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Abstract
Here we present annual nearest-neighbour distances (as a proxy of density) between females with cubs-of-the-year (hereafter
FCOY) and reproductive characteristics of brown bears Ursus arctos in the Cantabrian Mountains (NW Spain), from 1989 to
2017. FCOY nearest-neighbour distances and reproduction parameters of 19 focal females followed over several consecutive
years (from 2004 to 2017) were obtained from bears inhabiting the western sector of the Cantabrian Mountains, where most of
the bear population resides. In contrast, general reproductive characteristics were studied in the whole Cantabrian Mountains
(western and eastern sectors together) on a sample of 362 litter sizes and 695 cubs. Mean nearest-neighbour distance between
FCOY was 2559 ± 1222 m (range = 1305–4757 m). Mean litter size was significantly larger in the west (1.8 ± 0.2 cubs) than in
the east (1.3 ± 0.6 cubs). Mean litter size for the whole of the Cantabrian Mountains was 1.6 ± 0.3 cubs. Litter sizes of one, two
and three cubs represented 33.4, 56.1 and 10.5% of observed family groups, respectively. Interannual variations in litter size were
not significant for both the western and the eastern areas. Mean cub mortality was 0.2 ± 0.5 cubs and did not vary among years.
Cubmortality per litter size was 3.9% for one cub, 69.2% for two cubs and 26.9% for three cubs.Mean reproductive rate of the 19
focal females was 1.5 ± 0.6 cubs (n = 58 litters). Litter size of focal FCOY did not differ from the litter size obtained from
systematic observations in the whole Cantabrian Mountains. During this period, cub mortality occurred in 24.1% of the 58
litters. Females usually bred every second year (average litter interval = 2.2 years). The estimated reproductive rate for the bear
population was 0.7 young born/year/reproductive adult female.
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Introduction

The trend of an animal population depends on
the interactions between the life-history character-
istics of the species (e.g. density, fecundity and
survival) and local, external factors (e.g. availabil-
ity of shelter, reproductive sites and food, and
human density and distribution; Caughley 1977).
Knowledge of such basic properties of a popula-
tion is important for wildlife managers and has
crucial implications for species conservation, and
these factors may drive extinction risk (Brodie &
Gibeau 2007).

Concepts related to brown bear Ursus arctos popu-
lation dynamics and viability are increasingly of
interest as bear populations have been recovering in
several areas of Europe and the continental United
States over the past three decades (Chapron et al.
2014; van Manen et al. 2016). Indeed, the size and
frequency of litters, as well as the survival of cubs,
are important parameters of population dynamics
(Frkovic et al. 2001; Mano & Tsubota 2002; Ordiz
et al. 2008; Schwartz & White 2008) and, thus,
estimates of reproductive parameters are central to
inform decisions regarding the conservation and
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management of brown bears (Mano & Tsubota
2002; Moriwaki et al. 2017).

Brown bear reproductive characteristics are well
described for several European and North American
populations (Steyaert et al. 2012). However, no esti-
mates exist for the density of females with cubs-of-the-
year (hereafter FCOY) for the brown bear population
that inhabits the Cantabrian Mountains (NW Spain),
and only a few studies concerning reproductive char-
acteristics have been conducted in the past (Wiegand
et al. 1998; Palomero et al. 2007). Because the bear
population in the Cantabrian Mountains is isolated
from other European bear populations and has
shown a recent increase (Palomero et al. 2007; Pérez
et al. 2014; Gonzalez et al. 2016), monitoring density
and long-term reproductive characteristics is crucial,
yet fecundity and mortality are the only factors that
may influence current trends of this population. Thus,
to gain deeper knowledge of this small and isolated
bear population, we present here the annual nearest-
neighbour distance (hereafter NND) of FCOY and
reproductive characteristics of brown bears in the
Cantabrian Mountains calculated over a 28-year per-
iod. Moreover, the long-term (> 25 years) data avail-
able for this study allows circumventing the main
problem of research information obtained from small
populations, which is typically limited to small sample
sizes and, consequently, with subsequent manage-
ment and conservation decisions based on sparse
data sets.

