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Introduction

Abstract

Coexistence of humans and large carnivores is a major challenge for conservation
and management, especially in human-modified landscapes. Ongoing recovery of
some large carnivore populations is good conservation news, but it also brings
about increased levels of conflict with humans. Compensation payments and pre-
ventive measures are used worldwide as part of conservation programmes with the
aim of reducing such conflicts and improving public attitude towards large carni-
vores. However, understanding the drivers triggering conflicts is a conservation pri-
ority, which helps prevent and reduce damages. Here, we have analysed the spatio-
temporal patterns of brown bear Ursus arctos damages to apiaries, crops and live-
stock in the two small, isolated and endangered bear populations in northern Spain.
The increase in the number of damages varied in parallel with the increase in bear
numbers, which is probably a primary cause determining the occurrence on dam-
ages. Damages also varied among years, seasons and bear populations and seemed
to mainly depend on the local availability of natural food items, weather conditions
and the availability of apiaries and livestock. Fluctuating availability of food items
may explain the frequency of conflicts, which is yet another call to apply preven-
tive measures in carnivore damage to human property in seasons and years when
natural food availability is lower than usual. Understanding and preventing damage
is in turn essential to mitigate conflicts where humans and large carnivores share
the same landscape.

in recent decades mostly due to conservation efforts (e.g. pro-
tective legislation, reintroductions), allowing the partial recolo-

Coexistence with people is a major challenge for global large
carnivore conservation (Treves & Karanth, 2003), which is key
to preserving the ecological balance of ecosystems (Ordiz
et al., 2013). In human-modified landscapes, where human
populations and activities are extensive, conflicts with wildlife
are also widespread (Zimmermann et al., 2010). Over time,
human populations have grown exponentially, increasing
encroachment on natural habitats and facilitating the occurrence
of conflicts with wildlife. In turn, conflicts trigger the persecu-
tion of large carnivores to diminish livestock or agricultural
losses (St John et al., 2012), which, together with habitat loss
as well as hunting, have led to a great reduction of carnivore
populations (Treves, 2009; Ripple et al., 2014). Despite their
persecution, large carnivore populations have been recovering
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nization of former ranges (Chapron et al., 2014). Nevertheless,
in areas where people have become unfamiliar with the pres-
ence of large carnivores, husbandry practices have relaxed and
preventive measures have been abandoned (Bautista er al.,
2019). In this context, the return of large carnivores can
increase damages to human property, and in recolonization
areas damage prevention is often implemented only after prob-
lems emerge (Marsden et al., 2017).

Positive public attitude towards large carnivores is key to
successfully achieving population recovery (Bautista et al.,
2019). Hence, most conservation programmes include compen-
sation payments and the instauration of preventive measures,
which are a fundamental step to deal with damages and reduce
their occurrence (Nyhus et al., 2005; Rigg et al., 2011).
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Nowadays, the growth of large carnivore populations is harm-
ing tolerance towards them, as people believe that population
increases are directly linked to an increased risk of damage
(Eriksson et al., 2015), as it happens in some populations
(Bautista et al., 2017). But many factors can affect the occur-
rence and the frequency of these damages (Maji¢ Skrbinsek &
Krofel, 2014). Increasing damage could be due to sources of
conflict (i.e. availability of livestock, hives or crops) (Molinari
et al., 2016) or periodic decreases in natural food availability
(Gunther et al., 2004) and/or may be caused by just a few
individuals (Bereczky et al., 2011; Swan et al., 2017). Under-
standing the basal and more recurrent causes behind large car-
nivore damage patterns is crucial in order to manage conflicts
properly and it can improve the effectiveness of existing pre-
ventive strategies (Jerina et al., 2015; Maji¢ Skrbinsek & Kro-
fel, 2014). Some countries (e.g. Slovenia, Italy, Croatia,
Kenya, Buhtan, and USA) have tried to assess this matter for
several species (e.g. Jerina et al., 2015; Molinari et al., 2016;
Patterson et al., 2004; Treves et al., 2004; Wilson et al., 2005;
Sangay & Vernes, 2008), which has been useful in conflict
management. However, most of them have been confined to
the spatial scale, identifying general hot spots on which to
focus, leaving aside temporal variation in conflicts and the
effect of scarce natural food resources. But, as stated by Bar-
uch-Mordo (2007), weather-related variables can be the most
important predictors of conflict occurrence.

