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Abstract

Myotis emarginatus is one of the few bats known to feed mostly on spiders. In order to study the
importance of this type of prey, we analysed the species’ diet in five colonies across the Iberian Pen-
insula using amplicon metabarcoding in order to describe its composition at the species level, and
analyse its geographic variability within the peninsula. We identified 138 prey species, belonging
to 11 different arthropod orders. Among them, 45 species of spiders were identified, mostly of the
orb-web building guild, as consumed by 82 out of 106 studied bats, corresponding to every colony
and season sampled. Besides, lepidopterans and dipterans were also consumed in every colony.
Among the latter, the stable fly Stomoxys calcitrans was especially important in two of the colo-
nies, showing thatM. emarginatus can also opportunistically exploit different resources or foraging
grounds, such as cattle sheds, which affects the composition of its diet also at ordinal level of prey.

Introduction
Despite their predominantly insectivorous behaviour, most Palearctic
bats show a wide variety of trophic strategies. Wing morphology and
echolocation characteristics of bats influence the way they interact with
the foraging environment, and therefore, the prey they find and con-
sume (Emrich et al., 2014). On top of that, local or seasonal changes
in food availability will inevitably affect the final composition of their
diet (Kunz et al., 2011). Finally, coexistence with other bat species
and the mechanisms driving the specific allocation of resources can
also be important factors that shape the trophic niche of bats (Chesson,
2000; Adler et al., 2007; Salsamendi et al., 2012; Viglino et al., 2016;
Arrizabalaga-Escudero et al., 2018; Schoeman and Monadjem, 2018).
Amongst the primarily insectivorous European bats, Myotis

emarginatus is the only one known to feed mostly on spiders (Goiti et
al., 2011; Kervyn et al., 2012). Worldwide, a diet based on spiders has
only been described in two more bat species: Myotis keenii in North
America (Burles et al., 2008), and Kerivoula papuensis in Australia
(Schulz, 2000). Spider consumption on these two species is thought
to be linked to foraging in cluttered environments and gleaning over
immobile prey. Myotis emarginatus shows a similar foraging strategy,
favouring cluttered forests or areas of complex vegetation for hunting
(Zahn et al., 2010; Goiti et al., 2011; Dekker et al., 2013), but also
gleaning flies off the walls of cattle-barns (Krull et al., 1991). The pre-
cise mechanism used to catch spiders, however, remains unknown.
Spider consumption by M. emarginatus reaches almost 80% of the

diet’s bulk in meridional populations (Goiti et al., 2011) and in Central
Europe (Bauerová, 1986). However, in some colonies in Central and
North-western Europe, a diet rich in cattle-flies has also been reported,
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linked to foraging inside cattle-barns (Beck, 1995; Kervyn et al., 2012).
Even in these circumstances, spider consumption still reaches 25% of
the total diet (Kervyn et al., 2012). Further, Kervyn et al. (2012) visu-
ally identified seven species of spiders in the faeces ofM. emarginatus,
and Galan et al. (2018) listed 16 spider species in the faeces of ten M.
emarginatus individuals through DNA metabarcoding.

Apart fromM. emarginatus other European bat species also consume
spiders although they are seldom the primary food source. For instance,
Plecotus auritus and some populations of boreal bats (Razgour et al.,
2011; Vesterinen et al., 2018) consume spiders occasionally. Other
European bat species, such as Myotis nattereri or Myotis myotis, prey
upon spiders as an alternative food resource in times of lower insect
abundance or scarcity of preferred prey (Ramos Pereira et al., 2002;
Hope et al., 2014).

Nevertheless, spiders do not represent a single functional prey to
bats. A variety of functional groups, or guilds, have been identified ac-
cording to their own hunting behaviour and web structure (Uetz et al.,
1999). Non-web building or wandering spiders, for instance, should
be detected on and captured directly from the ground or vegetation by
gleaning (Hope et al., 2014). Conversely, web-building spiders could
be captured from their webs by gleaning (Kervyn et al., 2012) or hawk-
ing (Goiti et al., 2011). Finally, small spider species capable of “bal-
looning” might also be captured by aerial hawking (Hope et al., 2014).
Hence, the functional availability of a given spider species to bats will
depend largely on the guild the prey belongs to.

Difficulties to accurately identify arthropod taxa by external morpho-
logical traits hamper the listing of the bat’s prey at the species level,
which, if overcome, would allow describing the functional character-
istics and lifestyle of the spider prey. The recent application of mo-
lecular methods to diet studies (Pompanon et al., 2012) enables a more
complete representation of the taxonomical and functional diversity of
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Figure 1 – Sampling sites.

spiders at the species level (Galan et al., 2018). Orb-web building or
aerial-web building spiders have been proposed as prey of spider spe-
cialist bats (Schulz, 2000; Burles et al., 2009; Goiti et al., 2011), which
fits with the species identified in the faeces of M. emarginatus so far
(Kervyn et al., 2012; Galan et al., 2018).
Our main goals were to assess the importance of spiders in the diet of

M. emarginatus, as well as their taxonomical and functional diversity,
in a large geographical range. In order to do so, we analysed the vari-
ability of the dietary composition across five colonies in the Iberian
Peninsula. In addition, we analysed seasonal variability in two of the
colonies. Previous studies have shown variability in the dietary com-
position and type of foraging grounds of M. emarginatus across loca-
tions (Bauerová, 1986; Goiti et al., 2011; Kervyn et al., 2012), which is
common in bats, especially at a broad geographical scale (Clare et al.,
2014a; Aizpurua et al., 2018). Therefore, covering a large geographical
range is important to reflect the most complete niche breadth (Aizpurua
et al., 2018).

