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Abstract. A feeding study was performed on 29 individuals of Bombina variegata at
the end of May 2009. The toads were captured from a stream situated in a beech
forest, the aspect of the habitat greatly influencing the consumed preys. The results
revealed the presence of two types of contents, respectively the ones accidentally
ingested (vegetal parts, shed-skin fragments and mineral particles) and the animal
preys. Only one individual did not present stomach contents. All of the captured
samples fed only with invertebrates, out of which the most important ones are the
beetles, spiders, Nematocera and Brahicera. Over 95% of the consumed preys had

terrestrial origin.
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Introduction

Due to the fact that amphibians are important components of the ecosystems,
different types of research should be performed in order to help preserve their
habitats and respectively to contribute to their protection. These studies could be
directed towards various directions, for instance the analysis of their diet habits
could provide valuable indications regarding the quality of their biotope.

One of this amphibian species, which is found under different conservation
laws both in the country and in the European legislation, is the yellow bellied toad,
Bombina variegata. Although the feeding habits of this species have been studied by
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several authors (Angelov & Batschwarov 1972, Ghiurcd & Zaharia 2005, Groza et
al. 2006, 2008, Hodisan et al. 2009, Mollov et al. 2006, Peter et al. 2005, 2006, Sas et
al. 2004, 2005), there are still new data to be presented.

Therefore, this study aims to complete the series of analyses regarding the
feeding of the yellow bellied toad.

Materials and methods

A feeding analysis was performed in May 2009 on 29 yellow bellied toads. The stomach
contents were collected using the stomach flushing method, a harmless technique (Solé
et al. 2005). The samples were captured either by hand, or with the help of a net, the
individuals being released afterwards, as to decrease the negative impact that our
study might have had upon them. The preys were stored in air tight test tubes, being
later determined in the laboratory. The results were then processed and several
parameters were taken into consideration in the feeding analysis: the feeding intensity
and feeding activity rate; the frequency of the vegetal, shed-skin and mineral
fragments; the amount and frequency of the animal preys and their origin (terrestrial or
aquatic).

The samples were collected from a rather deep valley, which presented high shores,
situated in a shadowy beech forest. The stream presented a rocky substratum and
lacked the presence of vegetation. The habitat is situated at approximately 200-300 m
altitude, near Ticleni locality.

Results and discussions

The trophic spectrum of the 29 analysed individuals revealed the presence of
several organic and inorganic contents, respectively vegetal parts, shed-skin
fragments, mineral elements and most importantly, animal preys. The first three
types are considered to be accidentally ingested, while the last category of content
represents the basis of their diet. The preys are represented only by invertebrates,
respectively worms (2.6%), arachnids (9.37%), crustaceans (2.6%), centipedes
(0.52%) and an overwhelming majority of insects (84.9%). Most of the references
are in accordance with the fact that the diet of this amphibian species is generally
composed of invertebrates (Ghiurca & Zaharia 2005, Hodisan et al. 2009, Peter et al.
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2006), but there are some studies that have recorded the presence (in small
amounts) of tadpoles in the stomach contents (Groza et al. 2006, Peter et al. 2005,
Sas et al. 2005, Toth et al. 2007). These situations confirm that B. variegata, and
amphibians in general, are opportunistic predators that capture any prey that has
the proper size to be consumed (Torok & Csorgo 1992), regardless of the fact that
they originate from their own species.

Only one of the individuals did not feed at the moment of study, therefore the
feeding activity rate is quite high, respectively 96.55% of the population presented
stomach content (Table 1). This value resembles the ones registered by other
feeding studies performed at the same species (Groza et al. 2008, Hodisan et al.
2009, Peter et al. 2005), suggesting the presence of good hunting conditions.
Another important parameter in the feeding analysis is represented by the feeding
intensity, respectively the maximum and average number of preys/individual.
Four toads consumed a maximum number of 12 preys; this value being mostly due
to the high consumption of beetles, respectively three individuals captured 7, 8 and
11 unidentified beetles.