Brown bears Ursus arctos are currently the most abundant
large carnivores in Europe (approx 17 000 individuals), yet
some populations remain critically endangered (Chapron et al.,
2014). As they frequently inhabit human-modified landscapes,
bears often resort to anthropogenic food feeding on crops, live-
stock and beehives (Bautista er al., 2017). In Spain, there are
two isolated and critically endangered brown bear populations
located in mountainous areas in the north. The first one,
between France and Spain, has been reinforced by transloca-
tions of bears from Slovenia since 1996 due to its critical and
imminent risk of extinction (Gonzalez et al., 2016; Quenette
et al., 2001; Swenson et al., 2011). The other bear population
inhabits the Cantabrian Mountains, where two subpopulations
are recovering and recently interconnected after a long isola-
tion (Gonzalez et al., 2016; Lamamy et al., 2019; Zarzo-Arias
et al., 2019). Within their range, bears coexist with several
human activities, which may be attractive to them. For exam-
ple, beekeeping is widespread, and bears in the Cantabrian
Mountains cause the highest number of damages to apiaries in
Europe (Bautista er al., 2017). In the Pyrenees, damages to
livestock are more common than to apiaries, and bears mostly
attack sheep (Elosegi, 2010).

In this long-term study, with up to two decades of data in
two of the study areas, we first analysed the spatio-temporal
patterns of claims of brown bear damages in the three bear
nuclei located in Spain (Pyrenean, and western and eastern
Cantabrian). Second, we focused on several potential drivers
that might influence human-bear conflicts. The following main
hypotheses have guided this exploration. First, we hypothe-
sized that the patterns of brown bear damages differ at two dif-
ferent temporal scales, namely seasonal and yearly scales. For
example, we might expect to find the greatest number of
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damages occurring during summer and fall, during the so-
called hyperphagia period, as bears need to achieve maximum
fat reserves before hibernation. In addition, we expected the
frequency of damages to vary among years, which may be
explained by different factors; for example, peaks of damages
occurring in years when the availability of natural food was
lower, and the size of brown bear populations in Spain has
increased over the last years, yet at different rates for each
nuclei. Accordingly, as human activities vary locally and the
number of bears differs among populations, we hypothesized
that the observed temporal patterns of brown bear damages
will also change over space. We accounted for this potential
spatial variation in bear damage patterns, considering both the
number and type of damages, at each bear nuclei (i.e. western
Cantabrian, eastern Cantabrian and Pyrenean), in each adminis-
trative province (i.e. Asturias, Ledn, and Palencia for the Can-
tabrian population, and Lleida for Pyrenees), and treating
separately each Cantabrian subpopulation (western and east-
ern). Then, we hypothesized that the causes of damages would
also depend on its type, the latter thus affecting the observed
spatio-temporal patterns of damages. Finally, we tested whether
the number of each type of damages depended on availability
of natural food resources. We expected that different climatic
factors and productivity indicators would be the best features
to predict when the different types of bear damages may
occur.

Materials and methods

Study area

Our study area comprises two mountainous systems in the
north of Spain, the Cantabrian Mountains and the Pyrenees
(Fig. 1). Description of the environmental characteristics of
each bear nucleus and their range are summarized in Table 1.
In the Cantabrian Mountains elevation ranges from sea level
up to 2648 m as.l. (Martinez Cano et al., 2016) and the
mountain range has an Atlantic climate, characterized by mild
winters and rainy summers (Pato & Obeso, 2012). Forests of
oak (Quercus petraea, Quercus pyrenaica and Quercus robur),
beech (Fagus sylvatica), chestnut (Castanea sativa) and white
birch (Betula pubescens) are dominant, alternating with pas-
tures and brushwoods and subalpine scrubs (Penteriani er al.,
2019; Zarzo-Arias et al., 2019). The western Cantabrian sub-
population, estimated to hold around 280 bears (2017), inhabits
an area of more than 7.000 km? with an average human popu-
lation density of 10.9 inhabitants/km®> and a road density of
more than 0.5 km/km?, while the eastern subpopulation, with
around 50 bears (2017), occupies around 4.000 km? with c.
4.9 inhabitants’km” and about 0.3 km/km? of road density
(Lamamy er al., 2019; htttp://www.fundacionosopardo.org/).
Livestock farming is the most common human activity. Cattle
is more common in the north slope of the Cantabrian Moun-
tains (Asturias province), and together with horses they usually
range free in the mountains. Sheep and goats are more com-
mon in the south (http://www.sadei.es/; http://www.atlas.itac
yl.es/) and they are guarded with dogs and fences, sometimes
electrical. Apiaries are also a widespread traditional activity in
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Figure 1 Distribution of the brown bear in Europe and focus populations of this study: the Cantabrian (western and eastern) and the Pyrenean
(extracted from https://www.Icie.org/Large-carnivores/Brown-bear). [Colour figure can be viewed at wileyonlinelibrary.com]

the area, usually surrounded by stonewalls (traditional con-
structions, especially found in the western bear nucleus) and/or
electric fences (Naves et al., 2018). Other common activities
in these areas are mining, tourism and timber harvesting
(Fernandez-Gil et al., 2006).

