food were an accidental presence. The possibility of the presence of some individuals without food composition
is supported in the case of Z. vivipara by the fact that also in other cases in Romania, the percentage abundance of
individuals without food was relatively high (six from 47) even in the case of individuals studied directly by dissection
(SIRBU, 1979).

Z. vivipara registered the lowest feeding intensity. Its food had the lowest taxa diversity, number of preys, and
number of preys/individual, even if the number of lizards was almost equal with L. agilis, the species with the most
intense feeding. This could be a consequence of the fact that, in the Carei Plain, the species is outside its normal
distribution range in this part of the world, where it is considered a mountain lizard species (FUHN & VANCEA,
1961). Thus, the individuals from the pitfall traps offer information about the feeding of this species in a plain area, as
the previous studies from Romania were realized in mountain areas (SIRBU, 1977, 1979). The relict Z. vivipara
populations identified in numerous locations in the north-western Romanian plains, albeit about 25 years ago, are
strictly linked to relict marshes of the region (see: COVACIU-MARCOV et al., 2008). Therefore, these are threatened
by the swamp draining activities, which led to the elimination of most of the wetlands in the region (e.g., POP, 1960;
UJVARI, 1972; ARDELEAN & KARACSONYI, 2002), which are also impacted by the pesticides that affect both fish
and amphibians (CUPSA et al., 2020). Moreover, the drought of the last years also had a negative effect on the region’s
wetlands, which had possible repercussions on the viviparous lizard, as it influenced other animals linked to wetlands,
such as water birds (GACHE, 2014). However, the species consumed the same preys as in the past in the mountains of
western Romania (SIRBU, 1977, 1979), which is within the typical distribution area of the species in the country
(FUHN & VANCEA, 1961). In the studies mentioned above, in one case, spiders were the most important taxon in the
viviparous lizards” food (SIRBU, 1979), while, in the other research, spiders occupied the second place by importance
(SIRBU, 1977). Also, in other regions, the trophic spectrum of this species had approximately the same composition,
with spiders as an important trophic element for them (AVERY, 1962, 1966; PILORGE, 1982; VACHEVA &
NAUMOV, 2020). Therefore, our data confirm that these lizards’ small size and head prevent them from consuming
large preys with a hard exoskeleton such as Coleopterans; instead, they focus on smaller and soft-bodied preys
(VACHEVA & NAUMOV, 2020), such as spiders that are softer than Coleopterans. In the case of other small-sized
lizards, like Darevskia praticola, spiders had the highest percentage abundance (VACHEVA & NAUMOYV, 2022), as it
is a well-known fact that the size of the body and head can affect prey selection (VERWAIJEN et al., 2002). Also, the
species consumed numerous small-sized preys as well, such as acari or ants. Nevertheless, the species did not eat ants in
other cases, although it had the opportunity (AVERY, 1962); in our case, ants represented 10.35% of the food.
Therefore, in our case, the size of the species limits the potential preys and shapes the trophic spectrum. Variations of
the feeding spectrum by size were observed between adults and juveniles in the case of this species (SIRBU, 1977;
VACHEVA & NAUMOV, 2020), but also in other lizards (e.g., CASTILLA et al., 1991; CROVETTO & SALVIDIO,
2013; VACHEVA & NAUMOV, 2022) and even in some amphibians (e.g., LOW & TOROK, 1998; CICORT-
LUCACIU et al., 2013; MAIA-CARNEIRO et al., 2013).