Study area and bear population

The studied bear population inhabits the Cantabrian
Mountains (Figure 1), one of the main mountain
range systems in Spain, stretching over 300 km

across the northern part of the country, running
east–west, parallel to the coast. The maximum eleva-
tion is 2648 m above sea level, and the average
elevation is around 1100 m. The oceanic climate is
mild and humid throughout the year (range:
900–1900 mm; Martínez Cano et al. 2016), favour-
ing oak (Quercus petraea, Q. pyrenaica and Q. rotun-
difolia), beech (Fagus sylvatica) and chestnut
(Castanea sativa) on north-facing slopes, whereas
drier, south-facing slopes are mainly dominated by
oak (Q. petraea and Q. pyrenaica) and beech.
Subalpine matorral (Juniperus communis, Vaccinium
uliginosum, V. myrtillus and Arctostaphylos uva-ursi)
dominates mountain areas above the treeline
(~1700 m) (Martínez Cano et al. 2016). In some
areas, former forests have been converted into pas-
ture and brushwood through human activities
(Naves et al. 2003, 2006). The main economic activ-
ity of the region is livestock farming, followed by
mining, tourism, agriculture and timber harvesting.
In some areas the human population density is gen-
erally low (< 15 habitants/km2; http://ec.europa.eu/
eurostat/statistics-explained/index.php/Population_
grids), whereas others have experienced extensive
urban and agriculture development, connected by a
network of transport infrastructures (Mateo-Sánchez
et al. 2016).
At the beginning of the 20th century, the

Cantabrian population split into western and east-
ern subpopulations, separated by a strip of land
50–100 km wide, with bears in the two subpopula-
tions declining in number until the mid-1990s
(Gonzalez et al. 2016) (Figure 1). Today, brown
bears in the Cantabrian Mountains are showing a
positive trend and the two subpopulations are
reconnecting (Pérez et al. 2010; Gonzalez et al.

Figure 1. Study area and the distribution of brown bears in the western and eastern sectors of the Cantabrian Mountains, NW Spain.
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2016): the two subpopulations seem to be still
partially separated because they might be con-
nected by males only, but not by breeding females;
yet a gap of some 80 km without breeding females
between the subpopulations seems to exist. The
western portion of the population represents 85%
of the entire population, for which a genetic census
conducted in 2006 estimated approximately 203
bears (confidence interval (CI) 95% = 168–260)
in the west and 19 bears (CI 95% = 12–40) in
the east (Pérez et al. 2014). Because the data for
this study have been collected since 1989, when the
two subpopulations were still separated, reproduc-
tive characteristics are also shown for both the
western (1989–2017) and eastern (1989–2015) sec-
tions of the Cantabrian Mountains whenever
possible.

Methods

Data collection

FCOY NND and reproduction parameters of 19
“focal” females followed over several consecutive
years (see Estimation of reproductive parameters)
were obtained from individuals inhabiting the wes-
tern sector of the Cantabrian Mountains (where
most of the bear population resides) only, whereas
general reproductive characteristics (see Estimation
of reproductive parameters) were studied in the entire
mountain range. The long-term monitoring of the
Cantabrian population, which started in 1989, is
primarily based on sightings and the annual count-
ing of FCOY (Palomero et al. 2007; Gonzalez et al.
2016; Penteriani et al. submitted). The observa-
tions of FCOY were principally the result of: (1)
systematic bear observations performed by person-
nel (mainly rangers) of (a) the Bear Team (Patrulla
Oso) of the Principado de Asturias, (b) the
Autonomous Communities of the administrative
regions (Asturias, Castilla y Leon, Cantabria and
Galicia) inhabited by brown bears, (c) the Asturian
Foundation for the Conservation of Wildlife
(FAPAS, Fondo para la Protección de los
Animales Salvajes) and (d) the Brown Bear
Foundation (FOP, Fundación Oso Pardo); and
(2) personal observations of the authors. The
abovementioned systematic observations, which
have previously been applied successfully to the
study of this bear population (Palomero et al.
2007; Gonzalez et al. 2016), indicate that most of
the area potentially favourable to bears has been
intensively prospected every year. Although sys-
tematic observations of FCOY were principally