In the Pyrenees, elevation extends from 500 to 3404 m
a.s.l. and the range is characterized by a climate varying
from Oceanic to Mediterranean (Martin et al., 2012). Beech
and silver fir (Abies alba), oak, hazel (Corylus avellana)
and gall oak (Quercus cerrioides) are dominant. At higher
elevations, common birch (Betula pendula) stands out
together with black pine (Pinus uncinata) and scots pine
(Pinus sylvestris) on southern slopes, with alpine meadows
on top. The total bear population (43 individuals, 2017)
occupies around 2000 km> of the Spanish Pyrenees, where
the average human population density is c¢. 5 inhabitants/
km? and road density is around 0.2 km/km?). The main
human activities are forestry with associated road construc-
tion and maintenance and livestock herding. Sheep and goats
are the most common species raised, generally protected by
shepherds, guarding dogs, electric fences and night cabins.
Cows and horses are free ranging, as in the Cantabrian
Mountains. During summer and autumn, recreational tourism
(e.g. hiking, hunting and fishing) and mushroom picking
stand out (Martin et al., 2012).

Damage and bear occurrence data

Due to the difficulties in data collection for the French part of
the brown bear population of the Pyrenees, we were only able
to include the damages recorded in the Spanish Pyrenees in
our analyses. All damages produced by bears in Spain are
financially compensated by the administration after damage
claims are reported by the owners of the property. Experienced
rangers in each area check and confirm if the damaged was
caused by a bear, and then, the administration pays for the
losses. Damage claims data for each of the provinces included
was available for different periods: in Asturias from 1997 to
2017 and in Leon and Palencia from 2008 to 2017, for the
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Cantabrian bear population; and in Lleida from 1998 to 2017,
for the Pyrenean population.

The data included the following: (1) damage location
(UTM); (2) date of damage occurrence; and (3) type of dam-
age, that is beehives, crops (more than 95% trees as apple or
hazel) or livestock (i.e. cow, sheep, goat and horse). We sepa-
rated the damage data into three different groups: (1) Pyrenees,
(2) west Cantabrian and (3) east Cantabrian. For each year, we
also grouped the damages by phenological bear season, as
defined by Martinez Cano et al. (2016): (1) hibernation (Jan-
uary to mid-April), with some bears remaining active during
most of the winter (Nores et al., 2010; Zarzo-Arias et al.,
2018), (2) mating (mid-April to June) and (3) hyperphagia
(July to December).

In order to test the potential influence of the size of each
bear population on the amount of damage, we also took into
consideration an annual estimation of the number of bears for
each nucleus. For the Cantabrian population, we used the
yearly number of females with cubs of the year for each Can-
tabrian subpopulation as a proxy of population size, since they
are easier to locate and distinguish right after they exit the den
after hibernation, as they stay in the same area for several
weeks (Ordiz et al., 2007; Penteriani et al., 2018). For the
Pyrenean population, the total number of bears was available,
because it is estimated by the different administrations based
on direct observations, camera traps and genetic analyses of
bear hair and scats. Approximately half of the population
occurs within the French territory, while the other half primar-
ily ranges in the Spanish Pyrenees (Gastineau ez al., 2019). It
is worth noting that, in all bear populations under study, a pos-
itive trend in bear number has been documented in the past
years (Pérez et al., 2014; Palazon, 2017).

