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Universidad de Oviedo, C/Julián Claverı́a s/n,

E-33071 Oviedo, Spain
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Isla de la Cartuja, E-41092 Sevilla, Spain
4Urb/Las Lomas, C/Rio Sil 140, Golpejar de la Sobarriba,

24195 León, Spain

Abstract: The brown bear (Ursus arctos) population

in the Cantabrian Mountains of northwest Spain is

among the most endangered bear populations

worldwide. It is divided into 2 isolated and

genetically differentiated subpopulations. We pre-

sent evidence of recent male migration between the

subpopulations based on genetic identification of

hair and scats samples gathered between 2004 and

2007. Of 76 identified individuals, our analysis

assigned 3 males sampled in the eastern subpopula-

tion to the western subpopulation. As well, 1 male

genetically belonging to the eastern subpopulation

was repeatedly sampled along his way to the western

subpopulation during April to November 2006 (a

linear distance of 144 km). This bear’s path may help

identify natural corridors, which could be improved

through restoration management. In addition, we

identified 2 genetically admixed individuals during

2008 in the Western limit of the eastern subpopula-

tion range. Connectivity between subpopulations

and gene flow appears to be improving after a long

isolation.
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Fragmentation and small population size are

among the primary risks to population persistence

for endangered species. Thus, improving connectiv-

ity is a frequent aim of conservation projects. Brown

bears (Ursus arctos), once found throughout the

entire Iberian Peninsula, have been severely reduced

in numbers since the 16th century due to habitat

destruction and overexploitation by humans (Naves

and Nores 1997). This decrease in population size

can also be noted at the level of genetic diversity

(Valdiosera et al. 2008). Two very small, isolated

populations remain in the Iberian Peninsula (Can-

tabrian and Pyrenees Mountains), both among the

most endangered worldwide (Zedrosser et al. 2001).

The Pyrenean population was reduced to 5 or 6

individuals by 1980, and 2 reintroductions from

Slovenia were made in 1996–97 and in 2006. The

Cantabrian population of northwest Spain is frag-

mented into 2 areas separated by 30–50 km of

mountainous terrain (distance between reproductive

nuclei is about 90 km; Palomero et al. 2007). The

western subpopulation had around 50–60 indivi-

duals (Wiegand et al. 1998) and the eastern

subpopulation, about 20 individuals (Naves et al.

1999) in the early 1990s. Abundance indices (number

of females with cubs) have increased in recent years

(Palomero et al. 2007), providing some indication

that the population may have begun recovering.

However, interchange between these 2 subpopula-

tions is difficult (Naves and Nores 1997) due to

unsuitable habitat (open mining and ski resorts) and

a high-speed railway and motorway that bisect the

area. Genetic studies have confirmed that the

subpopulations are genetically differentiated and

have been isolated from each other for a long while

(Garcı́a-Garitagoitia et al. 2007, Pérez et al. 2009).

Pérez et al. (2009) reported on the genetic status of

the Cantabrian population based on microsatellite

markers obtained with non-invasive sampling. They

detected 1 migrant male from the western subpopu-

lation present in the eastern area from a 2005 hair

sample. Previously, Garcı́a-Garitagoitia et al. (2007)

reported a possible migrant adult male from the

western subpopulation in the eastern one after his

death in 1992. In this short communication, we

present additional data on migration and genetic

exchange between the 2 subpopulations. This is of5sanjurjo@uniovi.es
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104



broad interest because connecting the subpopula-

tions is a goal of recovery efforts for this population

included in the Strategy for the Conservation of

Cantabrian brown bear (Comisión Nacional para la

Protección de la Naturaleza, CNPN 1999), a

national plan that puts together the 4 regional

recovery plans (Cantabria in 1989, Castilla y León

in 1990, Asturias in 1991 and 2002, and Galicia in

1992) for the species.

Methods
We collected non-invasive samples (feces and

hairs) in the field between 2004 and 2007 using

opportunistic and systematic sampling (Pérez et al.

2009). We also included 2 fecal samples taken in

October of 2008 in the border area of the eastern

nucleus. We analyzed a total of 299 samples: 112 of

hair and 187 of feces. Of the 299, 227 came from the

western subpopulation and 72 came from the eastern

subpopulation. Our data also included 133 non-

invasive samples (75 reliable genotypes) of the

previous study (Pérez et al. 2009). Samples were

genotyped for 18 microsatellite markers (G1A, G1D,

G10B, G10C, G10J, G10L, G10O, G10P, G10X,

MU05, MU09, MU10, MU23, MU50, MU51,

MU59, MU61, MU64), as well as the sex marker

SRY (Bellemain and Taberlet 2004).

We adopted recommendations for limiting errors

in non-invasive genotyping as follow. We performed

DNA amplifications in a 2-step PCR following

Taberlet et al. (1997) for fecal samples, but used

only 1 PCR for hair samples. The amplification was

carried out following the multiplex preamplification

method (Piggot et al. 2004. Bellemain and Taberlet

2004). Three positive PCRs were first analysed, a

consensus genotype was assigned using the GIM-

LET v.1.3.2 software (Valière 2002), and its relia-

bility was tested using the RELIOTYPE software

(Miller et al. 2002). If we found a multilocus

genotype with reliability ,95%, more repetitions

were carried out until achieving that level of

reliability. We discarded samples that could not be

reliably typed for at least 14 of the 18 loci after the

entire process was completed. We determined

genotypic mismatches between all scores to identify

samples from the same individual (Pérez et al. 2009).

