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Abstract

The genus Epomis is represented in Israel by two species: E. dejeani and E. circumscriptus. In the central
coastal plain these species are sympatric but do not occur in the same sites. The objective of this study was
to record and describe trophic interactions between the adult beetles and amphibian species occurring in
the central coastal plain of Israel. Day and night surveys at three sites, as well as controlled laboratory ex-
periments were conducted for studying beetle-amphibian trophic interaction. In the field we recorded three
cases of E. dejeani preying upon amphibian metamorphs and also found that Epomis adults share shelters
with amphibians. Laboratory experiments supported the observations that both Epomis species can prey on
amphibians. Predation of the three anuran species (Bufo viridis, Hyla savignyi and Rana bedriagae) and two
urodele species (Triturus vittatus and Salamandra salamandra infraimmaculata) is described. Only E. dejeani
consumed 7. vittatus. Therefore, we conclude that the two species display a partial overlap in food habit.
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Introduction

Invertebrates are known predators of juvenile and adult amphibians. The majority of
reports list arachnids (e.g. Formanowicz 1981; McCormick and Polis 1982; Dehling
2007) and aquatic hemipterans (e.g. Hinshaw and Sullivan 1990; Haddad and Bastos
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1997; Toledo 2005) as the main arthropod predators. A few studies report predation
by ants (Freed and Neitman 1988; Zuffi 2001; Ward-Fear et al. 2009) and by adult
beetles (McCormick and Polis 1982; Hinshaw and Sullivan 1990; Jung et al. 2000).
The latter involves mostly carabid beetles (Littlejohn and Wainer 1978; Ovaska and
Smith 1988; Robertson 1989).

Following Brandmayr et al. (2010) we rank Epomis as a separate genus and not as
a subgenus of Chlaenius. The genus Epomis belongs to the Chlaeniini tribe in which
about 20 species are known, mainly from tropical Africa and south and south-eastern
Asia. Five species are known from the Palaearctic region (Kryzhanovskij 1983).

So far, to the best of our knowledge, predation of an amphibian by an adult Epomis
beetle was reported in a single note, describing the predation of a juvenile Rana ni-
gromaculata by E. nigricans Wiedemann 1821, in Japan (Toshiaki 2006). Recently, pre-
dation of juveniles of two amphibian species (Bufo viridis and Hyla savignyi) by larvae
of the carabid beetle Epomis dejeani Dejean & Boisduval 1830, was reported (Elron et
al. 2007). Until 2007 only E. dejeani was known from Israel (Elron et al. 2007); how-
ever, while conducting this study we discovered an additional species, E. circumscriptus
Duftschmid 1812 (identified by Pietro Brandmayr). In the central coastal plain we
found the Epomis beetles in clay type and sandy soils around the banks of rain-pools
(Elron et al. 2007). Rain-pool habitats are the major breeding sites of amphibians in
Israel. Here we report on the food habit and predation behavior of adults of the two
Epomis species in Israel.

Methods

Distribution

During the period of 2007 — 2009 we conducted 103 daytime surveys at 26 sites along
the central coastal plain (from south of Tel-Aviv to north of Hadera) in order to exam-
ine the presence of Epomis species close to freshwater bodies where amphibians are usu-
ally present. The specimens observed were identified and recorded. Selected specimens
were deposited in the Natural History Collection, Tel-Aviv University.

Field observations

We conducted daytime and night surveys at three sites in the central coastal plain (Ta-
ble 1). The location of the study sites is shown in Figure 1. Outside this study, observa-
tions on E. circumscriptus life history dynamics were conducted in two additional sites
in the central coastal plain (Qadima and Kfar Netter, Table 1).

During daytime surveys we searched for adult beetles under natural and artificial
shelters. The former consisted of any local wooden debris or rocks of various sizes.
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Table I. Location and number of daytime and night surveys conducted in the study sites.

