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Abstract Traditional farming, where livestock is

seasonally managed as free ranging and the use of

drugs is reduced or absent, may prove beneficial to

biodiversity by fostering the occurrence of spatial

heterogeneity, and increasing the availability of

trophic resources to wildlife. Previous work indicates

that the presence of cattle in lowlands leads to an

increase in bat foraging activity, yet no study has

addressed this topic in mountainous regions, where

free-ranging livestock is still common. Here we

explore the relationships between landscape structure,

farming and bat activity in a mountainous agricultural

area, hypothesizing that bat activity will increase in

response to the presence of livestock and landscape

structure and heterogeneity. We found that traditional

cattle farming may have a role in influencing bat

activity in mountainous agroecosystems, yet its effects

are evident for a limited number of species. Three

pipistrelle species favoured foraging in areas sub-

jected to cattle farming by hunting more often over

cattle or fresh dung than at control sites. Free-ranging

cattle thus provide profitable foraging opportunities

for bats in mountainous landscapes, which remarks the

importance of traditional farming activities in sustain-

ing biodiversity. Cattle might also benefit from bat

foraging activity if this leads to suppression of blood-

sucking pests.
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Darwin’’, Università degli Studi di Roma ‘‘La Sapienza’’,

Rome, Italy

F. De Benedetta

National Research Council (CNR), Institute for

Sustainable Plant Protection, 80055 Portici (Napoli), Italy

B. Pejic

Department of Genetic Research, Institute for Biological
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Introduction

Progressive intensification of human activities glob-

ally altered the natural environment, and due to the

need of natural resources, primary habitats have been

replaced with agricultural systems (Park 2015). The

unsustainable development of these practices gradu-

ally leads to an impoverishment of biological com-

munities (Pereira et al. 2010). Negative effects of

intensive livestock farming and agriculture on wildlife

populations are multiple and diverse (Benton et al.

2003), depending on both the extent and magnitude of

habitat grazed and the amount of managed landscape

(Alkemade et al. 2013). Conversely, non-intensive

farming practices, and the reduced use of livestock

drugs, may prove beneficial to biodiversity by foster-

ing the occurrence of spatial heterogeneity (Wickra-

masinghe et al. 2003), and increasing trophic

resources (Mcadam et al. 2007). Several Mediter-

ranean mosaic and semi-open habitats depend on hu-

man activities, including free-ranging livestock

farming (Gonçalves et al. 2012). Altitude and terrain

morphology also play an important role in shaping

current and future trends in agricultural practices, with

contrasting directions between low and high-elevation

areas. While lowland systems tend towards intensifi-

cation and biodiversity loss, mountainous areas, which

used to feature non-intensive and traditional farming

practices, are being abandoned in response to their

lower productivity (Sokos et al. 2013).

Bats represent a successful taxonomic group in

many human-modified landscapes worldwide, with

many species occurring in artificial habitats (Wickra-

masinghe et al. 2003; Santini et al. 2019). Being multi-

habitat specialists and long-lived organisms, many bat

species respond to even subtle habitat modifications,

so that bats have been often addressed as excellent taxa

for bioindication (Jones et al. 2009; De Conno et al.

2018). Habitat features used by bats range from high-

resolution landscape elements such as isolated trees

and tree lines, hedges and water bodies, to large-scale

characteristics such as connectivity between habitat

patches, and habitat type distribution or availability

over wide areas (Heim et al. 2015). Linear structures

within a landscape enable bats to functionally locate

themselves and navigate, e. g. to commute between

roosts and foraging areas (Heim et al. 2015), acting as

landmarks within the landscape matrix (Limpens and

Kapteyn 1991).

The way bats use the landscape is deeply connected

to their ecomorphology, e. g. echolocation call design,

wing shape and size (Norberg and Rainer 1987; Russo

et al. 2018a). Lower echolocation call frequencies and

high flight speed are the best suite for bats that hunt in

open areas (e.g. Voigt and Holderied 2012), while

higher frequency echolocation calls and low flight

speed are more effective in clutter habitats such as

forests (Boyles et al. 2011). Bat foraging activity is

generally lower in open landscapes because of the

reduced concentration of insects in such habitats in

comparison to tree canopy, or riparian habitats (An-

cillotto et al. 2019), and because of the higher

exposure to predators perceived by bats flying in open

space (Russo et al. 2007). Thanks to the behavioural

plasticity that characterizes most species, bats can

exploit heterogeneity in landscape structure and

composition: for example, forest bat species benefit

from forest gaps because forest edges usually feature

high densities of swarming insects compared to open

areas and inner forest (Crome and Richards 1988).