Methods
Study area
Bats were captured in five different locations along the northern (colon-
ies N1, N2 and N3) and eastern coasts (colonies E1 and E2) of the
Iberian Peninsula (Fig. 1), in order to cover a broad geographical
range. All the chosen locations are stable breeding colonies for M.
emarginatus alone or with other bat species, and were previously
known by the research team, to ensure that all sampling could be made
in a single night fieldwork, therefore avoiding excessive stress on indi-
viduals of any species occupying the same roost.
The climate in colonies N2 and N3 is temperate oceanic, due to the

proximity to the Atlantic Ocean (AEMET and IMP, 2011, p. 17). N2 is
in an area where open pastures for cattle are abundant; while colony N3
is mainly surrounded by conifer plantations. Colony N1, on the other
hand, is further from the coast and therefore has a warmer and drier cli-
mate, transitional between temperate oceanic and Mediterranean (AE-
MET and IMP, 2011, p. 17); the area is covered by conifer forests and
scrublands. The eastern colonies, E1 and E2, have Mediterranean cli-
mate: warm average temperatures with summer droughts (AEMET and
IMP, 2011, p. 17), where land use consists mostly of open agricultural
areas. Conifer forests are also common near E1.

Sample collection
Each location was sampled on a single night in summer of 2012, and
colonies N2 and N3 in spring as well. Bats were captured entering
the roost after the foraging bout using a harp trap (Tuttle, 1974) and
kept in individual cloth bags until they defecated (maximum 40 min).
Afterwards, the bats’ sex and age were determined, and the animals
were immediately released into the roost. Faeces were frozen within 6
hours. A total of 92 bats were captured during the breeding season of

2012: 12 bats in colony N1, 29 bats in colony N2, 28 bats in colony
N3, 17 bats in colony E1 and 6 bats in colony E2. Seven additional
individuals from both N2 and N3 were sampled in May of 2012.

Ethics statement
Capture and manipulation of bats were performed according to the
guidelines for treatment of animals in research and teaching (Sher-
win, 2012), and were approved by the Ethics Committee at the Uni-
versity of the Basque Country (Ref. CEBA/219/2012/GARIN ATO-
RRASAGASTI). In each location, captures were performed under li-
cense from the corresponding government agency.

DNA extraction, PCR amplification and sequencing
Each individual bat was treated as a sampling unit (Whitaker et al.,
1996). We used 20–40 mg of faeces for DNA extraction using DNeasy
PowerSoil Kit (Qiagen, Valencia, CA), following manufacturer instruc-
tions with some modifications (Alberdi et al., 2018). The samples and
extraction blanks were amplified using primers designed by Gillet (Gil-
let et al., 2005). These primers are modified at the 5’ end, by attach-
ing a unique MID sequence that enables identification of individual
samples post-sequencing, and an Ion Torrent adaptor sequence (Clare
et al., 2014b). PCR procedures were performed using Hot Star Taq
Polimerase kit (Qiagen, Valencia, CA) with 35 cycles. Finally, a total
of 106 samples, 10 extraction blanks and 5 PCR blanks were sequenced
using Ion Torrent sequencing platform in a single run.

Sequence analysis and library building
DNA sequences were assigned to their respective samples using MIDs,
the primers were removed and sequences of adequate length (125–
145 bp) were chosen using CUTADAPT (Martin, 2011). Afterwards,
a quality filter was applied using USEARCH’s –fastq_filter command
(Edgar, 2010), and following the ‘expected error rate threshold’ (Edgar
and Flyvbjerg, 2014). Remaining sequences were clustered into OTUs
at 97% identity threshold and chimeric sequences were removed simul-
taneously using USEARCH’s –cluster_otus command. Then, for each
sample, those OTUs with frequencies lower than 1% were removed
with USEARCH’s –otutab_norm and –otutab_trim commands (Mata
et al., 2016). Finally, remaining OTUs were compared against online
data base BOLD Systems and GenBank. Only matches with similar-
ity values above 98% (Clare et al., 2014b), and an e-value score lower
than 1×10−20 (Vesterinen et al., 2013) were considered.

Diet description and analysis
The diet of M. emarginatus was analysed using presence/absence data
of the prey taxa identified at the species level, in each of the sampling
units. Results were expressed in frequency of occurrence (FOO) and
per cent of occurrence (POO) of each prey species, family and order
for each colony. FOO was calculated as the number of bats in which a
given prey was identified, divided by the number of bats examined, and
multiplied by 100 (Deagle et al., 2018). On the other hand, POO was
calculated by dividing all occurrences of a prey with the total number
of occurrences of all prey, and multiplied by 100 (Deagle et al., 2018).

Diversity and richness of each colony was measured using Hill num-
bers (Hill, 1973). To standardize comparisons between colonies of un-
equal sample size, we performed comparisons based on sample cover-
age (Chao and Jost, 2012). iNEXT package for R (Hsieh et al., 2016)
was used to estimate the diversity of the diet of each population through
inter- and extrapolation, as well as the coverage value of each of the
samples collected. Then, base-coverage value was established as de-
scribed in Chao and Jost (2012), and richness values and 95% confid-
ence intervals were calculated for each colony.

Distance matrices were calculated independently for the analysis of
summer diet variation and seasonal diet variation in package vegan
(Oksanen et al., 2018) in R (R Core Team, 2018). We used Jaccard’s
dissimilarity index for presence/absence data of prey species in each bat
individual, and Bray Curtis dissimilarity index for prey family and or-
der frequencies (Legendre and Legendre, 2012) in each bat individual.
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Based on these matrices, differences in the diet were tested using ad-
onis with 999 permutations (Manly, 1997) in vegan (Oksanen et al.,
2018), and pairwise multivariate anova based on 999 permutations, us-
ing function pairwise.adonis in package pairwiseAdonis (Martinez-
Arbizu, 2019). In pairwise comparisons, the p-value was corrected us-
ing “fdr” method (Benjamini and Hochberg, 1995).
Additionally, Fisher’s exact test of independence was performed to

analyse differences in the frequency of occurrence of spiders across
colonies and seasons. Spider species identified were classified accord-
ing to their guild or hunting strategy following Uetz et al. (1999) and
Roberts (2001). The differences in spider consumption across colon-
ies and season were tested using a similar procedure to that explained
above.

