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The objective of the study was to describe the diet composition of western barbastelle bat (Barbastella barbastellus), its seasonal
changes and main factors determining trophic niche of the species. Barbastelle bat feeds predominantly on moths and has the
narrowest trophic niche within the entire studied bat community. A comparison of the food supply and the diet composition showed
selectivity for larger species of moths. An increasing of absolute abundance of preferred larger moths within summer is accompanied
with narrowing of bat’s trophic niche. This pattern corresponds well with the conclusions of optimal foraging theory. Larger moths
are preferred even in a period of their low relative abundance within a peak of abundance of smaller species. There are no abrupt
seasonal changes in the bat’s diet within season, but the narrow pool of available food supply seems to determine the trophic niche
breadth within low prey diversity periods in early spring and late autumn. The exception is a late autumn period; most probably due
to a change in food supply are preferred larger moths replaced in the diet by smaller individuals. Most of the moths’ species cease
to fly and chiefly only smaller moth species are flying and attracted by UV light. Larger moths still occur at studied area at that time,
but they display minimal flying activities and they are detected using vegetation beating and sweeping. Furthermore, syntopic moth-
eating foliage gleaner (Plecotus auritus) still feeds on larger moths at that time. This may indicate that the change in the diet of
B. barbastellus is a consequence of poor or absent gleaning abilities of this species, which is not able to pick up the prey from the
surface as P, auritus. Different hunting strategies are probably efficient trophic niche partitioning mechanisms reducing interspecific

competition between these syntopic moth eating bats.
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INTRODUCTION

Bats constitute species-rich communities and
their diverse structure is heavily influenced by re-
source partitioning (Findley, 1976; Patterson et al.,
2003). However, different foraging strategies pres-
ent the most pertinent variables for the structuring of
chiropteran communities and, consequently, the al-
location of each species to the main categories of
foraging strategies is a prerequisite of any analysis
of bat community structure. The state of this vari-
able is closely related to the foraging niche of the
bats, their echomorphology, sensory ecology and
their habitat preferences or microhabit use (Neu-
weiler, 1984; Norberg and Rayner, 1987; Fenton,
1990; Bogdanowicz et al., 1999; Safi and Siemers,
2010).

Foraging strategies of European bat species
are relatively well-known from studies of the diet
of many species (Beck, 1995; Vaughan, 1997), in-
cluding more detailed studies concerning particular
bat species (Bauerova, 1978; Rydell, 1989; Catto et
al., 1994, and many others) as well as studies con-
cerning flying apparatus and echolocation (Norberg
and Rayner, 1987; Bogdanowicz et al., 1999). In-
sectivorous bats are usually classified according to
their foraging (aerial hawkers, foliage gleaners, un-
cluttered versus cluttered places, etc. — Findley,
1993; Patterson et al., 2003).

Yet, actual diet composition is also heavily influ-
enced by actual food supply availability, its season-
al fluctuations and the tactics with which a particu-
lar bat species responds to these changes. Signifi-
cant seasonal changes (e.g., Swift and Racey, 1983;
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Shiel et al., 1991; Catto et al., 1994) in the diet
composition of insectivorous bats may indicate flex-
ible exploitation of available food resources, certain
foraging opportunism and less selective feeding
(Belwood and Fenton, 1976; Fenton and Morris,
1976; Swift et al., 1985; Rydell, 1986; Hoare, 1991).
Furthermore, there are not many specialised insec-
tivorous bat species with narrow trophic niches
(Fenton, 1982).

From this point of view, the western barbastelle,
Barbastella barbastellus (Schreber, 1774), is quite
unusual. Until recently, important seasonal changes
in its diet had not been recorded, and the species
was considered to be extremely specialised among
Palaearctic bats (Sierro and Arlettaz, 1997). This
pattern contrasted with the feeding behaviour of
most insectivorous bats.