Creating and supporting spots of open areas, such as

small-scale grazed areas in a wooded matrix, may thus

enhance the presence of species related to complex

mosaic habitats, increasing diversity within bat

assemblages (Morris et al. 2010).

European bats are mostly insectivorous and provide

important ecosystem services by suppressing herbiv-

orous insects in forests (Böhm et al. 2011) and

agricultural ecosystems (Boyles et al. 2011; Russo

et al. 2018b). Besides, Downs and Sanderson (2010)

and Ancillotto et al. (2017) proposed that an important

attractive for bats in pastoral areas may be represented

by blood-feeding pests parasitizing cattle, setting the

potential for a new service provided by bats as cattle

pest suppressors. The presence of cattle-related struc-

tures such as traditional stables may also have an

underestimated importance to bats. Many species base

their diets on flies and spiders gleaned from the

substrate (Krull et al. 1991), and both prey types may

occur in high numbers inside cattle stables (Siemers

et al. 2012), which thus represent a potential foraging

habitat. Despite their importance, bats have long been

unnoticed ecosystem service providers, thus the

effects of landscape changes on such services is still

poorly understood, and the ecological knowledge to

promote bats in agroecosystems needs further inves-

tigation (Froidevaux et al. 2019).
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Here we explore the relationships between land-

scape structure, livestock farming and bat activity in a

mountainous agricultural area of central Italy. Specif-

ically, we hypothesize that bat activity will respond to

the presence of free-ranging livestock and to land-

scape composition and configuration in a forest-

pasture mosaic landscape. We predict that bats will

increase activity near cattle and in areas with larger

amounts of forest and linear landscape ele-

ments, showing species- and scale-specific responses.

Materials and methods

Study area

Our study was conducted in the Abruzzo, Lazio and

Molise National Park (41� 480 30.200 N, 13� 470 11.300
E). The landscape within the study area encompassed

several habitat types, including mountainous areas

with high altitude grasslands and rocky areas, beech

forests (Fagus sylvatica L.), villages, farms and

extensive agricultural systems (Fig. 1).

Bat activity surveys

We identified 15 sampling areas within the Park and its

immediate surroundings at altitudes of 900–1520 m

a.s.l. The landscape is dominated by a mosaic of beech

forest patches interspersed within a matrix of pastures,

regularly grazed by cattle, while forest patches are

used by livestock to recover at night. The cattle in the

area are traditionally managed by alternating indoor

recovery during winter in low altitude farms, and a

free-ranging phase in mountain pastures throughout

summer. Within each of these 15 areas, following

Ancillotto et al. (2017), we located three recording

sites, each assigned to one of three categorical classes,

referring to cattle presence at the time of the recording

(summarized as ‘‘treatment’’ from here on):

• cattle present; cattle were present within a distance

of 5–15 m from the recorder; cattle were either

grazing or sleeping, and the numbers of head were

recorded at the start of the recording session and

entered in statistical models as a nested covariate;

• fresh dung: fresh cattle dung was present in the

immediate surroundings (0–2 m) of the recorder,

yet cattle was not present within a range of 100 m;

dung was considered fresh when it was not dried,

and emergence holes by dung-feeding insects were

not yet present;

• control: neither fresh dung nor cattle were present

within 100 m from the recorder.

Sampling areas were 4.5 ± 3.7 km (range:

1.1–10.2) apart, and recording sites within each area

were 179.5 ± 56.2 m apart (range: 150–310 m), to

avoid multiple counts of the same bat at more

recording sites. Sites within the same area were

always sampled simultaneously on the same night to

exclude any effect of temporal variation in local

activity levels.

