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Summary
We analysed the trend of the number of singing males of Cantabrian Capercaillie Tetrao
urogallus cantabricus in 207 leks on the southern slope of the Cantabrian mountains, northwest Spain, in the period 1981 to 2003. The area of occupancy in 1981–1982 covered up to
approximately 2,070 km2, but in 2000–2003 it was 693 km2, a 66% area reduction in 22 years.
The 1981–1982 census estimated a minimum number of 274 singing male Capercaillie on the
southern slope, but in 2000–2003 only an estimated 81 males were recorded, a reduction of
70%. A linear regression was used to detect and describe the changes in the size of the total
population of the southern slope as well as individual subpopulations. The overall trend for the
total subpopulations was a significant decrease in the number of males (y = 39.94−0.018x;
R2 = 0.944, P < 0.001). The negative regression slopes indicated that the number of males had
fallen in all the subpopulations considered. In the western core area the greatest annual mean
rate of decline was detected in the Sierra de Picos de Ancares subpopulation (−6.22%) and in the
eastern core in the Sierra de Riaño subpopulation (−3.43%). The principal local limiting factors
(habitat fragmentation, human disturbance, small population size and competition) that have
caused the population decline are discussed, together with the demographic, genetic and
evolutionary consequences for the surviving subpopulations.

Introduction
Capercaillie Tetrao urogallus is considered an important indicator and umbrella species for boreal and montane forest biodiversity conservation (Potapov and Flint 1989,
Moss et al. 1991, Valkeajärvi and Ijäs 1993, Storch 1995, Suchant 2001, Suter et al.
2002). The species has a contiguous distribution in the boreal forest, but in western
and central Europe is scattered, due primarily to the patchy distribution of forest that
remained after the last ice age. The isolation has led to the formation of subspecies,
as in the Pyrenees (T. u. aquitanicus) (Potapov and Flint 1989) and the Cantabrian
mountains (T. u. cantabricus) (Castroviejo 1967, 1975).
Since the second half of the twentieth century, anthropogenic habitat deterioration
and fragmentation, human disturbance, increasing predator and competitor densities
and possibly climate change have led to an overall population decline and range contraction of the Capercaillie in western and central Europe (Storch 2000, Moss et al.
2001, Segelbacher et al. 2003). Many populations have disappeared and most of the
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remaining ones are isolated and small (Blair et al. 1997). Capercaillie is Red-Listed
throughout western and central Europe (Storch 2000).
T. u. cantabricus inhabits both slopes on the Cantabrian mountains, geographically
isolated and separated from the nearest neighbouring metapopulation in the Pyrenees
by a distance of 300 km (Storch 2000). On the northern slope (Asturias and Cantabria
provinces) the range is continuous with an incipient partition in the central section,
but on the southern slope (León and Palencia provinces) was already separated into
two cores in the 1980s without a presence in the central area (Figure 1), where there
had been Capercaillies in the 1960s and 1970s (Castroviejo 1975).
Cantabrian Capercaillie occurs in mature beech Fagus sylvatica forest and mixed
forest of beech and oaks Quercus robur, Q. petraea and Q. pyrenaica, and its diet
consists of beech buds, catkins of birch Betula alba and holly leaves Ilex aquifolium.
Other European Capercaillie subspecies inhabit coniferous forests (pine, spruce, fir,
etc.) and feed mainly on conifer needles. However, as in other European subspecies,
presence of the Cantabrian Capercaillie is associated with bilberry Vaccinium myrtillus, which represents an important component of its diet (Rodríguez and Obeso
2000).
Cantabrian Capercaillie is the most endangered of the 12 subspecies recognized,
listed in Appendix II of the Berne Convention, and qualifies to be listed as Endangered
(Storch 2000) according to the IUCN Red List Categories. In 1998 it was reclassified in
the Spanish Catalogue of Threatened Species as ‘Vulnerable’ (Real Decree 439/1990
and 9 July 1998 Order).