We obtained reliable genotypes for 143 of the

samples. We identified 17 individuals (6 females, 10

males, and 1 of unknown sex) in the eastern

subpopulation and 60 individuals (34 females, 26

males) in the western subpopulation. One male was

sampled from both subpopulations; thus, we identi-

fied 76 individuals in the Cantabrian population

from non-invasive sampling to date.

Results
Correspondence among individual genotypes was

studied by factorial correspondence analysis (FCA),

performed with the software GENETIX version 4.02

(Belkhir et al. 1996–2004). Results clearly show 2

clusters, corresponding with the 2 Cantabrian

subpopulations (Fig. 1), as well as 2 intermediate

genotypes that correspond to the 2 individuals (one

male and one of unknown sex) sampled in 2008 near

the border of the eastern nucleus (Fig. 2).

In our analysis, 3 individuals detected in the

eastern area were grouped with individuals from the

western subpopulation; hence, we considered them

migrants. One individual was amale already identified

(Pérez et al. 2009); the other 2, also males, were newly

detected in the western edge of the eastern subpopula-

tion (Fig. 2). In addition, we detected 1 male in both

subpopulations. This male was first sampled in the

eastern subpopulation (May 2006) and was identified

another 3 times along his way to the west (Fig. 2).

Finally, in November 2006, we identified the same

male in the western edge of the western nucleus. The

linear distance between samples from this individual

summed to 144 km, and their spatial distribution

suggests that this bear travelled through the province

of León to south of the main axis of the Cantabrian

Mountains, in a zone which is becoming naturally

reforested (Garcı́a et al. 2007).

Dispersion is a male-biased process in brown bears

and long dispersing distances have been described,

both in North America (Glenn and Miller 1980,

Blanchard and Knight 1991, McLellan and Hovey

2001) and Scandinavia, where 80% of the males and

40% of the females dispersed by the age of 4 years

(Støen et al. 2006). The average distance of disper-

sion was 119 km (SE 5 27) and 28 km (SE 5 6) for

4-year-old males and females, respectively, from the

center of their natal areas (Støen et al. 2006:Fig. 3).

The longest dispersing distances recorded in Scandi-

navia were 90 km for a female and 467 for a male

(Støen et al. 2006).

We also conducted paternity analysis for the 2

bears of mixed genotypes using PARENTE (Cercueil

et al. 2002). This software investigates maternity,

paternity, or both simultaneously, without any a
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Fig. 2. Distribution of brown bears and location of the samples genotyped in the eastern (white) and western
(black) subpopulations in the Cantabrian Mountains (based on Naves et al. 2003; each cell represents a square
of 5 x 5 km), 2004–07. Admixed individuals are represented by black and white circles. The inferred mother and
father of admixed individuals are marked. Samples corresponding to one migrant individual are connected
with a dashed line.

Fig. 1. Distribution of individual Cantabrian brown bears, 2004–2007, from the eastern (white) and western
(black) subpopulations according to genotype, based on factorial correspondence analysis (FCA).
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priori assumptions. Paternity probabilities were

calculated taking into account allelic frequencies in

the population and a global error rate of 0.05 (see

Pérez et al. 2009). For sampling rate (proportion of

the population included in the sample), we used both

0.5 and 0.75, corresponding to population sizes of

152 or 101, respectively, given that we identified 76

individuals. A female genotype was inferred as the

mother of the 2 admixed individuals with a prob-

ability higher than 0.97. The inferred father had a

probability higher than 0.99 for one of the indivi-

duals and 0.34 or 0.60 (assuming sampling rates of

0.5 and 0.75, respectively) for the other. That the

pair involved were the parents was also compatible

with the simultaneous test of maternity and pater-

nity. Thus, the 2 admixed bears seem to be brothers,

descendants of one of the females sampled in the

eastern subpopulations and a migrant male that

came there from the western subpopulation (both

identified in Fig. 1 and Fig. 2 arrows). We infer that

connectivity between both subpopulations is occur-

ring after a long isolation, and the migration is

effective in terms of gene flow.

Discussion
The Cantabrian population needs to be managed

as a unique unit, with connectivity between them as a

priority of Cantabrian Recovery Plans (CNPN 1999).

The western subpopulation shows a low level of

genetic diversity, among the lowest found in the species

(Pérez et al. 2009), probably due to a sharp decline of

the population size that began about 300 years ago

(Naves and Nores 1997) while diversity in the eastern

subpopulation is among the lowest found in literature

(Paetkau et al. 1998). Following the results on

migration and effective gene flow reported here,

genetic diversity is expected to increase, especially in

the east subpopulation, which is essential for its

survival. It is important to continue identifying the

main corridors and barriers between subpopulations

and restoring and preventing habitat destruction to

continue improving connectivity. Monitoring popula-

tion genetic diversity over the next few years would

offer a unique opportunity to measure the effects of

gene flow on the long-term viability of an endangered

population of a large carnivore.
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