We used Pettersson D1000x bat detectors (Pet-

tersson Elektronik AB) and recorded bat activity for

4 h after sunset from June to August 2017. The

detectors were operated manually in the heterodyne

mode and switched continuously between 20 and

110 kHz ca. to cover all bat species present in the area.

When a bat was detected, the real-time recording was

activated and the signals were recorded at a sampling

rate of 380 kHz, and saved onto CF cards.

Sound analysis was made using BatSound 4.2; for

every bat pass, 3 calls were selected to manually

measure spectral and temporal variables, and identi-

fication was carried out following Russo and Jones

(2002) and using reference calls. Identification was

performed to species level except for those species

showing a high overlap among echolocation call

parameters, which were pooled and classified as

Myotis spp. and Nyctalus spp., respectively. Similarly,

calls classified as Pipistrellus kuhlii may have also

included some P. nathusii, yet the latter was only

captured once in[ 10 years of mistnetting in the

study area, thus its presence is very rare. For each

recording night/site we measured the total number of

bat passes, numbers of passes per taxon, and numbers

of feeding buzzes (i.e. call sequences emitted by bats

attempting prey capture; Griffin et al. 1960; Russo

et al. 2016), both total and by taxon.

Land use mapping

Land use was mapped using Corine land cover 2012

layers (Open data, GeoportaleNazionale.org), reclas-

sified into two habitat-type classes representative of

the dominant habitat type, i.e. agricultural land and

forest, cumulatively representing[ 95% of land use
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in the study area. Information about landscape com-

position and configuration was extracted from land use

maps in QGis (https://www.qgis.org/it/site/) through

the LecoS plugin (http://plugins.qgis.org/plugins/

LecoS/) as the percent amount of forest, number of

forest patches, and amount of edge habitat (expressed

in m per ha). The latter was calculated following Jung

(2013), and quantifies the amount of edge segments

involving forest patches; therefore, we used it as a

proxy of available edge habitat at each sampling point.

Each landscape descriptor was independently calcu-

lated at three scales for each site (n = 45) by extracting

the information within circular ‘‘landscapes’’ of dif-

ferent sizes, i.e. circles characterized by radiuses of 50,

100 and 300 m respectively around a given site. These

spatial scales are representative of the size of bat

foraging sites (Bellamy et al. 2013) and are usually

adopted for this kind of studies; additionally, altitude

was also recorded for each site from GPS data (using a

Garmin Dakota10, 3 m accuracy).

Statistical analyses

To measure the response of bats to landscape structure

and treatment, we adopted generalized linear mixed

models (GLMM, lmer function —R package lme4—

Bates et al. 2020) using binomial negative error

distribution and a log link function.We then built three

separate models for each response variable corre-

sponding to the spatial scales considered. We used

landscape descriptors, treatment and altitude as

explaining variables. Data were all log-transformed

before analyses to meet model assumptions. We

assessed variable collinearity by selecting only those

with a Spearman’s correlation coefficient between -

0.80 and 0.80, and a variance inflation factor

(VIF)\ 10 (Zuur et al. 2010). We tested whether

the numbers of bat passes were positively associated

with the numbers of feeding buzzes by running a

Pearson’s correlation test. In all models, we accounted

for potential confounding effects due to recording at

three sites in each area using area identity as a random

factor.

We assessed single-variable importance in explain-

ing bat responses following a likelihood ratio

approach achieved by applying the built-in drop1

and ANOVA functions in R to compare each full

model with that lacking a given variable. We consid-

ered significant the effect of a given variable when

ANOVA’s p\ 0.05. When the treatment variable

showed a significant effect on model performance, we

applied a Tukey’s post-hoc test to establish differ-

ences among treatment levels (glht function—R

package multcomp—Bretz et al. 2020).

