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Abstract: The diet of greater mouse-eared bats (Myotis myotis) was investigated by analysis of 900 droppings taken
from 8 different bat colonies in western Poland. Three taxonomic orders (Coleoptera, Lepidoptera, and Diptera) and
representatives of 2 other groups of arthropods (Chilopoda: Lithobiidae and Arachnida: Araneae) were identified in the
droppings. Coleoptera was the most abundant prey found in fecal samples in all seasons. Study sites differed significantly
in the composition of prey, which probably reflects the local foraging conditions for M. myotis.
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Introduction

Foraging behavior has an important role in
evolutionary biology and ecology since it is a major
determinant of survival, growth, and reproductive
success (Kramer, 2001). From a practical point of
view, knowledge of foraging ecology is essential
for the successful conservation of endangered or
beneficial species. Bats are a group of animals with
many endangered and declining species worldwide,
and most bats are important components of natural
systems, acting as predators or seed dispersers (Kalka
and Kalko, 2006; Tang et al. 2008). Indeed, one of
the crucial factors in understanding bat ecology
and conservation is information about their diet
(Sachanowicz et al., 2006).

Myotis myotis is one of the few European bat
species specializing in preying on epigeic, flightless
invertebrates, including ground beetles. The main
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component of the diet of greater mouse-eared bats
is large beetles, especially species from the genera
Carabus and Pterostichus (Drescher, 2000; Zahn
et al., 2006; Boyles et al., 2007). They also eat large
butterflies and their caterpillars, crickets, mole
crickets, centipedes, spiders, and occasionally some
dipteran and dermapteran species (Beck, 1995;
Sachanowicz et al., 2006). M. myotis is a “surface-
gleaner;” which means that it collects its prey from
the ground or from plant surfaces in forested areas
(Bauerova, 1978; Arlettaz, 1996; Arlettaz et al., 2001).
It flies 30-70 cm above the ground and locates its
prey by listening, not by echolocation, and its wide
wings are a morphological evolutionary adaptation
to this kind of foraging (Russo and Jones, 2002).
After locating the prey, it hovers for 2-5 s, catches
the prey, rises in the air, and eats the item. Because
of its foraging behavior and the sensory basis of
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its prey detection, M. myotis is an ideal subject for
investigation of the role of sensory ecology in prey
choice (Siemers and Giittinger, 2006).

Thediets of bats differ both spatiallyand temporally
(Rakotoarivelo et al., 2007; Bontadina et al., 2008),
and thus several studies are usually necessary to
understand the diversity of diet composition. In East
Europe, information about the diet composition
of this bat species is scant and originates from only
one site at Sulejow in central Poland, inhabited by a
nursery colony (Jaskuta and Hejduk, 2005).

The main aim of the current work was to identify
and analyze the seasonal variation in the components
of the diet of M. myotis on the basis of fecal analysis,
and thus establish how the species responds to
seasonal variations in trophic resources.

Materials and methods

The material was collected from 4 breeding colonies
and 4 autumn colonies. The breeding colonies
were located in the attics of buildings in Sierakow
(52°39'N, 16°04 E), Jaglice (53°04'N, 16°12'E), and
Skwierzyna (52°35°N, 15°30°E). Droppings from
these colonies were collected in the summer months

(July, August, and September) of 2007 and 2008
(details in the Table). We also collected droppings
from a colony near Kopanki (52°17'N, 16°18°E).
However, this colony was sampled in 2007 and 2008
from May to September. The autumn droppings were
collected from a summer or an early autumn colony
in an isolated bunker in a forest close to Czolowo
village near Kornik (52°14°N, 17°05E) (September)
and from a temporary colony in the Miedzyrzecz
Fortified Region (Boryszyn) (52°21°N, 15°26E)
(October).

Bat droppings found in bat-boxes were collected
from 2 locations near Antonin in the eastern part of
the Milicz Valley (52°36'N, 16°50°E) in June, July,
August, and September of 2007 (Antonin A) and
2008 (Antonin B).