Results
Geographical and seasonal variability of the diet
After bioinformatic processing, 288 OTUs were compared against on-
line databases. Among them, four OTUs were identified as belonging
to the predator, 159 as potential prey items and 36 as non-prey taxa. The
remaining 103 were considered as “not identified” as they did not reach
the required identity and e-value threshold. Since some OTUs corres-
ponded to the same taxa, 138 different species or genus were identified
as potential prey of M. emarginatus (Tab. S1).
The Adonis multivariate test showed differences in the specific

composition of the diets between studied summer colonies (F=6.253;
d.f.=4; p=0.001); nonetheless, differences were not significant between
colonies N1 and E2 (F=1.481; d.f.=1; p=0.079). Out of the 25 prey
species identified in N1, and 19 in E2, both colonies shared seven of
them, including the spider Araneus angulatus, the River Skater Aquar-
ius najas or the Diamondback moth Plutella xylostela (Tab. S2). Com-
position differences between colonies remained significant at the fam-
ily (F=9.0935; d.f.=4; p=0.001) and order (F=12.366; d.f.=4; p=0.001)
level, and in the last case, differences between colonies N1 and E1 were
no longer significant (F=1.647; d.f.=1; p=0.212).
Overall, in colonies N1, E1 and E2, spiders and moths comprised

more than 56% of the occurrences (Fig. 2). In colonies N1, E1 and
E2, spiders were the most commonly consumed prey order (N1: 10
out of 12 bats, POO: 45.2%; E1: 17 out of 17 bats, POO: 58.3% ;
E2: 4 out of 6 bats, POO: 21.7%), followed by moths (N1: 9 out of
12 bats, POO: 33.3%; E1: 8 out of 17 bats, POO: 18.7%; E2: 3 out
of 6 bats, POO: 34.8%), dipterans (N1: 4 out of 12 bats, POO: 9.5%;
E1: 8 out of 17 bats, POO: 18.7%; E2: 1 out of 6 bats, POO: 8.7%)
and hemipterans (N1: 3 out of 12 bats, POO%: 7.1; E1: 1 out of 8
bats, POO: 2.1%; E2: 2 out of 6 bats, POO: 13.0%). Additionally, bats
in colony E2 also consumed odonates (2 out of 6 bats, POO: 13.0%).
Finally, coleopterans, neuropterans, plecopterans and hymenopterans
were occasionally consumed (POO: <5%) to complete their diet (Fig. 2;
Tab. S2).
In colonies N2 and N3 spiders were not the most commonly identi-

fied prey order (N2: 18 out of 29 bats, POO: 18.6%; N3: 19 out of 28
bats, POO: 30.5%). Instead, dipterans were the most frequent prey or-
der (N2: 29 out of 29 bats, POO: 66.2%; N3: 22 out of 28 bats, POO:
35.1%). In both cases, the most frequent prey item was the stable fly
S. calcitrans, which appeared in 96.4% and 68.0% of the samples in
these colonies. Additionally, in colony N2 flies of the genus Musca
reached frequency of occurrence of 89.2%. Besides, in colony N3,
beetles were consumed almost as commonly as spiders (19 out of 28
samples; POO: 15.2%). Fourteen of those occurrences belonged to the
cerambycid species Arhopalus rusticus. In the case of moths, POO
was lower than 10% (N2: 9 out of 29 bats, POO: 7.6%; N3: 10 out
of 28 bats, POO: 9.1%). Other prey orders identified include Ephem-
eroptera, Hymeoptera, Neuroptera, Plecoptera, Psocodea, Trichoptera,
Mesostigmata and Trombidiformes, none of which reached a POO of
5% (Fig. 2; Tab. S2).
Conversely, the diet composition at the species level did not differ

between the two spring colonies (F=1.397; d.f.=1; p=0.103). Res-
ults were similar when prey items were grouped at the family level
(F=0.984; d.f.=1; p=0.459) and order level (F=2.318; d.f.=1; p=0.158).

Figure 2 – Diet composition of M. emarginatus at the ordinal level by colony and season,
as per cent of occurrence. “Other´’ category includes Ephemeroptera, Mesostigmata,
Plecoptera, Psocodea, Trichoptera and Trombidiformes.

Figure 3 – Order 1 Hill diversity number estimates, and 95% confidence intervals at base
coverage value of 0.550.

Spider DNA was found in all individuals of the spring sample, and its
POO was 63.3% (N2) and 41.9% (N3). In both cases dipterans (POO:
20% and 25.6% respectively), and lepidopterans (13.3% and 27.9%)
completed most of the diet. In both locations significant differences
were found between seasons (F=6.027; d.f.=1; p=0.001). Overall con-
sumption of dipterans also dropped in spring (N2: 4 out of 7 bats, POO:
20%; N3: 6 out of 7 bats, POO: 25.5%), as S. calcitrans was identified
in less than 43% of bats. Besides, in colony N3 no A. rusticus was con-
sumed during the spring; and in colony N2, none of the bats consumed
Musca sp. On the contrary, consumption of spiders increased (N2: 7
out of 7 bats, POO: 63.3%; N3: 7 out of 7 bats, POO: 41.8%).

Hill number estimates show that colonies E1 and N3 had signific-
antly lower richness values than colonies N1, N2 and E2 during the
summer. On the other hand, while the richness value of the diet of N3
did not change significantly between seasons, N2 showed higher diet-
ary diversity during the spring (Fig. 3).

Consumption of spiders
Frequency of occurrence of spiders changed between summer colonies
(p=0.029) and between seasons (p=0.007). Adonis test also showed
that the list of species changed significantly across colonies (F=4.785;
d.f.=4; p=0.001) and seasons (F=4.169; d.f.=1; p=0.001). A total of
45 different species were recovered from the faecal samples. Araneus
diadematus and A. angulatus during the summer (30 and 15 out of 92
bats), and Nuctenea umbratica during the spring (seven out of 14 bats),
were the most frequent spider species.

