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a b s t r a c t

We assessed the effect of abandonment of sylvo-pastoral practices in chestnut orchards (Castanea sativa)
on bats in southern Switzerland to determine practical recommendations for bat conservation. We
compared bat species richness and foraging activities between traditionally managed and unmanaged
chestnut orchards, testing the hypothesis that managed orchards provide better foraging opportunities
and harbour more bat species. Echolocation calls of foraging bats were sampled simultaneously at paired
sites of managed and unmanaged orchards using custom made recorders. Vegetation structure and aerial
insect availability were sampled at the recording sites and used as explanatory variables in the model. In a
paired sampling design, we found twice the number of bat species (12) and five times higher total foraging
activity in the managed chestnut orchards compared to the unmanaged ones. Bat species with low flight
at activity
pecies richness
orest management

manoeuvrability were 14 times more common in managed orchards, whereas bats with medium to high
manoeuvrability were only 5 times more common than in abandoned orchards. The vegetation structure
was less dense in managed orchards. However, management did not affect relative insect abundance.
Bats primarily visited the most open orchards, free of undergrowth. As a result of restricted access into
the overgrown forests, the abandonment of chestnut orchards leads to a decline in bat species richness
and foraging activities. Continued management of chestnut orchards to maintain an open structure is

ation
important for the conserv

. Introduction

Traditional forest clearing and agricultural practices in European
andscapes have historically generated a mosaic of forests at dif-
erent development stages, as well as permanent open stands and
pen agricultural areas. Although inadequate for forest specialists,
his mosaic landscape favours species that prefer open habitats,

nd supports high species diversity (Blondel and Aronso, 1999).
ecently, in the Swiss Alps, the combination of regional depopula-
ion of rural areas and the abandonment of agriculture has lead to

ajor changes in the ecosystem (Dirnböck et al., 2003). The sub-
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of endangered bat species in the southern Swiss Alps.
© 2010 Elsevier B.V. All rights reserved.

sequent renaturation of traditional landscape patterns into forests
can lead to reduced biodiversity (Blondel and Aronso, 1999). How-
ever, although the effects of abandonment of traditional practices
of cultivating and pasturing chestnut orchards are controversial,
generally a mosaic of abandonment and active management seems
favourable to biodiversity (e.g. McNeely, 1994; MacDonald et al.,
2000; Benayas et al., 2007).

At present, chestnut orchards cover 0.4 million hectares in
Europe or 17.7% of the total chestnut-growing area, with 80%
concentrated in Italy and France (Conedera et al., 2004). In south-
ern Switzerland, the area with chestnut orchard decreased from
9500 ha to 3000 ha in the last century (Stierlin and Ulmer, 1999).
Since early medieval times traditionally managed sweet chestnut
(Castanea sativa Mill.) orchards have formed a typical landscape ele-

ment in the mountains of southern Europe (Conedera et al., 2004).
The chestnut trees are grafted for fruit production and the orchards
have a permanent open structure intercropped with cereals, hay
or pasture (agro-sylvo-pastoral systems). With the rural depopula-
tion of the last century and changes in human food consumption,
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his management scheme has become dramatically reduced. This
rend has been further amended by the introduction and spread of
hestnut diseases (Conedera and Krebs, 2008). Abandoned orchards
re quickly invaded by other tree species, evolve into dense mixed
orests and, within decades, disappear entirely (Conedera et al.,
000).

Since the late 1980s, an increasing interest in chestnut orchards
s traditional landscape element has lead to a revitalization of
rchards for their aesthetic value (recreation), as fire-break areas,
nd for economic reasons (tourism) (Conedera et al., 2004). How-
ver, the costs of orchard restoration and maintenance are high, and
he impacts on biodiversity and species of special conservation con-
ern have not yet been assessed. Restoration of traditional, small to
edium sized chestnut orchards conserves large, old trees thereby

roviding shelter for many species that use cavities. Such moderate
anagement may positively affect biodiversity as a whole, includ-

ng endangered species that depend on old trees. Among the species
hat may potentially benefit from such restoration, insectivorous
ats (Microchiroptera) constitute one of the most endangered tax-
nomic groups worldwide (Arita, 1993; Ceballos and Brown, 1995;
ickleburgh et al., 2002; Safi and Kerth, 2004; Schaub et al., 2007;
eller et al., 2008), and particularly in Europe where, of the 25

pecies on the red-list for southern Switzerland only Pipistrellus
ipistrellus and Pipistrellus kuhlii were classified as not vulnerable
Duelli, 1994).

