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We studied the relationship between landscape composition and capercaillie density in 
50 km ¥ 50 km grids in Finland, where modern forestry started in the 1950s and most 
of the forests are in commercial use. Capercaillie density was positively associated 
with the young thinning stand proportion throughout the country, but unlike in numer-
ous older studies, it wasn’t positively associated with the mature stand proportion in 
any part of the country. In central Finland this relationship was even negative. In cen-
tral and southern Finland capercaillie density was associated positively with the forest 
land proportion, and negatively with the open area proportion. Results suggest that the 
overall amount of the forest cover is important for the capercaillie, and that clear-cut 
areas in the 1950s and 1960s, known as ‘large age classes’, have developed as suitable 
for them. A new aspect based on results is the potential reduction in the mature forest 
quality as capercaillie habitats.

Introduction

The capercaillie Tetrao urogallus is a large 
tetraonid bird belonging to the Siberian faunal 
type (Voous 1960). The distribution of the caper-
caillie in Finland covers practically the entire 
country. The original distribution correlates with 
that of Scots pine (Pinus sylvestris), the main 
food source for the capercaillie in winter. The 
only areas where the capercaillie is not found are 
in the treeless north, in a part of the Baltic Sea 
archipelago, and in the most densely populated 
southwestern Finland (Väisänen et al. 1998). 
Declining densities have been reported through-
out most of the species’ distribution during the 

past few decades (e.g. Wegge 1979, Lindén & 
Rajala 1981, Hjorth 1994, Beshkarev et al. 1995, 
Catt et al. 1998, Storch 2000, Helle et al. 2003). 
The reasons most commonly put forward for the 
decline are unfavourable changes in the forest 
structure, bigger predator populations and, pos-
sibly, excessive hunting (Helle & Helle 1991, 
Storch 2000). Changes in both forest stand and 
landscape scales caused by forestry are probably 
among the major factors having a negative effect 
on the species in Fennoscandia. Predation pres-
sure on grouse nests and broods is also thought 
to be strongest in landscapes characterized by 
forest fragmentation associated with modern 
forestry (Sjöberg 1996, Storaas et al. 1999) or 
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agriculture (Kurki et al. 2000). The capercaillie, 
which is a species with a large home range, has 
been studied in the context of landscape ecology 
(e.g. Rolstad & Wegge 1989), and there is evi-
dence that the capercaillie may have an umbrella 
species or indicator species characteristics, i.e. a 
vital capercaillie population would indicate the 
well-being of many other forest dwelling species 
(e.g. Suter et al. 2002, Pakkala et al. 2003).

In Finland, forestry, which has been consid-
ered the main reason for the loss and degrada-
tion of capercaillie habitats, changed extensively 
during the 20th century. Intensive forest manage-
ment with clear-cuts started in the 1950s, while 
selective cuttings based on a minimum diameter 
had been used earlier (Leikola 1984). Forests, in 
northern Finland in particular, were extensively 
clear-cut after World War II. Now the forests in 
these former clear-cut areas are growing strongly. 
Since the middle of the 1970s, the annual pro-
portion of clear-cuts has been constantly about 
0.85% of the forest land area (Finnish Forest 
Research Institute 2005), but larger areas were 
clear-cut in the 1950s and the 1960s. These 
‘large age-classes’ in Finnish forests are gradu-
ally returning as potential habitats for forest flora 
and fauna due to growth. A slightly increasing 
proportion of forested areas (i.e. closed canopy) 
was also detected in southern Finland from the 
1970s to the 1990s (Löfman & Kouki 2001). 
With regard to the capercaillie, it has been esti-
mated that this recovery exceeds the loss of areas 
due to clear-cuts from the beginning of the 1980s 
(Rolstad & Andersen 2003).

In this work we study the relationship 
between landscape composition and capercail-
lie density in different parts of Finland on a 
large scale, with a study unit size of 2500 km2, 
using 12 year-average capercaillie density and 
10 landscape classes. Most of the studies carried 
out on the habitat requirements of the capercail-
lie have been made on the scale of an individual 
capercaillie or lekking population covering tens 
to thousands of hectares (e.g. Rolstad & Wegge 
1989, Helle et al. 1990, Helle et al. 1994, Storch 
1997, Miettinen et al. 2005), and our results will 
be compared with those. Specifically, we test the 
hypothesis whether the capercaillie is a species 
suited to mature forests (see e.g. Klaus et al. 
1989), or more abundant, for example, in areas 

characterized by middle-aged forests (Seiskari 
1962).