All investigated colonies were located near forest
complexes where bats hunted for prey. These forests
had typical Polish forest plant communities with a
predominance of pine, i.e. a Dicrano-Pinion alliance,
mainly Leucobrio-Pinetum and Cladonio-Pinetum.
Additional trees growing in forests near bat colonies
included beech and oak.

From each location (8 in total), 100 droppings
were taken at random and analyzed individually.

Table. Prey remains in the droppings of M. myotis at different study locations. The months of data collection are given in parentheses.

Kopanki Antonin A Antonin B Jaglice  Sierakow Koérnik Boryszyn Skwierzyna
Order Family Genus or species
(May-September) (July) (August)  (August) (July) (September)  (October) (September)
Carabidae Carabus auronitens + + + +
Carabidae Carabus violaceus + + + + + + + +
Carabidae Calathus spp. + + + + + + +
Carabidae Pterostichus spp. + + + + + +
Carabidae Abax spp. + + + +
Coleoptera
Carabidae Cychrus caraboides + +
Scarabaeidae + + + +
Cerambycidae + + + + + + + +
Curculionidae + + +
Silphidae Necrophorus spp. +
Noctuidae +
Lepidoptera
Unidentified + + + +
Diptera Unidentified + +
Chilopoda Lithobiidae Lithobius forficatus  + + + + + + +
Araneae Unidentified + + + + + + +
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We collected fresh droppings only, and thus the
date of collection reflected recent diets. Fecal samples
were soaked in water, then completely dissected with
aneedle and tweezers and searched for taxonomically
recognizable fragments (Beck, 1995). The analysis
was done using a stereoscopic microscope with
6-24x magnification. The identification of beetles
was done on the basis of beetle legs, antennae, and
fragments of elytra. Members of the order Coleoptera
were usually identified to the family level using
published identification guides (Mroczkowski, 1955;
Smreczynski, 1972, 1974, 1976; Stebnicka, 1978;
Trautner and Gaigenmiiller, 1987) and specimens
collected from the bats’ foraging grounds. The
remaining groups of arthropods were identified to the
order level (Lepidoptera, Diptera) from wings using
their venation and identification keys (Trojan, 1957;
Plawilszczikow, 1972), or by using another part of the
body (Araneae, Chilopoda) (Prészynski and Starega,
1971; Kaczmarek, 1979). Results are expressed in
terms of relative frequency of occurrence, which
represents the percentage of fecal pellets containing
each prey type.

Results

Representatives of 3 insect orders (Coleoptera,
Lepidoptera, and Diptera) occurred at all locations.
In Coleoptera, 5 families (Carabidae, Silphidae,
Cerambycidae, Curculionidae, and Scarabaeidae)
were identified. At least 6 ground beetle species or
genera from the family Carabidae were recorded in
the present study: Carabus auronitens, C. violaceus,
Calathus spp., Pterostichus spp., Abax spp., and
Cychrus caraboides. Of these, C. violaceus was present
at all locations and Calathus spp. at 7 locations.
The other 4 species or genera occurred in smaller
quantities. Other groups of invertebrates, including
Lepidoptera (Noctuidae) (0.5% of all droppings),
Lithobiidae (Lithobius forficatus) (2.8%), and Araneae
(4.2%), were also detected in the droppings (Table and
Figure 1). On average, Coleoptera constituted 88.1 +
8.2% (mean * SD, n = 8 locations) of prey detected
in the droppings. Statistically significant differences
(G-test, G=15.93, P =0.024) in the frequency of types
of prey were found among study locations (Figure
2). There were seasonal differences in the choice of
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Figure 1. Frequency of invertebrate groups in the diet of M.
myotis in summer and autumn.
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Figure 2. Variation of the main prey found in the diet of M.
myotis at various locations. The “others” category
includes invertebrates from the Araneae, Lithobiidae,
Lepidoptera, and Diptera taxonomic groups.

prey species (Figure 3). The proportion of Coleoptera
(mainly carabids) in the diet of M. myotis fluctuated
and was highest in May and September (Figure 3).
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Figure 3. Seasonal variation of the main prey found in the
diets of M. myotis at the breeding colony in Kopanki.
The “others” category includes invertebrates from
the Araneae, Lithobiidae, Lepidoptera, and Diptera
taxonomic groups.
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Discussion