The fact that L. viridis was represented by the smallest number of individuals may be due to its size, as it is the
biggest among the four studied lizards (FUHN & VANCEA, 1961). Therefore, it has restricted access to the pitfall traps
covered by a metallic cap with a slight opening. In a trophic spectrum study based on individuals originating from road
mortality, the number of available individuals was much greater (MAIER et al., 2020). The best-represented species in
the pitfall traps was L. agilis, a common species in Romania (COGALNICEANU et al., 2013), much more frequent in
the area than Z. vivipara and P. tauricus, which are linked to special habitats and conditions, at least in the region our
samples came from (COVACIU-MARCOV et al., 2009). L. viridis does not have sufficient favourable habitats in the
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region, as in other parts of Romania, it was observed in habitats with shrubs, avoiding forest plantations and open areas
(SEVIANU et al., 2022), habitats which predominate in Carei Plain. The small number of available L. viridis
individuals and the fact that some of them did not have stomach content caused the poor and somehow different feeding
of this species compared to what was previously registered in Romania (MAIER et al., 2020). Individuals of L. viridis
consuming large-sized trophic elements were observed recently in Romania, with one individual ingesting partially a
small-sized lizard such as P. muralis (LEU & PETROVAN, 2022). While the sample size of the European green lizard
was low, the most intense feeding was registered in L. agilis, a situation also reported in other cases (MOLLOV &
BOYADZHIEV, 2021). This species, too, is large and massive, and even though smaller than L. viridis, it is larger than
P. tauricus or Z. vivipara (FUHN & VANCEA, 1961). Thereby, L. agilis not only had the most intense feeding, but it
was the only species that ingested large-sized preys such as Coleoptera Carabidae, Elateridae, and others, which have,
besides their increased size, a hard and rigid exoskeleton (RADU & RADU, 1967). However, there were cases when
this species also consumed other types of preys, such as spiders (MOLLOV & PETROVA, 2013). Although L. agilis
was present in the same locations as P. tauricus and Z. vivipara, its feeding differed much from the other two species.
This cannot be only due to the difference in size between the species (FUHN & VANCEA, 1961) but also due to
differences in habitat (FUHN & VANCEA, 1961; COVACIU-MARCOV et al., 2008, 2009). Thus, in north-western
Romania, P. tauricus and Z. vivipara have well-delimited and strict habitats, as they are situated at the limit of their
distribution and ecological range (COVACIU-MARCOV et al., 2009), while L. agilis is a common species in the
region, recorded frequently (COGALNICEANU et al., 2013). Therefore, this species is situated at its ease in terms of
both zoogeography and ecology and uses a wide range of habitats, also cohabiting with the other two species. Although
between L. agilis and Z. vivipara a tendency for mutual ecological exclusion seems to exist also in some other parts of
their distribution range, this is rather incomplete, as both have available suitable habitats (GLANDT, 1976), and the
differences between the food composition seem to indicate the way these two species can be syntopic. Still, even if it is
the species that consumed the most preys, L. agilis also fed on small-sized preys such as acari or aphids. The number of
prey taxa consumed by L. agilis in north-western Romania was the same as in the case of a population in the Italian
Alps, at an altitude of 1600 meters, with some differences in the percentage abundance of preys (CROVETTO &
SALVIDIO, 2013).

Even if P. tauricus has an intermediate feeding in terms of intensity compared to the other three species, the
taxa composition shows a highly specific feeding according to its habitat in the region. Thus, P. tauricus was the only
species that consumed antlion larvae. This can be a consequence of the fact that, at least in north-western Romania, this
species is present strictly in areas with sandy soil on Carei Plain, a habitat that favoured its expansion in the area
(COVACIU-MARCOV et al., 2009). In other areas where the species was recently recorded at the limit of its
distribution range, its presence was also considered to be due to this soil type (FISCHER et al., 2019). Thus, in its
habitat, the species come into contact with antlion larvae, which are, in many cases, psammophilous (MANSELL,
1999). It is remarkable, though, that in some cases, these larvae are buried in their funnels made of sand (RADU &
RADU, 1967) and are carnivorous (RADU & RADU, 1967; MANSELL, 1999), yet the nine P. tauricus individuals
consumed two antlion larvae. Even if, to our knowledge, information on P. tauricus consuming this prey type is not
available from Romania, the presence of Myrmeleontidae (without mentioning the ontogenetic stage) was recorded in
the trophic spectrum of some other lizard species (BEST & GENNARO, 1985; MURRAY & SCHRAMM, 1987;
ORTEGA-RUBIO et al., 1995). Anyway, the fact that, in other areas, antlions were not mentioned in the food of this
species (MOLLOV et al., 2012; MOLLOV & BOYADZHIEV, 2021) can be a consequence of the fact that P. tauricus
is not linked to sandy soil in other points of its distribution range (BOHME et al., 2009), not even in Romania (FUHN
& VANCEA, 1961). Otherwise, due to its similar size to Z. vivipara (FUHN & VANCEA, 1961), this species’ feeding
also contains small-sized prey, and spiders are more numerous than in the case of the other two species of the Lacerta
genus. Furthermore, P. tauricus also captured flying prey, such as butterflies and many flies, as its quick movements
permit access to such preys. Even if on the sand in summer and autumn numerous Orthopterans are available, these
were rarely consumed, probably due to their large size, although in the trophic spectrum of European green lizards in
southern Romania, these made up the largest amount (MAIER et al., 2020). In the case of P. tauricus, too, Orthopterans
had the highest percentage in some populations from Bulgaria, but there the number of preys/individual was lower
(MOLLOV et al., 2012). In north-western Romania, lizards probably consume a larger number of preys to compensate
for their small dimensions.
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