conducted from March to May, i.e. at the time of
den emergence and when FCOY settle close to
their dens (Miller 1990; Kovach et al. 2006;
Penteriani et al. submitted), they were also per-
formed throughout the whole year (albeit at lower
frequencies). In fact, hibernation in the Cantabrian
Mountains may be relatively short and may predo-
minantly coincide with snow and particularly cold
days (Palomero et al. 2007; Nores et al. 2010;
Penteriani et al. 2018a).
All the observations were done during daytime

and, generally, from distances that varied from
several hundreds of metres to 1–1.5 km. As in
Penteriani et al. (submitted), the different bear
families were recognised on the basis of the combi-
nation of: (1) colour patterns of mothers, (2) num-
ber and characteristics (i.e. colour and distribution/
shape of neck white patches) of cubs, and (3) dis-
tances between direct observations of family groups
(Ordiz et al. 2007; Palomero et al. 2007). This
information also allowed differentiating between
families eventually observed on the same day in
neighbouring areas. FCOY were videorecorded
and photographed from multiple angles every year
as they emerged from their dens with cubs, which
allowed comparison with images of previous years
to establish the mothers’ identity. Indeed, indivi-
dual patterns of colours and markings do not
change seasonally or even year to year, and thus
can be used as the most definitive factor in the
identification of individual bears (Palomero et al.
2007; Shimozuru et al. 2017). As in Shimozuru
et al. (2017), chest markings and colour variations
were the main elements used in identifying indivi-
duals. The colour patterns of mothers also allowed
estimating reproductive parameters of focal females
(see Estimation of reproductive parameters). As
also reported by Manchi and Swenson (2005), in
our study area females showed fidelity to their
reproductive areas (authors’ unpublished data)
such that: (1) reproductive dens occupied in suc-
cessive years can be relatively close together, gen-
erally from few dozen to several hundred metres;
and (2) the same dens can be used for reproduc-
tion in successive years.

Estimations of FCOY NND

For those years in which data were available, we
calculated an estimator of FCOY density in the wes-
tern Cantabrian Mountains, i.e. the NND between
FCOY. NND represents the distance between each
FCOY and its nearest neighbour’s FCOY. To calcu-
late the NND we only considered those
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neighbouring FCOY for which it was possible to
definitively establish that there were no other closer
neighbouring FCOY. NND was calculated on the
basis on the location of the first observation of each
neighbouring FCOY after den emergence (i.e. April–
May in the study area). The first observation after
emergence generally located each FCOY in the close
surroundings of the reproductive den. Indeed,
immediately after den exit FCOY tend to adopt a
sedentary lifestyle and have very small home ranges,
presumably to minimise the risk of infanticide
(Dahle & Swenson 2003a; Martin et al. 2013;
Steyaert et al. 2013). Additionally, by correlating
NND and litter size, we tested whether there were
spatiotemporal reproductive patterns in FCOY, i.e.
whether reproductive females living near each other
may influence each other’s litter size (Ordiz et al.
2008).