Fig. 1 Bat recording sites (red placemarks) in the Abruzzo

Lazio and Molise National Park (Central Italy) and the main

habitat types (in different colours). Shades indicate altitude and

slope; green = wooded areas; brown = pastures and agricultural

fields; white = urban areas; blue = lakes. Inserts to the left are

satellite images showing the exact location of recording sites

(red placemarks, corresponding to three treatments: cattle;

dung; and control) within the three sampling areas evidenced by

white rectangles in the main image. Corine Land Cover and

Digital Elevation Model layers were taken from Geopor-

taleNazionale.org; satellite images from Google Earth Pro 7.3,

downloaded on November 24th 2020
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Results

We recorded 1,263 passes and 73 feeding buzzes of 14 bat

species/species groups, with the most common species at

all sites being Pipistrellus kuhlii/P. nathusii, which made

up for 28% of the total acoustic sample (table S1 in

Supporting Information). Numbers of feeding buzzes

showed a strong positive correlation with bat activity

(Pearson’s r = 0.71, p\0.01), thus we used the numbers

of passes as a genuine proxy of bat foraging activity levels.

Cattle treatment had a significant effect on the

activity of P. pipistrellus (all scales), H. savii and P.

kuhlii (100 m scales). The three species were generally

more active over dung and cattle than at control sites

(Fig. 2), yet differed in their responses. P. pipistrellus

and H. savii showed significantly higher activity over

dung than at control and cattle sites (both Tukey’s

p\ 0.05), respectively. Despite the GLMM showed a

significant difference for P. kuhlii/nathusii, post-

hoc tests failed to detect significant differences among

treatments for this taxon (Fig. 2). Nyctalus spp. did not

respond to any considered variable, but wasmore active

over dung than in other treatments (figure S1 in

Supporting Information). The numbers of heads per

herd (mean: 55 ± 60, range: 5–350) had a positive

effect on bat activity only for P. kuhlii/nathusii and

negative for P. pipistrellus at the 50m-scale.

The presence and degree of interspersion of

wooded areas enhanced total bat activity, with a

significant positive effect of the percentage of wooded

area at 50 m and 100 m scales. Forest patchiness had a

significantly negative effect at 100 m, and a positive

effect at 300 m from the recording site (Fig. 3).

Landscape configuration and structure both proved to

be important drivers of bat activity for most species

considered (Table 1). Edge density showed a positive

effect onHypsugo savii and P. pipistrellus at 50 m and

100 m scales. The percent amount of wooded areas

had a significant and positive effect on P. kuhlii and

Tadarida teniotis only at the 50 m scale. The numbers

of forest patches influenced positively activity of T.

teniotis only at 50 m and P. kuhlii only at 300 m. Site

altitude also played a significant role by enhancing the

activity of P. pipistrellus (50 m and 30 m scales) and

Myotis bats (300 m scale).

Discussion

In agreement with our hypotheses and with previous

studies in different ecological contexts, we found that

traditional cattle farming plays a role in influencing

the use of space by bats in mountainous agroecosys-

tems. The main evidence we found was that three

small species from the genera Pipistrellus and Hyp-

sugo favour areas subjected to cattle farming, specif-

ically by hunting more intensively over cattle or fresh

dung. This result differs from what was shown in

another study dealing with the same species, where the

positive effect of cattle was recorded for more species

Fig. 2 Numbers of passes by three pipistrelle bats (left:

Pipistrellus kuhlii; middle: Pipistrellus pipistrellus; right:

Hypsugo savii) recorded in a forest/agricultural landscape of

central Italy at 45 locations under three different treatments:

Cattle = cattle present at recording site; Dung = fresh

dung (but no cattle) present; Control = neither cattle or dung

present at recording site. Tukey’s post-hoc significance of

pairwise comparisons is indicated as: n.s. = non significant,

* = p\ 0.05
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(Ancillotto et al. 2017). Such discrepancy may reflect

the different altitudes of the two study areas (Frey-

Ehrenbold et al. 2013). Elevations C 900 m a.s.l. in

temperate regions such as those in the present study

may be unsuitable for many nocturnal blood-sucking

dipterans (Roiz et al. 2011), and eventually make

foraging over cattle herds by bats less profitable.

Moreover, despite the two studies were based on

similar sampling efforts and applied identical proto-

cols, the activity levels recorded by Ancillotto et al.

(2017) were[ 3 times higher. This result could

represent a response to higher temperatures, which

foster greater insect availability at lower altitudes

(Georgiakakis et al. 2010; Grindal et al. 1999; Taylor

1963). Our sampling protocol did not allow to test

long-term associations between bats and cattle at each

site, yet the spatial and temporal scales of our study,

covering an area of ca. 31,000 ha over 3 months, made

the risk of detecting a coincidental association

unlikely.