Many studies have investigated the relationship between bats
nd the structure and composition of forested habitat (Crome and
ichards, 1988; Lumsden and Bennett, 2005) and forest manage-
ent (Menzel et al., 2002; Patriquin and Barclay, 2003; Clarke et al.,

005b; Castro-Arellano et al., 2007; Presley et al., 2008). Hayes and
oeb (2007) present a comprehensive review of work done on the
nfluence of forest management on bats in North America. With few
xceptions (e.g. Jaberg et al., 2007; Duchamp and Swihart, 2008),
ost of these studies show higher bat activity and diversity in

penings and in less dense forest stands, which are comparable to
anaged chestnut orchards. Studies from tropical regions indicate

hat management of forested areas with e.g. reduced impact log-
ing and even tropical agroforestry systems can maintain species
ichness of bat assemblages with only small effects on species com-
osition (Castro-Arellano et al., 2007; Harvey and Villalobos, 2007;
resley et al., 2008). Finally, Davy et al. (2007) emphasize the value
f agriculturally cultivated olive groves as possible buffer to defor-
station. In a fine-scale forest mosaic landscapes, as encountered
n Switzerland, bat presence may be most influenced by changes
n habitat quality or hampered accessibility for foraging in densely
vergrown stands.

For bats, accessibility to spatially cluttered foraging habitat is
argely governed by their flight manoeuvrability. These flight abili-
ies and the type of orientation have coevolved in bats in adaptation
o their main foraging environment (Neuweiler, 1984). Long and
arrow wings (high wing loading) are associated with fast flight and

oraging at higher altitudes away from acoustic obstacles (clutter)
sensu Fenton, 1990). Species with broad wings (low wing loading)
y slowly and are highly manoeuvrable within, or very close to,
lutter (Fenton, 1990). Bats must be able to avoid obstacles, which
ffect flight and foraging efficiency (Schnitzler and Kalko, 2001).
hey efficiently do so as experimentally shown by Brigham et al.
1997). Some bats avoid regions of high structural clutter by com-

uting and foraging along open structures as trails, gaps and edges
Lloyd et al., 2006; Caras and Korine, 2009; Hein et al., 2009). In tra-
itionally managed chestnut orchards, the understory is reduced,

hus improving the accessibility for bats with higher wing load-
ng. Clutter tolerant species with low wing loading should be less
ffected by reduced accessibility and prevail in unmanaged forests,
hile less clutter tolerant species with high wing loading should

e biased towards more open, managed forests.
anagement 261 (2011) 789–798

The aims of this study were (i) to investigate the effect of man-
aging abandoned chestnut orchards on bat species diversity and
activity (foraging, commuting and searching), (ii) to test the sig-
nificance of management-induced changes in vegetation structure
and food availability (aerial insect abundance), and (iii) to provide
recommendations that may improve bat conservation in chestnut
orchards. As management reduces undergrowth vegetation and
thus enhances accessibility of orchards, we expected a higher num-
ber of bat species and higher activity in managed chestnut orchards,
but lower relative insect abundance due to less available organic
matter. Furthermore, as wing morphology and body weight define
the flight performance of bats (Norberg and Rayner, 1987), and
thus their spatial foraging niches (Neuweiler, 1984), we expected
management to have a more profound effect on less manoeuvrable
species.

2. Methods

2.1. Study area and orchard stands

The study was carried out along the sweet chestnut belt between
200 and 1000 m above sea level, on the southern slope of the Swiss
Alps (45.9–46.5◦N, 8.1◦E and 9.2◦E; Fig. 1), in the Canton Ticino. In
this region, most of the formerly managed chestnut orchards are
now abandoned and invaded by shrubs and trees.

Candidate orchards were evaluated by comparing chestnut dis-
tribution maps of 1959 and 2000, field assessment of management
state, and interviews with orchard owners. Orchards were classed
as unmanaged when management had ceased ≥30 years ago, while
managed orchards were defined as those currently, or within the
past 15 years, maintained by pruning, mowing, or grazing. The
final set of paired sample sites consisted of 30 managed and 30
unmanaged chestnut orchards. Paired sites were of similar geogra-
phy (average Euclidian distance between paired treatments: 916 m,
range 110–3451 m), slope, exposition and elevation, and covered
the major distribution area of chestnut orchards in the region
(Fig. 1). Distance between sampling pairs was an average 23.2 km
and distance to closest pairs an average 1.6 km with only two
pairs being closer than 500 m to a second. Management area varied
between orchards from less than 5 ha (n = 17) to more than 20 ha
(n = 5) with 7 intermediate sites. Landscape characteristics around
the sites were analysed for forested, open and built areas within
ranges of 1, 2 and 5 km radius with GIS. Land use did not differ sig-
nificantly between treatments within these ranges, with forested
areas covering an average 50–60%, open areas 30–40% and built
areas contributing with 8–10%. Forest canopy and undergrowth
were generally more open and the grass more lush in managed
chestnut stands, while unmanaged stands showed more closed
canopies and were often invaded by other tree species and shrubs.

2.2. Bat recording and call identification

Bat activity was recorded from 02-June-2005 to 05-September-
2005 during 30 full nights, one night per treatment pair. Two
equivalent sets of recording equipment (Obrist et al., 2004b) were
simultaneously placed in each paired site.

For optimal site-coverage, five custom-built microphones (fre-
quency response ±3 dB from 20 to 120 kHz; Ultrasound Advice,
London, UK) connected to a central recording unit were dispersed
around the centre of each orchard, and ≥20 m away from its edge.