Productivity and climate indicators

To assess availability of natural food resources for bears, we
used several annual indicators of productivity, which are sum-
marized Table Al in Online Appendix S1. First, we collected
annual productivity data of cultivated tree crops (apple-tree
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Table 1 Summary of the three study areas’ environmental characteristics

Main anthropogenic

resources

Road
density

Human population density

(hab/km?)
10.9

Elevation

Area

Bear

Protection measures

(km?) range (m)

7000

population
280

Bear nucleus

Stonewalls and electric fences

Apiaries
None

0.5

0-2648

Western

Cattle (north)
Sheep (south)
Apiaries
Sheep

Sheep

Cantabrian

Fences and dogs
Electric fences

0.3

4.9

4000 0-2648

50

Eastern

Fences and dogs

Cantabrian

Pyrenees

Fences, dogs, shepherds, night cabins

Electric fences

0.2

500-3404

2000

43

Apiaries
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(Malus domestica), cherry (Prunus avium) and hazel (Corylus
avellana)) either rainfed (kg/ha) or scattered (kg/tree) for each
province available from the Ministry of Agriculture, Fisheries
and Food (http://www.mapama.org/) as a proxy of natural pro-
ductivity. We used variables which included complete informa-
tion for more than 3 years in each bear nuclei.

We also included productivity for the most common natural
soft and hard mast items appearing in the diet of both Cantab-
rian and Pyrenean brown bears: acorn (Quercus spp.), chestnut
(Castanea sativa), blueberry (Vaccinium myrtillus), cherry and
beechnut (Fagus sylvatica), whose availability can vary from
year to year depending on climate conditions. In the Cantab-
rian Mountains acorns, beech nuts and chestnuts are predomi-
nant, while in the Pyrenees acorns and hazel are easier to find.
But, as bears can shift from one item to another depending on
their availability, the diet of both populations it’s very similar
(Naves et al., 2006; Elosegi, 2010). For each of these natural
food species, we selected the most limiting climate factor (tem-
perature or precipitation) according to the available literature.
For acorns, we used September rainfall, as heavy rainfall
makes acorns fall while too little rainfall impedes growth
(Garcia-Mozo et al., 2012), and spring rainfall, which also
reduces acorn productivity in dry springs (Alejano er al.,
2008). For chestnuts, August mean temperature positively
related to higher productivity (Afif-Khouri er al., 2011). For
blueberries, low winter mean temperature (December—March)
favours higher fruit production (Nestby et al., 2010). For
beeches we used June—July mean temperature of the previous
year as warm conditions determine productivity the following
year (Miller-Haubold et al., 2013). Finally, for Prunus,
November—February minimum temperatures, if they are low,
reduce fructification success (Caprio & Quamme, 2011).

Additionally, as climate indicators, we considered the annual
mean of five variables: temperature, precipitation, North Atlan-
tic Oscillation Index (NAO), Normalized Difference Vegetation
Index (NDVI), and sun radiation. We also included tempera-
ture, precipitation and NAO values for the previous year com-
pared to the annual mean values of the variables in each year.
So, for 2014 for example, we included annual mean tempera-
ture of that year, and for the previous one (2013), because
plants might react with a certain delay to climate (Koenig &
Knops, 2000); and for temperature we added averaged mean
values from April to August because they represent the key
season for fruit tree growth (Koenig & Knops, 2000). Finally,
we included total precipitation of the summer period (June—
September) as a drought indicator, representing a high risk for
forest productivity (Miiller-Haubold ez al., 2013; Zimmermann
et al., 2015).

Temperature, precipitation and sun radiation information
were collected from the Territorial Delegation of the Agencia
Estatal de Meteorologia (AEMET, the Spanish state agency
responsible for weather data). Specifically, for the western bear
subpopulation in the Cantabrian Mountains we used climatic
data from the Genestoso station (1170 m a.s.l.) and sun radia-
tion data from Oviedo (Asturias). For the eastern Cantabrian
subpopulation, we used climatic data from the Boca de Huér-
gano station (1104 m a.s.l.) and sun radiation data from Virgen
del Camino (Ledn); and for the Pyrenean population, we used

Journal of Zoology 313 (2021) 1-17 © 2020 Zoological Society of London


http://www.mapama.org/

A. Zarzo-Arias et al.

climatic data from the Canfranc station (1160 m a.s.l.) and sun
radiation data from Lleida. NAO index data were extracted
from https://www.cpc.ncep.noaa.gov/. We downloaded NDVI
layers from http://ivfl-info.boku.ac.at/, extracting mean annual
values for each of the three bear nuclei.