Figure 1. Map of the area of occupancy of Cantabrian Capercaillie in the Cantabrian mountains,
Spain, in 2000–2003.
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At present T. u. cantabricus subspecies inhabits a 2,000 km2 range in the Cantabrian
mountains. In the 1980s and 1990s the metapopulation demonstrated a clear reduction
(Pollo et al. 2003a) both in number of males and in the ‘area of occupancy’ (IUCN
2001), mainly in the peripheral areas of Sierra de Picos de Ancares (Galicia and
Castilla y León), Palencia province, eastern Cantabria and northern locations in
Asturias (Pollo 2001).
The objectives of this study were to analyse the trend in the number of singing
males of Cantabrian Capercaillie Tetrao urogallus cantabricus on the southern slope
of the Cantabrian mountains, in the period 1981–1982/2000–2003, to determine
the form of decline in each subpopulation and the relationship to its geographical
situation.
Study area
The Cantabrian mountains extend along the north-west of Spain, parallel to the
Cantabrian Sea coast, forming a 480 km east–west wall. The northern slopes drop
steeply to the Bay of Biscay while the southern slopes descend gradually to Spain’s
arid central plateau, the valley of the Duero river, which generates a great variety of
landscapes with different botanical characteristics. The mountains comprise a series
of high ridges in the autonomous communities of Galicia, Asturias, Cantabria and
Castilla and León, Torre Cerredo (2,648 m) in the Picos de Europa group in the central
section being the highest peak (London Times 1999).
These mountains are geologically of similar origin to the Pyrenees. In the west
the soil is siliceous and the forest cover is fundamentally deciduous forests of Q. robur
and Q. pyrenaica, while in the eastern zone on calcareous soil beech forests F.
sylvatica prevail. Frequently the woods are mixed with different and isolated elements: Sorbus spp., Fraxinus excelsior, Acer spp., I. aquifolium, Taxus bacatta, Tilia
platyphyllos and Corylus avellana. The upper part of the forest is formed by a long
zone of Betula alba that tends to disappear towards the East.
The subalpine cover, without an arborescent layer, consists of a scrub of Erica
arborea, Genista florida, Ulex cantabricus and Juniperus spp. Rocky outcrops are
numerous and support Vaccinium myrtillus and Festuca spp. (Blanco et al. 1997).
These mountains, together with the Pyrenees, are the last redoubt of the different
species of flora and fauna that occupied the Iberian Peninsula during the Quaternary
glacial periods. The Central, Eastern and Western massifs of the Picos de Europa are
all contained within the Picos de Europa National Park, a 1995 expansion of the
smaller Covadonga National Park.
Methods
Bird survey
In 1981–1982, 1987–1989, 1998 and 2000–2003 the numbers of singing males were
counted in 234 leks on the southern slope of the Cantabrian mountains. Due to
inadequate counting (absence of counting in certain years) we included only 207
leks (approximately 45% of the entire Cantabrian population) that were regularly
observed, these leks corresponding to 10 different subpopulations: eight in the eastern
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core (with 109 leks) and two in the western (with 98 leks). Three subpopulations on
the southern slope that were not included in the sample contained only small numbers
of males and are composed of very few leks.
Also we have used the data of the southern slope of the Cantabrian mountains
provided by the global census (del Campo and García-Gaona 1983) to determine the
number of singing males in 1981–1982 and the approximate area of occupancy.
Lek count technique
The number of lekking male Capercaillie is the traditional way of measuring the subpopulations. The number of males attending leks varies between sites, and although
males are present throughout the year near lek sites, peak numbers occur during
the breeding season in early mornings in spring (March, April and May). During the
visits the maximum numbers of displaying males was recorded and non-territorial
males were not considered.
The geographical positions of the leks were established using the experience of field
personnel (Agentes and Celadores de Medio Ambiente) of the Junta de Castilla y León
and several distribution maps (Castroviejo et al. 1974, del Campo and García-Gaona
1983, Fernández et al. 1992, L. Robles in litt. 1998, 1999, J. Seijas in litt. 1999, pers.
obs.). This information has been incorporated in a GIS application. The position of the
leks had not changed over the years.
In the Cantabrian mountains we define a lek as a ground that includes one or
two different traditional communal courtship displaying Capercaillie, generally separated by less than 2 km in continuous favourable habitat. At present the Cantabrian
Capercaillie population is declining and there are more solitary males than communal