We classified most of the spider species as vertical orb-web build-
ers (21 out of 45) of the families Araneidae (16 species), Tetragnath-
idae (four species) and Uloboridae (one species). Other web build-
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ers were also identified, namely nine space-web builder species of the
family Theridiidae, four funnel-web builders of the family Agelenidae,
and one horizontal-web builder of the family Araneidae. Finally, some
spiders that do not build webs were also detected, including ambush-
ers/stalkers (five species), foliage runners (four species) and ground
runners (one species) (Uetz et al., 1999; Roberts, 2001). Altogether,
the species identified belonged to 12 families (Tab. 1).
The hunting strategy of the spiders occurring in the diet of M.

emarginatus varied between colonies during the summer (F=3.982;
d.f.=4; p=0.034): post-hoc comparisons grouped the composition of
spider traits in colonies E1 andN1 from colonies N2 andN3 (for all sig-
nificant pairwise tests: F>4.065; d.f.=1; p<0.035); any pairwise com-
parison involving E2 was not significant. Orb-web building spiders of
the family Araneidae were the most common spider prey in all colonies
(Fig. 4): their consumption was highest in colony E2, where all identi-
fied spiders belong to this group; followed by N1 and E1, in which orb-
web building spiders reached 90.9% and 80% of occurrences respect-
ively. In summer colonies N2 and N3, the incidence of orb-web build-
ing spiders was less prominent than elsewhere (POO<54%), as other

Table 1 – Guild classification of identified spider species according to Uetz et al. (1999)
and Roberts (2001).

Family Species Guild classification
Agelenidae Agelenatea redii Funnel-web builder

Eratigena atrica Funnel-web builder
Tegenaria domestica Funnel-web builder
Tegenaria parietina Funnel-web builder

Anyphaenidae Anyphaena accentuata Foliage runner
Araneidae Araneus angulatus Vertical Orb-web builder

Araneus diadematus Vertical Orb-web builder
Araneus sturmi Vertical Orb-web builder

Aranues triguttatus Vertical Orb-web builder
Araniella cucurbitina Vertical Orb-web builder
Argiope bruennichi Vertical Orb-web builder
Argiope lobata Vertical Orb-web builder

Cyrtophora citricola Horizontal web builder
Gibbaranea gibbosa Vertical Orb-web builder
Larinioides cornutus Vertical Orb-web builder

Larinioides sclopetarius Vertical Orb-web builder
Mangora acalypha Vertical Orb-web builder
Neoscona subfusca Vertical Orb-web builder
Nuctenea umbratica Vertical Orb-web builder

Singa nitidula Vertical Orb-web builder
Zilla diodia Vertical Orb-web builder
Zygiella sp. Vertical Orb-web builder

Clubionidae Clubiona brevipes Foliage runner
Clubiona comta Foliage runner

Eutichuridae Ceiracanthium elegans Foliage runner
Gnaphosidae Scotophaeus blackwallii Ground runner
Philodromidae Philodromus collinus Stalker/Ambusher

Philodromus praedatus Stalker/Ambusher
Tetragnathidae Tetragnatha extensa Vertical Orb-web builder

Tetragnatha montana Vertical Orb-web builder
Tetragnatha nigrita Vertical Orb-web builder
Tetragnatha obtusa Vertical Orb-web builder

Theridiidae Enoplognatha sp. Space-web builder
Episinus maculipes Space-web builder

Parasteatoda tepidariorum Space-web builder
Platnickina tincta Space-web builder

Rhomphaea cf. rostrata Space-web builder
Rhompaea nasica Space-web builder
Steatoda grossa Space-web builder

Theridion melanurum Space-web builder
Theridion varians Space-web builder

Thomsidae Xysticus lanio Ambusher
Uloboridae Hyptiotes flavidus Vertical Orb-web builder

Figure 4 – Percent of occurrence (POO) of spider guilds identified in the diet from each
colony. (H Orb-webs: Horizontal orb-webs; V Orb-webs: Vertical orb-webs).

spider guilds such as space-web builders were consumed in greater
numbers (POO>15%); and in N2 funnel-web builders are 23% of the
spiders consumed. Finally, non-web building spiders were also con-
sumed, albeit occasionally, in every colony except E1 and E2 (Fig. 4).

We also found significant differences in the traits of spiders con-
sumed in different seasons (F=3.072; d.f.=1; p=0.004), but none of the
pairwise post-hoc tests were significant. Nonetheless, the consumption
of orb-web building spiders did increase at the spring colonies, as all
bats studied consumed them, as opposed to 48.3% of bats in colony N2,
and 57.1% in colony N3 during the summer.

Discussion
Spiders were themost commonly consumed prey order, being identified
in a total of 82 out of 106 bats’ faeces. The frequency of occurrence
of spiders in our localities was in the 62.1–100% range. Worldwide,
spider remains have been found in 99% of the faeces of K. papuensis
analysed in Australia (Schulz, 2000); while in the case of M. keenii in
North America, spider consumption was recorded in 80% of the cases
(Burles et al., 2008). Therefore, to our knowledgeM. emarginatus is the
third bat species of its kind described to date. Spiders have also been
identified in the faeces of other bat species in North America (Whitaker
et al., 1977; Whitaker, 2004; Kellner and Harestadi, 2005), and Europe
(Ramos Pereira et al., 2002; Razgour et al., 2011; Hope et al., 2014);
though their FOO does not exceed 25%.