Microphones were set 1 m above ground pointing 45◦ upwards,
20–150 m away from the recording unit and ≥20 m from each other.
Obstruction by close leaves or branches in the recording direc-
tion was avoided. Bat echolocation was digitally recorded with
PCMCIA data acquisition cards (PCCARD-DAS16/330, Measurement
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omputing Corporation, Middleboro, MA, USA) in Apple Power-
ook computers. Looped recordings of 10 s duration were driven
y custom-made software (Obrist et al., 2004b). If a peak-detection
lgorithm, that scanned the recorded sequences after high-pass
ltering at 7.5 kHz, found ≥4 peaks, sequences were stored and

ogged. This processing took 20 s, thus every 30 s the computer
witched between the five recording channels, even when no sig-
als were detected. Saved sequences were analysed offline in the

ab. We used custom written software (Obrist et al., 2004b) to auto-
atically identify echolocation calls to bat species. The program cut

very sequence into single echolocation calls and processed them
o spectrograms, which were synergetically compared against five
ets of averaged spectrograms of known species and thus clas-
ified to species. These five sets had previously been identified
o optimally recognize 26 Swiss bat species (Obrist et al., 2004b)

ith an average correct classification rate of 86%. In a probabilis-

ic approach, of the five classifications at least four had to pass a
iven quality standard and of these at least three classifications
ad to point to the same species. Spectral (highest frequency, low-
st frequency, frequency of peak energy) and temporal (duration)
nd Moesa Valley (Canton of Grison) showing the locations of the managed (white

parameters of a classified signal were then validated against a
parametric database of the classified species. A signal was only
considered as recognized if pattern recognition and call parameter
control passed all tests for the species in question. After automatic
recognition, all sequences of questionable probability (e.g. multiple
species and/or only few calls recognized) were visually screened for
errors and manually classified to species, after comparing spectral
and temporal parameters with published data (Zingg, 1990; Obrist
et al., 2004b). Additionally, classification certainty was marked
as either high (e.g. obvious species affiliation but masked for the
automatism by noise) or low (e.g. signal characteristics in over-
lapping range of species). Only nightly total number of sequences
assigned to a species with high classification certainty was used to
quantify bat activity in terms of echolocation sequences recorded.
2.3. Food availability

During recording sessions, potential prey abundance (mainly
aerial insects) available for bats was sampled at each orchard with
a non-directional light trap (11 W neon bulb, superactinic blue
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hilips TL 20 W/05; 365 nm peak energy; 12 V DC-powered). The
rap was placed 1.5 m above ground and ≥30 m away from the
earest microphone to avoid any interaction between the two
echniques. Simultaneous light-trapping at both treatments (man-
ged and unmanaged) further minimized any bat attracting bias. In
he dense vegetation of the unmanaged orchards, the traps were
et in small vegetation gaps for functionally similar placement
cross treatments. The insects were collected in 70% alcohol and
orted in the lab into 12 taxonomic groups (Blattaria, Coleoptera,
iptera, Ephemeroptera, Heteroptera, Homoptera, Hymenoptera,
epidoptera, Neuroptera, Plecoptera, Thysanoptera, Trichoptera)
nd individuals were counted. After drying the insects (12 h, 60 ◦C),
ach taxonomic group in each sample was weighted to the nearest
.001 g.

.4. Environmental factors

Eighteen environmental variables were assessed within two
0 m × 20 m quadrats at each sampling site (see Appendix A, Table
). Treatment (managed versus unmanaged) was derived from the
orest Service maps. Nine of the environmental variables collected
ere considered directly related to the management effect: cover

f stones, cover of litter, cover of herb layer, height of herb layer,
over of shrub layer, height of shrub layer, cover of tree layer, height
f tree layer, number of trees (which we differentiated in diame-
er classes; Table 1, Appendix A). In August, herbs, shrubs, trees
nd litter on the ground were separately recorded using a five-
oint species cover-abundance scale following the methodology
f the Swiss National Forest Inventory (Keller, 2005). Trees and
hrubs were counted and assigned to one of nine categories of trunk
iameter measured at breast height (DBH). In very dense orchards
hrub and tree densities with DBH <8 cm were assessed within two
maller quadrats of 10 m × 10 m. Numbers were extrapolated and
xpressed as stems per hectare. The herb height was measured
ith a measuring stick, shrub and tree heights with a laser device

Leica, model DISTO classic 5). Additional site variables not related
o management were recorded (see Appendix A, Table 1). Latitude
nd longitude, elevation, slope and aspect were calculated from
aster (25 m × 25 m) or vector maps or from digital elevation mod-
ls (DEM25 and Vector25, Swisstopo, 2005). We calculated area of
uildings, length of streets and water streams, within a buffer of
50 m radius around each orchard’s GPS-measured centroid with
rcMap 9.1 (ESRI, Environmental Systems Research Institute 1992-
9, Redlands, USA).