Site name Coordinates daytime surveys night surveys

Dora 32°17'30"N 27 5
34°50'48"E

Berekhat Ya'ar 32°24'16"N 37 11
34°54'61"E

Samar 32°26'23"N 15 11
34°53'01"E

Qadima 32°27'25"N - -
34°89'64"E

Kfar Netter 32°28'65"N - -
34°87'28"E

For artificial shelters we used 40x40 cm cement tiles. At night we used white-light
flashlights (Hyundai, Search Finder 1x10° candle power) to locate adult beetles and
amphibians and to record their activity outside shelters. Each survey (day or night)
lasted for two hours. When predation interaction was encountered, the entire event
was recorded.

Laboratory observations

We supplemented the field observations of predation interactions with controlled
experiments in the laboratory, in which we exposed a known species of amphibian
to one or other species of Epomis. The encounter experiments were conducted in
one liter plastic containers (10.5cm high; 14.5cm diameter) with moist peat-moss as
substrate in which an individual beetle was reared. A randomly selected metamorph
of one out of five amphibian species occurring in the coastal plain was added to the
container with the beetle. These metamorphs were measured (snout-vent for anurans;
snout-end of tail for urodeles) with a caliper (+ 0.05mm) and weighed using an ana-
lytical scale (+ 0.001g). For each experiment we used a naive amphibian and beetle.
Beetles presented with crushed house crickets (Acheta domestica) served as a control
for feeding interaction. The beetles are used to this food because we routinely feed
them with crushed crickets once a week. We fed the amphibian metamorphs daily
with live house crickets. Food was not presented to the beetle or the amphibian on
the day of the experiment. All observations were made under natural light. We docu-
mented the predation encounter using a Canon powershot SX10 video camera. The
video recording started 10 seconds before releasing the amphibian into the beetle’s
container, and was carried out in 10 minute clips until the interaction ended. In addi-
tion, we documented the interaction with still photographs (DSLR, Canon EOS 20D
and Canon EOS 50D). Distribution records and observations of predation behavior
did not require statistical analysis.
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Figure . Distribution of Epomis species in the study area, central coastal plain, Israel, 2007-2009
(square in left corner shows location of study area).

Results

Distribution

In 103 surveys conducted in 26 sites in the coastal plain, Epomis beetles were recorded in
four sites only, all within a radius of 18km (Table 2). The two species were never found
in the same site (Fig. 1); E. dejeani was found in Berekhat Ya'ar and Samar, whereas E.
circumscriptus was found in Dora, Qadima and Kefar Netter (west of Qadima).

Field observations

We observed three events of adult beetles, E. dejeani only, preying on Bufo viridis
metamorphs (two in March, one in July), all during night surveys. On seven out of
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Table 2. Distances (in km) between the surveyed sites, central coastal plain, Israel.

Dora Qadima Berekhat Ya'ar Samar
Dora -
Qadima 5.1 -
Berekhat Ya'ar 14.4 14.8 -
Samar 16.3 17.4 2.8 -

79 daytime surveys we recorded adult beetles co-occurring with amphibians (meta-
morphs, juveniles and an adult) under the same shelters (Table 3; URL: Amphibian
- Adult Epomis interaction). In all these cases a single adult beetle (male or female) was
sharing a shelter with amphibians. Co-occurrence with E. circumscriptus was recorded
in March and April and with E. dejeani in February, March and May. Although we
did not observe predation interaction in the above cases we did find in one case the
remains of three devoured metamorphs of B. viridis (URL: Amphibian - Adult Epomis
interaction). One of the authors observed similar remains of B. viridis under a shelter
occupied by E. circumscriptus at another site (Qadima, Fig. 1).

Laboratory experiments

In the laboratory we found that E. dejeani preyed on all five amphibian species
presented to it in 38 experiments (100% predation occurrence, Table 4). In the
case of E. circumscriptus predation occurred in 78% of 37 experiments. In all the
experiments involving Triturus vittatus and E. circumscriptus, predation did not take

place (Table 4).