A mutualistic relationship between bats and large

ungulates was first suggested by studies that acousti-

cally surveyed bat activity near cattle (Downs and

Sanderson 2010), and was also recently reported by

photographic evidence on wild herbivores (Palmer

et al. 2019), suggesting that this may be a far more

frequent phenomenon than previously expected

deserving further attention. The advent of agriculture

in different geographical areas and the consequent

replacement of herd of wild large herbivores by

domestic ones which occurred throughout the Holo-

cene (Hearn 2015) may have offered bats a unique

opportunity to shift adaptively their mutualistic host

and thus provide a novel ecosystem service to humans,

i.e. cattle pest suppression.

Fig. 3 Total bat activity in relation to the amount of forest within a radius of 50 (a) and 100 (b) m from the recorder, and to the number

of forest patches within a radius of 100 (c) and 300 (d) m from the recorder in a mountainous landscape of central Italy (n = 45)
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Table 1 Results of Generalized Linear Mixed Models testing

the effects of cattle (Treatment, N Cows) and landscape

characteristics on bat activity in a mountainous area of central

Italy. Spatial scale indicates the radius (in m) of the circular

plot around the sampling point where the variables were

measured. %Forest = percent amount of forest cover; N

Patches = numbers of forest patches; Edge density = amount

of habitat edges. **: p\ 0.01; *: p\ 0.05. Empty cells in the

P column indicate non-significant results

Spatial scale Response Variable Estimate SE Z p

50 Activity Treatment 9.07 9.58 3.02

N Cows 0.11 0.17 0.05

Altitude - 0.91 1.35 0.38

%Forest 0.36 0.15 3.54 *

N Patches - 0.61 0.56 0.77

Edge Density - 2.80 1.82 2.36

100 Activity Treatment 4.73 11.49 3.29

N Cows 0.19 0.17 0.08

Altitude - 0.29 1.61 0.28

%Forest 0.60 0.26 0.91 *

N Patches - 2.30 1.02 3.57 *

Edge Density - 4.04 3.26 1.54

300 Activity Treatment 4.94 10.34 3.13

N Cows 0.02 0.17 0.05

Altitude - 0.33 1.48 0.36

%Forest - 0.27 0.18 0.20

N Patches 1.32 0.57 6.81 *

Edge Density 160.35 435.38 0.13

50 Hypsugo savii Treatment - 11.59 10.17 2.64

N Cows 0.27 0.22 1.30

Altitude 1.76 1.43 0.37

%Forest 0.34 0.19 0.04

N Patches - 0.46 0.71 0.03

Edge Density - 4.99 2.24 4.95 *

100 Hypsugo savii Treatment - 16.76 10.87 2.77 *

N Cows 0.27 0.22 1.31

Altitude 2.46 1.53 0.37

%Forest 0.43 0.31 0.03

N Patches - 0.67 1.23 0.73

Edge Density - 8.34 3.58 5.44 *

300 Hypsugo savii Treatment 2.13 3.80 1.22

N Cows 0.04 0.082 0.45

Altitude - 0.07 0.54 0.11

%Forest - 0.04 0.07 0.03

N Patches 0.23 0.23 1.23

Edge Density 69.96 201.94 0.12

50 Pipistrellus kuhlii Treatment 15.50 11.38 1.29

N Cows 0.51 0.24 2.80 *

Altitude - 2.03 1.60 0.89

%Forest 0.42 0.21 4.58 *

N Patches - 0.69 0.79 0.46

Edge Density - 2.33 2.50 0.86
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Table 1 continued