Statistical analysis

First, we summarized and described the number and type of
damages and performed a Mann-Kendall trend test for the
number of damages in each bear nucleus. To explore the spa-
tio-temporal patterns of brown bear damages, we built two
models: the first one included the registered damages collected
from 2008 to 2017 in all studied bear nuclei, so as to have the
same number of years recorded and avoid unbalanced data; the
second model compared the west Cantabrian subpopulation
with the Pyrenean population, using data from 1997 to 2017.
The number of damage events was the response variable, and
year, season, the interaction between them (to test if there was
a seasonal pattern that was maintained over the years), bear
nuclei, type of damage and its interaction with season and bear
nuclei were included as potential explanatory variables. The
number of brown bears was strongly correlated with the vari-
able year in each bear nucleus (Pearson Correlation coeffi-
cient = 0.968 west Cantabrian, 0.924 east Cantabrian and
0.907 Pyrenean, and Variance Inflated Factor (VIF) = 15.67
west Cantabrian, 6.84 east Cantabrian and 5.63 Pyrenean), so
we removed number of bears from the models, as the main
objective is to test interannual variation in the number of dam-
ages. As a temporal series analysis, we explored the possibility
of using generalized additive models (GAMs), but due to the
almost linear pattern of the variable year in both 2008-2017
and 1997-2017 (edf =2.59 and edf =1, respectively), we
chose generalized linear models (GLMs). Our response variable
was discrete, thus we ran the GLMs with a negative binomial
error distribution. We compared all possible candidate models
and selected the most parsimonious one using the Akaike
method (Burnham & Anderson, 2002).

Finally, to test whether bear damages depended on natural
food availability, we built separate principal component analy-
ses (PCAs) for each bear damage type recorded in each bear
nucleus. Each PCA creates several principal components (PC1-
PC4) which are a set of values of linearly uncorrelated vari-
ables, with different importance in explaining the data. We
scaled the variables by their standard deviations, with prior
logarithmic transformation of habitat variables, and removed
missing values. We grouped the variables into two sets: the
first one included productivity indicators, i.e. annual productiv-
ity per province for different trees (rainfed or scattered apple,
cherry, and hazel) and climate indicators limiting bear food
productivity (acorn, chestnut, blueberry, beech and Prunus).
The second set included only climatic indicators, that is NAO
index, NAO of the previous year, sun radiation, NDVI, annual
mean temperature, mean temperature from April to August,
previous year mean temperature, previous year mean tempera-
ture from April to August, annual precipitation, previous year
total precipitation, and summer precipitation. Following Kai-
ser’s criterion, we applied a varimax rotation with Kaiser
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normalization to the retained components (McGarigal et al.,
2000) in order to maximize the variance of the components’
loadings, facilitating the interpretation of the PCA as it associ-
ated each variable with one or a few components. Following
Kaiser’s criterion (Kaiser, 1958), we only retained the compo-
nents with eigenvalues >1 and in each component we only
considered the variables with an influence greater than 0.4 (ei-
ther negative or positive).

All analysis were performed in R 3.5.1 statistical software
(R Core Team, 2018), using the packages MASS (Ripley
et al., 2013), Ime4 (Bates & Sarkar, 2006), nnet (Ripley et al.,
2016), MuMlIn (Barton, 2018) and mgcv (Wood, 2015).

Results

The type of damage varied in the different bear nuclei
(Table A.2 in Online Appendix S1) over the different seasons
(Fig. 2). Damages to beehives were the most common in the
Cantabrian bear subpopulations, especially during the hyper-
phagia season. Damages to crops and livestock also increased
during hyperphagia compared to the mating season. In the
Pyrenean bear population, cow and sheep farming was the
most damaged activity during both, mating and hyperphagia,
while apiaries were damaged more often during hyperphagia
than in the mating season (Online Table A.2 in Appendix S1),
and no damages to crops were reported.

The number of damage events (all types together) varied at
the different spatio-temporal scales considered. Damages varied
(A) across seasons (Tables 2 and 3), with the largest number
of claims occurring during hyperphagia and the lowest during
hibernation (Fig. 2), and (B) among years, with a significant
positive trend in the western Cantabrian nuclei (S = 154,
T =0.733, P <0.001) and the Pyrenees (S = 115, T = 0.507,
P < 0.005), but not for the eastern Cantabrian subpopulation
(S =25, T=0.556, P <0.05), which included a shorter study
period (Fig. 3). We also found that the number of damages
varied across study areas (Tables 2 and 3), with the lowest
number of damages occurring in the Pyrenees, and then in the
eastern Cantabrian subpopulation (Fig. 3). The number of dam-
ages of each type also depended on the bear population, dam-
ages to crops and livestock being lowest in the eastern
Cantabrian subpopulation, while damages to livestock were
significantly more numerous in the Pyrenees (Tables 2 and 3).
The interaction between season and year appeared to be unin-
formative, suggesting that the seasonal patter showed by dam-
ages does not depend on the year (Tables 2 and 3).