Overall, the diet of M. emarginatus varied between locations. The
differences of arthropod communitiesmight promote the observed vari-
ations in the diet between colonies, mainly at the species level, a likely
outcome given the generalist predatory character of bats and the in-
tercolonial differences in landscape and climate (Clare et al., 2014a;
Viglino et al., 2016; Aizpurua et al., 2018). Besides, while a few taxa
— e.g.: A. diadematus, A. angulatus or S. calcitrans — were com-
monly consumed by many individuals across colonies, less frequent
prey comprised most of the dietary list, with 55% of the species be-
ing consumed by a single bat individual (Tab. S2). Thus, differences
in the dietary composition were amplified when the prey species level
was considered.

Colonies N1, E1 and E2 show similar diet at the ordinal level, as
spiders and lepidopterans were the main prey. Goiti et al. (2011) de-
scribed a comparable diet in Central Iberian Peninsula and proposed it
as the foraging archetype closest to the bat’s original situation. In both
studies, the colonies studied were in areas of warmer, dryer climate of
Mediterranean characteristics. Even though M. emarginatus is a bat
mostly found along the Mediterranean (Piraccini, 2016), the majority
of studies on its foraging ecology have been conducted in its Northern-
most distribution range, where it often adopts an opportunistic foraging
behaviour (Beck, 1995; Zahn et al., 2010; Kervyn et al., 2012; Dekker
et al., 2013). This calls attention to the fact that our current view ofM.
emarginatus’s trophic niche could be highly biased, and further stud-
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ies across its entire distribution range would help to describe its typical
foraging behaviour and preferred prey types.
Despite observed specialization on spiders in the three Mediter-

ranean colonies, summer results in colonies N2 and N3 suggest that
M. emarginatus shows a certain degree of flexibility and adaptabil-
ity, which allows it to opportunistically hunt punctually available prey
and/or exploit different foraging grounds. Thanks to this opportunist
facet, M. emarginatus would not be as susceptible to shifts in prey
abundance as other strictly specialist predators would be (Maine and
Boyles, 2015), which would allow it to successfully adapt to modified
environments and anthropogenic landscapes.
We found that the diet composition — and richness in the case of

colony N2 — changed significantly between seasons in colonies N2
and N3. Overall, from spring to summer, consumption of spiders de-
creased, while that of dipterans increased. On top of that, in colony N3,
half the bats studied consumed A. rusticus during summer, but not dur-
ing the spring. Its relatively high local frequency was probably linked
to a seasonal increase in its density in conifer plantations surrounding
the colony. Flaquer et al. (2008) also reported thatM. emarginatus for-
aged in pinewood plantations in Mediterranean Iberian Peninsula, even
though it seems to avoid such foraging grounds in Central Europe in fa-
vour of native, deciduous woodlands (Zahn et al., 2010; Dekker et al.,
2013).
Summer diet of colony N2, and partly in N3, resemble those de-

scribed by Beck (1995) and Kervyn et al. (2012): the primary food
source are dipterans, followed by spiders. The abundance of flies such
as Musca sp. and S. calcitrans in the diet of M. emarginatus has been
linked to the use of cattle sheds as foraging grounds, as reported in
colonies of Central Europe (Kervyn et al., 2012; Dekker et al., 2013).
Cattle are abundant in colony N2 (108 cows/km2, www.bizkaia.eus),
and open grasslands and pastures mostly cover the surrounding area.
This hypothesis is supported by the fact that traces of bovine DNAwere
identified in the faeces of 30 out of the 47 bats that consumed S. cal-
citrans in colonies N2 and N3. In this case, the detection of cow DNA
would be a result of secondary predation of flies on cow blood (Shep-
pard et al., 2005; Patra et al., 2018).
The presence of S. calcitrans around livestock can cause several neg-

ative effects on the cattle, causing reduction of weight and/or milk pro-
duction, and acting as a vector of disease (reviewed in Patra et al.,
2018). In our study, S. calcitrans was the most frequently consumed
prey species, as it was identified in 58% of bats in total, and in 82% of
bats specifically in the summer colonies N2 and N3. Due to the huge
number of insects consumed by an individual per night and their gen-
eralist nature, bats have often been mentioned as potential top-down
suppressor of agricultural insect pests (Kunz et al., 2011). The high
FOO values of S. calcitrans suggest that M. emarginatus could act as
a potential suppressor of cattle flies, as well as other insects which, in
high densities, cause harm to cattle.
Cow sheds can be a convenient source of prey for many bat species

throughout the year (Dekker et al., 2013); they provide a more constant
source of insects for bats (Zahn et al., 2010), as they are less affected
by local weather and temperature drops. Nevertheless, the higher oc-
currence of stable flies recorded during the summer does not seem to
support this hypothesis; instead, an increase in the densities of flying
insects— including cattle related flies like S. calcitrans,Musca autum-
nalis or Muscina stabulans— linked to warmer summer temperatures
(LaBrecque et al, 1972) is a more likely explanation.
Regarding spiders, most species consumed belong to the vertical orb-

web building guild, which were especially prominent in colonies N1,
E1 and E2. These have also been proposed as the main guild consumed
by other spider specialist bats (Schulz, 2000; Burles et al., 2008). M.
emarginatusmost likely hunts them directly from their webs, and could
also feed on insects trapped on them. However, the exact mechanism
used to detect and catch spiders while in their webs is not clear, as both
gleaning (Schulz, 2000; Kervyn et al., 2012) and hawking (Goiti et al.,
2011) have been proposed as possible strategies. The consumption of
other types of prey suggests thatM. emarginatus does have the ability to
glean. Diurnal flies such asMusca sp. or S. calcitrans could be hunted

from cattle-shed walls by gleaning (Krull et al., 1991), and/or stolen
from orb-webs where they got trapped; and non-web building spiders
such as Anyphaena accentuata, Clubiona comta or Xysticus lanio were
likely caught from the surface of the vegetation.