leks. The whole set of leks of a side-valley or a continuous forested habitat is a
subpopulation, generally separated by intervening ridges.
The percentage of occupied leks has been used to determine the range of Cantabrian
Capercaillie on the southern slope of the Cantabrian mountains. The range has been
equated to the ‘area of occupancy’ according to the criteria and definitions of the
IUCN (2001a, b), which defines this area as the smallest area essential for the survival
of the population, delineated by a circle of 2 km radius around the occupied leks. The
resultant area equates quite well to the home range of the species (Pollo et al. 2003a).
Trends in abundance
The analyses were carried out on the maximum number of males recorded per lek
per year. Leks with missing data in certain years have not been included in the analysis, and we omitted 27 of the total of censused leks for this reason. To ensure that
the variables were normally distributed, as required for the tests used, the variable
number of males was transformed into log(number of males + 1). Linear regression
(Sokal and Rohlf 1995) was used to detect and describe the changes in the sizes of
the overall subpopulations on the southern slope of the Cantabrian mountains (by
combining the results from all the leks studied) and of each individual subpopulation
(by combining the results for all the leks in each subpopulation). Residuals normality
was checked by the Kolgomorov–Smirnov test (Zar 1984). The percentage of birds lost
each year was calculated by exp(slope) − 1 (Harris 1986).
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Results
In 1981–1982 the distribution of Cantabrian Capercaillie on the southern slope of the
Cantabrian mountains was in two large cores: eastern and western. However, at
present the distribution of the Capercaillie on the southern slope is fragmented into 13
small subpopulations: four in the western area and nine in the eastern (Figure 1). In
2000–2003, six (five in the eastern and one in the western) very small subpopulations
had only one singing male.
The area in 1981–1982 covered up to approximately 2,070 km2: 972 in the western
core and 1,098 in eastern. But in 2000–2003 the area of occupancy was 693 km2:
413 km2 in the western and 280 km2 in the eastern (Table 1). There has thus been a
reduction of 66% in area in the last 22 years: 58% in the western area and 74% in the
eastern.
The 1981–1982 census estimated a minimum number of 274 singing male
Capercaillie in the subpopulations studied (207 leks) on the southern slope. The surveys carried in 1987–1989 and 1998 estimated 219 and 94 males, while in 2000–2003
the estimate was only 81 males, a reduction of 70.4% with respect to the 1981–1982
census: 36.7% in the western core and 86% in the eastern (Table 1).
The number of Capercaillie males present in the leks during the breeding season
varied each year, but the overall trend for all the subpopulations on the southern
slope of the Cantabrian mountains was a significant decline in the number of
males (P < 0.001; Figure 2, Table 2). Changes in abundance differed according to
the subpopulation and core (Figures 3, 4). The slopes of the regression lines were
significantly different from 0 (P < 0.01) for six of the ten subpopulations.
The reduction in the number of males was less in Villablino-Murias de Paredes
subpopulation, but the negative regression slopes indicated that the number of males
had decreased in all the subpopulations of the two cores; in the western core the mean
annual rate of increase was lowest in the Sierra de Picos de Ancares subpopulation
(6.22%) (Figure 5) and in the eastern core (Table 2) in the Sierra de Riaño subpopulation (3.43%) (Figure 6). The residuals of all of the linear regressions were normally
distributed (P < 0.05).
Discussion
We observed a significant overall downward trend in the number of male Capercaillie
in the leks sampled and a reduction in the area of occupancy. The situation of
the eastern subpopulations is worse than that of the western, where the more stable
subpopulations are located (Pollo et al., 2003a).
Capercaillie subpopulations on the southern slope of the Cantabrian mountains
showed a decreasing trend; however, it is possible to categorize the subpopulations
into two groups. Peripheral subpopulations in the western (Sierra de Picos de Ancares)
as well as in the eastern core (North Palencia, Valdeón-Sajambre and Sierra de Riaño)
have declined faster than central subpopulations, mainly as of 1990. At the edge of the
area of occupancy, local extinctions have quickly reduced both the number of males
and the distribution; in Sierra de Picos de Ancares and North Palencia subpopulations
there is only occasional presence, and the situation is that of virtual extinction.
These results can probably be extrapolated to other subpopulations of this slope (the
sample analysed included more of the 88% of the known leks and were carried out