The western barbastelle is a medium-sized bat,
occurring in Europe from southern England to the
Caucasus, which preferentially inhabits forests
(Schober and Grimmberger, 1997; Rydell and Bog-
danowicz, 1997; Sierro, 1999) and feeds predomi-
nantly on moths (Beck, 1995; Rydell et al., 1996;
Sierro and Arlettaz, 1997). Sierro and Arlettaz
(1997) studied the diet of B. barbastellus in associ-
ation with food availability and moths were heavily
selected; however, the authors believed that smaller
moths (wingspan < 30 mm) were the prevailing prey
category. On the other hand, DNA-based diet analy-
sis proved a preference for larger moths (Zeale et
al., 2011). There is little information regarding the
foraging behaviour and flight patterns of B. barba-
stellus, and the information available is partly con-
tradictory. The current prevailing opinion that the
species is an aerial hawker is based on a selection
of casual observations (Zingg, 1994; Sierro and
Arlettaz, 1997; Denzinger et al., 2001) or on the
opinions of skilled bat detector researchers (Ahlén,
1990). On the contrary, some authors studied the
species in captivity and observed that the animals
adroitly picked house flies off the ceiling and con-
sumed them in flight (Poulton, 1929), and like many
gleaning bats, it sometimes consumed its food in
a hanging position (Ryberg, 1947). The closest rela-
tives of Barbastella from the tribe Plecotini are fo-
liage gleaners (Anderson and Racey, 1991, 1993).
Barbastella barbastellus is predicted to fly rather
slowly and to be highly manoeuvrable (Norberg
and Rayner, 1987). The echolocation calls are differ-
ent from the calls of typical aerial hawkers (Sierro
and Arlettaz, 1997; Denzinger et al., 2001) and they
are 10 to 100 times lower in amplitude than those of
other aerial-hawking bats. This stealth echolocation

allows the barbastelle to exploit tympanate moths
(Goerlitz et al., 2010). Rydell et al. (1996) proposed
a flexible foraging strategy, including aerial hawk-
ing and probably also surface gleaning.

Prey selectivity in bats, quite apparent in the case
of B. barbastellus, is supposed to be linked with the
echomorphological constraints of a particular spe-
cies (Barclay, 1985) and with efforts to optimise the
diet. Optimal foraging theory presumes that the
predator does not consume prey simply according to
its frequency, but rather takes into account its prof-
itability, considering search time and handling time,
energy costs, or the predation risks during hunting
(Pyke et al., 1977; Stephens and Krebs, 1986).

Optimising trends in the diet of insectivorous
bats were observed in the case of Rhinolophus
Sferrumequinum (Jones, 1990), where bats selected
larger moths and rejected unprofitable Diptera and
ichneumonids, except when more profitable prey
was scarce. Agosta et al. (2003) similarly found that
Eptesicus fuscus foraged selectively for beetles and
consumed a wider variety of prey when beetle abun-
dance was low. A study of the diet of Myotis myotis
in the Mediterranean region (Pereira et al., 2002)
suggested that, although carabids were most often
consumed, crickets were preferred. It is not clear if
this was due to beetles being more conspicuous or if
the choice was based on energetics or taste.

The main aim of our study was to describe the diet
composition of B. barbastellus, its seasonal changes
and driving factors or constraints influencing the
trophic niche of this extremely specialised bat. We
tested four predictions on the diet of barbastelle
bats: (i) they eat mainly moths and there are no im-
portant seasonal changes in diet composition, (ii) the
mid-season dynamics in trophic niche breadth is si-
multaneously accompanied by increasing abun-
dance of preferred prey in keeping with the predic-
tions of optimal foraging theory, (iii) bats select
smaller moths, and (iv) the diet of aerially hawking
barbastelle bats differs from the diet composition of
syntopic moth-eating gleaners.

MATERIALS AND METHODS

Study Area

The study material was collected at the Ledové sluje caves
(48°53°03”N, 15°50°40”E; 380 m a.s.l.) in the Podyji National
Park located in the south-east of the Czech Republic. This is
a large system of pseudokarst caves and crevices at the slope of
a river bank, creating a unique bat swarming site, where 19 bat
species have been observed and sufficient samples of bats can
be collected there (Reiter ef al., 2010). A major part of the
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study site is covered with natural forest vegetation (mostly
Aceri-Carpinetum) complemented with patches of wet mead-
ows and a river with riparian habitats. The other habitats in
the vicinity (< 5 km) are natural beech forests, rivers and creek
valleys, ponds, fields, reservoirs, and several villages.

Bats were netted in front of cave entrances once a month
from March to November in 1994 and 1995, with the excep-
tion of April, when two nettings were conducted. Several addi-
tional samples were collected in 1996-1998. The bats were kept
individually in cloth sacks, and their faecal pellets were collect-
ed for a later analysis under a dissecting microscope.