Spatial scale Response Variable Estimate SE Z p

100 Pipistrellus
kuhlii/nathusii

Treatment 13.58 12.96 1.20 *

N Cows 0.53 0.26 2.65

Altitude - 1.76 1.82 0.78

%Forest 0.38 0.37 1.53

N Patches - 1.16 1.47 0.55

Edge Density - 1.32 4.26 0.10

300 Pipistrellus
kuhlii/nathusii

Treatment 8.08 13.03 1.63

N Cows 0.42 0.23 3.97

Altitude - 1.01 1.86 0.70

%Forest - 0.29 0.24 1.03

N Patches 1.78 0.73 8.97 *

Edge Density 668.69 575.29 1.35

50 Pipistrellus pipistrellus Treatment 13.76 6.47 2.62 *

N Cows - 0.35 0.18 4.99 *

Altitude - 1.82 0.91 10.44 *

%Forest 0.20 0.16 0.23

N Patches 0.01 0.60 0.61

Edge Density - 3.35 1.76 3.63 *

100 Pipipstrellus pipistrellus Treatment 10.28 6.79 2.72 *

N Cows - 0.33 0.19 5.25

Altitude - 1.35 0.96 10.96

%Forest 0.35 0.23 0.61

N Patches - 0.72 0.93 0.40

Edge Density - 5.57 2.43 5.24 *

300 Pipistrellus pipistrellus Treatment 19.99 7.48 2.94 **

N Cows - 0.33 0.19 3.59

Altitude - 2.74 1.07 8.02 *

%Forest - 0.06 0.15 0.74

N Patches 0.75 0.49 2.22

Edge Density - 168.97 452.58 0.14

50 Myotis sp. Treatment - 10.95 7.23 0.86

N Cows - 0.14 0.19 0.38

Altitude 1.70 1.02 2.20

%Forest 0.26 0.17 0.00

N Patches - 1.02 0.63 1.70

Edge Density - 2.12 1.89 1.25

100 Myotis sp. Treatment - 10.77 8.05 0.90

N Cows - 0.09 0.20 0.35

Altitude 1.69 1.13 2.02

%Forest 0.21 0.26 0.87

N Patches - 1.44 1.05 2.06

Edge Density - 0.91 2.82 0.10

300 Myotis sp. Treatment - 12.45 7.10 0.79
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As we hypothesised, bat activity was also affected

by landscape structure, including both composition

and configuration. Even in structurally simple

landscapes such as the one we examined, where land

cover only comprised two main classes, the amount of

forest cover played an important role in favouring bat

Table 1 continued

Spatial scale Response Variable Estimate SE Z p

N Cows - 0.18 0.21 0.40

Altitude 1.95 1.03 2.34 *

%Forest - 0.09 0.15 1.19

N Patches - 0.15 0.50 0.04

Edge Density 262.33 494.73 0.28

50 Tadarida teniotis Treatment 2.67 11.00 2.20

N Cows 0.04 0.12 0.03

Altitude - 0.32 1.54 0.05

%Forest 0.19 0.10 0.63 *

N Patches - 0.88 0.41 4.45 *

Edge Density - 0.80 1.40 0.33

100 Tadarida teniotis Treatment 2.13 11.66 2.04

N Cows 0.04 0.14 0.03

Altitude - 0.23 1.63 0.05

%Forest 0.02 0.22 0.44

N Patches - 0.84 0.81 2.12

Edge Density 1.36 2.78 0.24

300 Tadarida teniotis Treatment 4.19e - 01 1.16e ? 01 1.83

N Cows 1.35e - 02 1.38e - 01 0.03

Altitude 6.87e - 04 1.65e ? 00 0.04

%Forest - 8e - 02 1.78e - 01 0.27

N Patches 1.39e - 01 5.27e - 01 0.00

Edge Density - 2.07e ? 02 3.61e ? 02 0.33

50 Nyctalus sp. Treatment 12.57 11.04 4.91

N Cows 0.13 0.18 0.37

Altitude - 1.67 1.55 0.02

%Forest - 0.05 0.15 3.56

N Patches 0.51 0.58 0.54

Edge Density 2.38 1.91 1.55

100 Nyctalus sp. Treatment 11.27 12.18 5.32

N Cows 0.18 0.18 0.38

Altitude - 1.50 1.71 0.01

%Forest 0.28 0.27 6.01

N Patches - 0.71 1.05 0.88

Edge Density 0.91 3.39 0.07

300 Nyctalus sp. Treatment 7.94 11.32 4.09

N Cows 0.15 0.19 0.34

Altitude - 1.03 1.62 0.02

%Forest 0.07 0.20 0.71

N Patches 0.31 0.63 0.03

Edge Density - 474.57 491.45 0.93
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activity. Forest habitats are a fundamental source of