Predation behavior

On March 26, 2008 at ca. 10 pm we observed at the Berekhat Ya'ar site, ca. 50m from
the pond, an E. dejeani female biting a B. viridis metamorph on the lower back area
and dragging it for a short distance (ca. 20cm). We then observed the female devour-

Table 3. Developmental stage and number of individuals of amphibians (Adl.= Adult; Juv.= Juvenile;
Met.= Metamorph; in parentheses, number of records) recorded co-occurring with adult Epomis beetles
in the field under the same shelter.

E. circumscriptus E. dejeani
Amphibian species Adl. Juv. Met. Adl. Juv. Met.
Bufo viridis 0 (45) 1(2) 30 (1) 0(72) 0(72) 0(72)
Hyla savignyi 0 (45) 0 (45) 0 (45) 1(1) 1(1) 2(1)
Rana bedriagae 0 (45) 0 (45) 4 (1) 0 (72) 0 (72) 0 (72)
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Table 4. Comparison of predation of juveniles of five amphibian species by adult beetles of two Epomis
species. Weights and lengths (anurans — snout-vent; urodeles - snout-end of tail) of the amphibians and
shown. n indicates number of experiments.

Amphibian species Mean Mean Epomis Epomis

weight length | circumscriptus dejeani

+SD (g) | +SD (mm) | Predation (%) | n | Predation (%) | n
Bufo viridis 0.38+0.11 | 16.3x1.5 100 17 100 18
Hyla savignyi 0.24+0.03 | 15.8+1.0 100 5 100 5
Rana bedriagae 1.2420.32 | 23.4+1.4 100 5 100 5
Triturus vittatus 0.21+£0.03 | 33.0+1.9 0 8 100 8
Salamandra 1.1920.36 | 54.7+4.1 100 2 100 2
salamandra
infraimmaculata

ing the metamorph for a period of 27 minutes, starting at the back area, and leaving
only the fore and hind limbs. Twenty minutes later, at a distance of ca. 250m from
the pond, we observed a different E. dejeani female feeding on a B. viridis metamorph
in a crevice in the ground. On July 6*, 2008 at 7 pm we observed on the pond bank
at the Samar site a male E. dejeani feeding on a B. viridis metamorph. The beetle was
chewing on the rear legs of the metamorph. Upon our approach it abandoned the site,
leaving its prey behind.

In all of the laboratory experiments involving B. viridis, H. savignyi and S. sala-
mandra infraimmaculata metamorphs, adults of both Epomis species demonstrated a
similar response of immediately jumping on the amphibian’s back, biting at the lower
back area (Fig. 2a). This caused the amphibian metamorph to jump, trying unsuccess-
fully to shake the beetle off. Using its mandibles, the beetles made a horizontal incision
in the lower back of the amphibian (Fig. 2b) causing it to cease moving within ca. 1-2
minutes. Subsequently the beetle started chewing on the back and sides of the meta-
morph (Fig. 2c). Within an hour (H. savignyi and S. salamandra infraimmaculata) to
an hour and a half (B. viridis), only the amphibian’s limbs and head remained (Fig. 2d).
In all these cases the beetle’s abdomen swelled noticeably (Fig 2e). In some cases (B.
viridis n=5; H. savignyi n=4; S. salamandra infarimmaculata n=2) the beetle continued
feeding, consuming the amphibian’s eyes as well. In all cases (n=5 for E. dejeani; n=5
for E. circumscriptus), predation of Rana bedriagae metamorphs started with the beetle
biting at one of the rear limbs. Despite the vigorous jumping of the Rzna metamorph
the beetle hung on successfully. Within ca. 40 seconds the metamorph ceased to strug-
gle and the beetle changed position to the posterior venter where it initiated chewing.
Feeding continued for ca. two hours.

