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Abstract
Little is known about amphibian feeding activity during post-hibernation migration to breeding ponds. It is widely assumed that
explosively breeding anurans do not feed between the end of hibernation and completion of breeding. We investigated the
potential for using road-killed common toads Bufo bufo in order to find out whether migrating toads feed during this period
and to assess the content of their stomachs.We collected a total of 416 toad carcasses during springmigration from two study sites
in south-western Poland, of which 246 (59%) carcasses contained intact digestive tracts (stomach and intestines). In 97 of these
(39%), we found stomach contents composed of invertebrate remains, whereas the intestines of 180 (73%) toads contained
already-digested animal remains. We found no significant differences between males and females, with or without prey, or
between individuals at two different study sites. We found a total of 290 prey items, classified to the lowest possible taxonomic
rank. Formicidae (Insecta: Hymenoptera) was the most abundant taxon; however, based on the dominance index, common toads
could not be classified as fully polyphagous. The Jaccard and Bray-Curtis indices showed a generally low level of intersexual
similarity in diet composition at both study sites as well as betweenmales and females. Our results show that road-killed toads can
be used to study foraging activity and diet composition; however, this approach should be tested on more species.
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Introduction

Amphibians are important predators in aquatic and terrestrial
habitats (Davic and Welsh 2004; Whiles et al. 2006; Hocking
and Babbitt 2014). The composition of their diets, determined

by the occurrence of prey species (mostly invertebrates) in their
foraging habitat (Guidali et al. 2000), is a good indicator of the
habitat’s condition (Gunzburger 1999). Although diet compo-
sition has been examined and seasonal variation in components
observed in many amphibians (e.g. Cogălniceanu et al. 2000;
Aszalos et al. 2005; Kovács et al. 2007; Vignoli and Luiselli
2012; Pesarakloo et al. 2017), little is known about their feed-
ing activity during pre-spawning migration.

Species with prolonged breeding seasons, such as newts
(e.g. the smooth newt Lissotriton vulgaris and the alpine newt
Ichthyosaura alpestris) and anurans (e.g. the tree frog Hyla
arborea and water frogs Pelophylax spp.), commence feeding
at the beginning of the post-hibernation life stage (Kovács
et al. 2007; Guidali et al. 2000; Kopecký et al. 2016). This
stage includes feeding during the spring migration to breeding
ponds and aquatic breeding period. However, there is a com-
mon belief that explosive breeders, i.e. amphibians
characterised by short and rapid breeding activity (e.g. the
common frog Rana temporaria and toads Bufo spp.), do not
feed until after the conclusion of spawning. Specifically, they
abstain from feeding during the short interval between their
emergence from hibernation sites and the end of the breeding
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season. Although this assumption is common in the literature,
it is not supported by empirical data (Tinsley 1990; Bókony
et al. 2018), and at best refers to anecdotal observations
(Tinsley and Jackson 1988) or studies concerning the aquatic
period immediately before or during spawning (Jørgensen
et al. 1978). In fact, only Gittins (1987), based on one popu-
lation in Wales, showed that 97% of all toads did not feed
before entering the breeding pond, whereas other authors have
omitted post-hibernation terrestrial migration and have fo-
cused only on individuals caught in breeding ponds
(Heusser 1968; Guidali et al. 2000). Consequently, this has
led to the transmission of misleading information.

The common toad Bufo bufo is an example of a widely
studied, explosively breeding amphibian. It belongs to the
B. bufo species group, which is widespread in most of
Europe, northern Eurasia, and north Africa, inhabiting various
habitats up to 3000m a.s.l. (Agasyan et al. 2009; Arntzen et al.
2013). The diet of this important predator of invertebrates,
including the tadpole stage, metamorphs, and sexual maturity,
has been widely studied as well (Diaz-Paniagua 1989;
Crnobrnja-Isailović et al. 2012 and references therein;
Čađenović et al. 2018).

Common toads are also one of the most frequent traffic
victims among amphibians in Europe (Elzanowski et al.
2009; Beebee 2013). Their carcasses may constitute useful
material for various non-invasive studies (Martel et al. 2012;
Kaczmarski et al. 2016). It was recently proven that toads are
killed on roads irrespective of their individual ages and there-
fore constitute a representative sample of a migrating popula-
tion (Kolenda et al. 2019).