The spatial activity of bats was monitored using ultrasound
detectors (Pettersson D 100, D 200 and D 980 — Petterson Elek-
tronik AB, Uppsala, Sweden) on points (e.g., Furlonger et al.,
1987) in different habitats in the vicinity of the studied site from
sunset to midnight from May to October in 1996 and 1997. The
device was tuned from 18 to 110 kHz at every point for ten min-
utes and elapsed time to the detection of bats was recorded (e.g.,
McAney and Fairley, 1988; Zahn and Maier, 1997). This to-
talled 2,820 minutes. Barbastella barbastellus was detected for
17 minutes exclusively in forest habitats (Andreas, 2002).

Faecal pellets were softened using water and were then
teased apart with a dissecting needle and with a pair of tweezers
under a binocular microscope. The particular prey categories
were identified using comparative slides, methodological works
(McAney et al., 1991), entomological keys, and a reference
collection of insects. Moths were divided into two size catego-
ries (smaller moths with a wingspan < 30 mm and larger ones with
a wingspan > 30 mm) according to size of the remnants (frenu-
lum, antennae, leg fragments, etc.) in the faeces. Several moths’
eggs were identified using a specialised key (Doring, 1955).

To express the results of diet analyses, we modified the
formulas suggested by McAney e al. (1991) for percentage
occurrence (%oc) and percentage frequency (%f). The unit for
analysis was not one dropping, but the sample of the faecal
pellets collected from one animal. Percentage volume (%vol)
was assessed according to Obrtel and HoliSova (1974). The re-
sults were expressed as a percentage of the number of samples
of faecal pellets of individual bats in which particular prey
category occurred, i.e. percentage occurrence (%oc). This is the
number of occurrences of the category (number of samples of
droppings collected from one individual containing it), divided
by the number of samples analysed, multiplied by 100. The oth-
er way the results were expressed was percentage frequency
(%f). The result for particular prey category was expressed as
the number of occurrences of the category, divided by total oc-
currences for all categories, multiplied by 100. Percentage vol-
ume (%vol) was expressed as the sum of all relative volumes of
a particular prey category in individual faecal samples in the
studied set of faecal samples divided by the number of faecal
samples in the analysed set of the samples. Percent occurrence
describes the proportion of bats in the corresponding data set
that fed on a particular prey category. Percentage frequency in-
dicates the relative importance of the particular categories ac-
cording to the frequencies in which they were consumed.
Percentage volume describes the proportion of the volume rep-
resented by each consumed particular prey in the set of faecal
samples analysed. The trophic niche breadth index, B, was cal-
culated according to formula proposed by Levins (Krebs, 1989).
Niche breadth is estimated by measuring the uniformity of dis-
tribution of individuals across the resource states. Suggested
way to measure this: B = I/ij2 which can also be written as
B = Y?/2ZNj? where B = Levins’ measure of niche breadth,

p; = the proportion of individuals found in or using resource
state j, or the fraction of items in the diet that are of food
category j (estimated by Nj/Y) (Zp;=1.0). N; = the number of
individuals found in or using resource state j; Y = IN; = the
total number of individuals sampled.

The available food was sampled within selected habitats
(forest edge, meadow, riparian habitat and different parts of the
forest) using a UV light and a screen. The other methods applied
to assess food availability were beating, sweeping, and adhe-
sive traps. The relative proportions of individuals representing
crucial prey items were assessed in the UV light samples as
well as in samples collected using sweeping and beating. Sam-
pling was carried out during the night when bats were netted in
the vicinity (50-300 m) of Ledové sluje caves. The non-verte-
brate community was divided into 25 taxonomic, ecological,
and size groups (Table 1). The particular non-vertebrate group
abundances were classified monthly using the semi-quantitative
scale shown in Table 1 with the following categories: absent (0),
rare (*), common (**), frequent (***) and mass (****). Diver-
sity was expressed as the number of taxa with common, fre-
quent, and mass abundances at the study area in the correspon-
ding month. The value of relative abundance was represented by
the number of asterisks in the corresponding month.

The abundance of moths recorded in the extensive lepi-
dopteran study (9,048 moths captured on 184 nights) carried
out from mid-April to mid-October 2004 (Sumpich, 2004)
were also taken into account (Table 2). The moths were caught
using a stationary trap equipped with a mercury lamp in the
territory of a National Park 13 km south-east from studied site
near village Hnanice. The number for corresponding month was
counted as the number of captured moths divided by the num-
ber of trapping nights. The species were divided arbitrarily into
two size groups: larger moths (wingspan >30 mm) and smaller
moths (wingspan < 30 mm) using lepidopteran keys (Leraut,
2006; Macek et al., 2007, 2008).