The variation in the number of different types of damages
across populations was related with some local factors (Online
Table A.3 in Appendix S1). In the western Cantabrian subpop-
ulation (Fig. 4A): (1) a decrease in mean temperature was
related to an increase in the number of damages to apiaries
and livestock, and a decrease in the number of damages to
crops; (2) the number of damages to beehives rose when the
yearly productivity of cultivated apple-trees was high; (3) the
number of damages to livestock increased in years character-
ized by a low productivity of hazel and cherry; and (4) the
number of damages to crops increased when acorn and apple
productivity was low. In the eastern Cantabrian subpopulation
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Figure 2 Amount of damage by type produced in each season (hibernation, mating and hyperphagia) during the periods: (a) 1997-2017 in the
western Cantabrian brown bear subpopulation; (b) 2008-2017 in the eastern Cantabrian subpopulation; and (C) 1997-2017 in the Pyrenees.
Beehives = light grey, crop = grey and livestock = dark grey. Outliers are represented with black dots, the median as a black line and the errors
as upper and lower lines for each box. Note that the scale of the Y axis is different for each study area.

(Fig. 4B), the number of damages to beehives was related to
high mean annual temperatures and to low productivity of fle-
shy fruits. Finally, in the Pyrenees (Fig. 4C), the number of
damages to livestock was related to high temperatures, whereas
the number of damages to apiaries was associated with low
temperatures (similar to what occurred in the western Cantab-
rian subpopulation) and a low NAO index. In terms of produc-
tivity, low productivity of fleshy fruits and acorns were linked
to an increase in the number of damages to beehives and live-
stock, but conflicts with livestock were also positively related
to hazel productivity.

Discussion

Patterns of negative interactions between brown bears and
human activities, such as damages, are complex, as many fac-
tors and their combination may motivate bears to exploit
anthropogenic resources. Such complexity, however, should
not prevent us from trying to identify the main drivers and
their effect at different spatio-temporal scales, determining
brown bear attraction to anthropogenic resources. This repre-
sents a necessary first step to predict and prevent conflicts. We
found that the number of damage events has increased over
the years, which may be at least partially related to the
observed general increase in the number of bears in all the
bear nuclei that we considered in our study, together with
other year-related factors (e.g., productivity of natural food
resources). In fact, the increase in the number of bears is
strongly correlated with year, which makes it a probable pri-
mary cause determining the occurrence on damages. This helps
explain the differences among bear subpopulations in the Can-
tabrian mountains, the western Cantabrian subpopulation with
more than 200 bears in 2014 (Pérez et al., 2014) presenting
the greatest number of damages. This trend is in line with the
one reported by Jerina et al. (2015), who found that the size

of the population influences the number of damages in Slove-
nia (but see Bautista er al., 2017). By only using data from
the Lleida province, the Pyrenean population (the smallest bear
nucleus with 43 bears in 2017; S. Palazon, personal communi-
cation), showed the lowest number of damages. However, if
we take into account damages occurring in France, we can see
that bears from the smallest population are responsible of more
livestock damages than any of the Cantabrian subpopulations
(Bautista et al., 2017), mostly due to the differences in hus-
bandry methods. Further, we found that the number of dam-
ages mainly showed seasonal differences, with the fewest
damages during winter, when most bears are hibernating, and
the highest during the hyperphagia period, when bears inten-
sely seek food because they must put on fat in order to suc-
cessfully hibernate.

