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Abstract
Piscivory in vespertilionid bat species in the genus Myotis

Myotis capaccinii) are known to con-
Myotis daubentonii Myotis dasycneme), both also members of the guild of European 

‘trawling Myotis -
M. daubentonii; thus, piscivory 

trawling Myotis

M. capaccinii and M. daubentonii from 
M. dasycneme faeces from Germany. Based on technical problems of our molecular 

trawling Myotis species nor proof for piscivory in M. dasycneme and M. daubentonii
Myotis with improved molecular genetics approaches.

Key words
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Introduction

Three species of the guild of ‘trawling Myotis
Myo-

tis capaccinii Myotis daubentonii) 
Myotis dasycneme). Through several 

experiments it was documented that all three mentioned 

and tail membrane to catch insects, such as arthropods, 
KALKO & SCHNITZ-

LER SIEMERS et al SIEMERS & SCHNITZLER, 

proportion to their body dimensions. They share this mor-
phological feature with other trawling bats, among others 
with N. leporinus. Recent studies on the feeding ecology 
of M. daubentonii and M. dasycneme in Europe, which 
were based on morphological and molecular analyses of 
the bat guano, show that both species feed on insects and, 

remains could be detected in the guano of the two spe-
CIECHANOWSKI & ZAPART KRÜGER et al
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NISSEN et al -
M. capaccinii, distributed in 

Mediterranean regions of Europe is known to, in addition 
AIHARTZA et al., 

; LEVIN et al  BISCARDI et al
work has also provided insight into how M. capaccinii 
discern prey and adjust their movements during trawling 

AIZPURUA et al
 The similar hunting behaviour of trawling Myotis spe-

to the assumption that piscivory could be possible also 

SIEMERS et 
al

SIEMERS et al
from the experiments of SIEMERS et al
a specimen of M. daubentonii had consumed a lot of in-

period, only insect remains were found in the guano, but 

faeces, probably because of demineralisation in the stom-

the European trawling Myotis SIEMERS et al
contrast to that, BROSSET & DELMARE

M. daubentonii 
in France several decades ago.

POMPANON et al KRÜGER et al
This method allows the detection of dietary elements that 

we used a molecular genetic approach to guano samples 
of M. dasycneme, M. capaccinii and M. daubentonii in 

-
esis that M. daubentonii and M. dasycneme also prey on 

SIEMERS et al

Material and Methods

Fieldwork and sample selection 

M. capaccinii, 
M. daubentonii and M. dasycneme were caught at differ-
ent localities using mist nets placed over the water sur-

separately in soft cotton bags for a maximum of one hour 
and released after taking measurements and collecting 

KRÜGER et al
contain “individual samples” in M. capaccinii
pellets of one bat individual) and “mixed samples” from 
M. daubentonii 
Bulgaria and “mixed samples” from M. dasycneme

-
-

many we used also samples from nursing colonies of 
M. dasycneme

-
-

Laboratory procedures 

in dedicated cleanroom facilities at the University of 
York, where no previous work was performed on either 

irradiated the whole cleanroom with UV light for at least 

-
th

-
ence of two different molecular markers: the relatively 

-

VENCES et al
-

Rutilus rutilus, Scardinius eryth-

-
sius, Esox lucius, Gasterosteus aculeatus, Thymallus thy-
mallus, and Salmo trutta). For primer design we chose 

a wide taxonomic range, from salmonids to cyprinids 
and percids. From our experience, primers designed on 
a wide taxonomic range of species should amplify other 
species not used for primer design. Even though, we still 

-
cies we used for primer design and they have mutations 

binding sites was performed manually from the resulting 
-

-
), 

Oncorhynchus mykiss Rutilus 
rutilus) Gobio gobio) 

-
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hours before and after each working step. 

-
2

-

included. Each PCR was run with the following tempe-

Validation of the designed mini-barcodes 

in silico design and evaluation of the new 
-

 test in order 
to evaluate the performance of the designed primers and 
validate the approach: common carp, rainbow trout, roach 
and gudgeon, all native to Europe except for rainbow 

-
SAVINI et al

species were obtained from colleagues and used as tem-
plate for PCRs with the same settings as outlined above. 
PCR products of all reactions showing a clear band of 

directions using the same primers as used for the PCRs. 

BIOMATTERS -

-

RATNASINGHAM & HEBERT

-
ZHANG et al -

Results and Discussion

Sequencing results 

-

-

mammals: Bo  Hom
 Myo-

tis species, M. emarginatus and M. capaccinii
Except for the latter, these species are very common con-
taminants, often present at low concentrations in reagents 

LEONARD et al

CHAMPLOT 
et al

not employ these approaches. 
-
-

-
ing the positive controls are listed in supplementary in-

Fish species identification by DNA bar-
coding and biogeographical context

-
-
-

cies from this region it was, however, possible to recon-

M. capaccinii from northern Bulgaria) matched several 
-

Squalius spp.) specimens from Bulgaria, 

th

-
prised of Squalius laietanus specimens from France and 

-

Tab. 1.

name target fragment size
T G C C T C A G C C G G R A T A G T
A G A A T T G G Y A T T A C T A T A A A R A A
A C A A G A C G A G A A G A C C C T W T G
G T G G T C G C C C C A A C C R A A
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Tab. 2.