Estimation of reproductive parameters

For the whole Cantabrian Mountains, mean litter size
(i.e. mean number of cubs per litter) was determined
immediately after den exit and, when possible, checked
each time the same FCOY was observed from den exit
to the following den entry (Wielgus & Bunnell 2000).
However, because of the lower visibility of FCOY in our
study area when families leave the surroundings of the
dens (Penteriani et al. submitted), our data do not
always account for those cubs that died later in the
season (Wielgus & Bunnell 2000; Shimozuru et al.
2017). It is noteworthy that the litter sizes estimated at
den emergence are higher because some cubsmay die in
subsequent months. However, when the same female
was observed with her cubs from late summer to the
next den exit (i.e. with yearlings), we also calculated the
“late” mean litter size (available for the western
Cantabrian Mountains only), i.e. number of cubs after
last FCOY observation in summer–winter of the same
year or after den emergence the following year. Entire
litters of cubs no longer seen near their mother during
the year of den emergence were considered dead, and
we inferred death of individual offspring when a litter
declined in number (Garshelis et al. 2005). Thus, in the
case of entire litter loss or reduced litter size, we also
estimated cubmortality, reported as (1) mean cubmor-
tality per female per year and (2) the percentage of cub
mortality per litter size. It has been possible to detect
entire litter losses when recognisable females: (1) were
observed without their cubs in the months between den
emergences and successive den entry; and/or (2) repro-
duced during two years in a row.

Additionally, 19 focal female bears were followed for
two or more consecutive years during the period
2004–2017 in the western Cantabrian Mountains. As

detailed above, the different females were recognised
on the basis of the configuration of colour patterns after
comparative analyses of pictures and videorecordings.
For these focal FCOY we estimated: (1) female repro-
ductive rates, i.e. the number of cubs that these focal
FCOY produced divided by the total number of years
they were monitored; (2) cub mortality per year; and
(3) average interval between litters, i.e. the number of
years from the production of one litter to the next.
Finally, using the reproductive output of these focal
FCOY, we also estimated (4) the reproductive rate for
the population, dividing the mean litter size by the
mean litter interval (McLellan 1989; Wielgus &
Bunnell 1994, 2000).

Statistical analyses

The Spearman’s rank correlation coefficient was used
to assess the potential relationship between FCOY
NND and litter size. Analysis of Variance (ANOVA)
was employed to test for interannual variations in litter
size. The use of the Mann–Whitney test allowed for
comparisons: (1) of mean litter size of the western vs.
the eastern portions of the bear population, for the
period (2004–2017) for which data were available for
both portions; and (2) of the litter size recorded by
systematic observations vs. the litter size of focal
females. The Kruskal–Wallis test was used to compare
annual variations in cub mortality in the west.

Results

FCOY NND

The NND of FCOY was calculated for four years
and for a total of 16 FCOY: 2007 (n = 2 FCOY),
2013 (n = 6), 2016 (n = 5) and 2017 (n = 3). Mean
NND between FCOY was 2559 ± 1222 m and
NND ranged from 1305 to 4757 m. No significant
correlation was detected between NND and litter
size (ρ = −0.35, p = 0.25, n = 13).

Reproductive parameters: general characteristics

During the 1989–2017 period 362 litter sizes were
recorded, 298 (82.3%) in the western and 64 (17.7%)
in the eastern portions of the Cantabrian Mountains.
Mean litter size was 1.8 ± 0.2 cubs (n = 596 cubs) in the
west and 1.3 ± 0.6 cubs (n = 99 cubs) in the east, while
litter size for the whole of the Cantabrian Mountains
was 1.6 ± 0.3 cubs (n = 695). Mean litter size was
significantly higher in the west than in the east
(Z = −4.66, p = 0.0001, n = 29, 27). Interannual
variations in litter size were not significant for both the
western (F22,275 = 1.02, p = 0.43) and the eastern
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(F26,41 = 1.68, p = 0.07) areas, even though in the
eastern portion of the study area interannual differences
were more marked (Figure 2). Litter sizes of one, two
and three cubs represented 33.4% (n = 121), 56.1%
(n = 203) and 10.5% (n = 38) of observed family
groups, respectively.

From 1995 to 2016we recorded 139 late litter sizes in
the western sector, exhibiting values (1.7 ± 0.7 cubs;
n = 234 cubs) nearly equal to the mean litter size calcu-
lated at den emergence. Late litter size revealed: (1) a
mean cubmortality per female per year of 0.1 ± 0.5 cubs
(which did not vary among years: χ218 = 15.96,
p = 0.60); and (2) an occurrence of cub mortality per
litter size of 3.9% for one cub, 69.2% for two cubs and
26.9% for three cubs. During the period 1995–2016,
cub mortality occurred in 19.4% of the 139 litters.