Four out of the five amphibian species were consumed by the two Epomis species,
whereas 77 vittatus was consumed only by E. dejeani. In all cases, predation of 7. vit-
tatus started by biting at the central venter (Fig. 2f). Feeding lasted for 27-34 minutes,
and when it ended only a few bones remained. In contrast, most E. circumscriptus
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Figure 2. Predation of amphibians by adult Epomis: @ B. viridis juvenile by E. circumscriptus b Hyla
savignyi juvenile by E. circumscriptus € B. viridis juvenile by E. circumscriptus d S. s. infraimmaculata
metamorph by E. dejeani e H. savignyi juvenile by E. circumscriptus f T. vittatus metamorph by E. dejeani

(photographs by Gil Wizen).

(n=5) completely avoided any encounter with 7. viztatus. In two cases of E. circumscrip-
tus the beetle jumped on the newt but did not initiate biting, and within ca. 10 seconds
turned away from the amphibian. It then moved its forelegs and antennae through its
mouth parts; this display appeared as cleaning behavior. In one case E. circumscriptus
clasped 7” vitzatus by its neck using its mandibles and carried it for a short distance (ca.
10cm). The beetle then dropped the newt on the ground and ceased biting. The beetle
was restless, repeatedly moving its forelegs and antennae through its mouth parts as
described above.

The amphibian-Epomis predation interaction is demonstrated in photos and short
videos (URL: Amphibian - Adult Epomis interaction).
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Discussion

Two Epomis species occur in the central coastal plain of Israel. In the course of this
study, they were recorded in four sites only, within a radius of <20 km, but never in the
same site. Climate, soil type and vegetation were similar in the four sites in which the
beetles occur. In the absence of neither a physical barrier nor an apparent habitat differ-
ence the segregation of the species to different sites may be a case of sympatric species
that do not occur in the same sites (reviewed in Fitzpatrick et al. 2008). Except for
a single observation from 1927 (O. Theodor) where the two species were collected at
Hadera (no site information), sympatric distribution with no overlap is supported by
all other records of the Natural History Collection, Tel-Aviv University.

Adults of the two Epomis species share shelters with amphibians during the day.
The encounter between predator and prey is inevitable when the two become active at
night. The outcome of this interaction is invariably fatal for the amphibian. Adult Car-
abidae are phytophagous, zoophagous and mixophagous (Kryzhanovskij 1983). The
diet of predacious carabids is diverse, including insects, arachnids, gastropods, isopods
and lumbricid worms (Lovei and Sunderland 1996), as well as injured and dead verte-
brates (Littlejohn and Wainer 1978). Adult beetles of the Chlaeniini tribe are known
to feed on various live and dead invertebrates as well as on carcasses of vertebrates
(Kryzhanovskij 1983). The diet of Epomis species corresponds to the Chlaeniini food
habit, with the addition of live amphibians as an optional food item in their diet. We
examined Epomis interactions with five out of six amphibian species occurring in Isra-
el. We avoided using the anuran Pelobates syriacus which is a rare species in Israel. The
beetles” interaction with this species awaits examination. We describe the predation
behavior of the two Epomis species based on laboratory observations. The behavior
agrees with that described for E. nigricans in the field (Toshiaki 2006). Nevertheless,
further observations in the field are required to support our laboratory observations.

In the field we have evidence for predation of B. viridis by the two Epomis species.
In laboratory experiments we found that one of the Epomis species preyed upon three
anurans and two urodeles while the other species avoided 7. vitzatus.