The most common type of bear damage in each subpopula-
tion seemed to be related to the availability of different
resources (Online Table A.3 in Appendix S1). Apiaries were
the most harmed item in the Cantabrian Mountains, where envi-
ronmental conditions surrounding them can increase the proba-
bility of damages (Fernandez-Gil et al., 2016; Naves et al.,
2018), followed by crops and livestock. The latter was the least
affected by damages, maybe because Cantabrian bears are pre-
dominantly vegetarian (Naves er al., 2006; Rodriguez et al.,
2007; Bojarska & Selva, 2012). Furthermore, damages to crops
in the eastern Cantabrian Mountains were very scarce, in an
area where agricultural activities are nowadays nearly absent
(http://www.atlas.itacyl.es/). In contrast, conflicts with livestock
were the most reported damage in the Pyrenees, which contin-
ues to fuel conflict and challenges the recovery of this bear
population (e.g. Enserink & Vogel, 2006). The primary cause
of the differences between these two bear populations may
reflect differences in land use and livestock raising. Beekeeping
is much more common in the Cantabrian Mountains than in the
Pyrenees and livestock is mostly bovine, while in the Pyrenees
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Figure 3 Trend of the total number of damages (black line) and the size (grey line) of the three brown bear nuclei: (a) western Cantabrian
subpopulation (1997-2017), (b) eastern Cantabrian subpopulation (2008-2017) and (c) Pyrenean population (1997-2017). The left vertical axis
reflects the number of damages, while the right vertical axis shows the number of females with cubs of the year for (a) and (b) and the total
number of bears in (c).
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(b) eastern Cantabrian subpopulations, and (c) the Pyrenean population, explained by productivity (upper panels) and climatic (lower panels)
indicators. Green lines correspond to positive correlations, while orange lines denote negative correlations. The thickest lines represent high
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sheep are more common and more prone to suffer a bear dam-
age (www.mapa.gob.es). Furthermore, the virtual absence of
wolves and bears for a long time in the Pyrenees has led to the
abandonment of traditional husbandry practices, prevention mea-
sures and vigilance (Elosegi, 2010; Bautista et al., 2019).

Damages caused by large carnivores are typically a main
driver of the attitudes of local people towards them; e.g. Glik-
man et al. (2019) for another critically endangered population
of European brown bear. Therefore, preventing damage is a
major task in many areas (e.g. Maji¢ Skrbinsek & Krofel,
2014). Indeed, damages and the ensuing retaliation, such as
the legal and illegal removal of carnivores, have a major
impact on large carnivore population dynamics, which are
exceedingly more positive if conflict is low than if it intensi-
fies. For instance, the availability of free-ranging sheep is the
main reason why large carnivores are very controversial in
Norway, while much larger numbers of individuals from the
same population thrive in Sweden, where there are no free-
ranging sheep (see Swenson & Andrén, 2005). Indeed, bears
in the French Pyrenees and in Norway showed the highest
damage ratio in Europe (Bautista er al., 2017), and both
preyed primarily on free-ranging sheep.

It is also worth mentioning that in the Pyrenees, damages to
livestock might also be more common because of the different
diet (Online Fig. A.1 in Appendix S1) of released bears coming
from Slovenia (11 reintroduced so far), where they also have
access to carrion supplementary feeding sites (Graf et al.,
2018). Furthermore, these past years some reintroduced bears,
like Goiat (https:/piroslife.cat/en/a-device-is-activated-with-the-
aim-to-chase-away-the-goiat-bear-and-change-its-behaviour/),
have stood out for their strong predator behaviour. This might
support the possibility that increased damages could also be due
to a marked predatory behaviour of just a few individuals,
which makes them problematic bears prone to damage livestock
(Bereczky et al., 2011; Maji¢ Skrbinsek & Krofel, 2014; Swan
et al., 2017). Although before this bear population decreased
damages to livestock were also common (Camarra, 1986).

Additionally, we observed that each type of damage may be
related to diverse local environmental factors affecting natural
food availability. Indeed, beehives and livestock damages were
more abundant in the western Cantabrian subpopulation when
both mean annual temperatures and temperatures from April to
August were lower, which have the potential to affect pollina-
tion and decrease fruit production success (Sanzol & Herrero,
2001) and hard mast crop size (Koenig & Knops, 2000) in
hyperphagia. In addition, during the years in which fruit tree
(i.e. apples or cherries) productivity was better, we detected an
increase in the damages to apiaries. One possibility is that
bears, by approaching human settlements looking for fruits, are
also closer to apiaries, which may expose beehives to a greater
risk of bear conflict. On the other hand, other types of dam-
ages occurred more often when there was low availability of
food resources. For example, damages to crops increased: (1)
when there was low acorn productivity, which is a key food
resource for bears during hyperphagia (Online Fig. A.2 in
Appendix S1) when most of these damages occurred; and (2)
in years with a low productivity of apples, which are con-
sumed more frequently during hyperphagia, after fleshy fruit
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production is over (Naves et al., 2006). Damages to livestock
were also related to the low availability of cherries and hazel-
nuts, two important resources during mating and hyperphagia,
respectively. In turn, in the east of the Cantabrian Mountains,
increasing damages to beehives were linked to high annual
temperatures, contrary to what happens in the other subpopula-
tions. This can drive more pollination activity (Sanzol & Her-
rero, 2001) and, thus, higher beehive activity that might lure
bears, but these differences could be due to other factors not
considered in our study and dependent of the area and specific
management of beehives. Lastly, in the Pyrenees both low
annual temperatures and, more specifically, temperatures from
April to August, drove an increase in apiary damages. As in
the Cantabrian Mountains, low annual temperatures may
reduce fruit and mast availability. These damages also rose
with low NAO values, which generally denote low vegetation
productivity (Gonsamo et al., 2016).