Statistical Methods

The difference between the two proportion methods was
used to compute the significance level for the difference be-
tween the two proportions. We compared percentage occurren-
ces. The p-level was computed based on the z-value for the re-
spective comparison:

[t| = [(NT*N2)/(N1+N2)]2*|p1-p2|/(p*q)2
where p = (p1*N1+p2*N2)/(N1+N2) and q = 1-p.

The Kruskall-Wallis test is a non-parametric alternative to
one-way (between-groups) ANOVA. It is used to compare three
or more samples, and it tests the null hypothesis that the dif-
ferent samples in the comparison were drawn from the same
distribution or from distributions with the same median. Using
this test, we analysed the dataset of B values of individual diet
samples. The independent (grouping) variable was month.
The Mann-Whitney U-test is a non-parametric alternative to the
t-test for independent samples. Spearman rank ¥ can be thought
of as the regular Pearson product-moment correlation coeffi-
cient (Pearson r); that is, in terms of the proportion of variabil-
ity accounted for, except that Spearman 7 is computed from
ranks. Spearman 7 assumes that the variables under considera-
tion were measured on at least an ordinal (rank order) scale;
that is, the individual observations (cases) can be ranked into
two ordered series. All these tests were computed using
STATISTICA for Windows. For more details, see the software
manual (StatSoft, 2001).
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TaBLE 1. Estimated quantities of non-vertebrates recorded at the studied site Ledové Sluje caves in the following categories: absent
(0), rare (*), common (**), frequent (***), and mass (****). ad. — imagoes

Food item March April May June July August September October November

Lepidoptera (ad., smaller wingspan < 30 mm) * * *k sk skokokok dokkk ok *k s
Lepidoptera (ad., larger wingspan > 30 mm) ok ok ok sk dokskok ok o . sk
Lepidoptera (larvae) sk sk ook ook kg sk Hk 0 0
Dermaptera Hokok Hkok ok ok Hk *% *3k Hkok ok
Araneae kk kk sksksksk kokok kokok skokok skokskok skskk k%
Tipulidae *k *k sokkk kkk *k *k *k k% k%
Chironomidae * k% sdokk dokkk skokaok sk sk sk *
Brachycera * * skokok skokok skokok stk sk s,k *
Diptera (other) * * sokkk kkok Rk sk % EE *
Curculionidae (medium — 5—10 mm) * *x Hkk okl ook *ok ok * *
Scarabaeidae 0 * sk skokokok ok *k * * 0
Carabidae (medium — 5-10 mm) * * ** ok ok Hkk ok * *
Carabidae (larger — > 10 mm) * HEk okk kokok ok *% sk *k *
Cerambycidae * *% sk dokskk gkekokok stk *x * 0
Coleoptera (other, small — < 5 mm) * *ok sokkk skakokok Hokok ok ok Hokok sk *
Trichoptera 0 0 * sk ok ®k A sk sk *
Hymenoptera 0 * ok sk kokskok ®%% o * *
Neuroptera % k kk skskok kokok skokok sksksk k3k *
Auchenorrhyncha * * *k ok kkk ok ko *k *
Heteroptera * * ok sk kskokok ST ok o *
Sternorrhyncha 0 % sokkk sk k sk sk sk sk %
Ephemeroptera 0 0 * ok ok ok wok * 0
Blattodea 0 0 * ok Hokk ®%% o * 0
Plecoptera 0 0 * ok ok *k sk * 0
Orthoptera 0 * Hk Heskok seokok sHokok seokok ] 0
REsuLTS other frequently found prey categories were Neuro-

ptera (mostly Chrysopidae, much less Hemerobiidae

Diet Composition and Its Seasonal Changes

A total of 1,604 faecal pellets were collected
from 154 individuals, 43 females and 111 males.
Important differences in the diet between males and
females were not recorded. To our knowledge, such
a large number of faecal pellets of B. barbastellus
has never been analysed.