67
20

71
27

207

Total southern slope
274

90
62
6
6
2
5
7
9

1981–1982

219

70
14

32
66
7
7
3
9
9
2

1987–1989

Estimated no. of singing males

29
53
3
6
3
6
3
6

No. of leks

Eastern core
Valdeón-Sajambre
Sierra de Riaño
Burón
Pando
Boca de Huérgano
Puebla de Lillo
Puerto de Tarna
North Palencia province
Western core
Villablino-Murias de Paredes
Sierra de Picos de Ancares

Subpopulation

94

51
3

23
3
2
3
1
2
5
1

1998

81

55
0

13
2
1
4
1
1
3
1

2000–2003

2,070

812
160

165
225
136
228
131
72
44
97

Approximate area
of occupancy in
1981–1982 (km2)

693.04

412.62
0

112.12
16.74
14.45
79.65
12.56
14.45
17.89
12.56

Area of occupancy
in 2000–2003
(km2)

Table 1. Number of leks, singing male Capercaillie and area of occupancy (1981/1982 2000/2003), in different analysed subpopulations from the two cores on the southern
slope of the Cantabrian mountains, north-west Spain.
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Figure 2. Changes in the number of male Capercaillie counted in 1981–1982, 1987–1989, 1998
and 2000–2003, in a sample of 207 leks corresponding to 10 subpopulations on the southern
slope of the Cantabrian mountains, Spain. The unbroken line is the regression line. The
regression parameters are in Table 2.
Table 2. Trends in the annual abundance of singing male Capercaillie for 10 subpopulations of the southern
slope of the Cantabrian mountains between 1981 and 2003, where y = Constant + Slope x. Percentage of
birds lost each year is given by exp(Slope) − 1.
Subpopulation

Constant

Slope

% birds lost each year

R2

F ratio

P

Eastern core
Valdeón-Sajambre
70.39
Sierra de Riaño
71.61
Burón
47.25
Pando
15.73
Boca de Huérgano
15.29
Puebla de Lillo
29.13
Puerto de Tarna
23.83
North Palencia province
62.24
Western core
Villablino-Murias de Paredes 10.82
Sierra de Picos de Ancares
129.02

−0.033
−0.034
−0.023
−0.006
−0.007
−0.014
−0.011
−0.031

−3.34
−3.43
−2.34
−0.69
−0.74
−1.42
−1.15
−3.05

0.927
0.859
0.762
0.455
0.074
0.33
0.696
0.741

90
42.94
32.12
5.84
0.72
4.94
13.74
20.03

<0.001
<0.001
<0.001
0.038
0.404
0.045
0.008
0.002

−0.004
−0.062

−0.45
−6.22

0.356
0.93

2.22
80.82

0.149
<0.001

Total southern slope

−0.018

−1.89

0.944

85.3

<0.001

39.94

over a long period of time) and to the whole of Cantabrian Capercaillie metapopulation. The viability of the other southern subpopulations represented by only one
or a very few occupied leks is uncertain and the contribution of the leks not included
in the sample for species dynamics is probably very limited.
Numerous limiting factors influence the population dynamics of the Capercaillie
and threaten their survival over all their distribution range, indicating that some
global factors are involved (habitat degradation, loss and fragmentation, climate
change) (Storch 2000, 2001). But in isolated populations, others local limiting factors
(small population size, human disturbance, collisions, predation, competition and
exploitation) in addition to the negative effect may be operating.
In the Cantabrian mountains the forest patches with occupied leks have a
significantly greater area, smaller perimeter and are located close to other fragments

Figure 3. Changes in the number of male Capercaillie counted in 1981–1982, 1987–1989, 1998 and 2000–2003, in a sample of 109 leks corresponding to
eight subpopulations in the eastern core on the southern slope of the Cantabrian mountains, Spain. The unbroken line is the regression line. The
regression parameters are in Table 2.
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Figure 4. Changes in the number of male Capercaillie counted in 1981–1982, 1987–1989, 1998
and 2000–2003, in a sample of 98 leks corresponding to two subpopulations in the western core
on the southern slope of the Cantabrian mountains, Spain. The unbroken line is the regression
line. The regression parameters are in Table 2.