Although the animal preys are the most important ones for the amphibians,
other matters, such as vegetal, mineral and shed-skin fragments are also found in
the stomach contents (Table 1). From these three types of debris, the vegetal parts
registered the highest value, being represented by beech leaves that are found near
the stream and also by plants situated at a distance of several metres from the
capturing site. These organic parts were accidentally ingested along with the
captured preys, such as spiders, caterpillars, butterflies, cicadas, weevils,
mosquitoes, Panorpata, which feed on plants. Shed-skin was consumed by
approximately 20% of the population, being an easily captured food source, due to
the small width of the stream. Moreover, this consumption is a method of
supplementing the trophic spectrum, although the average number of preys (5.83)
registered by the individuals that consumed shed-skin is approximately the same
as the one recorded by the entire population. Although the substratum of the
stream is a rocky one, only one individual ingested inorganic particles. Therefore,
this toad could have captured an aquatic prey and together with it, swallowed
mineral parts. The only aquatic prey found in the stomach contents of this
individual, that was not found in the ones of the other studied toads is represented
by Plecoptera larvae, which are located in the gravel and detritus of fast moving
streams. These three types of contents are generally found in the stomach samples
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of other populations of yellow bellied toads, and other amphibian species (Ghiurca

& Zaharia 2005, Groza et al. 2006, 2008, Sas et al. 2004).

Table 1. The feeding intensity and feeding activity rate. The vegetal,
mineral and shed-skin consumption. The prey origin.

No. of studied individuals 29
Total no. of preys 192
% individuals with stomach content 96.55
Maximum no. of preys/individual 12
Average no. of preys/ individual 6.62
% individuals with vegetal matter 27.59
% individuals with shed-skin debris 20.69
% individuals with mineral parts 3.45
% terrestrial preys 95.30
% aquatic preys 4.68

There are certain preys that commonly appear in the trophic spectrum of the
yellow bellied toad and are very important to its diet, such as beetles, spiders,
mosquitoes, flies (Hodisan et al. 2009, Ghiurca & Zaharia 2005, Groza et al. 2008).
These prey taxa also occupy valuable places in the feeding of this population
(Table 2).

According to the studies performed, the coleopterans are important preys for
the yellow bellied toad (Angelov & Batschwarov 1972, Ghiurcd & Zaharia 2005,
Groza et al. 2008, Mollov et al. 2006, Sas et al. 2004). This certain preference for
beetles can also be observed in our case, where they occupy first place, regarding
both the amount (35.42%) and frequency of consumption (68.97%). Generally, this
prey type is represented by several families that vary in dimensions, respectively
Carabidae, Lampiridae, Curculionidae, Chrysomelidae, Cantharidea and
Staphilinidae are the ones present in the stomach contents of the analysed
population.

From all of the coleopterans, the Curculionidae family was the one that
recorded the highest percentages regarding both the amount (9.90%) and
frequency (27.59%) values. The fact that both of these parameters have high values
suggests that the weevils were not accidentally captured and that they were highly
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present in the habitat. However, the aspect of the habitat (lacking in green plants)
is in contradiction with the presence of the weevils, which are mostly herbivores
(Radu & Radu 1972). On the other hand, there are also some groups that feed on
wood, fungus or detritus. Therefore, the litter could have provided a rich food
offer for the weevils. Moreover, it is well known that the yellow bellied toad
searches for food in the terrestrial medium, leaving the aquatic one. Thus, it could
have hunted near the valley, at a distance of several metres, where a forestry road
is bordered by plants. This fact is very interesting, as other feeding studies
performed on individuals of Bombina variegata inhabiting different types of forests,
including beech ones, did not present such high values for this type of prey
(Hodisan et al. 2009, Ghiurca & Zaharia 2005).

Table 2. The amount (A %) and frequency (F%) values of the prey taxa
(undet. - undetermined; L. - larvae; aq. - aquatic; t. - terrestrial).