According to the literature, and also in agreement
with our analysis of dietary composition, B. barba-
stellus is a highly specialised species, feeding
predominantly on Lepidoptera adulti (89.1% vol),
especially medium-sized and larger specimens. The

and Sisyridae). Diptera (Tipulidae and Brachycera),
Araneae, Lepidoptera larvae, Trichoptera, Blatto-
dea, Coleoptera, Hymenoptera, Auchenorrhyncha,
Plecoptera, and Orthoptera were also recorded in the
diet (Fig. 1).

There were no abrupt or very remarkable season-
al changes (Fig. 2) in the diet composition until the
late autumn (November), when most of the moths
stopped their flying activity and flying moths
available for aerial hawkers were predominantly
Operophtera brumata (wingspan < 30 mm). Due to
smaller body size of the moths, the change was
easily detectable in the diet composition (Fig. 2). We

TABLE 2. Results of lepidopterological study. Numbers of moths collected in stationary moth trap equipped with mercury lamp near

village Hnanice (Sumpich, 2004)

Parameter April May June July August September ~ October
Sampled nights 16 31 30 31 31 30 15
Number of larger moths 116 170 433 572 908 726 322
Number of smaller moths 23 359 1456 2266 1500 182 15
Total number of moths in month 139 529 1889 2838 2408 908 337
Larger moths/night 7.25 5.48 14.43 18.45 29.29 24.20 21.47
Smaller moths/night 1.44 11.58 48.53 73.10 48.39 6.07 1.00
Proportion of larger moths (%) 83.45 32.14 22.92 20.16 37.71 79.96 95.55
Proportion of smaller moths (%) 16.55 67.86 77.08 79.84 62.29 20.04 4.45
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FIG. 1. Percentage occurrence (%oc), percentage frequency (%f), and percentage volume (%vol) of particular prey categories in the
diet of B. barbastellus; the entire year is presented in this data set. (other = Coleoptera, Hymenoptera, Auchenorrhyncha, Blattodea,
Plecoptera, Orthoptera)

do not know the species identity of the eaten  O. brumata. The decrease in the amount of the
moths for sure, as we did not prove this using DNA  larger moths in the bat diet between the combin-
barcoding. However, due to body size and avail- ed September—October and November samples,
ability at the studied site, we suppose that it was as well as the increase in smaller moths, were
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FIG. 2. Seasonal changes in the diet of B. barbastellus in particular seasons (March—May, June—August, September—October,

November) expressed as percentage occurrence in the number of samples of faecal pellets of individual bats. Animals caught

in particular months: n (March-May) = 26, n (June—August) = 65, n (September—October) = 49, n (November) = 14. (other =
Coleoptera, Hymenoptera, Auchenorrhyncha, Blattodea, Plecoptera, Orthoptera). 30 mm denotes wingspan
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significant (Differences between two proportions
method: 7=6.07, P <0.001 and # = 6.82, P < 0.001,
respectively, d.f. = 61).

We studied the diet of B. barbastellus along
with the syntopic Plecotus auritus (Linnaeus, 1758).
Both species fed predominantly on medium-sized
and larger moths until October, but then, during
November, larger moths at the studied site broke
their flight and B. barbastellus fed on the flying
smaller moths available for aerial hawkers. This
change in the diet of B. barbastellus was dissimilar
to the continuous feeding of P. auritus on larger
moths. Comparing the representation of the larger
moths in the November diets of B. barbastellus
(%oc = 21.43, n = 14) and P. auritus (%oc = 76.92,
n = 13), we obtained significant differences (Dif-
ferences between two proportions method, ¢ = 2.88,
df. =25, P < 0.01). Larger moths still occurred
at the study area in November, but they seldom
flew and were detected using vegetation beating
and sweeping, as well as in the diet of other glean-
ing bats.

We recorded a low diversity and abundance of
the food supply during the cold part of each season,
with diversity and abundance peaking in summer
(Fig. 3 and Table 1). The absolute abundance of
the preferred prey (larger moths) was highest in
late summer and in early autumn (Table 2). The

estimated proportion of larger moths in the commu-
nity of flying insects, based on our semi-quantitative
sampling, was the highest within both edges of the
activity season, as dipterans prevailed in the mid-
season but were less abundant at other times.

A quantitative lepidopteran study (Sumpich,
2004) provided us with data regarding the relative
abundance of moths of particular size categories.
Larger moths dominated over smaller ones at the
edges of the season. In mid-season, there was a peak
of smaller moths that significantly prevailed (Mann-
Whitney U-test, June—August period, U = 2,614.00,
df.=1, P <0.001) over the larger ones (Fig. 4 and
Table 2). Similar results (summer peak of flying
smaller moths) were obtained in the semi-quantita-
tive sampling at the site where the bats were netted.