In this study, we assessed the possibility of using road-
killed common toads to determine the content of their
stomachs and intestines and to find out whether migrating
toads feed and whether their foraging activity depends on
sex or habitat type.

Materials and methods

Material collection

The study was conducted at two different sites located in
south-western Poland: (i) a suburb of Wrocław (51° 10′
22.98″ N, 16° 50′ 29.93″ E, 128 m a.s.l.), comprising a pri-
marily forested area with a housing estate and ponds, and (ii)
Złoty Las (50° 46′ 46.36″ N, 16° 24′ 55.38″ E, 337 m a.s.l.),
situated in forested foothills near the Złotnica River.

Road-killed toads were collected during their nocturnal mi-
gration to breeding ponds between the end of March and be-
ginning of April in 2017 and 2018. Toad carcasses were found
on roads located at most 50 m from ponds; thus, the migrating
adults died just before entering the water. We collected only
recently killed individuals within a few hours of death, and did

not include flattened or desiccated carcasses. Each toad car-
cass was placed in a plastic ziplock bag, transported to the lab,
and frozen within a maximum of 3 h after collection (Caldwell
1996; Solé et al. 2005). The sex of individuals was determined
according to visual sexual characters and gonads (Kaczmarski
et al. 2016). The stomachs and intestines were dissected in
Petri dishes and their contents analysed by means of a stereo-
microscope. The prey items were identified to the lowest pos-
sible taxonomic rank, depending on degree of decomposition.
Besides animal prey, the presence of plant material and/or
sand grains was noted. In the case of intestinal contents, we
noted only the presence or absence of digested food remains.

Statistical analyses

We used 2 × 2 contingency tables and Fisher’s exact tests to
compare (i) the proportion of males and females with stomach
contents at the two study sites and (ii) the proportion of indi-
viduals with stomach and intestinal contents at the two study
sites. We also compared the mean prey number caught by
males and females at both localities using the Mann-
Whitney U test. A statistical significance level of p < 0.01
was defined in order to avoid type I error due to multiple
comparisons.

We estimated the diversity of diet composition using the
Shannon-Wiener (H) index and determined the level of food
specialisation using the Berger-Parker dominance index.
Intersexual and interpopulational similarities in terms of diet
composition were compared using the Jaccard and Bray-
Curtis indices. Except for the H index, all indices were calcu-
lated for 14 taxonomical groups which covered the classifica-
tions of all prey (see Supplementary Table 1 for details).
Statistical analyses were performed using Statistica 13.1 soft-
ware (StatSoft, Poland); diversity indices were calculated
using BioDiversity Pro 2.0.

Results

In total, we collected 416 common toads: 178 inWrocław and
238 in Złoty Las. Among them, 246 (59%) individuals were
characterised by intact digestive tracts (stomach and intestine);
only these toads were included in the subsequent analysis
(Table 1). In 97 (39%) individuals, we found stomach contents
composed of invertebrate remains (Table 1). There were no
significant differences between males and females, with or
without prey, in Wrocław (Fisher’s exact test, p = 1) and
Złoty Las (p = 0.83), or between individuals, with or without
prey, between study sites (p = 0.89) (Table 1). Of the total of
246 toads with intact digestive tracts, we found intestinal con-
tents in 180 (73%), with significant differences in their pro-
portion between study sites (Fisher’s exact test, p = 0.006).We
found no content in the intestines of only 4 (4.1%) toads with
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prey in the stomach. In 36 (15%) and 16 (6.5%) toads, we
found plant remains or soil grains, respectively (Table 1); we
found intestinal contents in all of these toads but found animal
remains in the stomachs of only 23 (64%) and 9 (25%), re-
spectively (Table 1).