.5. Data analyses

We calculated the effects of management, local site factors
nd food availability on number of bat species and bat activity
evel. All analyses were conducted treating the 60 orchards as
ndependent replicates (Hurlbert, 1984), after checking for non-
ignificant spatial autocorrelation of species numbers using Mantel
ests (Mantel statistic r = 0.036, P = 0.277, with 999 permutations)
Legendre and Legendre, 1998). No statistical influences were
ound for recording channels and computers (locations alternated
etween treatments) on the number of sequences (ANOVA; chan-
el: F4,137 = 0.283; P = 0.888, computer: F1,137 = 0.476; P = 0.491,

nteraction: F4,137 = 0.844; P = 0.499), indicating no methodological
ias (e.g. temporary equipment failure) in the data.

To test for differences in species numbers and activity of
ats (number of identified recording sequences) between man-

ged and unmanaged chestnut orchards we included 22 pairwise
omparisons for sites in which we obtained in both treatments
ninterrupted recordings throughout the night. In six nights,
quipment failed in one treatment, making pairwise compari-
on impossible. However, as overall equipment failure was not
anagement 261 (2011) 789–798

depending on treatment, 28 nights could be taken into account
for the summary analyses, thereby only dropping two nights with
complete equipment failures. Differences in activity between bat
species and treatments were investigated (the 22 pairwise com-
parable nights) with two ANOVAs after checking the restrictions
regarding normality by using Shapiro test (Legendre and Legendre,
1998). We compared bat species numbers registered in the 22
paired nights with a paired t-test. Total bat activity and invertebrate
dry mass (all 28 night) was compared between treatments using
Wilcoxon tests, as neither of these parameters fulfilled ANOVA
assumptions.

A discriminant analysis using a Monte Carlo permutation test
(P < 0.05; 999 randomisations) was applied with all habitat descrip-
tors to find significant differences in forest structures between
treatments. Depending on data distribution, environmental differ-
ences between treatments were tested with a t-test or Wilcoxon
test. Ecological similarity between all pairs of managed orchard
stands was calculated using the Bray–Curtis similarity coefficient
(Bray and Curtis, 1957). With the resulting resemblance matrix, we
clustered the managed orchards with the complete linkage method.
Based on branch lengths, we identified subgroups of the managed
orchards. The number of identified recording sequences was tested
between these subgroups with Mann–Whitney U-tests.

Finally, a classification and regression tree (De’ath and Fabricius,
2000), with a categorial response variable, was used to quantify for-
est factors which determined the difference within and between
the groups of managed and unmanaged chestnut orchards (see
Appendix A, Table 1). We used the library ‘tree’ (Ripley, 2010) in
the software ‘R’ (R Development Core Team, 2010) to identify these
variables and the values, which separate groups in the classifica-
tion tree, an information that is very important for conservation
management.

We estimated flight performance of bats into manoeuvrability
classes in order to relate them to forest factors possibly affecting
species activity. Corresponding calculations for turning diameters
(Aldridge, 1987), using values for flight characteristics (flight speed,
wing loading) and body measures (body mass, wing area) taken
from the literature (Norberg and Rayner, 1987; Dietz et al., 2007)
are given in Appendix B. For the somewhat arbitrary cut between
low and medium manoeuvrable species, we also considered the
foraging and echolocation behaviour of the involved species. With
a contingency table, we analysed the interdependence of manoeu-
vrability classes with the number of recordings and the treatments.

In multiple comparisons, P values were corrected after
Benjamini and Hochberg (1995). All statistical analyses were per-
formed using ‘R’ (R Development Core Team, 2010) or ‘DataDesk
6.2.1’ (Data Description, Inc., Ithaca, NY).

3. Results

In 30 nights we sampled 1596 sequences containing bat echolo-
cation calls that were further analysed. Some of the sequences
included calls from several animals: 285 contained two, 22 three
and one sequence contained four species, for a total of 1904
bat identifications. Of these, 1557 (81.8%) could be attributed
to a species with high certainty (see Section 2.2). There was
higher activity in managed orchards (1449 sequences, 93.1%)
compared to the unmanaged ones (108 sequences, 6.9%). For
the 22 strictly paired sites 632 sequences were recorded (see
Section 2.4) and analysed as such (Table 1). The discriminant

analysis of the geographical and topographical site factors not
directly related to management (longitude, latitude, elevation,
slope, aspect, cos(aspect), sin(aspect), street lengths, river lengths,
built over area) showed no difference between managed and
unmanaged orchards (Lambda = 1.141, �2 = 3.4, P = 0.92) demon-
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Table 1
Number of echolocation sequences (N seq) and number of species (N spp.) identified
in chestnut orchards per paired night survey and treatment. Numbers in brackets
exclude sequences from Pipistrellus pipistrellus.

Survey Managed Unmanaged

N seq N spp. N seq N spp.

1 15 (2) 3 0 0
2 13 (12) 4 0 0
3 45 (13) 8 6 (2) 2
4 8 (0) 1 2 (2) 1
5 61 (24) 5 40 (17) 4
6 83 (5) 4 0 0
7 15 (2) 3 10 (1) 2
8 17 (3) 2 0 0
9 34 (0) 1 1 (0) 1

10 1 (1) 1 7 (1) 2
11 9 (9) 1 8 (0) 1
12 42 (6) 5 3 (1) 2
13 21 (4) 4 0 0
14 33 (28) 4 0 0
15 2 (0) 1 9 (0) 1
16 28 (11) 6 8 (2) 3
17 13 (1) 2 0 0
18 7 (1) 2 7 (0) 1
19 5 (3) 3 0 0
20 48 (20) 4 0 0
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trating the variance to be independent of geographical location
Appendix A, Table 1). Accordingly, the number of sequences iden-
ified in each orchard could be compared pairwise.