The present investigation shows that ground beetles
are the dominant insect group in the diet of M. myotis
during all seasons. This confirms earlier studies
focused on this species in other regions of Europe
(Bauerova, 1978; Beck, 1995). The Carabidae are not
only the most important beetle family, but they are
also usually the most numerous group among all
invertebrate taxa present in feces (Bauerova, 1978;
Arlettaz, 1996; Arlettaz et al., 2001; Pereira et al., 2002;
Jaskuta and Hejduk, 2005). The most probable reason
for this phenomenon is the high level of noise made by
large beetles moving on the ground, which is used by
M. myotis for detection of its prey. This is confirmed
by the high frequency in the diet of the larger (>20
mm long) species from the family Lithobiidae. Larger
insects were frequently present in the diet because, in
proportion to their size, they produce more noise and
are easily detected by bats (Siemers and Giittinger,
2006). Furthermore, some investigators (Arlettaz,
1996; Pereira et al., 2002; Jaskuta and Hejduk, 2005)
suggest that the high percentage of carabid beetles in
the diet of M. myotis can be correlated with the high
availability of these invertebrates and particular types
of habitats preferred by the greater mouse-eared
bat. It is also likely, in the analyzed forest locations,
that Carabidae is one of the most abundant epigeic
arthropod groups (Sienkiewicz and Konwerski, 2006).
The occurrence of this type of prey in the diet of M.
myotis can be further explained by the energy costs
of hunting. Some small invertebrate groups are not
consumed by the bat even if they are very abundant
in the area (Pereira et al., 2002; Jaskula and Hejduk,
2005) because they have a lower biomass, and hence
lower energy content, compared to larger carabids.
Consequently, the energy return for hunting small
prey may not compensate for the costs of hunting.
This hypothesis was also confirmed in the present
study, since Carabus violaceus, recorded as the most
numerous prey species in the diet of M. myotis
populations, was also the largest carabid species
recorded in the pellets. Other studies also found
that, in the spring, the diet of the greater mouse-
eared bat contained a huge quantity of insects such as
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mole crickets (Gryllotalpa) and butterfly caterpillars
(Arlettaz et al., 1997, Ma et al., 2008). The sporadic
occurrence of insects from the orders Dermaptera,
Hymenoptera, and Hemiptera was also noted in other
studies (Beck, 1995; Koteja et al., 2001; Whitaker and
Karatas, 2009, 2010). The differences in the diet of M.
myotis in various studies suggest that there may be a
geographical pattern of diet choice related to habitat
use by the bats or climatic conditions. This interesting
problem requires further testing with a much larger
sample of locations than in our study. While our
study was focused on diet composition analysis, the
results have some implications for the conservation
of the studied species. The predominance of carabid
beetles in the diet indicates that they might be the
preferred insect prey for this bat species. When
conservation actions for the bats are planned, such
as hanging nest boxes, areas with a high abundance
of large carabid beetles should be selected. Moreover,
carabid beetles are regarded as a good indicator of
other arthropod diversity (Rainio and Niemela,
2003); therefore, sites with a high abundance of
carabids may also be good sources of other prey for
M. myotis, but this hypothesis requires further study.
However, this species is an opportunistic predator in
Europe. Their diet is related to the abundance and
detectability of prey. In other regions, as outlined
above, M. myotis prefers not only carabids but also
crickets, mole crickets, and spiders in their spring
and summer diet (Pereira et al., 2002; Wolz, 2002;
Whitaker and Karatag, 2009, 2010). Thus, knowledge
oflocal food preferences is required for the successful
conservation of this species.

Acknowledgments

The authors would like to thank A. Szubert-
Kruszynska, R. Jaros, G. Wojtaszyn, R. Dzigciotowski,
and J. Boratynski for their help in collecting samples,
M. Ciechanowski and A. Zapart for methodological
help, and P. Tryjanowski for statistical advice. We
thank T.H. Sparks, P. Skérka, and 3 anonymous
reviewers for their constructive criticism and
linguistic corrections of this manuscript.