A completely different situation was observed in
November, when only the semi-quantitative sam-
plings at the study site were conducted, and most of
the moth species ceased to fly. The larger species re-
mained common at the study site (as seen using veg-
etation beating and sweeping), but rarely flew. We
collected actively flying moths on the projection
screen floodlit by UV lamp for two hours. Thirty-
six moths were collected (32 smaller individuals,
4 larger). Using 20 sweeps ca. one meter long in the
bushes and lower parts of trees we collected 12
moths (5 smaller individuals, 7 larger).
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Fi1G. 3. Comparison of the prey availability and diet parameters of B. barbastellus. Seasonal changes in diversity and the relative
abundance of available prey at the study site are indicated together with the seasonal changes in the bats’ diets expressed by Levins’
index of niche breadth (B)
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FIG. 4. Daily mean numbers of larger and smaller moths collected by a stationary moth trap (Sumpich, 2004) in each particular
month. Note the predominance of smaller moths in the summer period

Seasonal Changes of Trophic Niche Breadth and
Prey Selection

We studied changes in diet diversity, expressed
as Levins’ trophic niche breadth index B, and we ob-
served conspicuous seasonal changes (Fig. 3). There
was a low diversity in the food supply at the study
site during the early spring and, consequently, very
low values of B were recorded. All of these values
increased in spring. During the summer, a decrease
in the diet diversity was observed (index B). The
trophic niche narrowed despite the continuing in-
crease and summer peak of food supply diversity. As
the summer is not only a period of high food supply
diversity, but also a season of high larger moths’
abundance (preferred prey item, see below), we
could see that the predator seemed to be become
more specialised when the preferred prey was abun-
dant. To prove this premise (i. e. whether the sum-
mer decrease of B was significant), we tested the
dataset of B values of individual diet samples to see
whether the differences among the particular month
values were an important factor of variability be-
tween the two peaks (May and October). We ob-
tained significant differences (non-parametric
Kruskal-Wallis ANOVA, independent (grouping)
variable — month, H = 24.99, d.f. = 5, P < 0.001).
Accordingly, a considerable negative correlation be-
tween all moth numbers (Table 2) and Levins’ index

of niche breath B (Spearman rank order correlation
r,=-0.83, 1, =-2.96, P < 0.05) was found between
May and October.

Seasonal changes in the trophic niche breadth of
most of the other species at the studied site had the
opposite pattern as they had the widest throphic
niche breadth within the summer season. Only spe-
cialised species with a generally narrow trophic
niche (besides B. barbastellus also M. myotis) dis-
played the lowest values of diet diversity within the
summer (Fig. 5).

Comparing the diet composition and the avail-
able food, the prey size selection was the most
significant within the summer months (June—
August). We collected faecal samples from 65 ani-
mals during this period. Within these samples, only
medium and larger individuals of moths were pres-
ent in 62 of the samples, while small individuals
were present in only two samples, and one sample
contained both larger and smaller moths (%oc of
larger moths = 96.9, %oc of smaller moths = 4.6).
This significant superiority of larger moths in the
diet (Differences between two proportions method,
t=11.05,d.f. =128, P<0.001) was even more strik-
ing if we considered the predominance of small
moths in the food supply (Mann-Whitney U-test,
U=12,614.00, d.f =1, P <0.001). The proportion
of larger moths in the food supply was only
26.8% in summer (Table 2 and Fig. 4.). Accordingly,
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FIG. 5. Seasonal changes of Levins’ trophic niche breadth index B. Numbers of bats: B. barbastellus (spring 26, summer 65, autumn

63), E. serotinus (9, 46, 0), Myotis bechsteinii (0, 42, 11), M. brandtii (9, 104, 0), M. daubentonii (41, 84, 57), M. emarginatus

(0, 24, 10), M. myotis (0, 16, 26), M. mystacinus (16, 25, 12), M. nattereri (25, 42, 82); Plecotus austriacus (0, 23, 10), P. auritus
(217, 158, 199)

several of the moth eggs that were found in the diet
of B. barbastellus belonged to larger species.