Reproductive parameters: focal females

Within the period 2004–2017, the reproductive rates of
19 females were followed for 2 consecutive years (in one
case only, a female lost her cub and reproduced success-
fully the year after) to 12 consecutive years (mean num-
ber of consecutive years per female = 5.2 ± 2.4 years).
Mean litter size was 1.5 ± 0.6 cubs (n = 58 litters). The
litter size of focal FCOY did not differ (Z = −0.09,
p = 0.93, n = 234, 58) from the litter size obtained
from systematic observations in the whole Cantabrian
Mountains. During this period, cub mortality occurred
in 24.1% of the 58 litters, and in 64.3% of the cases of

littermate loss the entire litter died (in the other 35.7%
of cases only one of two or three cubs died).
Females usually bred every second year (average

litter interval = 2.2 years). The interval between
litters (n = 33) was 2 years in most cases (81.8%),
although in five cases (15.2%) a likely interval of 3
years was observed. One female seemed to show an
interval of 4 years, but we cannot confidently
exclude the possibility that during this time at least
one attempt at reproduction occurred. On the basis
of the recorded intervals between litters and the
absence of yearlings near their mother starting from
mid-spring (mating period) of the year following
their first den exit (generally all offspring in a given
litter leave at the same time; Dahle & Swenson
2003b), we assumed that independence from the
mother occurred when almost all the littermates
were ca. 1 year old (i.e. at the stage of yearlings).
By excluding the uncertain litter interval of 4 years
and considering the average litter interval of
2.2 years and the mean litter size of 1.5 cubs, the
estimated reproductive rate for the population was
0.7 young born/year/reproductive adult female.

Discussion

Our estimates of the brown bear population in the
Cantabrian Mountains suggest a population mainly
characterised by: (1) locally high densities of FCOY,
which do not seem to negatively affect female

Figure 2. Interannual variations in brown bear mean litter size (number of cubs) for the western (1989–2017) and eastern (1989–2015)
sectors of the Cantabrian Mountains.
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fecundity; and (2) larger litter sizes in the western
sector, which confirm the pattern previously observed
by Palomero et al. (2007). It has been suggested that
productivity differences between the two areas of the
Cantabrian Mountains might be due to (Naves et al.
2003; Palomero et al. 2007): (1) greater genetic varia-
bility in the west and, thus, better genetic fitness; and/
or (2) higher habitat quality (in terms of food diversity
and availability) in the west. However, both the wes-
tern and eastern sectors were characterised by low
interannual variations; (3) relatively low cub mortality,
which was also observed to be constant from year to
year; (4) an interval between litters of 2 years in most
cases; and (5) a relatively high population reproductive
rate.

FCOY density seems to have increased since 2004
(Palomero et al. 2007), when in the western
Cantabrian Mountains the nearest observations of
females with three cubs were 16 km apart and
females with two cubs were > 14.5 km apart, except
in a few cases (e.g. 4 and 8.8 km). Although with our
data set it was not possible to detect any relationship
between female fecundity and density, it is important
to mention here that Ordiz et al. (2008) highlighted
that, at short distances (< 10 km), females with cubs
had a negative effect on their neighbouring female’s
likelihood of having cubs of the year, arguing that
reproductive suppression is probably caused by
resource competition among females living close to
each other. These authors proposed that the
mechanism involved is a greater probability of
encounter between two neighbouring estrous
females, allowing one to dominate the other and
suppress her estrus. More direct data (i.e. radio-
tracked individuals, as in Ordiz et al. 2008) are
thus needed to confirm this pattern in the
Cantabrian bear population.