Arlettaz, R., Christe, P, Lugon, A., Perin, N. and Vogel, P. 2001. Food
availability dictates the timing of parturition in insectivorous
mouse-eared bat. Oikos 95: 105-111.



Arlettaz, R., Perrin, N. and Hausser, J. 1997. Trophic resource
partitioning and competition between two sibling bat species
Myotis myotis and Myotis blythii. ]. Anim. Ecol. 66: 897-911.

Bauerova, Z. 1978. Contribution to the trophic ecology of Myotis
myotis. Folia Zool. 27: 305-316.

Beck, A. 1995. Fecal analysis of European bat species. Myotis 32-33:
109-119.

Bontadina, E, Schmied, S.E, Beck, A. and Arlettaz, R. 2008. Changes
in prey abundance unlikely to explain the demography of a
critically endangered Central European bat. J. Appl. Ecol. 45:
641-648.

Boyles, G.J., Dunbar, M.B., Storm, J.J. and Brack, V. 2007. Energy
availability influences microclimate selection of hibernating
bats. J. Exp. Biol. 210: 43443-43450.

Drescher, C.H. 2000. Woodsmen or farmers? The diet of the greater
mouse-eared bat Myotis myotis Borkh., 1797 (Chiroptera:
Vespertilionidae) in an intensively used agricultural landscape.
In: Approaches to Biogeography and Ecology of Bats,
Proceedings of the 8th European Bat Research Symposium,
Vol. 1 (ed. B.W. Woloszyn), Krakow, Poland, pp. 243-252.

Jaskula, R. and Hejduk, J. 2005. Carabidae (Coleoptera) in the
diet of a greater mouse-eared bat Myotis myotis (Chiroptera;
Vespertilionidae). In: Protection of Coleoptera in the Baltic Sea
Region (eds. Sktodkowski et al.), SGGW, Warsaw, pp. 197-204.

Kaczmarek, J. 1979. Pareczniki (Chilopoda) Polski. UAM Seria
Zoologia, Poznan [in Polish].

Kalka, M. and Kalko, E.K.V. 2006. Gleaning bats as underestimated
predators of herbivorous insects: diet of Micronycteris microtis
(Phyllostomidae) in Panama. J. Trop. Ecol. 22: 1-10.

Koteja, P, Jurczyszyn, M. and Woloszyn, B.W. 2001. Energy balance
of hibernating mouse-eared bat Myotis myotis: a study with
TOBEC instrument. Acta Theriol. 46: 1-12.

Kramer, D.L. 2001. Foraging behavior. In: Evolutionary Ecology:
Concepts and Case Studies (eds. Fox et al.), Oxford University
Press, New York, pp. 232-246.

Ma, ], Liang, B., Zhang, S.and Metzner, W. 2008. Dietary composition
and echolocation call design of three sympatric insectivorous
bat species from China. Ecol. Res. 23: 113-119.

Mroczkowski, M. 1955. Klucze do oznaczania owaddéw Polski.
Cze$¢ XIX Chrzaszcze - Coleoptera. Zeszyt 25 Omarlicowate
- Silphidae. PWN, Warsaw [in Polish].

Pereira, M.J.R., Rebelo, H., Rainho, A. and Palmeirim, J.M. 2002.
Prey selection by Mpyotis myotis (Vespertilionidae) in a
Mediterranean region. Acta Chiropterol. 4: 183-193.

Plawilszczikow, N. 1972. Klucz do oznaczania owadéw. PWRIL,
Warsaw [in Polish].

Prészynski, J. and Starega, W. 1971. Pajaki - Aranei. Katalog Fauny
Polski nr 16, PWN, Warsaw [in Polish].

Rakotoarivelo, A.A., Ranaivoson, N., Ramilijanona, O.R., Kofoky,
AF, Racey, R.A. and Jenkins, RK.B. 2007. Seasonal food
habits of five sympatric forest microchiropterans in western
Madagascar. J. Mammal. 88: 959-966.