insects and thus provide important foraging opportu-

nities to many bat species, as evidenced in a variety of

ecosystems, from high mountain (Jaberg and Guisan

2001) to low elevation areas (Grindal and Brigham

1999), agricultural landscapes (Heim et al. 2015) and

urban areas (Ancillotto et al. 2019). Dense and open

canopy forests are favoured by a set of bat species

occurring in European mountains, e.g. Myotis myotis

and Eptesicus nilssoni in Switzerland (Jaberg and

Guisan 2001), and P. pipistrellus and Nyctalus spp. in

Germany (Kusch et al. 2004), as also confirmed by our

study.

Landscape configuration is also known to affect the

use of space by bats, influencing activity levels

(Downs and Racey 2006). In our study, we evidenced

that both forest patchiness in terms of numbers of

distinct forest fragments, and the density of hedge-

rows, margins and tree-lines, played a major role in

shaping bat activity, both at the entire assemblage and

at single-species levels. Yet, forest patchiness showed

diverging effects at different scales: small-scale

patchiness negatively affected bat activity, while at

larger distances it had a weak yet positive effect. Such

divergence in the effect of patchiness may be due to a

lack of easily identifiable landmarks such as margins

where edge density is too high, making it more

difficult for bats to detect and follow linear landmarks

that favour commuting and foraging. Scale-dependent

diverging effects of landscape configuration are

already known for bats (Klingbeil and Willig 2009),

as well as other highly mobile vertebrates (Fraser and

Stutchbury 2004; Ferreira et al. 2018).

Bats from different ecomorphological guilds may

respond differently to the presence of gaps within a

forest (Crome and Richards 1988) or make a different

use of linear elements, e.g. by avoiding to cross open

spaces (Frey-Ehrenbold et al. 2013). The bat assem-

blage in our study was dominated by species charac-

terised bymedium-to-high wing aspect ratios, and thus

capable of flying across open areas (Limpens and

Kapteyn 1991). Thus, our results might not be

extended to more strictly forest-adapted species such

as those within the Myotis and Plecotus genera

(Entwistle 1996).

Free-ranging cattle provided profitable foraging

opportunities only for two small aerial-hawkers which

due to their ecological flexibility may still cope with

food paucity typical of high altitudes (Dunn and

Waters 2012). We are confident that the activity levels

we measured reflect habitat preferences because

(a) the species that are known to roost in the

surroundings of our study sites were never or rarely

recorded (e.g. Barbastella barbastellus: Russo et al.

2017a, b), (b) the most frequently recorded species

(pipistrelles) only roosted in buildings in the study

area,[ 2 km away from our sites, and c) to our best

knowledge, there were no buildings near the sampling

sites hosting bat colonies.

The bat species we found to forage near cattle are

those that prey on insects typically associated with

livestock (dipterans: Culicidae and Simulidae; Stand-

fast and Dyce 1968), and dung (coleopterans:

Scarabeidae and Geotrupidae; Merritt and Anderson

1977). In mountain landscapes, forest gleaners too

may still indirectly benefit from livestock farming by

feeding on flies inside stables (Kervyn et al. 2012;

Siemers et al. 2012). In the study area, we mistnetted

Myotis mystacinus inside and near stables, suggesting

that this species may represent another stable feeder

(pers. obs.).

Bats are in most cases species of conservation

concern due to their sensitivity to habitat changes,

which make them vulnerable to a wide range of threats

(Frick et al. 2019; Russo et al. 2017a, b). Our results

suggest that maintaining low-intensity traditional

farming in mountainous areas provide an asset to

foster bat presence by offering profitable foraging

conditions in otherwise relatively unproductive habi-

tats (Lison et al. 2020), where interspecific competi-

tion among bat species in the same foraging guild is

more likely to occur (Salinas-Ramos et al. 2020).

Consequently, free-ranging and traditionally managed

livestock should be seen as another management vari-

able for bat conservation, in return for a potential

ecosystem service provided by bats as pest

suppressors.
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