As an omnivorous species, brown bears have the ability to
shift from one source of food to another depending on their
fluctuating availability (Rodriguez et al., 2007; Kozakai et al.,
2011). We have found that reduced availability of natural food
may lead bears to use foods related with human activities, as
stated for other bear populations (Jerina et al., 2015; Lewis
et al., 2015). In turn, this triggers conflict with humans, which
harms public attitude towards bear conservation (Eriksson
et al., 2015; Bautista et al., 2019). This is a particularly seri-
ous threat for carnivore conservation where human encroach-
ment is high, as is the case for the small and isolated
populations of brown bears in northern Spain. Our results sug-
gesting that years with lower availability of natural food can
trigger increasing damages by brown bears to beehives and/or
livestock, depending on availability, are yet another reason to
assert that preventive measures for both beehives (e.g. Naves
et al., 2018) and livestock (e.g. Ordiz et al., 2017) are crucial
to reduce conflict and thus favour human-large carnivore coex-
istence. Particularly in the Pyrenees, the eventual recovery of
this critically endangered bear population does not look
promising if conflict levels are not mitigated.

Finally, it is important to highlight here that the data used
in this study corresponds to claims gathered by each adminis-
tration responsible for bear management, whereas it has been
impossible to evaluate the correspondence between claims and
all possible bear damages, e.g. the factors that could influence
damages (type of livestock, scavenging of already dead ani-
mals, difficulty to locate damage remains). Also, it is important
to emphasize that there might be other economic and social
factors, such as availability of livestock or beehives, husbandry
methods and preventive measures, that might affect the occur-
rence of a damage and that have not been considered in our
analyses. Furthermore, there is a big lack of natural food avail-
ability data in our study areas, thus a better monitoring of
these factors would help to improve the study of damage pat-
terns and their prevention in the future.

Conclusions

The increase in recent years in the number of damages pro-
duced by brown bears in all bear nuclei located in Spain
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(western Cantabrian, eastern Cantabrian and Pyrenean) varied
differently among bear populations and also among seasons
and years. These variations mainly depended on the local
availability of natural food items, weather conditions and prob-
ably on the different availability and husbandry and protective
methods of apiaries and livestock. However, the increase in
the number of bears is strongly correlated with year, which
makes it a probable primary cause determining the occurrence
on damages. Fluctuating availability of food items may explain
the frequency of conflicts, which is yet another call to apply
and improve preventive measures of carnivore damage to
human property. Understanding and preventing damage is
indeed essential to mitigate conflicts where humans and large
carnivores share the same landscape, especially now that sev-
eral large carnivore populations are recovering (e.g. Chapron
et al., 2014).
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Appendix S1. Table A.1. Name and source of the climatic
and productivity variables gathered for the study.

Table A.2. Number of damages produced to beehives, crops
and livestock during the different bear cycle seasons in (A)
each bear nuclei and (B) each different province that hosted
bears from 2008 to 2017.
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Table A.3. Most contributing variables (varimax loadings <
-0.4 and > 0.4) with their effect in the components of the Prin-
cipal Component Analyses with an eigenvalue > 1 and per-
centage of variance explained for each type of damage
abundant in each bear nucleus (A: western Cantabrian subpop-
ulation from 1997 to 2017; B: eastern Cantabrian subpopula-
tion from 2008 to 2017; C: Pyrenean population from 1998 to
2017), for both productivity and climatic sets of indicators.

Figure A.l. Percentage of hard mast, fruits and berries,
insects, mammals and herbs in the brown bear diet for the (A)
Cantabrian population and (B) Pyrenean population (extracted
from FAPAS, 2017).

Figure A.2. From bottom to top, mean seasonal percentage
volume of herbs, fleshy fruits, hard mast, insects and verte-
brates (same colours as in Figure A.1) consumed by brown
bears in the Cantabrian Mountains from 1974 to 2004 (ex-
tracted from Naves et al., 20006).
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