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Abstract. The barbastelle bat (Barbastella barbastellus) is a rare species throughout its Western Palearctic range. It is protected by
many international regulations and national laws and can be considered as an umbrella species of old, native forests. We studied

roost preferences of B. barbastellus by radio-tracking in a floodplain forest in Hungary to have information about the species in a

lowland area with intensive silviculture. The bats roosted almost exclusively behind loose bark of native tree species. The bats

frequently switched roosts which were predominantly in dead trees or in dead limbs of old trees. The results show that the intensive

silviculture is not sustainable in the area for the long-term survival of this species.
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Introduction

There is a strong need of knowledge about forest-dwelling
bat species as they are one of the most vulnerable groups of
bats in Europe (Russo et al. 2016). The process of large-scale
forest devastation occurs mostly in the tropics, but intensive
silviculture is a real problem also in developed countries.
Clear-cut logging and removing of dead or defective trees
may destroy the roosting places of several European bat spe-
cies. Good silviculture practices have to be based on scien-
tific information, hence roost preference studies of forest de-
pendent bat species are important to protect them.

The barbastelle bat (Barbastella barbastellus) is a typical
forest-dweller species with a Western Palaearctic distribu-
tion. In Hungary, it can be found predominantly in hilly and
mountainous areas, but also in lowland forests and parks
(Bihari 2007). Barbastella barbastellus is a rare or infrequent
species throughout its range, hence it is listed in the Near
Threatened (NT) category in the ITUCN Red List (Piraccini
2016). The species is included in the appendices of the Bern
and Bonn Conventions and the EC Directive on the Conser-
vation of Natural Habitats and of Wild Fauna and Flora (Pi-
raccini 2016).

Barbastella barbastellus is a sedentary species (Hutterer et
al. 2005) and a food specialist which preys predominantly on
small moths (Rydell et al. 1996, Sierro & Arlettaz 1997, An-
dreas et al. 2012). Several researches targeted B. barbastellus
habitat selection and roost preference (see below), but never-
theless, the collection of occurrence and breeding data on a
local scale in areas where the species has not been studied
are still important to plan effective conservation (e.g.
Gottfried et al. 2015). Radio-tracking studies showed that B.
barbastellus exploited the biologically most productive parts
of the xeric forests in the Swiss Alps. The richly structured
forests were preferred and the radio-tracked specimens
avoided open woodland on stony outcrops and rocky slopes
(Sierro 1999). Contrary, open landscapes may also be suit-
able for the species if roosts and feeding habitats are present

in the area (Ancillotto et al. 2015). According to the results of
Russo et al. (2010), not only unmanaged, but harvested for-
ests may also provide roosts for barbastelle bats (although in
lower numbers), which highlights the importance of these
habitats for forest-dweller bat species. Roost area and feed-
ing habitat fidelity across years are important factors in the
spatial requirements of the species. The studied colonies in
Germany displayed fidelity to the roost area rather than to
single roost trees, although some trees were reused during
two or three study seasons (Hillen et al. 2009, 2010). Radio-
tracked B. barbastellus preferred unmanaged forests over
managed ones in a mountainous area in peninsular Italy.
The roosts were mainly behind loose bark in dead beech
trees (Russo et al. 2004). In spite of this, exclusively human
made shelters were used by B. barbastellus bats caught in a
suburban forest in SW Switzerland (Kiihnert et al. 2016).
Roost switching is a common phenomenon, the bats occupy
new roost often on a daily basis, although during the lacta-
tion period, the rate is somewhat lower (Russo et al. 2005).
Roost change may occur partly because of avoiding preda-
tors. Predator pressure may explain that bats typically
emerged later from roost in open sites in comparison with
roosts in dense canopy (Russo et al. 2007). Barbastella bar-
bastellus is often held as an umbrella species in forest habi-
tats, but one has to be cautious when considering predicting
occurrence and ecological requirements of other taxa, like in
the case of rosalia longicorn beetle (Russo et al. 2015). Rebelo
et al. (2012) studied the postglacial recolonization of the spe-
cies and identified four main gene pools in Europe and
North Africa, namely Morocco, Iberia, Italy and UK, and
Balkans and Central Europe. They stated that each area
should be treated as separate units when considering con-
servation measures. This is especially true, because different
forest conservation problems may occur in Western and in
East-Central Europe.