An in-depth investigation of predation of amphibians by Epomis species in Israel
has revealed that the diet of the two sympatric congeners that do not occur at the
same site overlaps only partially. Most reported studies on food habits demonstrate
diet partitioning as well as overlap in congeneric sympatric species. These reports in-
clude vertebrates such as fish (Targett 1978; Yang and Livingston 1986; Correra et al.
2009), amphibians (Fraser 1976; Dolmen and Koksvik 1983; Griffiths 1986), reptiles
(Rose 1976), birds (Schoener 1965; Holmes and Pitelka 1968), and bats (Arlettaz et al.
1997; Lopez and Vaughan 2007). Relatively little is known on food habits of sympa-
tric congeneric insects, such as herbivorous insects (Janz and Nylin 2008), predacious
hemipterans (Anderson 1962), herbivorous coleopterans (Futuyma and Mitter 1996),
lepidopterans (Chew and Renwick 1995; Menken 1996; Friberg and Wiklund 2008)
and hymenopterans (Heatwole and Davis 1965). Most of the reports on insects discuss
food overlap (e.g. Futuyma and Mitter 1996; Friberg and Wiklund 2008), and only a
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few deal with congeneric species with a specialized diet (e.g. Heatwole and Davis 1965;
Chew and Renwick 1995; Menken 1996). Among congeneric predacious adult insects
that exhibit sympatric distribution but do not occur in the same site, we know of no
other example of partial food overlap other than the Epomis species we studied. The
reason for the partial overlap in the two Epomis species is still unknown. A possibility
of anti-predator defensive mechanism seems less probable because the known defense
responses of amphibian are not species specific (reviewed in Dodd 1976 and Dodd and
Brodie 1976). Presently, we examine whether the same difference in food habit found
for the adult beetles holds for the larval stages as well.

Acknowledgment

We thank Prof. Leon Blaustein and Asaf Sadeh (Haifa University) for providing the
specimens of S. salamandra infraimmaculata. Liron Goren (Tel-Aviv University) as-
sisted in capturing 7. vittatus metamorphs. Prof. Thorsten Assmann and the reviewers
provided constructive remarks. The permit for collecting amphibians was issued by
the Nature and Parks Authority, Israel. We thank Naomi Paz (Tel-Aviv University) for
editorial assistance and Rona Cohen (Tel-Aviv University) for web-site assistance.

References

Anderson NH (1962) Growth and fecundity of Anthocoris spp. reared on various prey (Het-
eroptera: Anthocoridae). Entomologia Experimentalis et Applicata 5 (1): 40-52. doi:
10.1111/j.1570-7458.1962.tb00563.x

Arlettaz R, Perrin N, Hausser J (1997) Trophic resource partitioning and competition between
the two sibling bat species Myotis myotis and Myotis blythii. Journal of Animal Ecology 66:
897-911. doi: 10.2307/6005

Brandmayer B, Bonacci T and Zetto Brandmayr T (2010) Larval morphology of Epomis cir-
cumscriptus (Duftschmid 1812) and of first instar E. dejeani, Dejean, 1831, (Coleoptera,
Carabidae, Chlaeniini), with morphofunctional remarks. Zootaxa 2388: 49-58.

Chew FS and Renwick JAA (1995) Host plant choice in Pieris butterflies. In: Carde RT and
Bell WJ (Eds) Chemical ecology of insects II. Chapman & Hall, New York, 214-238.
Correra CE, Hahn NS, Delariva RL (2009) Extreme trophic segregation between sympatric
fish species: the case of small sized body Aphyocharax in the Brazilian Pantanal. Hydrobio-

logia. doi 10.1007/s10750-009-9861-2.

Dehling DM (2007) Smilisca sordida (drab tree frog). Predation. Herpetological Review 38 (4): 444.

Dodd CK Jr. (1976) A bibliography of anuran defensive mechanisms. Smithsonian Herpeto-
logical Information Service 37: 1-10.

Dodd CK Jr., Brodie ED Jr. (1976) Defensive Mechanisms of Neotropical Salamanders with
an Experimental Analysis of Immobility and the Effect of Temperature on Immobility.
Herpetologica 32: 269-290.


http://dx.doi.org/10.1111/j.1570-7458.1962.tb00563.x
http://dx.doi.org/10.2307/6005

190 Gil Wizen & Avital Gasith | ZooKeys 100: 181-191 (2011)

Dolmen D, Koksvik J (1983) Food and feeding habits of Triturus vulgaris (L.) and T. cristatus
(Laurenti) (Amphibia) in two bog tarns in central Norway. Amphibia-Reptilia 4: 17-24.
doi: 10.1163/156853883X00229

Elron E, Shlagman A, Gasith A (2007) First Detailed Report of Predation on Anuran Meta-
morphs by Terrestrial Beetle Larvae. Herpetological Review 38 (1): 30-33.