A% F% A%  F%
Lumbricidae 2.60 10.34 | Coleoptera - Carabidae 260 17.24
Opilionidae 0.52  3.45 | Coleoptera - Lampiridae 052 345
Araneae 8.85 51.72 | Coleoptera - Curculionidae 9.90 27.59
Isopoda (aq.) 2.60 1034 | Coleoptera - Chrysomelidae ~ 0.52  3.45
Miriapoda - Chilopoda 0.52  3.45 | Coleoptera - Cantharidea 052 345
Plecoptera 6.77  20.69 | Coleoptera - Staphilinidae 052 345
Plecoptera (L.) 2.08  3.45 | Panorpata 417  20.69
Orthoptera 1.04  6.90 | Lepidoptera 1.56 10.34
Blatoida 1.56 10.34 | Lepidoptera (L.) 3.65 20.69
Dermaptera 0.52 3.45 | Diptera - Nematocera undet. 313 17.24
Heteroptera 1.04  6.90 | Diptera - Nematocera 990 41.38
Typulidae

Homoptera - 208 10.34 | Diptera - Brahicera (adults) 6.25 34.48
Cicadelloidae

Coleoptera - total 3542 68.97 | Diptera - Brahicera (L. t.) 1.56  6.90
Coleoptera -undet. 20.31 3793 | Hymenoptera - undet. 2.08 13.79
Coleoptera - undet. (L. t.) 0.52  3.45 | Hymenoptera - Formicidae 2.08 13.79
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It can be observed that there are certain differences between the amount and
frequency values registered by the captured preys. This fact can be recorded by
spiders, Carabidae, butterflies, caterpillars, which were mostly consumed in small
numbers, but by many individuals. This is due to their larger size, which
contributes to the process of saving energy. Spiders are generally frequently found
in forest ecosystems and therefore can be often encountered by the toads,
respectively over half of the population consumed this prey taxa. Caterpillars are
also important food resources, which can be found in the habitat feeding on beech
leaves and thus can be captured directly from the litter. They are important preys
due to their high concentration in lipids (Brooks et al. 1996).

There are also some prey taxa, which were captured only once by one
individual, and therefore can not be considered as being very important for the
entire population. These register low percentages regarding both the amount and
frequency values, respectively Opilionidae, Chilopoda, Dermaptera, undermined
terrestrial beetle larvae and several beetle families (Lampiridae, Chrysomelidae,
Cantharidea, Staphilinidae).

The fact that the population consumed preys with both high (Ortopterans) and
low (Lepidoptera larvae) mobility proves once more that they are opportunistic
predators that capture everything that comes in their sight and has the proper
dimensions to be swallowed. Therefore the population does not select its prey and
uses the type of strategy (respectively “sit and wait” and “active foraging”) that is
adequate for the specific prey.

Almost all of the toads captured terrestrial preys, while only a small amount of
preys have aquatic origin (aquatic Isopoda and Plecoptera larvae). Therefore,
despite the fact that the yellow bellied toads inhabit an aquatic medium, they also
hunt in the terrestrial one. However, this is not a general situation, cases in which
the yellow bellied toad consumed a majority of aquatic preys being registered
(Dimancea & Covaciu-Marcov 2009).

Conclusions

From the entire analysed individuals, only one sample did not present stomach
contents at the moment of capturing. This suggests that the toads found good
hunting conditions in their habitat. The stomach contents revealed the presence of
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vegetal parts, shed-skin fragments and mineral particles, which were accidentally
swallowed together with the followed prey. The most important animal preys
were represented by beetles (especially weevils), spiders, caterpillars, Brahicera,
Nematocera. The aquatic preys were represented by Isopoda and Plecoptera
larvae, while most of the preys were terrestrial ones. The toads combined the two
hunting techniques, “sit and wait” and “active foraging”, depending on the type of
prey captured, with high or low mobility. Therefore, the yellow bellied toad is an
opportunistic predator that captures any prey that comes in sight and can be
swallowed.
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