A. GRACLIK, O. WASIELEWSKI

Rainio, J. and Niemela, J. 2003. Ground beetles (Coleoptera:
Carabidae) as bioindicators. Biodivers. Conserv. 12: 487-506.

Russo, D. and Jones, G. 2002. Identification of twenty-two bat
species (Mammalia: Chiroptera) from Italy by analysis of time-
expanded recordings of echolocation calls. J. Zool. Lond. 258:
91-103.

Sachanowicz, K., Ciechanowski, M. and Piksa, K. 2006. Distribution
patterns, species richness and status of bats in Poland.
Vespertilio 9-10: 151-173.

Siemers, M. B. and Giittinger, R. 2006. Prey conspicuousness can
explain apparent prey selectivity. Curr. Biol. 16: 157-159.

Sienkiewicz, P. and Konwerski, S. 2006. Carabidae (Coleoptera:
Carabidae) of central Wielkopolska. Wiad. Entomol. 25: 87-95
[in Polish].

Smreczynski, S. 1972. Ryjkowce - Curculionidae. Podrodzina
Curculioninae. Plemiona Dryophthorini, Cossonini, Bagoini,
Tanysphyrini, Notarini, Smicronychini, Ellescini, Acalyptini,
Tychiini, Anthonomini, Curculionini, Pissodini, Magdalini,
Trachodini, Rhynchophorini, Cryptorhynchini. Klucze do
oznaczania owadow Polski, cz. XIX, z. 98d, Warsaw [in Polish].

Smreczynski, S. 1974. Ryjkowce - Curculionidae. Podrodzina
Curculioninae. Plemiona: Barini, Coryssomerini,
Ceutorhynchini. Klucze do oznaczania owadéw Polski, cz.
XIX, z. 98¢, Warsaw [in Polish].

Smreczynski, S. 1976. Ryjkowce - Curculionidae. Podrodzina
Curculioninae. Plemiona: Nanophyini, Mecinini, Cionini,
Anoplini, Rhynchaenini. Klucze do oznaczania owadéw Polski,
cz. XIX, z. 98f, Warsaw [in Polish].

Stebnicka, Z. 1978. Zukowate - Scarabaeidae. Grupa podrodzin:
Scarabaeidae pleurosticti. Klucze do oznaczania owadéw
Polski, cz. XIX, z. 28b, Warsaw [in Polish].

Tang, Z.H., Cao, M., Sheng, L.X., Ma, X.E, Walsh, A. and Zhang, S.Y.
2008. Seed dispersal of Morus macroura (Moraceae) by two
frugivorous bats in Xishuangbanna, SW China. Biotropica 40:
127-131.

Trautner, J. and Gaigenmiiller, K. 1987. Tiger Beetles, Ground
Beetles: Illustrated Key to the Cicindelidae and Carabidae of
Europe. J. Margraf Publishing, Aichtal, Germany.

Trojan, P. 1957. Klucze do oznaczania owadéw Polski. Czes¢ XVIIT
Muchéwki - Diptera. Zeszyt 1 - wstepny. PWN, Warsaw [in
Polish].

Whitaker, J.O. Jr. and Karatas, A. 2009. Food and feeding habits of
some bats from Turkey. Acta Chiropterol. 11: 393-403.

Whitaker, J.O. Jr. and Karatas, A. 2010. Hard pellets from bats of
Turkey. Acta Chiropterol. 12: 251-254.

Wolz, 1. 2002. Beutespektren der Bechsteinfledermaus (Myotis
bechsteinii) und des Grossen Mausohrs (Myotis myotis) aus
dem Schnaittenbacher Forst in Nordbayern. Schriftenreihe fiir
Landschaftspflege und Naturschutz 71: 213-224 [in German].

Zahn, A., Rottenwallner, A. and Giittinger, R. 2006. Population
density of the greater mouse-eared bat (Myotis myotis), local
diet composition and availability of foraging habitats. J. Zool.
269: 486-493.

213