In an ANOVA of the pairwise data the overall number of recorded
cholocation call sequences differed significantly among species
F11,81 = 6.47, P < 0.001; Table 2) and treatment (F1,83 = 7.47, P = 0.
08; Table 1). Species numbers were significantly higher in man-
ged orchards (paired t-test, t = 5.94, df = 21, P < 0.0001). Out of the
1 species present in Ticino, twelve (57%; one Molossidae and
leven Vespertilionidae) were detected in managed orchards but
nly six species in unmanaged ones (29% of the 21 present species).
one were exclusive to the unmanaged orchards (Tables 1 and 2). In
oth orchard types, P. pipistrellus showed the highest activity (73.1%
f the overall sequences identified), followed by Pipistrellus nathusii
nd Hypsugo savii (7.8% each), and P. kuhlii (7.4%). The total activity
28 nights) of all species was also significantly higher in managed
rchards (Wilcoxon test, V = 220.5, P < 0.001), even after removing
. pipistrellus from the analysis (Wilcoxon test, V = 153, P < 0.001).
n managed chestnut orchards the activity ranged between 1 and
3 sequences per night, in unmanaged ones from 0 to 40. In the
nmanaged orchards, there were 10 nights during which no bat
ignals were recorded at all.

.1. Vegetation structure

Several vegetation variables clearly differed between treat-
ents (see Appendix A, Table 1), as confirmed by the discriminant

nalysis applied to all vegetation variables (Lambda = 0.1149,
2 = 75.74, P = 0.001; see Appendix C, Fig. 1). The analysis dis-
riminated the sites into managed (class score of −0.713) and
nmanaged (class score of 1.292) orchards. The variables that
xplained most on the discriminant axis were “Number of trees
er ha with a diameter of 12.1–20 cm” (Canonical weight of 0.517),

Cover of shrub layer” (Canonical weight of 0.481) and “Cover of
itter” (Canonical weight of 0.276).

We identified groups of managed orchards with similar char-
cteristics using a cluster dendrogram (Fig. 2). Based on branch
engths, three groups of orchards could be distinguished: MI con- Ta
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Fig. 2. Cluster dendrogram of managed orchards with forest structure variables.
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ray–Curtis method was used to calculate the dendrogram. The numbers indicate
urvey night (corresponding to Table 1) and M indicates managed orchards. MI, MII

nd MIII are the three groups of managed orchards formed when considering branch
engths.

aining 13, MII containing five and MIII containing 10 orchards.
ix distinct Mann–Whitney U-tests revealed that there was a sig-
ificant difference in the number of identified sequences (bat
ctivity) between the managed groups (MI, MIII) and the unman-
ged orchards (U) (MI − U: W = 14.5, P = 0.006; MIII − U: W = 31,
= 0.020), and between MI and MII (W = 61, P = 0.018). All other
ombinations were not significant (Fig. 3).

We performed a vegetation variable classification tree for the
anaged groups and unmanaged orchards (Fig. 4). The tree con-

ists of three splits, with four terminal nodes representing the three
anaged orchards groups (MI, MII and MIII, see Fig. 2) and the

nmanaged orchards. The variables under the nodes discriminate
he following branches: number of shrubs and trees per hectare

ith <4 cm diameter, then shrub cover and tree height. Unman-

ged chestnut orchards and managed group MII have more than
50 shrubs and trees of <4 cm diameter per hectare. Orchards of
he managed group MII are distinguished from the unmanaged

ig. 3. Number of echolocation sequences recorded per group per night. Mean ± SE
re given. MI, MII and MIII are the groups of managed orchards created with the
luster dendrogram (see Fig. 2) and U the unmanaged group. Columns with different
uperscripts significantly differ in a Mann–Whitney U test.
anagement 261 (2011) 789–798

orchards (U) by a shrub cover of less than 22%. The other two groups
of managed orchards (MI and MIII) have less than 150 shrubs of
<4 cm diameter per hectare and are only separated by tree heights
(< and >1900 cm, respectively).

3.2. Insect availability

The taxonomic group with the highest dry mass was the Lep-
idoptera (Table 3). Insect dry weight (Wilcoxon test, V = 175,
P = 0.245), total insect number (V = 148, P-value = 0.084), and mean
insect weight per individual per night (Wilcoxon test, V = 174.5,
P = 0.237) did not differ significantly between treatments. With
the exception of Heteroptera, none of the insect groups differed
in dry weight or number of insects between treatments. We
reanalysed the data, pooling Coleoptera, Diptera, Lepidoptera and
Trychoptera as the predominant insect groups in the diet of bats
(Wickramasinghe et al., 2004), but again found no significant differ-
ence between managed and unmanaged orchards (Wilcoxon test,
V = 183, P = 0.318).

