N

N

Population-level sensitivity to landscape variables
reflects individual-based habitat selection in a woodland
bat species
Pierre-Loup Jan, Diane Zarzoso-Lacoste, Damien Fourcy, Alice Baudouin,

Olivier Farcy, Josselin Boireau, Pascaline Le Gouar, Sébastien J Puechmaille,
Eric J Petit

» To cite this version:

Pierre-Loup Jan, Diane Zarzoso-Lacoste, Damien Fourcy, Alice Baudouin, Olivier Farcy, et al..
Population-level sensitivity to landscape variables reflects individual-based habitat selection in a wood-
land bat species. 2024. hal-04665532

HAL Id: hal-04665532
https://hal.science/hal-04665532v1

Preprint submitted on 31 Jul 2024

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est

archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-04665532v1
https://hal.archives-ouvertes.fr

bioRxiv preprint first posted online Sep. 5, 2019; doi: http://dx.doi.org/10.1101/752733. The copyright holder for this preprint
(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license.

Population-level sensitivity to landscape variables reflects individual-based
habitat selection in a woodland bat species

Pierre-Loup Jan!>*f Diane Zarzoso-Lacoste>*", Damien Fourcy', Alice Baudouin®, Olivier
Farcy®, Josselin Boireau®, Pascaline Le Gouar’, Sébastien J. Puechmaille”, Eric J. Petit!

"UMR 985 ESE, INRA, Agrocampus Ouest, 35042 Rennes cedex, France

2UMR 7372 CEBC, CNRS, La Rochelle Université, 79360 Villiers-en-Bois, France

3 UMR 6553 ECOBIO, Université Rennes 1, Campus de Beaulieu, 35042 Rennes cedex,
France

* UMR 8079 ESE, Université Paris-Sud/CNRS/AgroParisTech, Université Paris-Saclay,
91405 Orsay Cedex, France

’ Bretagne Vivante, 29221 Brest cedex 2, France

S Groupe Mammalogique Breton, 29450 Sizun, France

7 Zoological Institute and Museum, Greifswald University, 17489 Greifswald, Germany
8 ISEM, Univ Montpellier, CNRS, EPHE, IRD, Montpellier, France.

* Co-first-authors

TCorresponding author : pierreloup.jan@gmail.com



bioRxiv preprint first posted online Sep. 5, 2019; doi: http://dx.doi.org/10.1101/752733. The copyright holder for this preprint
(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license.

Abstract

Understanding the relationship between habitat quality and population dynamics is fundamental
for long-term management and range predictions in ecology. However, habitat suitability is
generally only investigated at the individual scale, as it is the case for the lesser horseshoe bat
(Rhinolophus hipposideros), a species of conservation concern. Using a statistical modelling
approach and census data of 94 lesser horseshoe bat colonies located in Brittany (France), we
analysed the effect of landscape composition and configuration on the demography of surveyed
maternity colonies (i.e. colony size, fecundity and growth rate), and compared our result to
those provided by individual-based studies. Our results validated that the landscape in a 500-
meter buffer around colonies (core foraging area) is crucial for population size and dynamics,
and confirmed the positive influence of broadleaved woodland proportion on bat colony size.
We revealed a positive effect of lakeshores and riverbanks on colony size and growth rate,
underlying the importance of these habitats for the long-term conservation of this non-migratory
forest species. Importantly, our results refine previous knowledge concerning the threat posed
by the intensification of human activities (e.g. urbanization, agriculture, habitat fragmentation),
and highlight the negative effect of large and regular patches of artificial and crop lands and of
open land patches shape complexity on all demographic variables investigated. Finally, by
confirming and specifying the conclusions of previous individual level studies about lesser
horseshoe bats’ habitat selection and quality requirements, our results support the dependence
of population dynamics and associated conservation management to individual behaviour and
sensitivity.