Reproductive parameters vary among bear popula-
tions, and Cantabrian brown bears exhibited some of
the lowest litter size values recorded throughout the
distributional range of the species (Steyaert et al.
2012). Litter size does not seem to have changed from
previous observations that ended in 2004 (Palomero
et al. 2007). Similar values of litter size have been
recorded, e.g. in Banff National Park and Kananaskis
Country (Alberta: 1.8 cubs, Garshelis et al. 2005), the
MackenzieMountains (Canada: 1.8 cubs, Steyaert et al.
2012), Banff-Kanan, (Canada: 1.8 cubs, Steyaert et al.
2012), Hokkaido (Japan: 1.6–1.8 cubs, Mano &
Tsubota 2002; Shimozuru et al. 2017; and 1.5 cubs,
Moriwaki et al. 2017) and the Swan Mountains (USA:
1.6 cubs, Steyaert et al. 2012). It is worth noting here the
similarity in reproductive traits between the Cantabrian
population and another small and isolated population in
southern Europe, the Apennine brown bear population

in Central Italy (Tosoni et al. 2017). Indeed, both the
mean litter size (1.9 cubs in the Italian population and
1.8 in the western Cantabrian Mountains) and the
observed litter sizes of one, two and three cubs were
similar (26, 55 and 19%, respectively, for the Apennine
brown bears; Tosoni et al. 2017).
However, the small litter size of Cantabrian bears is

compensated by short mean litter intervals (as is typical
of European and Japanese bear populations; Frkovic
et al. 2001; Dahle & Swenson 2003b; Steyaert et al.
2012; Shimozuru et al. 2017), which results in a rela-
tively high population reproductive rate (0.7) com-
pared to bear populations from other parts of Europe,
Asia and North America (Garshelis et al. 2005;
Steyaert et al. 2012; Shimozuru et al. 2017). The esti-
mated reproductive rate for the Cantabrian population
is among the highest recorded for brown bears (i.e.
from 0.23 to 0.96; reviewed by Steyaert et al. 2012)
and is similar to the reproductive rate recorded in
south-eastern British Columbia (McLellan 1989); in
south-west Kugluktuk, Northwest Territories
(Canada; Case & Buckland 1998); in the Selkirk
Mountains Grizzly Bear Ecosystem (northern Idaho,
north-eastern Washington and southern British
Columbia; Wielgus & Bunnell 2000); and in
Hokkaido (Shimozuru et al. 2017). A shorter interval
between litters and a relatively high reproductive rate
might be due to the high habitat quality of the
Cantabrian Mountains (Martínez Cano et al. 2016),
as also suggested by Shimozuru et al. (2017) for the
Hokkaido region.
Intervals between litters seem to be more impor-

tant than litter size in influencing the long-term
reproductive rate in brown bear populations (Dahle
& Swenson 2003b). Dahle and Swenson (2003b)
suggested that bear offspring are reported to be
weaned as yearlings in southern European popula-
tions because yearlings are heavier in southern than
in northern Europe. Indeed, mean litter size has
been correlated with female body weight and lati-
tude, i.e. heavier bears at higher latitudes tend to
have larger litters (Shimozuru et al. 2017). The
Cantabrian brown bear population is at the southern
limit of the species’ distributional range and the body
weight of adult females is relatively low, which sup-
ports the above theory. Reproductive parameters
such as litter size and reproductive interval, which
can vary annually and according to geographic loca-
tion, can also be influenced by local food availability
(particularly autumnal food influencing maternal
condition during the pre-hibernation period), indivi-
dual condition and climate (Moriwaki et al. 2017).
However, determining mean interval between litters
for a brown bear population should be approached
cautiously, especially for small sample sizes,
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considering annual fluctuations in pregnancy rate
(Mano & Tsubota 2002); long-term observation of
individuals using radiotracking techniques would
provide more rigorous estimates of the reproductive
history of females. As an end result, our study
yielded an especially noteworthy implication for this
bear population, i.e. if human-induced mortality
(which seemed to have been the main cause of the
decline of the species in the 1990s; Wiegand et al.
1998; Naves et al. 2003; Palomero et al. 2007;
Martínez Cano et al. 2016) continues to be restricted
to very few cases, the potential for population growth
seems quite high and encouraging for the future of
this population. Thus, although this population is
small and still vulnerable to the impacts of varying
human activities and behaviours, it appears that
efforts designed to preserve the Cantabrian brown
bear are working.