3.3. Selectivity of vegetation structure according to bat traits

We classified the detected species into high, medium and low
manoeuvrable (Table 2) according to their flight morphology, wing
loading and flight speed, and also considering their foraging and
echolocation behaviour (Appendix B). As we expected, we found
differences in their relative distribution between forest treatments,
with low manoeuvrable bat species appearing more often in man-
aged treatments, and high manoeuvrable species more prevalent in
unmanaged orchards. However, despite considerably higher activ-
ity in managed orchards (Table 2), a contingency table did not show
a significant influence of treatment on the distribution of recorded
sequences per manoeuvrability classes (�2 = 2.02, df = 2, P = 0.365).
Nevertheless, activity of low manoeuvrable species was heavier
biased towards managed orchards (Table 2).

4. Discussion

4.1. Managed versus unmanaged chestnut orchards

This study provides an example of a human activity that is
beneficial to bats. There were twice as many bat species (12
species) and a five-fold increase in bat activity (530 echolocation
sequences) in managed chestnut orchards compared to unmanaged
ones (6 species, and 102 sequences). In addition, no bat species
was detected in unmanaged orchards exclusively. Although veg-
etation structure differed significantly between treatments, with
the unmanaged orchards being denser and closer, management
of chestnut orchards does not appear to influence the number
and biomass of the bat’s prey. These results strongly suggest that
vegetation structure rather than prey abundance is a key fac-
tor affecting foraging activities. Therefore, management directly
influences habitat use of bats due to interaction with flight manoeu-
vrability (Patriquin and Barclay, 2003). Thinning or understory
management as practiced in traditional orchards likely improves
accessibility into the vegetation matrix and facilitates foraging, and
consequently increases both efficiency and diversity in resource
exploitation (Norberg, 1977). Studies on the effect of forest man-
agement, with concurrent monitoring of differentially thinned
forests and stands of varying densities, most often show highest
activity and diversity in less dense forests and more open areas

(Krusic et al., 1996; Humes et al., 1999; Erickson and West, 2003;
Loeb and Waldrop, 2008).

The effects of forestry and agricultural practices on bats have
been evaluated in different parts of the world. Although logging
with polycyclic loggings system in Trinidad and reduced impact
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ig. 4. Classification tree created with the environmental variables sampled in the
endrogram (Fig. 2) and U corresponds to unmanaged orchards. The vertical dept
rees with a diameter of <4 cm per 1 ha; Heighttree = tree height [cm] and Covershrubs

ogging in Amazonian forests seem to be compatible with the con-
ervation of bat diversity (Clarke et al., 2005a), they negatively
ffect rare species (Presley et al., 2008). In boreal forests, silvicul-
ural methods that create a mosaic of patches are recommended for
onservation of a high bat species numbers even if thinning seems
o have only a minimal effect on habitat use by bats (Patriquin and
arclay, 2003; Lacki et al., 2007). Generally, insectivorous bats pre-

er open stands to those with important structural clutter (Krusic
t al., 1996; Loeb and O’Keefe, 2006).

Dense vegetation, as encountered in unmanaged orchards,

auses acoustic clutter that affects foraging efficiency (Fenton,
990; Schnitzler and Kalko, 2001). The impact of clutter on bat
ctivity along forest edges has been demonstrated experimentally
Brigham et al., 1997), and clutter has recently been found to reduce

able 3
verage number of insects (N, MN ± SE) and their dry weights (WT, MN ± SE) sampled
-values: n.s. not significant.

Taxonomic group N

Managed Unmanaged P-V

Blattaria 2.3 ± 0.5 3.1 ± 0.8 n.s.
Coleoptera 51.9 ± 9.4 62.9 ± 9.5 n.s.
Diptera 258.4 ± 53.2 351.7 ± 63.6 n.s.
Ephemeroptera 0.4 ± 0.2 0.6 ± 0.3 n.s.
Heteroptera 5.1 ± 1.5 9.4 ± 1.9 n.s.
Homoptera 10.2 ± 1.9 20.4 ± 10.1 n.s.
Lepidoptera 450.9 ± 78.4 525.7 ± 86.3 n.s.
Hymenoptera 35.9 ± 6.9 34.4 ± 6.0 n.s.
Neuroptera 4.7 ± 0.8 7.4 ± 1.6 n.s.
Plecoptera 0.1 ± 0.0 0.1 ± 0.1 n.s.
Thysanoptera 0.4 ± 0.4 0.2 ± 0.2 n.s.
Trychoptera 61.9 ± 12.6 67.2 ± 16.4 n.s.

Total 882.2 ± 123.7 1083.1 ± 130.9 n.s.

* P ≤ 0.05.
nut orchards. MI, MII and MIII are the groups of managed orchards made by cluster
ach split is proportional to the variation explained. NtreesDBH<4 cm/ha = number of
ub cover [%].

habitat use by bats (Loeb and O’Keefe, 2006). Some bat species
consistently avoid regions of high structural clutter and prefer to
commute and forage along more open structures as trails, gaps and
edges (Walsh and Harris, 1996; Lloyd et al., 2006; Caras and Korine,
2009; Hein et al., 2009). Opening up the vegetation can thus create
flight corridors for commuting bats.