One of the largest floodplain forest remains can be found
in the Hungarian Lower-Danube-valley in the Duna-Drava
National Park. In spite of being a protected area, intensive
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silvicultural methods are used all over the area. Barbastelle
bats can be found in low numbers in these forests. As most
of the roost preference studies on B. barbastellus were con-
ducted in mountainous or hilly areas in unmanaged forests,
very few information is known about the species from
floodplain forests with intensive silviculture. In our study,
we would like to fill this information gap and based on these
results make suggestions for a more sustainable forest man-
agement practice.

Materials and methods

Study area
The main tree species are oak (Quercus robur), poplar (Populus nigra),

ash (Fraxinus angustifolia ssp. pannonica), maple (Acer campestre) and
elm (Ulmus laevis), however considerable part of the territory is
planted with hybrid poplar (Populus x. euramericana), black locust
(Robinia pseudoacacia) and eastern black walnut (Juglans nigra) stands.
The bat fauna of the area is diverse and includes pond bat (Myotis
dasycneme) which is a rare bat species throughout its range, but has
one of the most significant population in the Hungarian Lower-
Danube-valley. Barbastella barbastellus is another important species
which has however a smaller and more vulnerable population in the
area.

Capture and tagging
Bats were captured with monofilament mist-nets in July of the years

2009 (n=2), 2012 (n=9) and 2015 (n= 2). All specimens were lactating
or post-lactating adult females. The specimens were tagged with 0.37
g Holohil® LB-2N radio transmitters, weighing less than 5% of the
bats” body mass. The animals were radiotracked in daytime to re-
trieve their day roosts with Wildlife Materials® TRX-1000S receivers
equipped with Yagi antennas.

Tree measurements

The heights of trees and roosts were measured with a Leica LRF 1200
(Leica AG, Germany) laser range finder. The following other meas-
urements were recorded: DBH (average stem diameter at breast
height), percent canopy closure (the degree of canopy closure around
the tree assessed visually), and total number of cavities visible from
the ground on trunk and main limbs. Trees were grouped into three
classes: class 1 - live trees showing <50% of dead limbs and loss of
foliage; class 2 - live trees with 50-90% of dead limbs and loss of fo-
liage; class 3 - dead trees (>90% of dead limbs and loss of foliage)
(Russo et al. 2004). To investigate whether the bats used specific roost
trees, two other tree groups were measured. As the study area was
an intensively managed forest, small (0.5-5 ha) parts of the forests
were managed in the same way. This results in even stands charac-
terized by trees of the same age and tree species (e.g. oak-elm-ash
dominated forests, also with maple in lower number; homogenous
native and hybrid poplar stands, homogenous eastern black walnut

Table 1. Data on the trees used by the barbastelle bats (B. barbastellus)
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stands, etc.). As the patches can be very small, selection of trees ran-
domly in the whole territory of the protected area would result in a
biased sampling. To overcome this, we marked four quadrants
around each roost tree. In these quadrants, we measured the closest
random tree (DBH >30 cm, height >3 m) no matter if it had or not
suitable roosting cavities. We also measured the closest potential roost
tree, which had suitable cavities for B. barbastellus. Trees in quadrants
with forest type different from the roost tree were excluded from the
analysis (e.g. when the roost tree was on the edge of a stand).

Statistics

The number of roost and random trees in different classes was com-
pared using Chi-square. Class 2 trees were excluded due to insuffi-
cient sample size in this category. The differences in height, DBH,
canopy closure and number of cavities were compared between the
roost and potential roost trees and between roost and random trees
with generalized linear models (binomial distribution). Response
variable was the three category (roost, potential roost and random),
while the explanatory variables were the four different parameters
(height, DBH, canopy closure and number of cavities). Generalized
linear models (Poisson distribution) were used to compare cavity
numbers (as response variable) between roost and random trees (as
explanatory variable) as well as roost and potential roost trees (as
explanatory variable). All tests were performed in R v.3.2.2. (R Core
Team 2015).

Results

The 13 bats were followed for an average of 9.3 + 4.77 (min=
0, max= 15) days. One bat was lost on the first day without
finding any roost. In some cases, tags fell off from the bats,
but were still sending signals, while in others tags with low
battery power were still on the bats but did not allow their
tracking.