Litter size proportions, with two cubs being the
most common family group, are similar to those
recorded by Mace et al. (1998, 2012), Dahle and
Swenson (2003b), Miller et al. (2003), Schwartz
et al. (2006) and Shimozuru et al. (2017), and have
not changed during the last 13 years (Palomero et al.
2007). Mean cub mortality per female per year
(0.2 cubs) is similar to the annual cub loss (0.4)
recorded in central Sweden–south-eastern Norway
by Swenson et al. (2001).

Similar to the observations of Frkovic et al. (2001)
and Zedrosser and Swenson (2005), when compar-
ing seasonal differences in litter size we did not find
significant differences between spring and autumn
litter size in the western sector of the Cantabrian
Mountains. This means that when cub mortality
after den emergence is not high (as seems to be the
case in the bear population of the Cantabrian
Mountains), observations of FCOY in early spring
(i.e. immediately after den exit) may provide reliable
information on reproductive output. Similarly, the
percentage (19.4%) of littermate loss recorded by
systematic observations in the west was similar to
the percentage of mortality events (24.1%) recorded
from focal females in the same area.

The results obtained by our systematic observa-
tions demonstrate the importance of continued
investment in this monitoring program, which can
provide managers with the necessary information to
properly evaluate both the trajectory of this bear
population and previous habitat management actions
(e.g. http://www.fundacionosopardo.org/index.php/
proyectos/proyectos-life/proyecto-life-desfragmenta
cion-oso/and http://www.fundacionosopardo.org/
index.php/proyectos/proyectos-life/proyecto-life-cor
redores-oso/), as well as to possibly assess the
impacts of environmental change (e.g. climate

change). However, because basic demographic infor-
mation based on genetic studies and systematic
observations is relatively well known for the
Cantabrian brown bear population (Palomero et al.
2011, 2007; Gonzalez et al. 2016; this study), we
consider that it is now necessary to also include
more individual-based research that includes the
use of radiotracking in the Cantabrian Mountains.
Indeed, beyond the fact that radiotracking allows
acquiring crucial information, such as bear rhythms
of activity, dispersal and home range behaviour, the
maintenance of radiocollared bears in bear recovery
areas is a primary means of detecting and monitoring
human-caused mortality (which has been the most
important cause of bear population decrease in the
Cantabrian Mountains; Wiegand et al. 1998;
Palomero et al. 2007; Pérez et al. 2014; Gonzalez
et al. 2016; Martínez Cano et al. 2016), and may
provide a deterrent to poaching, a warning system
allowing for early detection of population decrease,
and a means of increasing the effectiveness of mon-
itoring programs (Wakkinen & Kasworm 2004;
Schwartz et al. 2006; Harris et al. 2007).
The future of brown bears in the Cantabrian

Mountains will also be dependent on a joint effort
and management, independent of which governmen-
tal organisation (i.e. Autonomous Regions) has pri-
mary jurisdiction at a local scale. Specific regulations
and agency responsibilities may change, but bears
will require trans-regional adaptive management
efforts (Schwartz et al. 2006). Since the Cantabrian
bear population extends across several regions, con-
tinuous efforts are required to increase trans-regional
coordination in conservation and management poli-
cies (Penteriani et al. 2018b). Although conservation
efforts have helped to some extent in bringing about
the current increasing population trend, manage-
ment issues still arise: periodic revisions of the bear
recovery plan by Autonomous Regions will provide a
great opportunity to review conservation achieve-
ments, failures and needs, and set joint plans for
the conservation of this brown bear population
shared by four administrative units.
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