Sampled habitat types differed considerably in structure and
in foliage density, which could potentially affect bat detectability.
To estimate such an effect, we tried to quantify possible sound
absorption by leaves for a typical signal of 40 kHz, emitted at

100 dB SPL over a distance of 20 m, an appropriate critical dis-
tance for field-recording with a 12 Bit analogue-to-digital converter
(72 dB dynamic range). Geometric spreading loss would attenu-
ate the signal by 46 dB, and atmosphere attenuates another 20 dB

per night, separated in 12 taxonomic groups and two treatments. Wilcoxon test

WT (mg)

alues Managed Unmanaged P-Values

16.4 ± 4.6 18.3 ± 4.5 n.s.
749.7 ± 205.5 788.9 ± 135.5 n.s.
187.5 ± 50.2 154.3 ± 25.7 n.s.

0.5 ± 0.3 4.1 ± 3.5 n.s.
31.9 ± 9.2 123.1 ± 37.4 *

16.0 ± 4.6 22.5 ± 12.0 n.s.
4194.0 ± 549.8 5016.7 ± 685.6 n.s.

100.1 ± 17.5 82.4 ± 16.9 n.s.
15.6 ± 2.9 23.3 ± 4.9 n.s.

0.2 ± 0.1 0.2 ± 0.2 n.s.
1.1 ± 1.1 0.2 ± 0.1 n.s.

334.7 ± 72.6 404.6 ± 93.9 n.s.

5652.2 ± 690.7 6631.3 ± 780.5 n.s.
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Lawrence and Simmons, 1982). Foliage dampens sound linearly
ith frequency and would reduce our test signal by about 3.3 dB

Marten and Marler, 1977). Thus, foliage contributes only 4.8% to
otal signal attenuation (4% at 30 kHz, 5.6% at 60 kHz). Patriquin
t al. (2003) have found small (25 kHz) to no effect (40 kHz) of for-
st types and structures on signal detection thresholds. As activity
evels differed 5.2-fold between treatments, acoustic effects cannot
ccount for the differences in recorded bat activity, which we thus
onfidently attribute to reflect bat occupancy.

At a landscape level, managed chestnut orchards represent small
slands of open stands within a dense and relatively homogenous
orest matrix (50–60% coverage). As both treatments held the same
ensity of large trees (DBH > 50 cm), abandonment did not affect
he original structure of the orchards trees, but did affect the gaps
etween them by increasing the density of shrubs, small trees, and
hestnut shoots. Erickson and West (2003) found bat activity to be
egatively correlated with tree density and such density dependent
eactions may be species specific (Patriquin and Barclay, 2003). Bat
ctivity in managed chestnuts orchards with a shrub density higher
han 150 stems/ha did not significantly differ from that assessed in
nmanaged stands. Humes et al. (1999) found higher activity of
any bat species in old-growth forests (average 155 trees/ha) and

n thinned stands (average 184 trees/ha) than in unthinned stands
average 418 trees/ha). Our threshold of 150 trees/ha compares
avourably to these findings.

A mosaic of different habitats is likely to enhance the overall
iodiversity in agricultural landscapes. Selective management of
vergrown chestnut orchards generates such a mosaic of open and
losed patches, which diversifies habitats available to bats. Similar
o our finding of changed activity pattern after management, selec-
ive logging was shown to shift activity and diversity patterns in
ropical forests too (Peters et al., 2006).

.2. Effect of the abandonment on the species assemblage:
inners and losers

Studies in forest systems showed that most bats avoid struc-
urally cluttered habitats. Their activity concentrates in less
omplex but heterogeneous habitats that allow for easier navi-
ation (Gehrt and Chelsvig, 2003; Lumsden and Bennett, 2005).
e expected to find bat species with low manoeuvrability to

ppear more often in managed orchards, and manoeuvrable species
o focus on the unmanaged. Our study supported the prediction
or the species with low manoeuvrability as we found large and

edium large species (such as Eptesicus serotinus, Nyctalus noctula,
nd Nyctalus leisleri) foraging almost exclusively in the managed
reas. However, most other species, regardless of manoeuvrability,
lso showed a preference for the managed chestnut orchards. All
ve species registered most frequently (>5 sequences) showed a
.1–23.5 times higher activity in managed forests and there was no
ifference in habitat use, as indicated by the proportion of activ-

ty among low, medium or high manoeuvrability species among
abitats. Species with high manoeuvrability were rarely recorded

n general. This may be due to lower abundance as well as lower
etectability of these species. There was only one record of a low-
anoeuvrability bat (N. leisleri) in an unmanaged forest, compared

o 14 detections of low manoeuvrability bats in managed ones. H.
avii was the species with the highest relative use of unmanaged
hestnut forests, even though its flight manoeuvrability was judged
s medium.