Keywords: Rhinolophus hipposideros, population dynamics, habitat requirements, landscape
composition and configuration.
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1. Introduction

Better understanding the relationship between population dynamics and habitat quality is
fundamental both for predicting range shifts under global change and for establishing sound
conservation strategies (Elith and Leathwick, 2009; Hodgson et al., 2009). Recently, Species
Distribution Modelling (SDMs) has become the standard to inform scenarios of biodiversity
under global change (e.g. climate and land use changes) by correlating species occurrence with
eco-geographical information related to species climate and/or habitat niche (Elith and
Leathwick, 2009). These models, however, do not explicitly consider the demographic
processes (e.g. fecundity or survival) relating population-level metrics (e.g. presence, density,
growth rate, carrying capacity) to habitat quality (Thuiller et al., 2013), while they are essential
for species to follow environmental conditions favourable to their survival (species range
dynamics- Aitken et al., 2008; Auffret et al., 2017; Gaillard et al., 2010; Kokko and Lopez-
Sepulcre, 2006). Therefore, research questions that target population-level processes should use
metrics that relate to population dynamic parameters (Gaillard et al., 2010).

Yet, studies that directly evaluate relationships between population-level metrics and habitat
quality are seldom both because demographic data are not often gathered over many
populations (Gurevitch et al., 2016) and because habitat quality is too rarely assessed where
population data are collected (Pulliam, 2000). If population-level species-habitat relationships
are so rarely documented, where does our basic ecological knowledge come from? Historically,
from the study of resource selection by individuals (Manly et al., 2007).

The fact that population-level studies of habitat suitability are not frequent has triggered
evaluations of the necessary conditions for using one metric (i.e. population-level metrics) as a
proxy for another (i.e. habitat suitability - Thuiller et al., 2014). For instance, though neither
species occurrence neither resource selection by individual directly relates population-level
dynamics to environmental conditions, both have been used to predict abundance (Acevedo et
al., 2017; Boyce et al., 2016; Street et al., 2016). Studies relating population-level metrics and
processes to habitat quality are needed to test their validity as surrogates for inferring this
relationship. More precisely, scaling up resource selection by individuals to abundances is
informative, at least when environmental variables that are important for variations in
population sizes were included in the study of resource use (Boyce et al., 2016; Street et al.,
2016). In general, establishing in which conditions environmental variables that come out of
individual-based studies are also relevant at the population-scale would give more weight to
conservation actions based on data gathered at the individual level, and enlarge the range of
studies that can feed more realistic predictions of species range shifts.

The lesser horseshoe bat, Rhinolophus hipposideros, has undergone a massive decline in the
northern part of its distribution range during the last century for reasons that are still not fully
understood, although pesticides use, decline in insect prey, and habitat destruction were
suspected causes (Bontadina et al., 2000). This stressed the need for a better understanding of
its habitat requirement, leading to numerous telemetry studies (e.g Bontadina et al., 2002;
Downs et al., 2016; Reiter et al., 2013; Schofield, 1996) and, more recently, to larger scale
presence/absence studies (Le Roux et al., 2017; Tournant et al., 2013). These studies mainly
focused on habitat selection by females during the crucial period of parturition, during which
they gather in maternity colonies. Individual-level studies revealed that the lesser horseshoe bat
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forages in woodland, especially broadleaved ones, and spend most of their foraging time in
close vicinity to their roost (within a radius of 500-600 meters - Bontadina et al., 2002; Reiter
et al., 2013). The importance of woodland proportion on the presence and abundance of R.
hipposideros was confirmed by several studies (e.g. Reiter, 2004; Tournant et al., 2013), and
presence data revealed a negative effect of artificial land cover on the presence of maternity
colonies (Tournant et al., 2013). Habitat requirements of this species may dramatically
constrain the opportunity offered by a changing climate to its predicted northward expansion
(Rebelo et al., 2010).

In this study, we tested the hypothesis that important environmental variables known from
individual radio-tracking studies or presence surveys also influence the demography of the
species. We used count data obtained from a fifteen years monitoring scheme at 94 colonies
situated in Brittany (France), to investigate the population-habitat relationship in R.
hipposideros. We used these data to infer variables that are related to the population dynamics
of the colonies before testing their relationship with environmental variables.

2. Material and Methods

2.1. Demographic data for R. hipposideros colonies

From 2000 to 2014, 94 R. hipposideros maternity colonies were monitored in Brittany,
France (Fig. 1, see details in Jan et al., 2017). The following demographic variables were
compiled for each colony: mean colony size (the number of adults averaged over the years),
fecundity (the juveniles/adults ratio averaged over the years), and growth rate. The last variable
was estimated with the density-independent Ricker model using the package "PVAclone"
(Nadeem and Solymos, 2016). Five clones in the data-cloning algorithm and 20 000 iterations
were performed. The density independent Ricker model is a parsimonious model that considers
that the observed colony size variation through time is only the result of growth rate and
observation error, and allows to estimate the growth with a known precision. The reasons
behind the choice of the model are detailed in Supp. Inf. A.