Among 97 toads with stomach contents, 22 cases included
animal remains which had been digested to the extent that it
was impossible to count the prey items or identify them to a
low taxonomic rank; thus, these cases were excluded from the
analysis. In total, we found 290 prey items classified to 57 taxa
and grouped into 14 higher taxonomic ranks (see Table 2 and
supplementary Table S1 for details). Members of the
Formicidae (Insecta: Hymenoptera) family constituted the
most abundant prey at both study sites (77% in Wrocław
and 32% in Złoty Las), followed by beetles (Insecta:
Coleoptera, 8.9%) and spiders (Arachnida,7.7%) in
Wrocław, and spiders (Arachnida, 11.8%), millipedes
(Myriapoda: Julidae, 11%), isopods (Crustacea: Isopoda,
10%), earwigs (Insecta: Dermaptera, 10%), true bugs
(Insecta: Hemiptera, 9.3%), and beetles (Insecta: Coleoptera,
8.5%) in Złoty Las. Other taxonomic groups were represented
by less than 3% of individuals (Table 2). Except for two fresh-
water taxa, Velia sp. (Insecta: Hemiptera) and Anacaena
lutescens (Insecta: Coleoptera), others were typically
terrestrial.

In Wrocław, females and males consumed 7.6 (± 7.2) and
4.37 (± 4.2) prey items per individual, respectively; in Złoty
Las, 3.33 (± 2.4) and 2.94 (± 2.8), respectively, and we found
no intersexual differences in numbers of caught prey (Mann-
WhitneyU test, Wrocław: Z = − 0.99, p = 0.32; Złoty Las: Z =
0.62, p = 0.54) (Table 3). In Wrocław, the diversity of the diet
of males was greater than that of females (Shannon-Wiener
index, H = 2.60 vs H = 1.48, respectively), but this trend was
not observed in Złoty Las (males: H = 2.61, females: H =
2.65). The dominance index was higher in Wrocław (males:
d = 0.7, females: d = 0.9) than in Złoty Las (males: d = 0.4,
females: d = 0.3). Both the Jaccard and Bray-Curtis indices
showed a low level of intersexual similarity in diet composi-
tion in Wrocław (0.38 and 0.45, respectively) and Złoty Las
(Bray-Curtis index, 0.4; the Jaccard index was an exception at
0.75). Additionally, a low level of congruence was noted in

food composition between males (Jaccard index, 0.46; Bray-
Curtis index, 0.54) and females (0.33 and 0.17, respectively)
at the two sites.

Discussion

Nearly 60% of all collected toads were characterised by well-
preserved digestive tracts suitable for inclusion in analysis of
stomach contents. The persistence of amphibian carcasses on
roads depends on many factors, such as size and body mass,
rate of removal by scavengers, weather, and traffic intensity.
For these reasons, over 50% of dead amphibians disappear
from roads within the first 24 h following killed on roads
(Santos et al. 2011). Thus, carcasses must be collected as soon

Table 1 Number of the road-
killed common toads Bufo bufo
used in this study

No. of toads Wrocław Złoty Las Total

Male Female Total Male Female Total

All collected 132 46 178 174 64 238 416

With digestive tract preserved 98 25 123 93 30 123 246

With prey remains in stomach 40 9 49 37 11 48 97

With intestinal content 65 15 80 79 21 100 180

With non-prey items: plant remains 16 5 21 11 4 15 36

Soil grains 10 0 10 3 3 6 16

Table 2 Number and percentage share of particular prey items found in
the stomachs of road-killed common toads Bufo bufo from Wrocław and
Złoty Las