We can relate the turning diameters, as we defined here (10-fold

inimum turning radius at slowest speed, Table 2 and Appendix

) to the forest parameters measured in the two treatments. Tree
ensity translates into median distances between trees of any
iameter of 2.2 m (Q25% = 1.9, Q75% = 2.7 m) in unmanaged and 8.9 m
Q25% = 7.1, Q75% = 10.1 m) in managed forests. Thus, although turn-
anagement 261 (2011) 789–798

ing flight is possible for all species in the unmanaged forests, even
highly manoeuvrable bat species are at least challenged to effi-
ciently fly in unmanaged chestnut orchards (Aldridge, 1987), and
may not operate optimally between minimum power and maxi-
mum range speed (Norberg and Rayner, 1987). Furthermore, the
closing vegetation structure in unmanaged forests results in dras-
tically higher levels of echolocation clutter.

4.3. Species not registered

Most of the species that were not detected during the study
but are present in the southern Alps (i.e. Myotis blythii, M. brandti,
M. mystacinus, M. emarginatus, M. nattereri, M. myotis, and Pleco-
tus auritus), are rare (Duelli, 1994), live in a restricted area and are
therefore difficult to detect. However, a study on habitat use by
bats in Italy found Myotis spp. to be moderately active in chestnut
woodlands (Russo and Jones, 2003). Therefore, we cannot exclude
that Myotis spp. were present in the surrounding areas but avoided
feeding at our sites. Species with very low amplitude calls, such as
Plecotus spp., may also not have been detected adequately (Waters
and Jones, 1995). Although acoustic monitoring is considered more
appropriate for measuring flight activity than mist-netting or harp-
trapping (e.g. O’Farrell and Gannon, 1999; Lumsden and Bennett,
2005), none of these methods detects all species with equal chance.
We could not identify to species 18% of the bat sequences we had
recorded. Some bats, for example P. kuhlii and P. nathusii, may
echolocate very similarly and their call spectrograms can over-
lap (Obrist et al., 2004a). However, the paired experimental design
ensured equal sampling between treatments, rendering the rela-
tions between treatments for any given species reliable.

4.4. Conclusions and practical implications

Abandonment of chestnut orchards leads to a decline in bat
species richness and activity. Conversely, the management of chest-
nut orchards in the traditional way opens up the orchards, enabling
foraging access for a variety of bat species, which only occasionally
hunt in abandoned orchards with dense vegetation. The results
of our study are consistent with the conclusions by Laiolo et al.
(2004) concerning the avifauna and those by Crampton and Barclay
(1998) concerning the Chiroptera, in supporting the suitability of
old, more openly structured orchards as habitat for bats and birds.
Foresters restoring former chestnut orchards eliminate the invad-
ing woody vegetation, prune the old and grafted chestnut trees
and reconstitute the herb layer by sowing grass species. Subse-
quent management of the restored orchards consists in pasturing
the area, collecting the fruits and removing litter. When restor-
ing orchards, foresters tend to avoid suppressing former orchard
trees, regardless of the existing tree density. In our study, the man-
aged orchards with a relatively high proportion of shrubs and small
trees (MII) did not significantly differ in bat activity from unman-
aged ones (U). Overall, this indicates that (a) regular management
is important to maintain suitable habitat for bats, and (b) density of
small trees left standing should not exceed 150 ha−1. Consequently,
only fully managed, open and undergrowth-free stands influence
the activity pattern of many bat species. Additionally, significantly
higher number of bats roost in managed chestnut orchards (Spada
et al., 2008). If regular management stops or becomes too occa-
sional, the viability of the orchards as foraging and roosting habitat
decreases within a short time due to the rapid colonization of tree
and shrub species (Conedera et al., 2000). Foresters and farmers

should be encouraged to restore and support sylvo-pastoral sys-
tems such as chestnut orchards to create and maintain open stands
in multifunctional forests (McNeely, 1994).

However, these efforts have a price. A survey (Rudow and Borter,
2006) on 46 orchard restoration projects in Switzerland, covering
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10 ha and project budgets of 6.5 Mio. Swiss Francs (SFr.) revealed
ubstantial restoration costs of an average SFr. 55,000 ha−1, 73%
hereof being labour costs. The Swiss Federation, the Cantons or
GO foundations paid the majority of these costs, thereby con-

erving a traditional landscape and triggering renewed interest of
ourism. To make the continued management and laborious har-
esting of chestnuts economically feasible and practical, two Swiss
ederal bills regulating agricultural subsidizations are applicable.
ollowing the ecological compensation scheme for agricultural
reas managed under ecological, sustainable and natural conditions
Schweizerischer Bundesrat, 1998), an amount of SFr. 15 can be paid
er year and tree managed in chestnut orchards. An additional bill
overns quality control in such ecologically cultivated areas: up to
Fr. 1000 ha−1 and year can be subsidized for ideally structured and
nterconnected orchards (Schweizerischer Bundesrat, 2001). Taken
ogether, and considering the renewed interest of gastronomy in
weet chestnuts, a propagation of chestnut orchard restoration and
heir continued management is foreseeable, also to the benefit of
ats.
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