2.2. Landscape attributes

We built a geographic information system (GIS) of land cover associated with other
descriptors of the landscape surrounding the colonies. To obtain information precise enough
and relevant for R. hipposideros, the land cover dataset was built from different databases:
CORINE Land Cover - European Commission 2006, BD Topo 2.1 - IGN 2013, BD Forest v1
- IGN 2012 and Graphic Parcel Register 1.0 (RPG) - IGN 2012. The land cover map
construction included procedures for correcting topological errors, homogenizing information
resolution and harmonizing attribute data. Finally, we obtained a map featuring 38 classes of
land use (Supp. Inf. B) with a minimum mapping unit (MMU) of 100 m?.
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Figure 1: Map of the 94 colonies monitored in Brittany, France.

2.3. Assessment of the effect of landscape variables on bat population dynamics

We considered the landscape within a circular buffer surrounding each colony. Two buffer
radius were tested: 2500 m, reflecting the radius commonly used in recent studies on the lesser
horseshoe bat (Afonso et al., 2016), and 500 m, reflecting the core area of the foraging zone
(Bontadina et al., 2002; Reiter et al., 2013). Before clipping the land cover layer with each
buffer, the 38 cover types were aggregated in six land-cover classes (Supp. Inf. B) according to
previous knowledge gathered at the individual level on lesser horseshoe bat’s ecology
(Bontadina et al., 2002; Tournant et al., 2013), namely: broadleaved woodland, coniferous
woodland, artificial area, water bodies, cropland, and open land (other than crops and artificial).
For each buffer we calculated six FRAGSTATS metrics (McGarigal and Marks, 1995)
describing the composition and the configuration of the landscape pattern: the proportion of the
landscape occupied by each class (%LAND), the mean SHAPE index (MSI) of each class, the
Simpson’s diversity index (SIDI), the Shannon’s diversity index (SHDI), the Shannon’s
evenness index (SHEI) and the mean patch size (MPS). Since a MSI value of 1 corresponds to
a circular patch, and because this value increases with patch shape irregularity, a high MSI
value reflects an increase in edge density of a particular land cover, for an equivalent area.
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Statistical model averaging was then performed to estimate the effect of land cover variables
on population dynamic parameters. Full models considered either the colony size (Generalized
linear model with negative-binomial distribution - Jan et al. 2017), fecundity (linear model) or
the growth rate (weighted least squares regressions) as the response variable, and the proportion
and shape of the six land cover, the mean patch size and land cover diversity as explanatory
variables (without interaction). Explanatory variables were centred and scaled before model
computation. Weighted least square regressions were performed to take into account the
uncertainty around growth rate estimates by weighting each data point by the inverse of the
standard deviation given by the estimation (Ryan, 2008).

These models were then used in the glmulti R package to obtain every possible combination
of explanatory variables (without interaction) and order them by AICc criterion (Calcagno and
de Mazancourt, 2010). We then performed model averaging by calculating the Akaike weight
of each model within 2AAICc of the best model (Burnham and Anderson, 2003). The model-
averaged regression coefficients of the predictors and their 85% confidence intervals (CI) were
calculated based on the cumulative weights of the models including the variable (Calcagno and
de Mazancourt, 2010). 85% confidence intervals are more relevant than 95% interval
confidence for AIC-based model averaging (Arnold, 2010), and explanatory variables were
then considered as having a meaningful positive or negative impact on the response variable if
their 85% confidence interval did not include zero. Because growth rates and their associated
standard deviations obtained through PVAClone can slightly vary from one run to another, we
decided to run ten times the growth rates estimation and the model averaging associated with
this response variable. Only the explanatory variables that were significant ten times out of ten
were considered as significant in our results.

Land cover areas were considered through their proportions, inevitably leading to correlation
between variables. We prevented this by discarding models including more than four proportion
variables for model averaging. Correlations between coefficients were thus lower than 0.8 for
every remaining models. The three diversity indexes (SIDI, SHDI and SHEI) were also highly
correlated, and we selected the index which explained most variability for each demographic
variable by building simple linear models with every response variable prior to model
averaging.