Fitzpatrick BM, Fordyce JA, Gavrilets S (2008). What, if anything, is sympatric speciation?
Journal of Evolutionary Biology 21: 1452-1459. doi: 10.1111/j.1420-9101.2008.01611.x

Formanowicz Jr. DR, Srewart MM, Townsend K, Pough FH, Brussard PF (1981)
Predation by giant crab spiders on the Puerto Rican frog Eleuterodactylus
coqui. Herpetologica 37: 125-129.

Fraser DF (1976) Coexistence of salamanders in the genus Plethodon: a variation of the Santa
Rosalia theme. Ecology 57: 238-251. doi: 10.2307/1934813

Freed PS, Neitman K (1998) Notes on predation on the endangered Houston toad, Bufo hou-
stonensis. Texas Journal of Science 40: 454—456.

Friberg M, Wiklund C (2008) Host plant preference and performance of the sibling species
of butterflies Leptidea sinapis and Leptidea reali: a test of the trade-off hypothesis for food
specialization. Oecologia 159 (1): 127-137. doi: 10.1007/s00442-008-1206-8

Futuyma D]J, Mitter C (1996) Insect-Plant Interactions: The Evolution of Component Com-
munities. Philosophical Transactions: Biological Sciences Vol. 351, No. 1345, Plant Life
Histories: Ecological Correlates and Phylogenetic Constraints: 1361-1366.

Griffiths RA (1986) Feeding Niche Overlap and Food Selection in Smooth and Palmate Newts,
Triturus vulgaris and T. helveticus, at a Pond in Mid-Wales. Journal of Animal Ecology 55
(1): 201-214. doi: 10.2307/4702

Haddad CFB, Bastos RP (1997) Predation on the toad Bufo crucifer during reproduction (Anu-
ra: Bufonidae). Amphibia-Reptilia 18: 295-298. doi: 10.1163/156853897X00170

Heatwole H, Davis DM (1965) Ecology of Three Sympatric Species of Parasitic Insects of
the Genus Megarhyssa (Hymenoptera: Ichneumonidae). Ecology 46: 140-150. doi:
10.2307/1935265

Hinshaw SH, Sullivan BK (1990) Predation on Hyla versicolor and Pseudacris crucifer during
reproduction. Journal of Herpetology 24: 196-197. doi: 10.2307/1564228

Holmes RT, Pitelka FA (1968) Food overlap among coexisting sandpipers on northern Alaska
tundra. Systematic Zoology 17: 305-318. doi: 10.2307/2412009

Janz N, Nylin S (2008) The oscillation hypothesis of host-plant range and speciation. In:
Tilman KJ (Ed) Specialization, speciation, and radiations: the evolutionary biology of her-
bivorous insects. Berkeley, CA: University of California Press, 203-215.

Jung RE, Ward WL, King CO, Weir LA (2000) Plethodon cinereus (redback salamander). Pre-
dation. Herpetological Review 31: 98-99.

Kryzhanovskij OL (1983) Fauna of the USSR. Coleoptera. Beetles of the Suborder Adephaga:
Rhysodidae, Trachypachidae; Family Carabidae. Vol. 1, No. 2. Nauka, Leningrad. 341 pp.
(in Russian).