Prey categories Wrocław Złoty Las

Male Female Male Female

N % N % N % N %

Annelida 1 0.76% 0 0.00% 0 0.00% 0 0.00%

Arachnida 12 9.16% 1 2.63% 10 10.99% 4 13.33%

Chilopoda 0 0.00% 0 0.00% 3 3.30% 0 0.00%

Julidae 3 2.30% 0 0.00% 4 4.39% 9 30.00%

Isopoda 0 0.00% 0 0.00% 7 7.69% 5 16.67%

Colembolla 0 0.00% 0 0.00% 1 1.10% 0 0.00%

Hemiptera 4 3.05% 0 0.00% 10 10.99% 2 6.67%

Dermaptera 1 0.76% 0 0.00% 11 12.09% 1 3.33%

Diptera 0 0.00% 0 0.00% 1 1.10% 1 3.33%

Coleoptera 12 9.16% 3 7.89% 5 5.49% 5 16.67%

Formicidae 97 74.05% 34 89.48% 38 41.76% 2 6.67%

Lepidoptera 1 0.76% 0 0.00% 0 0.00% 0 0.00%

Plecoptera 0 0.00% 0 0.00% 1 1.10% 0 0.00%

Gastropoda 0 0.00% 0 0.00% 0 0.00% 1 3.33%

∑ 131 38 91 30
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as possible e.g. during spring evenings, the peak of activity of
many species (Mazerolle 2004). Toads, being relatively large
amphibians with tough skin, are a good source for various
ecological studies based on road kills, in contrast to small
and/or thin-skinned species, such as fire-bellied toads or
newts, which are more vulnerable to damage from being run
over by a car (Hels and Buchwald 2001). Moreover, particular
species show various degrees of exposure to road impacts; this
may depend on species mobility, ecological requirements, re-
productive mode, response to traffic noise, etc. (Colino-
Rabanal and Lizana 2012; Tennessen et al. 2014; Grace
et al. 2017). Thus, our approach may not be appropriate for
all species. Although carcasses are most numerous during
seasonal migration, mainly in the pre-spawning period
(Orłowski 2007; Orłowski et al. 2008), our approach can be
used throughout the active season; however, this may be lim-
ited by weather and the location of roads within amphibian
habitats. Thus, our approach is certainly suitable for studies of
the feeding ecology of explosively breeding species and may
serve as a useful tool to fill gaps in knowledge about the
foraging activity of such species during this particular period
of life (for further discussion on using road-kill to scientific
purposes, see Kolenda et al. 2019).

Foraging activity during spring migration

Although we found prey in the stomachs of only 39% of the
collected toads, intestinal contents were present in 73%. As
amphibians are capable of processing food during hibernation
(Gossling et al. 1980; Jiang and Claussen 1993), we conclud-
ed that the intestinal contents were the remnants of recently
consumed food, i.e. eaten after hibernation but before breed-
ing. Thus, the actual percentage of individuals that feed during
migration may be much higher than that calculated on the
basis of stomach analysis only (Gittins 1987).

We also found a relatively large share of toads with non-
prey items in their stomachs. A recent study confirmed that
non-prey items are most often consumed in spring (Kopecký
et al. 2011). This phenomenon is probably related to acciden-
tal consumption along with animal prey, or to inefficient hunt-
ing (Dolmen and Koksvik 1983; Kovács et al. 2007). The
latter factor may be explained by the lower level of prey

availability following winter, but also may be connected with
toads’ poor body condition, which may contribute to attack
responses towards items resembling prey (see also Kopecký
et al. 2011). This assumption is supported by our observation
of several individuals with non-prey items and no animal re-
mains in their stomachs.

One factor negatively affecting the condition of post-
hibernating toads is climate change, with a trend towards
milder winters and warmer early springs (Reading and
Clarke 1995; Tomašević et al. 2007). Indeed, Tryjanowski
et al. (2003) found a trend towards earlier breeding in common
toads over a span of 25 years in Poland as a possible conse-
quence of climate change. It is possible that higher metabo-
lism rate and increase in utilisation of energy reserves during
winter caused by higher temperatures may force toads to feed
during the post-hibernation period. Thus, the almost total lack
of foraging behaviour in the toads studied by Gittins (1987)
may simply reflect their superior condition, possibly associat-
ed with the lack of any influence of climate change or other
factors (e.g. better foraging opportunities). However, these
issues require further long-term study.

Our results may warrant careful interpretation of previously
published data and may also help in the design of further
studies. For instance, Bókony et al. (2018) estimated female
fecundity based on differences in mass between pre- and post-
spawning toads, and emphasised that post-hibernating indi-
viduals did not feed prior to spawning. As the toads were
caught at the beginning of their breeding season (Bókony
et al. 2018), they could be unable to defecate (i.e. they
did not have enough time to do so, if recently fed).
Although swallowed food usually stays in the stomach
up to 24 h, at colder temperatures, this period may be
extended to as many as 12 days (Gossling et al. 1980).
It is noteworthy that toads, and amphibians in general, are
gluttonous; a toad is capable of eating a meal equalling
approximately 4–5% or even 20% of its body mass (Karg
and Mazur 1969; Secor and Faulkner 2002). Thus, in
studies in which post-hibernating toads are used to esti-
mate fecundity or body condition indices, authors should
consider employing a stomach-flushing method prior to
measurements to be sure that there are no stomach con-
tents that could potentially bias the mass estimates.