Since we previously showed that some climatic variables impact colony size and fecundity
(Jan et al., 2017), we averaged these variables (June and October precipitation and May and
November mean temperature for Colony size; April and October precipitation and April and
July minimum temperature for fecundity) along the sampling period for each colony and
included them in all models using colony size or fecundity as a response variable to control for
the variability explained by the weather. The description of the complete models which were
the basis of model averaging are presented in Supp. Inf. C. Our data set provides population
dynamic parameters on a large spatio-temporal scale, and a sample size large enough to
investigate numerous environmental variables. Complete models included the whole 94 colony
dataset to test the significance of no more than 14 environmental variables (climatic variables
being present in the model but not tested), ensuring than the ratio sample size (V) / tested
predictor (k) was high enough to avoid overparametrisation (N/k = 6.71, Forstmeier and
Schielzeth, 2011).
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To determine which radius (500 or 2500m) best explained variations in our response
variables, we compared the AICc and R? of the models explaining the population dynamics
parameters with the significant predictors detected in the previous model averaging.

3. Results

Shannon’s evenness index (SHEI) was the diversity index explaining most variability for
the three demographic variables, and was thus the only diversity index included in model
averaging. Significant landscape variables were detected for each response variable when
considering a 500 m radius buffer around the colony: four for colony size, one for fecundity
and six for the growth rate (Tab. 1). The proportion of artificial land negatively impacted the
three investigated response variables. The growth rate was also negatively impacted by the
proportion of crop areas, while colony size was positively influenced by the proportion of
broadleaved woodland. Mean Shape Indices (MSI) associated with water bodies were
positively related to colony size and growth rates, which were also positively influenced by the
MSI of crop and artificial lands. Finally, MSI of open land had a negative impact on colony
size and growth rates.

Only six significant predictors were detected within the 2500 m radius buffer, two of them
being concordant with the results of the 500 m radius buffer (Tab. 1). When comparing the
AlCc and R? of the model given by the two buffer sizes, fixed effect detected with the 500m
buffer always performed better (Tab. 2). Models constructed with significant land cover
predictors explained 42% of the variance for colony size, and 8% for fecundity. These values
reached 53% and 13% when significant climatic predictors previously detected for colony size
and fecundity were added to the corresponding models (Jan et al., 2017). The six significant
predictors found in growth rate models explained 80% (+3%) of this variable, with crop land
proportion being the predictor with the largest effect size and explaining 53% (£5%) of the
variation.
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4. Discussion

The current accelerating rate of biodiversity erosion combined with the threat posed by
already ongoing global changes have prompt the development of anticipatory predictive models
to forecast the future of biodiversity (e.g. species distribution).

Contrarily to explanatory predictions, that aim to corroborate hypotheses on the mechanisms
underpinning observed changes using an hypothetico-deductive reasoning, anticipatory
predictions are decoupled from the explanatory process: they usually assume that the theory or
the putative link between considered causes and effects is true and do not aim at testing models
and theory (Mouquet et al., 2015).

Considering the increasing availability in the literature of information on species occurrence

and habitat selection or use (e.g. from individual telemetry or observation studies) that can be
used to perform anticipatory predictions, it is important to empirically test whether individual-
and population-level responses to habitat quality are convergent to evaluate the predictive
power of the assumed link between habitat selection and population dynamics.
In this study, we assessed the population dynamic consequences of habitat selection in the lesser
horseshoe bat based on environmental variables selected from previous individual level studies.
Because we used demographic data censused over multiple years and sites, we were able to
correlate both land cover area and shape on all the investigated bat demography parameters (i.e.
colony size, fecundity, growth rate). Following paragraphs describe how these results fit and
refine previous conclusions of individual level studies.

4.1. Scale of habitat dependency and management implication

We showed that investigating the effect of landscape composition and configuration on the
dynamics of R. hipposideros maternity colonies is more relevant at the smallest of the two
investigated scales. Indeed, the AICc and R? values of models including landscape significant
predictors always supported the importance of the landscape surrounding colonies within a 500
m radius (lower AICc and larger part of explained variance R? - Tab. 2). This result is consistent
with those of individual level telemetry studies demonstrating that individuals forage for at least
half of their time within a 500-600 m radius around maternity roosts, although few individuals
can eventually forage at distances up to 5 km around colonies (Bontadina et al., 2002; Reiter et
al., 2013). Nevertheless, further investigations are required to precise the most relevant spatial
scale at which habitat (affecting colony sizes and dynamics) should be protected or managed
for an optimal and cost effective conservation of this species, while taking into account
connectivity between populations.