DISCUSSION
Diet Composition and its Seasonal Changes

The observed diet compositions, as well as the
small seasonal changes, are quite similar to the re-
sults of previous studies (Beck, 1995; Rydell et al.,
1996; Sierro and Arlettaz, 1997). Also, there were
no major seasonal changes in the occurrence of
particular prey taxa. There was, however, a signifi-
cant seasonal shift in prey size categories in the most
important prey item, i.e. moths in late autumn. There
was small flexibility in the species, but the range of
seasonal changes in the diet was quite low as com-
pared to the diets of other species studied at the re-
spective site (Andreas, 2002). This diet change sup-
ports the claim of Fenton and Morris (1976) that op-
portunistic feeding is not incompatible with selec-
tive feeding.

The aforementioned shift in the consumption of
larger and smaller moths in November may indicate
that this species is a true aerial hawker. Barbastella
barbastellus generally preferred larger moths
throughout the entire year, but as this size category
ceased flight activity, B. barbastellus focused on the

small flying moths. The driving factor for this
change probably resulted from foraging abilities;
if the preferred prey ceases to fly, true aerial hawk-
ers must hunt other species. Barbastella barbastel-
lus was subsequently forced to eat smaller moths
which earlier had been nearly completely ignored,
whereas non-flying larger moths were still con-
sumed by P. auritus, a foliage gleaner (Anderson
and Racey, 1991). Those findings support the cur-
rent prevailing opinion that B. barbastellus is prima-
rily an aerial hawker (Sierro and Arlettaz, 1997,
Denzinger et al., 2001) and cast doubt upon con-
clusions presuming gleaning (Poulton, 1929; Ry-
berg, 1947) from observations of B. barbastellus in
captivity.

Accurate assessment of the food available to
predators is one of the more perplexing problems
facing animal ecologists. Even if it were possible
to accurately assess insect abundance in a given
habitat, such estimates may not actually represent
the prey available to insectivorous bats. Also, many
bat species feed in several different and often un-
known habitats in the course of the night; conse-
quently, they may encounter prey distant from
where insect traps are deployed (Kunz, 1988). The
observed seasonal changes of non-vertebrate diver-
sity and abundance (a peak of both quantity and di-
versity during summer) at our study site was the
same as the general pattern from non-vertebrate
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studies carried out in the vicinity of Podyji National
Park (Helesic and Kubicek, 1999) and corresponds
well with the dynamics of most of the terrestrial
temperate belt habitats and with general studies of
insect phenology (Williams, 1939; Denno and
Dingle, 1981). The moth size category ratio in the
food supply in summer (the period when the selec-
tivity of B. barbastellus was tested) corresponds
well with the results of Sierro and Arlettaz (1997) in
a study of the food supply of B. barbastellus in the
Swiss Alps. Therefore, we consider our results of
food supply sampling to be a reliable source of in-
formation concerning the main patterns of abun-
dance and diversity of the non-vertebrate communi-
ty at the studied site.

Seasonal Changes of Trophic Niche Breadth and
Prey Selection

Trophic niche narrowing in B. barbastellus in
mid-summer corresponds well with the theory that
increasing food abundance leads to greater foraging
specialisation (Pyke et al., 1977). The narrowing of
the trophic niche in summer appears to depend
mostly on the abundance of the preferred prey (Figs.
3 and 4) at our study site. This is similar to the re-
sults of Agosta et al. (2003). The highest diet diver-
sity in spring and autumn is also similar to the re-
sults of Jones (1990). The low values in early spring
and late autumn are probably a consequence of the
narrow pool of potential prey.

The pattern of a narrowing of trophic niche in the
middle of the season was also observed in Myotis
myotis. Seasonal changes of the available food of
M. myotis were studied in a wider region (Bauerova,
1978) and the abundance peak fell into the summer
period when we observed a decrease of diet diversi-
ty. Diet diversity also decreased in the period of
abundant food supply, as observed in a Mediterra-
nean population of M. myotis (Pereira et al., 2002).