The overall abundance of orb- and space-web building spiders in all
colonies indicates that environments of cluttered vegetation, e.g. inside
forests, are themost likely foraging grounds ofM. emarginatus (Dekker
et al., 2013; Flaquer et al., 2008; Zahn et al., 2010). Abundance and
diversity of aerial-web building spiders is higher in such areas, as they
provide plenty of anchoring points to build their webs (Balfour and
Rypstra, 1998). Funnel-web builders, on the other hand, build their
webs closer to the ground, and are commonly found inside buildings
(Roberts, 2001); therefore, their consumption may be linked to the use
of such foraging grounds, especially in colony N2.

Gleaning and foraging in cluttered environments are shared charac-
teristics between the other spider specialist bats, and are thought to be
important in the development of such dietary specialization (Schulz,
2000; Burles et al., 2008). However, they are not mutually exclusive,
as they are also found amongst other bat species. for example, P. aur-
itus,Myotis bechsteinii,M. myotis orM. nattereri, forest species which
are known to glean over prey (Norberg and Rayner, 1987; Anderson
and Racey, 1991; Arlettaz, 1996; Napal et al., 2013; Swift and Racey,
2002), although they do not depend on spiders as extensively as M.
emarginatus (Beck, 1995; Ramos Pereira et al., 2002; Razgour et al.,
2011; Hope et al., 2014).

Spiders, being predators, are less abundant than other arthropod taxa
(Pimm, 1988), which may explain why very few bat species consume
them in great quantities. While such dietary specialization may al-
low spider eating bats to reduce competition, it is also advantageous
when the abundance of other resources, mainly flying insects, is lower
due to adverse weather conditions (Burles et al., 2009), or during sea-
sons of lower insect abundance. This emphasizes the uniqueness ofM.
emarginatus and other spider specialist bats regarding dietary choices,
and hints at specific adaptations regarding sensorial ecology and beha-
viour.

Conclusions
Using molecular techniques, we studied the diet of five colonies of
M. emarginatus at two different seasons, and we were able to identify
a total of 138 prey species, 45 of which were spiders. These res-
ults assure that these preys play an important role in the diet of M.
emarginatus, and stress its uniqueness amongst European bats. In fact,
M. emarginatus seems to focus a great part of its diet on spiders, prin-
cipally those belonging to the vertical orb-web building guild, which
are presumably caught directly from their webs in cluttered environ-
ments. The exact mechanisms involved in the detection and obtaining
of such prey are not yet understood. This knowledge could potentially
provide insights into why they are so available for M. emarginatus,
while rarely recorded in the diet of other European forest species. On
the other hand, colonies N2 and N3 also showed that M. emarginatus
has a certain degree of geographical and seasonal variability, and can
opportunistically exploit different resources, which emphasizes the fact
that both landscape use and overall resource availability ultimately
shape the foraging niche of a bat population.

References
Adler P.B., HilleRisLambers J., Levine J.M. 2007. A niche for neutrality. Ecol. Let., 10(2):

95–104.
Agencia Estatal de Meteorología de España (AEMET), Instituto de Meteorologia de Por-

tugal (IMP). 2011. Atlas climático Ibérico. Temperatura del aire y precipitación (1971–
2000). Madrid, Ministerio de Medio Ambiente, Rural y Marino. [In Spanish]

Aizpurua O., Budinski I., Georgiakakis P., Gopalakrishnan S., Ibañez C., Mata V., Rebelo
H., Russo D., Szodoray-Páradi F., Zhalyazkova V., Zrnicic V., Gilbert M.T.P., Alberdi A.
2018. Agriculture shapes the trophic niche of a bat preying on multiple pest arthropods
across Europe: Evidence from DNA metabarcoding. Mol. Ecol. 27: 815–825

Alberdi A., Aizpurua O., Gilbert M.T.P., Bohmann K. 2018. Scrutinizing key steps for
reliable metabarcoding of environmental samples. Methods Ecol. Evol. 9: 134–147.

Anderson M.E., Racey P.A. 1991. Feeding behaviour of captive brown long-eared bats,
Plecotus auritus. Anim. Behav. 42(3): 489–493.

Arlettaz R. (1996). Foraging behaviour of the gleaning bat Myotis nattereri (Chiroptera,
Vespertilionidae) in the Swiss Alps. Mammalia. 60(2): 181–186.

63



Hystrix, It. J. Mamm. (2019) 30(1): 59–64

Arrizabalaga-Escudero A., Clare E., Salsamendi E., Alberdi A., Garin I., Aihartza J.,
Goiti U. 2018. Assessing niche partitioning of co-occurring sibling bat species by DNA
metabarcoding. Mol. Ecol. 21: 1273–1283.

Balfour R.A., Rypstra A.L. 1998. The influence of habitat structure on spider density in a
non-till soybean agroecosystem. J. Arachnol. 26(2): 221–226.

Bauerová Z. 1986. Contribution to the trophic bionomics ofMyotis emarginatus. Folia Zool.
35: 305–310.

Beck A. 1995. Fecal analysis of European bat species. Myotis, 32-33: 109–119.
Bizkaiko Foru Aldundia – Diputación Foral de Bizkaia. Censos Ganaderos. 30/08/2018.

Retrieved from http://www.bizkaia.eus/nekazaritza/ganaderia/censos/ [In Spanish]
Benjamini Y., HochbergY. 1995. Controlling the false discovery rate: a practical and power-

ful approach to multiple testing. J. R. Stat. Soc. Series B, 57: 289–300
Burles D.W., Brigham M., Ring R.A., Reimchen T.E. 2008. Diet of two insectivorous bats,

Myotis lucifugus and Myotis keenii, in relation to arthropod abundance in a temperate
Pacific Northwest rainforest environment. Can. J. Zool. 86: 1367–1375.

Burles D.W., Brigham M., Ring R.A., Reimchen T.E. 2009. Influence of weather on two
insectivorous bats in a temperate Pacific Northwest rainforest. Can. J. Zool. 87: 132–
138.

Chao A., Jost J. 2012. Coverage-based rarefaction and extrapolation: standardizing samples
by completeness rather than size. Ecology. 93(12): 2533–2347.