4.2. Identification of key habitats for R. hipposideros population dynamics and
conservation

Colony size was positively influenced by broadleaved woodland proportion at both spatial
scales. This validates and refines previous studies, in which woodland areas was one of the best
landscape predictors of maternity roost presence (Bontadina et al., 2002; Reiter, 2004;
Schofield, 1996; Tournant et al., 2013). Indeed, broadleaf woodlands, often offering a higher
richness and abundance of insects than coniferous plantations (Benton et al., 2002; Goiti et al.,

10
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2004), are more intensively used as foraging areas by R. hipposideros than any other habitat
(Bontadina et al., 2002; Schofield, 1996).

We also found a significant positive effect of water bodies shape complexity on colony size
and growth rate. This result reveals that long lakeshores or riverbanks near maternity colonies
favour colony size and the long-term establishment of this species. Shores with sufficient
riparian vegetation to provide food and shelter to a great density of insect is known to drive the
distribution and foraging behaviour of insectivorous bats (Warren et al., 2000), as observed in
R. hipposideros (Bontadina et al., 2002; Holzhaider et al., 2002; Reiter, 2004). These habitats
must represent high quality foraging areas for this bat since a non-negligible part of its main
prey (e.g. Trichoptera, Nematocera, Lepidoptera — Arlettaz et al., 2000; Lino et al., 2014) have
an aquatic larval development.

The preservation of large broadleaved woodland and high density of lakeshores and
riverbanks in the direct vicinity of maternity colonies appears to be the priority for conserving
viable colonies of this non-migratory forest species. These high quality cover types, in terms of
resources and protection, are suspected to positively influence bat population dynamics by
enhancing individual survival. This knowledge would be highly beneficial to objectively guide
bat conservation, for instance by identifying where to favour the settlement of new colonies
through roost construction (e.g. Mering and Chambers, 2014) and/or by prioritising the
management or renovation of roosting sites (buildings, abandoned mines, caves - e.g. Lacki,
2000).

4.3. Landscape variables threatening R. hipposideros population dynamics and
conservation

Our study highlights that fragmentation and degradation of habitat are a major concern for
R. hipposideros dynamics.

Indeed, our results revealed a significant and negative effect of open land MSI on population
size and growth rate. This means that the complexity of the spatial configuration of open land
patches (e.g. patch number, shape) surrounding maternity colonies, as a measurement of habitat
fragmentation (Wang et al., 2014), affects the dynamics and persistence of this bat. This may
reveal a barrier effect of this generally avoided cover type (Bontadina et al., 2002; Holzhaider
et al., 2002; Reiter, 2004; Tournant et al., 2013), possibly by hindering individual bat foraging
movements, especially if forest corridors and hedge rows are scarce (Downs and Racey, 2006;
Fischer et al., 2010; Lumsden and Bennett, 2005). Indeed, most insectivorous bats are known
to use scattered trees or hedgerows as transit and foraging corridors because these natural
vertical structures offer shelter from predators and generally present higher insect densities than
open areas (Downs and Racey, 2006; Fischer et al., 2010; Lumsden and Bennett, 2005). This
seems to be supported by the apparent inability of this species to adapt its spatial foraging
behaviour in degraded landscapes, and by the high energetic cost of flight that probably
constrains its travelling distance, especially for pregnant or lactating females that mostly
compose maternity colonies (Rainho and Palmeirim, 2011; Reiter et al., 2013).

Impact of habitat quality degradation could be assessed with the effects of artificial and crop
lands. Proportions of both cover types have negative impact on R. hipposideros dynamics. In
addition, their complexity indexes have positive effect which suggests a negative impact of

11
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large and regular urban or crop patches around the colonies probably by decreasing the edge
density and the interactions with other more favourable types of landscape cover. The negative
effect of urbanization on colony sizes, fecundity and growth rates, is in accordance with a study
based on occupancy data only (Tournant et al., 2013). It may be due to the low quality of this
cover type (scarcity of favourable foraging areas, low quality or quantity of food resource,
higher exposition to light pollution, accidental mortality, predation, disturbance, stress or
pollution — see Fensome and Mathews, 2016; Gaston et al., 2013; O’shea et al., 2016; Stone et
al., 2009; Ziembicki et al., 2015).