Altogether 67 roosts were found, two of which in a
building (behind different shutters of a house in the forest)
and the other 65 in six different species of trees. An average
of 6.3 £ 3.00 (min= 3, max= 12) roost/bat was found for bats
which were retrieved at least once after tagging. Most roosts
were in oaks, but considerable numbers of bats also used
maples and elms (Table 1).

Followed bats choose dead trees significantly more often
(77% were chosen of total number of trees) than living trees
(23% of total number). Roosts in live trees (class 1 and 2), es-
pecially in case of oaks, were mostly located in dead
branches.

There was a significant difference (p< 0.001) in the fre-
quency distribution of trees in different classes (class 1 and 3)
between roost trees vs. random trees and potential roost

Average Average Average Percentage of ~ Percentage of
. Average Average . . .
Tree species (N) . canopy cover  cavity number  height of roost(s)  roostontrunk  rooston limb
height (m)  DBH (cm) .
(%) /tree (m) (pcs) (pcs)
Q. robur (44) 244+£509 49.7+2073  81.6+16.03 5.8 £3.96 24.4+£5.09 79.6 (35) 204 (9)
A. campestre (9) 182+681 2694722 83.3+22.22 4.3 £2.06 18.2+6.81 100 (9) 0
U. laevis (8) 239+6.08 584+2614  60.6+37.07 7.0+417 23.9+6.08 100 (8) 0
J. nigra (2) 30.5 57.6 50.0 1 12 0 100 (2)
F. angustifolia (1) 11.0 66.2 62.0 1 7 0 0
Po. nigra (1) 34.0 116.9 80.0 18 16 100 (1) 0
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trees vs. random trees.

The probabilities of occupancy did not significantly dif-
fer in relation to tree height (p= 0.287) and DBH (p= 0.955).
However, there was difference in canopy closure (p= 0.045)
between roost vs. random trees. The cavity number was sig-
nificantly higher (p < 0.001) in roost trees, than in random
trees, as well as potential roost trees (p < 0.001).

All tree roosts were behind loose bark either in the trunk
or in large branches, except the single roost in a Fraxinus an-
gustifolia which was in a crevice of its broken trunk.

Discussion

In this study, bats used almost exclusively indigenous tree
species (oak, maple and elm) as roosts although almost 50%
of the forests is occupied by planted stands of alien species.
Besides the tree species, stand age is also important, as all
tree roosts were behind loose bark, which occurs primarily
in old, dead trees. This roosting habit is identical to that re-
corded in a mountainous area of Italy (Russo et al. 2004).
Only a fraction of the old oak-ash-elm forest still occurred in
our study area, despite being a protected national park area
and its importance for bats as well as a feeding habitat for
birds and insects.

Our results also indicate that B. barbastellus may roost in
human-made structures, but unlike Kiihnert et al. (2016), we
found it to be occasional. Bats preferred dead over live trees
and available roosts occurred mostly in class 3 trees. Inten-
sive silviculture removes such trees way before the final log-
ging, posing a significant threat to bats.

Bats switched their roosts frequently as also found by
Russo et al. (2005). Dead trees are frequently destroyed by
storms and windy weather, which we witnessed in three
cases, hence several roosts trees may be needed to sustain a
small bat group.

Implications for a sustainable management
of forests in riparian wetlands

® Introduction of continuous forest cover management
practice at least in protected areas to prevent clearcutting of
large stands.

® The use of native tree species to have trees with loos-
ing bark which is the preferred roost type of barbastelle bats
in the area.

® The extension of lifespan of the trees in the area, be-
cause the cutting of trees occurs before they may well serve
as roosts for bats.

® The prohibition of selective logging of ‘ill’ trees, as
this is often only an unsubstantiated pretension to remove
the economically unimportant dead stand trees.

Acknowledgement. We would like to thank the help of Viktor
Szigeti. We are grateful the financial support of
UNEP/EUROBATS Project Initiative “The conservation of
vulnerable floodplain forests in the Hungarian Lower-Danube-

for

T. Gorfol et al.

valley, with the help of pond bat and barbastelle” and the Hungarian
Government, Ministry of Agriculture’s “Z6ld Forras” Grant.

References

Ancillotto, L., Cistrone, L., Mosconi, F., Jones, G., Boitani, L., Russo, D. (2015):
The importance of non-forest landscapes for the conservation of forest bats:
lessons from barbastelles (Barbastella barbastellus). Biodiversity and
Conservation 24(1): 171-185.