Generally, more specialised species in periods of
abundant food supply narrows their trophic niche,
whereas diet diversity of more generalist species has
trends more similar to supply diversity (see Fig. 5).
This inconsistency may be caused by differences be-
tween generalists and specialists. Regarding hunting
difficulty, detectability and energy intake, the differ-
ences between, for example, tipulid, small moths
and neuropterans can be negligible for generalists.
They may differentiate those prey types using their
echolocation apparatus, but they consume all these
items simply as ‘one’ mixed group of slow-flying
middle-sized soft-bodied prey. Other encountered

taxa with these qualities can be easily incorporated
into the diet without changing energy intake per unit
time. The diversity of the diet of such a species con-
sequently increases with the diversity of the food
supply. On the other hand, more specialised species
may asses the differences between hunted taxa more
precisely, and due to more specialised echoloca-
tion or flying apparatus, the differences in hunting
difficulty or detectability may be of greater conse-
quence to their optimal foraging. Those species do
not asses several taxa as a one mixed group and
therefore do not incorporate many taxa in the diet.
Their foraging is much more selective and the
absence of mixed groups of prey enables a more
precise comparison of the diet and food supply. The
trends of specialisation in seasons of abundant pre-
ferred prey may be observed regardless of increas-
ing food supply diversity. The considerable impor-
tance of perception on the diet composition and prey
selection of bats has been reliably proven (e.g.,
Siemers and Swift, 2006). The next factor driving
prey selectivity and consequently trophic niche
breadth changes is probably also approach speed
(Barclay, 1985). Narrowing of the trophic niche
within a period of higher abundance of preferred
prey has also been observed in the case of less spe-
cialised bats (e.g., Jones, 1990; Agosta et al., 2003).
This may be caused by very distinct detectability of
those prey taxa and related high energy rewards.

The issue of prey selection in bats is difficult to
solve as it is not possible to sample the food supply
availability in the same way as it is available to
a particular bat species. Furthermore, we do not
know exactly how bats perceive particular diet taxa,
whether they are able to distinguish between some
of them and what kind of prey of different taxa bats
perceive as one diet type.

Among moths, larger individuals were preferred
by B. barbastellus. A high level of selectivity could
be explained by the slow to moderate flight (Sierro
and Arlettaz, 1997) that enables the species to differ-
entiate the prey categories. The low-amplitude
‘stealth’ calls (Goerlitz et al., 2010) of B. barbastel-
lus are particularly inconspicuous to the tympanate
prey and may provide the species with a consi-
derable competitive advantage. We suppose that
high hunting effectiveness (producing a relative
trophic welfare) enables the species to selectively
hunt larger prey, which is similar to the observa-
tions of Fenton and Morris (1976) or the opinion of
Jones (1990). The corresponding but inverse situa-
tion was observed by Hoare (1991), who record-
ed unselective feeding and linked it with relative
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food supply scarcity within the time of study mate-
rial collection. Relatively opportunistic behaviour
and diet composition corresponding with the food
supply was also observed by Belwood and Fenton
(1976).

Concerning prey size categories in the food sup-
ply, Sierro and Arlettaz (1997) also observed small
moths as more abundant (69%) than larger ones
(31%). These authors supposed that B. barbastellus
fed on more abundant smaller moths on the basis of
two findings of leg fragments of smaller moths
(wingspan ca. 25-30 mm) and on the summer pre-
dominance of yellow scales of Eilema complana
(authors gave ca. 30 mm wingspan) in the bat’s
diet. They found this fact to correspond with the
higher abundance of smaller moths in the food
supply. Those conclusions contradict our findings.
We recorded proportions of small and large moths
in the food supply during the summer season similar
to Sierro and Arlettaz (1997), but the prey size cate-
gory selection we found was different. These contra-
dictions could be explained by an insufficient
number of fragments of moths with identified size
(only two specimens) in the study of Sierro and
Arlettaz (1997) and a misclassification of the abun-
dant and probably frequently fed-on moth, E. com-
plana, which they included in the smaller species,
despite the fact that the wingspan mentioned in
literature ranges from 30 to 35 mm (Leraut, 2006).
Species possessing similar wingspans were included
among the medium-sized and larger species in our
study. We found that the larger-sized moths in our
large study sample (several dozen ingested moths)
and the presence of several eggs belonging to larger
species to be a credible basis for our statement that
B. barbastellus prefers medium-sized and larger
moths as prey. The latest findings concerning the
diet composition of B. barbastellus based on DNA
analysis (Zeale et al., 2011) also confirm the great
prevalence of larger moths in the diet. There seem to
be two principal reasons for the selection of larger
prey: 1) it is easily detectable, and therefore the
searching time is reduced and hunting is more effi-
cient (e.g., Siemers and Giittinger, 2006) and 2) the
energy intake per time unit is higher if larger prey
are hunted because the energy intake increases with
prey size more progressively than with handling
time (e.g., Jones, 1990).
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