ID species origin number of positive PCR products 
and used primers

record of taxonomic assignment

COI COI

M. capaccinii Bulgaria
2 M. capaccinii Bulgaria

M. capaccinii Bulgaria
M. capaccinii Bulgaria M. capaccinii
M. capaccinii Bulgaria × M. capaccinii Squalius sp.
M. capaccinii Bulgaria H. sapiens
M. capaccinii Bulgaria M. emarginatus

8 M. capaccinii Bulgaria × H. sapiens Gobio sp.
M. daubentonii Bulgaria × H. sapiens sp.

M. daubentonii Bulgaria H. sapiens, 
B. taurus

M. dasycneme Germany
M. dasycneme Germany
M. dasycneme Germany H. sapiens
M. dasycneme Germany
M. dasycneme Germany H. sapiens
M. dasycneme Germany
M. dasycneme Germany H. sapiens
M. dasycneme Germany H. sapiens
M. dasycneme Germany
M. dasycneme Germany H. sapiens
M. dasycneme Germany —

22 M. dasycneme Germany —
M. dasycneme Germany
M. dasycneme Germany
M. dasycneme Germany

M. dasycneme Germany ×
Phoxinus 
phoxinus, 
H. sapiens

M. dasycneme Germany

28 M. dasycneme Germany H. sapiens, 
B. taurus —

M. dasycneme Germany B. taurus —
M. dasycneme Germany B. taurus —
M. dasycneme Germany B. taurus —
M. dasycneme Germany B. taurus B. taurus
M. dasycneme Germany H. sapiens —
M. dasycneme Germany B. taurus B. taurus

blank — —
M. dasycneme Germany — —
M. dasycneme Germany — —
M. dasycneme Germany × Leuciscus sp.
M. dasycneme Germany — —
M. dasycneme Germany — —

M. dasycneme Germany × Barbatula 
barbatula —

M. dasycneme Germany
M. dasycneme Germany
M. dasycneme Germany
M. dasycneme Germany
M. dasycneme Germany
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the number of nucleotide differences by the total number 
of nucleotides compared and does not make any correc-

-

FREYHOF

M. capaccinii from northern 
Bulgaria, s. Tab. 2) and could be unambiguously assigned 
to the gudgeon species complex Gobio

specimens of different Gobio species from throughout 
-

ed genetic distances) between them, and the taxonomic 

allow an assignment to species level with high probabil-

to the geographical closely occurring  

Gobio lineages occurring 
in neighbouring Romania and other Balkan countries, the 

-
sumed cannot be answered. 

-
lets occurred in a mixed sample from two M. dauben-
tonii  

it has been shown that several species share the same 
GEIGER et al KNEBELSBERGER et al., 

-
ming from mixed pellets of nursing colonies of M. da-
sycneme

Phoxinus phoxinus) 

Leuciscus sp.), as de-

L. idus or L. leuciscus) cannot be determined unambigu-
ously, also because both species have exchanged mito-

COSTEDOAT et al
M. dasycneme) was 

to Barbatula barbatula

Interpretation of the sequencing results: 
arguments for piscivory?

Myotis 

-
cal approach with an extremely sensitive PCR appears 
to be highly vulnerable for accumulating errors during 
the PCR and thus the likelihood of amplifying residual 

-

these issues using several approaches. For example, to 

BOESSENKOL et al -
natively, hybridization capture could be used for target 
enrichment as it is both highly sensitive and compara-

KO-
ZAREWA et al

CHAMPLOT et al., 

-
mans), and would thus not be prevented by decontamina-
tion of reagents. Moreover, all these approaches are more 
time- and money-intensive than our simple, high-sensi-
tive PCR and thus not ideal for pilot-study work. Finally, 

-

faeces sample. Thus, we are not able to offer an exhaus-

of the investigated trawling Myotis

Myotis species 
-

cies are typically associated with river systems and not 
. go-

bio P. phoxinus) and nemacheilid 
B. barbatula as no other nemacheilid 

loach occurs in Germany) are associated with gravel to 

L. idus 
or L. leuciscus Squalius sp.) prefer usually 
the lower reaches of larger streams or rivers with lower 

towards a more comprehensive investigation of trawling 
bats dietary spectrum.

Possible contamination with environmental 
DNA and transfer path of fish DNA 

-
sidered. 
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or alive) could have been picked up from the water sur-
face during trawling, several other possibilities must be 
considered, much as in forensics, where secondary trace 

SZUTA et al., 
-

-
sects, which themselves became later on prey for the 

M. dasycneme and M. daubentonii
KRÜGER et al

MCCORMICK & POLIS

-

-

water content using environmental metabarcoding is a 
VALENTINI et 

al
could adhere to the prey and pose a possibility for sec-

passage of the digestive system. 

Conclusions 

-
tigated trawling Myotis
piscivory in M. dasycneme and M. daubentonii. Rather, 

bat guano as genuine pilot data. However, as we also 

M. capaccinii -
-

lecular approach from the guano of M. dasycneme and 
M. daubentonii, are not unlikely to be an indication for 
piscivory in those species. Further studies with a more 

RAZGOURET et al POMPANON 
et al

M. dasycneme and M. daubentonii.
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