Table 3 Total, mean, median, and
range of prey items consumed by
common toads Bufo bufo

Wrocław Złoty Las

Males
(N = 30)

Females
(N = 5)

Males
(N = 31)

Females
(N = 9)

Total number of prey items in stomach 131 38 91 30

Mean (± SD) 4.37 (± 4.2) 7.6 (± 7.2) 2.94 (± 2.8) 3.33 (± 2.4)

Median 3 5 2 3

Range (min–max) 1–22 2–19 1–15 1–8
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Food composition of common toads

Identification of prey items was possible in the case of inver-
tebrates with highly chitinised cuticles, such as beetles, true
bugs, crustaceans, centipedes, and millipedes. Greater diffi-
culties in the determination of lower taxonomic ranks were
present in the case of the soft invertebrate bodies of arachnids,
stoneflies, or flies.

Our study confirmed that, during spring migration, com-
mon toads hunt diverse prey, the vast majority of which com-
prise epigeic forms such as millipedes (Myriapoda:
Diplopoda), centipedes (Myriapoda: Chilopoda), woodlice
(Crustacea: Isopoda), and various orders of insects including
ants (Hymenoptera: Formicidae), earwigs (Dermaptera), bee-
tles (families: Carabidae, Curculionidae, Coccinellidae), true
bugs (Hemiptera), and caterpillars (i.e. butterfly larvae). These
results correspond to other studies from many different habi-
tats (e.g. Mollov and Boyadzhiev 2009; Crnobrnja-Isailović
et al. 2012; Čađenović et al. 2018). Most prey possess venom
glands in their forcipules (Chilopoda) or chelicerae
(Arachnida), or produce defensive and toxic secretions
(Diplopoda, Coccinellidae, Formicidae). A large share of tox-
ic prey items in the diet confirms that toads are resistant to
high levels of toxins (Smith 1951).

Based on the dominance index, common toads cannot be
classified as fully polyphagous. The most abundant prey
items, especially in Wrocław, were ants (Formicidae). At this
locality, both sexes may be considered myrmecophagous spe-
cialists (Vences et al. 1998; Isacch and Barg 2002); however,
some studies suggest only a seasonal preference for ants
(Mollov and Boyadzhiev 2009). We identified a total of 13
ant species belonging to 6 genera. Interestingly, all were
characterised by thin skeletons and were incapable of stinging,
and in addition manifested generally weak territorial behav-
iour. At present, however, it is hard to assess whether this was
a targeted feeding strategy or an accidental choice.

In the prey of both populations, numbers of Coleoptera
were surprisingly low, while those of Arachnida were relative-
ly high. Differences in food composition, as well as the abun-
dance of particular prey taxa in comparison with other studies
(e.g. Gittins 1987; Mollov and Stojanova 2010; Crnobrnja-
Isailović et al. 2012; Čađenović et al. 2018), result primarily
from seasonal changes in prey diversity (Gittins 1987; Kovács
et al. 2007). However, other factors, such as habitat type, prey
availability, the presence of competitors, and body size, influ-
ence amphibian diets (Houston 1973; Gittins 1987; Denton
and Beebee 1994; Isacch and Barg 2002; Crnobrnja-
Isailović et al. 2012). Similarly, differences in the shares of
taxa preyed upon in the two populations we studied may be
explained by different habitat types; however, the low level of
congruence in food composition between the sexes, as well as
the greater mean number of prey items consumed by females,
was probably the effect of a small sample size.

In conclusion, we would like to emphasise that the poten-
tial for analysing the stomach contents of amphibian carcasses
opens up a new approach for non-invasive studies on foraging
activity and food composition. Moreover, since diet composi-
tion reflects prey availability and since amphibians are oppor-
tunistic feeders, studies of the digestive tract in different sea-
sons may serve as an additional source of data on invertebrate
occurrence (similar to that involving pellets in birds of prey).
Indeed, we found few rare and protected species (e.g. Formica
pratensis). However, it is important to note that particular
amphibian species tend to be killed on roads at different levels
of frequency depending on habitat type, species activity pat-
tern, population size, etc.; moreover, depending on features of
body construction, carcasses of different species tend to be
found in a variety of conditions after being run over by vehi-
cles. Accordingly, this approach should be tested on more
species.
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