Andreas, M., Reiter, A., Benda, P. (2012): Prey selection and seasonal diet
changes in the western barbastelle bat (Barbastella barbastellus). Acta
Chiropterologica 14(1): 81-92.

Bihari, Z. (2007): Nyugati piszedenevér - Barbastella barbastellus. In: BIHARI, Z.,
Csorba, G. & Heltai, M. (Eds.): Magyarorszag emlGseinek atlasza [The Atlas
of Hungarian Mammals]. Kossuth Kiado, Budapest, Hungary.

Gottfried, 1., Gottfried, T., Fuszara, E., Fuszara, M., Ignaczak, M., Jaros, R.,
Piskorski, M. (2015): Breeding sites of the barbastelle Barbastella barbastellus
(Schreber, 1774) in Poland. North-Western Journal of Zoology 11(2): 194-203.

Hillen, J., Kiefer, A., Veith, M. (2009): Foraging site fidelity shapes the spatial
organisation of a population of female western barbastelle bats. Biological
Conservation 142(4): 817-823.

Hillen, J., Kiefer, A., Veith, M. (2010): Interannual fidelity to roosting habitat
and flight paths by female western barbastelle bats. Acta Chiropterologica
12(1): 187-195.

Hutterer, R., Ivanova, T., Meyer-Cords, C., Rodrigues, L. (2005): Bat migrations
in Europe. A review of banding data and literature. Federal Agency for
Nature Conservation, Bonn.

Kiihnert, E., Schonbichler, C., Arlettaz, R., Christe, P. (2016): Roost selection
and switching in two forest-dwelling bats: implications for forest
management. European Journal of Wildlife Research 62(4): 497-500.

Piraccini, R. (2016): Barbastella barbastellus. The IUCN Red List of Threatened
Species e. T2553A22029285.

R Core Team (2015): R: A Language and Environment for Statistical
Computing. R Foundation for Statistical Computing, Vienna.

Rebelo, H., Froufe, E., Brito, J.C., Russo, D., Cistrone, L., Ferrand, N., Jones, G.
(2012): Postglacial colonization of Europe by the barbastelle bat: agreement
between molecular data and past predictive modelling. Molecular Ecology
21(11): 2761-2774.

Russo, D., Billington, G., Bontadina, F., Dekker, J., Dietz, M., Gazaryan, S.,
Jones, G., Meschede, A., Rebelo, H., Reiter, G., Ruczynski, I, Tillon, L.,
Twisk, P. (2016): Identifying key research objectives to make European
forests greener for bats. Frontiers in Ecology and Evolution 4: 87.

Russo, D., Cistrone, L., Garonna, A.P., Jones, G. (2010): Reconsidering the
importance of harvested forests for the conservation of tree-dwelling bats.
Biodiversity and Conservation 19(9): 2501-2515.

Russo, D., Cistrone, L., Jones, G. (2007): Emergence time in forest bats: the
influence of canopy closure. Acta Oecologica 31(1): 119-126.

Russo, D., Cistrone, L., Jones, G. (2005): Spatial and temporal patterns of roost
use by tree-dwelling barbastelle bats Barbastella barbastellus. Ecography 28(6):
769-776.

Russo, D., Cistrone, L., Jones, G., Mazzoleni, S. (2004): Roost selection by
barbastelle bats (Barbastella barbastellus, Chiroptera: Vespertilionidae) in
beech woodlands of central Italy: consequences for conservation. Biological
Conservation 117(1): 73-81.

Russo, D., Di Febbraro, M., Cistrone, L., Jones, G., Smeraldo, S., Garonna, A.P.,
Bosso, L. (2015): Protecting one, protecting both? Scale-dependent ecological
differences in two species using dead trees, the rosalia longicorn beetle and
the barbastelle bat: Niche differences in two species using dead trees. Journal
of Zoology 297(3): 165-175.

Rydell, J., Natuschke, G., Theiler, A., Zingg, P.E. (1996): Food habits of the
barbastelle bat Barbastella barbastellus. Ecography 19(1): 62-66.

Sierro, A. (1999): Habitat selection by barbastelle bats (Barbastella barbastellus) in
the Swiss Alps (Valais). Journal of Zoology 248(4): 429-432.

Sierro, A., Arlettaz, R. (1997): Barbastelle bats (Barbastella spp.) specialize in the
predation of moths: implications for foraging tactics and conservation. Acta
Oecologica 18(2): 91-106.