Material and methods

Study area, capercaillie data and 
landscape data

Finland lies between 60–70°N and it extends 
from the hemiboreal zone to the arctic-alpine 
zone (Ahti et al. 1968). The average cover of 
forest in Finland is 60.1% of the total area 
(ca. 338 000 km2). Scrubland (mainly pine bog) 
covers 7.9% and waste land (mainly open bog) 
9.3%. Agricultural land and human settlements 
cover 12.7%, and water areas 10.0% (Finnish 
Forest Research Institute 2005). The dominant 
tree species are Scots pine (Pinus sylvestris), 
Norway spruce (Picea abies) and birch (Betula 
spp.). Most of the forests are in commercial use 
and the landscape structure changed consider-
ably during the 20th century due to logging and 
other human activities.

The capercaillie density data used in this 
study were derived from the results of wildlife 
triangle counts (Lindén et al. 1996) carried out 
in 1989–2000: density (ind. km–2) is calculated 
for a forest land and it includes both adult and 
juvenile birds. The basic unit of this nationwide 
monitoring programme is a triangular-shaped 
transect with a side length of 4 km (total 12 km) 
permanently marked in the field. Nearly 1000 
triangles are studied annually; they are randomly 
located in forested areas throughout the country. 
Late summer count data were used in this study 
and August is a prime time for counting tetraonid 
birds since the young are still in broods together 
with their parent(s). Counts are carried out by a 
three-man chain: the person in the middle walks 
along the line and the two others at a distance 
of 20 m on either side; the width of the census 
belt is 60 m. For the details and reliability of 
the method, see Rajala (1974) and Brittas and 
Karlbom (1990). Volunteers (usually hunters) 
do the fieldwork and the Finnish Game and 
Fisheries Research Institute and the Hunters’ 
Central Organization run the programme jointly. 
Capercaillie density fluctuates strongly from one 
year to another, and in earlier decades this fluc-
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tuation was cyclical with 5–7-year periods (e.g. 
Lindén 1989, Lindström 1996), but during this 
study period the cyclicity largely ceased. For this 
study, Finland was divided into 50 km ¥ 50 km 
grids, giving a total of 150 grid cells (Fig. 1). We 
used 30 counts during a 12-year study period 
(1989–2000) in the grid as a minimum, and the 
final data included 128 grid cells.

The proportion of waters, settlements, agri-
cultural fields, roads and different types of forest 
were calculated for each grid cell (Table 1). The 
landscape data were derived from forest statistics 
reported for each municipality by the national 
forest inventory (NFI) from 1990–1994 (Tomppo 
et al. 1998). Since the proportions of different 
types of forest were reported as a proportion of 
forest land, all the values were first calculated 
to correspond to the proportion of the land area 
of the municipality. If a grid cell included areas 
in two or more municipalities, then the values of 
each municipality were weighted by the propor-
tion of the respective municipality area out of 
the total area of a grid cell. For example, if the 
area of a grid cell fell in three municipalities, A, 
B and C, and the proportions of pine-dominated 
forests within the municipalities were 60%, 30% 
and 40%, respectively, and the proportions of the 
area of a grid cell falling in the municipalities 
were 0.5, 0.25 and 0.25, respectively, then the 
proportion of pine-dominated forests in the grid 
cell was calculated as (0.5 ¥ 0.6) + (0.25 ¥ 0.3) + 
(0.25 ¥ 0.4) = 0.3 + 0.075 + 0.1 = 0.475 (47%). 
Except for the proportion of forests dominated 
by specific tree species, the estimates produced 
using this procedure omit the other structural 
variation of forests within municipalities.