Chesson P. 2000. Mechanism of maintenance of species diversity. Annu. Rev. Ecol. Evol.
S. 31: 343–366.

Clare E.L., Symondson W.O.C., Broders H., Fabianek F., Fraser E.E., MacKenzie A.,
Boughen A., Hamilton R., Willis C.K.R., Martinez-Nuñez F., Menzies A.K., Norquay
K.J.O., Brigham M., Poissant J., Rintoul J., Barclay R.M.R., Reimer J.P. 2014a. The
diet of Myotis lucifugus across Canada: assessing foraging quality and diet variability.
Mol. Ecol. 23: 3618–3632.

Clare E.L., Symondson W.O.C., Fenton M.B. 2014b. An inordinate fondness for beetles?
Variation in seasonal dietary preferences of night-roosting big brown bats (Eptesicus
fuscus). Mol. Ecol. 23: 3633–3647.

Deagle B.E., ThomasA.C., McInnes J.C., Clarke L.J., Vesterinen E.J., Clare E.L., Kartzinel
T.R., Eveson J.P. 2018. Counting with DNA in metabarcoding studies: How should we
convert sequence reads to dietary data? Mol. Ecol. 28: 391–406.

Dekker J.J.A., Regelink J.R., Jansen E.A., Brinkmann B., Limpens H.J.G.A. 2013. Habitat
use by female Geoffroy’s bat (Myotis emarginatus) at its two northernmost maternity
roosts and the implications for their conservation. Lutra. 56(2): 111–120.

Edgar R.C. 2010. Search and clustering orders of magnitude faster than BLAST. Bioin-
formatics. 16(19): 2460–2461.

Edgar R.C., Flyvbjerg H. 2014. Error filtering, pair assembly and error correction for next-
generation sequencing reads. Bioinformatics. 31(21): 3476–3482.

EmrichM.A., Clare E.L., SymmondsonW.O.C., Keonig S.E., FentonM.B. 2014. Resource
partitioning by insectivorous bats in Jamaica. Mol. Ecol. 23: 3648–3656.

Flaquer C., Puig-Montserrat X., Burgas A., Russo D. 2008. Habitat selection by Geoffroy’s
bats (Myotis emarginatus) in a rural Mediterranean landscape: implications for conser-
vation. Acta Chiropterol. 10: 61-–67.

Galan M., Pons J.B., Tournayre O., Pierre E., Leuchtmann M., Pontier D., Charbonell N.
2018.Metabarcoding for the parallel identification of several hundred predators and their
prey: Application to bat species diet analysis. Mol. Ecol. Resour. 18: 474–489.

Gillet F., Tiouchichine M.L., Galan M., Blanc F., Némoz M., Aulagnier S., Michaux J.R.
2015. A newmethod to identify the endangered Pyrenean desman (Galemys pyrenaicus)
and to study its diet, using next generation sequencing from faeces. Mamm. Biol. 80(6):
505–509.

Goiti U., Aihartza J., Guiu M., Salsamendi E., Almenar D., Napal M., Garin I. 2011. Geof-
froy’s bat, Myotis emarginatus, preys preferentially on spiders in multistratified dense
habitats: a study of foraging bats in the Mediterranean. Folia Zool. 60: 17–24.

Hill M.O. 1973. Diversity and evenness: a unifying notation and its consequences. Ecology.
54: 427–473.

Hope R.P., Bohmann K., Gilbert M.T.P., Zepeda-Mendoza M.L., Razgour O., Jones G.
2014. Second generation sequencing and morphological faecal analysis reveal unex-
pected foraging behaviour by Myotis nattereri (Chiroptera, Vespertilionidae) in winter.
Front. Zool. 11: 39.

Hsieh T.C., Ma K.H., Chao A. 2016. iNEXT: iNterpolation and EXTrapolation for species
diversity. R package version 2.0.12

Kellner A.M., Harestad A.S. 2005. Diets of bats in coastal rainforest on Vancouver Island,
British Columbia. Northwest. Nat. 86: 45–48.

Kervyn T., Godin M. C., Jocqué R., Grootaert P., Libois R. 2012. Web-building spiders and
blood-feeding flies as prey of the notch eared bat (Myotis emarginatus). Belg. J. Zool.
142(1): 59–67.

Krull D., Schumm A., Metzner W., Neuweiler G. 1991. Foraging areas and foraging be-
havior in the notch-eared bat, Myotis emarginatus (Vespertilionidae). Behav. Ecol. So-
ciobiol. 28: 247–253.

Kunz T.H., Braun de Torrez E., Bauer D., Lobova T., Fleming T.H. 2011. Ecosystem ser-
vices provided by bats. Ann. NY. Acad. Sci. 1223: 1–38.

LaBrecque G.C., Meifert D.W., Weidhass D.E. 1972. Dynamics of House Fly and Stable
Fly populations. The Florida Entomologist. 55(2): 101–106.

Legendre P., Legendre L. 2012. Numerical Ecology. 3rd edition. Elsevier, Amsterdam.
Maine J.J., Boyles J.G. 2015. Land cover influences dietary specialization of insectivorous

bats globally. Mammal Res. 60(4): 343–351.
Manly B.F.J. 1997. Randomization, Bootstrap and Monte Carlo Methods in Biology. 3rd

Edition. Chapman and Hall, London.
Martin M. 2011. Cutadapt removes adapter sequences from high-throughtput sequencing

reads. EMBnet J. 17(1): 10–12.

Martinez-Arbizu P. 2019. pairwiseAdonis: Pairwise multilevel comparison using ad-
onis. R package version 0.3

Mata V.A., Amorim F., Corley M.F., McCracken G.F., Rebelo H., Beja P. 2016. Female
dietary bias towards large migratory moths in the European free-tailed bat (Tadarida
teniotis). Biol. Lett. 12(3): 20150988.