The major and negative effect of crop land proportion on maternity colony growth rates that
we detected is probably due to the unfavourable nature of this habitat for R. hipposideros
(Bontadina et al., 2002). Direct and indirect effects of agriculture intensification have been
proposed as one of the main cause implicated in the decline of various organisms (Bayat et al.,
2014; Gibbons et al., 2014; Hallmann et al., 2014) including R. hipposideros (Bontadina et al.,
2000; Wickramasinghe et al., 2004). Pesticides can have various additive or synergistic
deleterious effects on survival and health of long-lived insectivorous bats (Hsiao et al., 2016).
Their use in conventional farmlands reduces insect abundance and diversity (especially three
key families for many insectivorous bats: lepidopteran, dipteran, coleopteran) compared to
organic farmlands, the latter being more frequently used as foraging sites by R. hipposideros
(Wickramasinghe et al., 2004). Agrochemicals also impact insectivorous bats by direct
poisoning through dermal contact, inhalation or ingestion in their diet, and because of the
accumulation and biomagnification of these pollutants in bat organism, and their remobilization
from fat tissues during hibernation or migration (Bayat et al., 2014; Mineau and Callaghan,
2018). During lactation, juveniles strongly accumulate organochlorine pesticides (Liiftl et al.,
2005; Streit et al., 1995) through the feeding from their mother, and their survival is more
affected by pesticide contamination than adult survival (Frick et al., 2007). Moreover, when
foraging, inexperienced juveniles fly at much greater distances and are less selective on habitat
quality than reproductive females (Bontadina et al., 2002). They are therefore potentially more
exposed to factors affecting their survival (e.g. low prey availability, agrochemicals, predation)
in such unfavourable habitats which can in turn negatively affect population growth rates.

4.4. Consistency between individual and population level effect of habitat quality

Overall, our results support the dependence of population dynamics to patterns of habitat
selection by individuals with a positive relationship between habitat quality and bat
abundance/density : habitats predicted as high quality by individual-level studies (i.e.
broadleaved woodlands and long lakeshores or riverbanks) were associated to large colony
sizes, contrarily to those predicted as low quality habitats (i.e. artificial and open lands)
associated with low colony sizes, but also with a low fecundity and/or growth rate. Such
relationships between elements of landscapes that favour or limit the dynamics of maternity
colonies are key information both for the long-term conservation of this non-migratory species
and to refine range shift predictions under climate change.

Nevertheless, other studies showed that habitat selection can vary depending on the spatial
and temporal scales, both between and within species (e.g. according to the sex and/or life
stage), and affect individual fitness and population dynamics through different demographic
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processes (e.g. sex or stage specific survival rates, fecundity - Bjorneraas et al., 2012; Dyson et
al., 2018; Jacques et al., 2015; King et al., 2006; Low et al., 2010; Street et al., 2016).
Considering the variety of the possible mechanisms, mediated by individual fitness, driving
population-level response to habitat quality, we strongly encourage further cross-validation
studies aiming at testing these relationships, for example using a habitats-to-populations (HTP)
framework (Matthiopoulos et al., 2019).

4.5. Conclusion

We underlined the importance of broadleaved woodland proportion and lakeshores and
riverbanks density in R. hipposideros core foraging area (500 m radius around maternity
colonies), probably because their associated vegetation provides particularly favourable shelter,
movement and foraging corridors. We also pinpointed the threat posed by the intensification of
human activities (i.e. urbanization and agriculture intensification inducing habitat
fragmentation), resulting in the spread of unfavourable and degraded habitats (i.e. with low
availability of their prey, high exposure to predation and pollution), on the long-term
persistence of large R. hipposideros populations.

The links we found between landscape variables and the demography of this non-migratory
forest species will help refining range shift predictions based on climatic variables only (Rebelo
et al., 2010). Concomitantly, considering the connectivity of favorable habitats and the threats
posed by the intensification of human activities (urbanization, agriculture, pollution), for
example under different land use change scenarii, will allow to more accurately predict the fate
of the species towards the end of the century.
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