Figure 5. Map of the location of the populations of Cantabrian Capercaillie in the western core
of the southern slope in the Cantabrian Mountains, Spain, in 2000–2003.

with occupied leks (Obeso and Bañuelos 2003, Pollo et al. in press.). In the last two
decades, the fragments of forests from which the Capercaillie has disappeared have a
smaller area and are the most isolated, moreover being located close to the edge of the
range in both cores of the southern slope (Sierra de Picos de Ancares and North
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Figure 6. Map of the location of the populations of Cantabrian Capercaillie in the eastern core of
the southern slope in the Cantabrian Mountains, Spain, in 2000–2003.

Palencia subpopulations), suggesting that fragmentation is playing an important role
in the population dynamics (Pollo et al. in press).
Forest utilization is a major anthropogenic factor influencing forest grouse (Storch
2000) and forestry practices are probably a major factor limiting Capercaillie numbers
(Rolstad and Wegge 1989, Rolstad 1989, 1991, Storch 1997, European Commission
2001). In recent years many inadequate sylvicultural operations in the Cantabrian
mountains, unable to fulfil the birds’ habitat requirements, have caused significant
changes in forest structure (species, density and height of trees and ground vegetation) and dynamics that affect the distribution and population dynamics of
Capercaillie.
The forest habitat of Cantabrian Capercaillie would benefit from appropriate and
carefully planned forest management, limiting forestry operations to times outside
the breeding, incubation and rearing seasons and before the onset of winter (vital
periods), and delimiting critical areas (Pollo 2001).
Practically all the subpopulations of Capercaillie in the Cantabrian mountains live
in a Natura 2000 (Ecological European Network, 79/409 and 92/43 Directives) forest
site. Forestry practices should be adapted to maintain or improve the conservation
value of the site for this species and to secure the special characteristics and functions
of these areas (European Commission 2003), modifying the forestry measures to meet
the special habitat needs of the Capercaillie (Suchant and Schäfer 2002). The management should be aimed at achieving nature conservation objectives, priorities on
Natura 2000 sites (European Commission 2003).
In the eastern core red deer and Capercaillie are positively associated in the territory. In the last two decades red deer numbers have been increasing while for the
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Capercaillie declining populations and significant negative correlations were found for
several management areas (Pollo et al. 2003b). The high densities of red deer can have
a detrimental effect on the Capercaillie habitats by damaging the ground vegetation,
mainly bilberry shrubs.
Disturbance by tourism activities is a serious threat to local Capercaillie populations
in some regions of Europe (Storch 2000, European Commission 2001). In the Cantabrian mountains the tourist infrastructures and activities are one of the contributing
factors to the Capercaillie’s decline, as in recent years a network of cycling and hiking
tracks has been created.
Is necessary to implement an integrated resource management plan which incorporates the interests of forestry, tourism and conservation, as have been initiated in
other countries (e.g. Austria, Finland, France, Germany, Switzerland; Ménoni and
Magnani 1998, Zeiler and Glänzer 1998, Suchant and Schäfer 2002). Successful harmonization between nature conservation and forestry and touristic use is necessary
for the survival of the Cantabrian Capercaillie in the long term (Suchant and Schäfer
2002).
The surveys carried out in 2000 2003 over the entire Cantabrian Capercaillie
metapopulation estimated the population at 627 ± 41 individuals, of which 501 ± 34
would be adults (Pollo et al. 2003a). A demographic model based on Bavarian Alpine
populations suggests a minimum viable population size of the order of 500 birds
(Grimm and Storch 2000), but genetic data show clear signs of reduced variability
already in the range up to 1,000 birds, which indicates that a demographic minimum
population of 500 birds may be too small to maintain high genetic variability
(Segelbacher et al. 2003).
The reduction and fragmentation of Cantabrian Capercaillie metapopulation system
not only leads to demographic consequences (range contractions, local extinctions, low
reproduction rate), but probably also has significant genetic and evolutionary consequences for surviving populations. As a consequence, one of the principal management measures for the species and its habitat will be to identify the communication
corridors and to ensure the connectivity between the different populations, permitting
genetic flow and dispersal movements of the birds (Segelbacher et al. 2003).
The counting of males at leks is a important step towards understanding the demography of the Cantabrian Capercaillie. However, other information (habitat use in
different seasons, breeding success, predation, genetic variability, etc.) is necessary to
determine the limiting factors and causes of the decline, in order to focus suitable
management options (Sachot 2002).
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