Littlejohn M], Wainer JW (1978) Carabid beetle preying on frogs. Victorian Naturalist 95:
251-252.


http://dx.doi.org/10.1163/156853883X00229
http://dx.doi.org/10.1111/j.1420-9101.2008.01611.x
http://dx.doi.org/10.2307/1934813
http://dx.doi.org/10.1007/s00442-008-1206-8
http://dx.doi.org/10.2307/4702
http://dx.doi.org/10.1163/156853897X00170
http://dx.doi.org/10.2307/1935265
http://dx.doi.org/10.2307/1564228
http://dx.doi.org/10.2307/2412009

Predation of amphibians by carabid beetles of the genus Epomis 191

Lopez JE, Vaughan C (2007) Food niche overlap among neotropical frugivorous bats in Costa
Rica. Revista de biologfa tropical 55 (1): 301-313.

Lovei GL, Sunderland KD (1996) Ecology and behavior of ground beetles (Coleop-
tera: Carabidae). Annual Review of Entomology 41: 231-256. doi: 10.1146/annurev.
en.41.010196.001311

McCormick S, Polis GA (1982) Invertebrates that prey on vertebrates. Biological Review 57:
29-58. doi: 10.1111/j.1469-185X.1982.tb00363.x

Menken SBJ (1996) Pattern and process in the evolution of insect-plant associations: Yponomeu-
ta as an example. Entomologia Experimentalis et Applicata 80 (1): 297-305. doi: 10.1111/
j.1570-7458.1996.tb00940.x

Ovaska K, Smith MA (1988) Predatory behavior of two species of ground beetles (Coleoptera:
Carabidae) towards juvenile salamanders (Plethodon vehiculum). Canadian Journal of Zool-
ogy 66: 599—-604. doi: 10.1139/288-089

Robertson JGM (1989) Predation by a carabid beetle on Australian frogs. Herpetological Re-
view 20: 7-8.

Rose BR (1976) Habitat and Prey Selection of Sceloporus Occidentalis and Sceloporus Graciosus.
Ecology 57 (3): 531-541. doi: 10.2307/1936437

Schoener TW (1965) The evolution of bill size differences among sympatric congeneric species
of birds. Evolution 19: 189-213. doi: 10.2307/2406374

Targett TE (1978) Food Resource Partitioning by the Pufferfishes Sphoeroides spengleri and
S. testudineus from Biscayne Bay, Florida. Marine Biology 49: 83-91. doi: 10.1007/
BF00390732

Toledo LF (2005) Predation of juvenile and adult anurans by invertebrates: Current knowledge
and perspectives. Herpetological Review 36: 395-400.

Toshiaki H (2006) Predation by a carabid beetle (Epomis nigricans) on a juvenile frog (Rana
nigromaculata). Bulletin of the Herpetological Society of Japan Vol. 2006 (2): 99-100.
Ward-Fear G, Brown GP, Greenlees M]J, Shine R (2009) Maladaptive traits in invasive species:
in Australia, cane toads are more vulnerable to predatory ants than are native frogs. Func-

tional Ecology 23: 559-568. doi: 10.1111/j.1365-2435.2009.01556.x

Wizen G, Gasith A: Amphibian - Adult Epomis interaction. http://www.tau.ac.il/lifesci/
departments/zoology/Amphibia/new.html [accessed 23.1X.2009]

Yang MS, Livingston PA (1986) Food habits and diet overlap of two congeneric specis, Ather-
esthes stomias and Atheresthes evermanni, in the eastern Bering sea. Fishery Bulletin 82 (3):
615-623.

Zuffi MA (2001) Bufo bufo (European Common Toad). Red ant predation. Herpetological
Review 32: 100-101.


http://www.tau.ac.il/lifesci/departments/zoology/Amphibia/new.html
http://dx.doi.org/10.1146/annurev.en.41.010196.001311
http://dx.doi.org/10.1111/j.1469-185X.1982.tb00363.x
http://dx.doi.org/10.1111/j.1570-7458.1996.tb00940.x
http://dx.doi.org/10.1139/z88-089
http://dx.doi.org/10.2307/1936437
http://dx.doi.org/10.2307/2406374
http://dx.doi.org/10.1007/BF00390732
http://dx.doi.org/10.1111/j.1365-2435.2009.01556.x