Napal M., Garin I., Goiti U., Salsamendi E., Aihartza J. 2013. Past deforestation of Medi-
terranean Europe explains the present distribution of the strict forest dweller Myotis
bechsteinii. Forest Ecol. Manag. 293: 161–170.

Norberg U. M., Rayner J.M.V. 1987. Ecological Morphology and Flight in Bats (Mam-
malia; Chiroptera): Wing Adaptations, Flight Performance, Foraging Strategy and
Echolocation. Philos. Trans. R. Soc. Lond., B, Biol. Sci. 316: 335-–427.

Oksanen J., Guillaume Blanchet F., Friendly M., Kindt R., Legendre P., McGlinn D.,
Minchin P.R., O’Hara R.B., Simpson G.L., Solymos P., Henry M., Stevens H., Szoecs
E., Wagner H. 2018. vegan: Community Ecology Package. R package version 2.5-2.
https://CRAN.R-project.org/package=vegan

Patra G., Behera P., Das S.K., Saikia B., Ghosh S., Biswas P., Kumar A., Alam S.S., Kawlni
L., Lalnunpuia C., Lalchhandama C., Bacham M., Debbarma A. 2018. Stomoxys calcit-
rans and its importance in livestock: a review. Int. J. Adv. Agric. Res. 6:30–37.

Pimm S. 1988. Energy Flow and Trophic Structure. Concepts in ecosystem ecology.
Springer-Verlag, New York, New York, USA.

Piraccini R. 2016. Myotis emarginatus. The IUCN Red List of Threatened Species 2016:
e.T14129A22051191.

Pompanon F., Deagle B.E., SymondsonW.O.C., BrownD.S., Jarman S.N., Taberlet P. 2012.
Who is eating what: Diet assessment using next generation sequencing. Mol. Ecol. 21:
1921—1950.

R Core Team. 2018. R: A language and environment for statistical computing. R Foundation
for Statistical Computing, Vienna, Austria.

Ramos Pereira M.J., Rebelo H., Rainho A., Palmeirim J.M. 2002. Prey selection byMyotis
myotis (Vespertilionidae) in a Mediterranean region. Acta Chiropterol. 4(2): 189–193.

Razgour O., Clare E.L., ZealeM.R.K., Hanmer J., Schnell I.B., RasmussenM., Gilbert T.P.,
Jones G. 2011. High-throughput sequencing offers insight into mechanisms of resource
partitioning in cryptic bat species. Ecol. Evol. 1(4): 556-–570.

Roberts M.J. 2001. Spiders of Britain and Northern Europe. London, Harper Collins.
Salsamendi E., Garin I., Arostegui I., Goiti U., Aihartza J. 2012. What mechanism of niche

segregation allows the coexistence of sympatric sibling rhinolophid bats? Front. Zool.
9: 30.

Schoeman M.C., Monadjem, A. 2018. Community structure of bats in the savannas of
southern Africa: influence of scale and human land-use. Hystrix. 29(1): 3–10.

Schulz M. 2000. Diet and foraging behavior of the golden-tipped bat, Kerivoula papuensis:
a spider specialist? J. Mammal. 81: 948-–957.

Sheppard S.K., Bell J., Sunderland K.D., Fenlon J., Skervin D., Symondson W.O.C. 2005.
Detection of secondary predation by PCR analyses of the gut contents of invertebrate
generalist predators. Mol. Ecol. 14: 4461–4468.

Sherwin C.E. 2012. Guidelines for the treatment of animals in behavioural research and
teaching. Animal Behavior. 83: 301–309.

Swift S., Racey P. 2002. Gleaning as foraging strategy in Natterer’s bat Myotis nattereri.
Behav. Ecol. Sociobiol. 52(2): 408–416.

Tuttle M.D. 1974. An improved trap for bats. Journal of Mammalology. 55: 475—477.
Uetz G.W., Halaj J., Cady A.B. 1999. Guild structure of spiders in major crops. J. Arachnol.

27:270–280.
Vesterinen E.J., Lilley T., Laine V.N., Wahlberg N. 2013. Next generation sequencing

of fecal DNA reveals the dietary diversity of the widespread insectivorous predator
Daubenton’s bat (Myotis daubentonii) in Southwestern Finland. PLoS ONE; 8(11):
e0201763.

Vesterinen E.J., Puisto A.I.E., Blomberg A.S., Lilley T.M. 2018. Table for five, please:
Dietary partition in boreal bats. Ecol. Evol. 8: 10914–10937.

Viglino A., Caniglia R., Ruiz-Gonzalez A., Russo D., Galaverini M., Toffoli R., Culasso
P., De Bernardi P., Patriarca E., Agnelli P., Farina F., Mastrobuoni G., Martinoli A.,
Randi E. 2016. What can we learn from faeces? Assessing genotyping success and
genetic variability in three mouse-eared bat species from non-invasive genetic sampling.
Hystrix. 27(2): 150–157.

Whitaker Jr.J.O. 2004. Prey selection in a temperate zone insectivorous bat community. J.
Mammal. 85(3): 460–469.

Whitaker Jr.J.O., Maser C., Keller L.E. 1977. Food Habits of Bats of Western Oregon.
Northwest Sci. 51(1): 46–55.

Whitaker Jr.J.O., Neefus C., Kunz T.H. 1996. Dietary variation in the Mexican free-tailed
bat (Tadarida brasiliensis Mexicana). J. Mammal. 77: 716–724.

Zahn A., Bauer S., Kriner E, Holzhaider J. 2010. Foraging habitats of Myotis emarginatus
in Central Europe. Eur. J. Wildlife Res. 56(3): 395–400.

Associate Editor: R. Caniglia

Supplemental information
Additional Supplemental Information may be found in the online version of this arti-
cle:
Supplemental Table S1 Complete list of identified OTUs.
Supplemental Table S2 Complete list of taxa identified, with absolute frequency of

occurrence in each colony and season.

64