Due to geographical variation and differences 
in forest-use history, there are gradients in the 
dominance of certain tree species on the regional 
scale. Therefore, the proportion of forests domi-
nated by different tree species was interpolated 
to 1 km grid cells using pychnophylactic inter-
polation (Tobler 1979). The idea of this method 
is to utilize the variation among neighbouring 
units, in this case municipalities, and to smooth 
the difference in variable values over the gra-
dient. Smoothing was made by dividing each 
municipality first into 1-km grid cells and then 
allocating the original value of a variable to each 
cell. The algorithm then iteratively changes the 

values of individual cells to correspond to a gra-
dient within and among municipalities in such 
a way that the average of the grid cells within a 
municipality is the original value of a variable 
(mass preserving method) (Tobler 1979). The 
area and proportion of settlements, agricultural 
fields and waters within the grid cells were cal-
culated from 1:200 000 digitized maps (source: 
National Land Survey).

Statistical methods

Aggregating data to zones is a potential source of 
error if the criterion for aggregating is arbitrary 
in relation to the study question or data in use 
(modifiable area unit problem, MAUP, see e.g. 
Jelinski & Wu 1996). Therefore, we preferred 
present-day landscape data in area division rather 
than e.g. traditional zonations based on vegeta-
tion structure (Ahti et al. 1968) or avian geog-

Fig. 1. The study area. Study squares (50 km ¥ 50 km) 
were classified into northern (n = 57), central (n = 43) 
and southern Finland (n = 28) according to the land-
scape data. Northernmost and some marginal squares 
were excluded because of insufficient data.
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raphy (Järvinen 1980). We divided Finland into 
three sub-areas according to landscape data (var-
iables) using the average linkage method (Cody 
1974). As a result, northern Finland includes 57 
cells, central Finland 43, and southern Finland 
28. To further address the scale and zoning prob-
lems (MAUP), we compared results with the 
earlier findings from smaller scales, and studied 
the data also without sub-area division. We used 
SPSS (11.5.1) and SAM (Spatial Analysis in 
Macroecology) (Rangel et al. 2006) softwares in 
the analyses (SAM is freely available at www.
ecoevol.ufg.br/sam). Capercaillie density (Kol-
mogorov-Smirnov test: in all Z < 0.738 and p > 
0.648) and nearly all landscape class proportions 
were distributed normally in all regions. We 
used Pearson correlation to describe the relation-
ship between landscape class proportions and 
capercaillie densities. Because the data are tied 
to geographical location, spatial autocorrelation 
may affect the classical tests of correlation coef-
ficients (see e.g. Legendre 1993, Legendre et al. 
2002). Therefore Dutilleuls (1993) adjustment 
was used (whole distance range in 6 classes).

Because of large study units (2500 km2), 
results may be affected by the broad-scale spatial 
structure in addition to the quality of individual 
patches (e.g. Legendre et al. 2002). Therefore 
the intercorrelation structure between the vari-
ables was studied. Due to intercorrelations, we 
also studied partial correlations between caper-
caillie density and landscape class proportions to 
find possible changes in the results when some 
variables were controlled. The result interpreta-
tion here based on the changes in correlation 
coefficients. In these analyses spatial autocor-
relation was not taken into consideration because 
Dutilleuls adjustment cannot be applied to partial 
correlation.

Results

Capercaillie density and landscape class 
proportions

The average capercaillie density in August in 
1989–2000 was 3.19 ind. km–2 (SD = 1.26, 

Table 1. Studied landscape classes.

Class	C riteria	C lass loadings

Mature stand	 Forest land, mean tree diameter	 Mature or low-productive forest (mostly
	 (dbh) commonly > 23 cm	 due to high age or sparse stocking), age
		  commonly > 80 yr
Advanced thinning stand	 Forest land, diameter commonly 17–23 cm	 Middle-aged forest, age commonly
		  55–80 yr
Young thinning stand	 Forest land, diameter commonly 8–16 cm	 Middle-aged forest, age commonly
		  30–55 yr
Advanced seedling stand	 Forest land, mean tree height ≥ 1.3 m,	 Young forest, age commonly 15–30 yr
	 tree diameter < 8 cm
Clear-cut	 Forest land, height < 1.3 m	 Young stage: clear-cut, seed-tree stand 
		  or young seedling stand, age commonly
		  < 15 yr
Naturally open	 Average growth < 1 m3 ha–1 yr–1	 Treeless or sparsely stocked peatlands 
		  or exposed bedrock, lakes, rivers (waste
		  or scrub land, water)
Human activity	 Average growth < 1 m3 ha–1 yr–1	 Open areas due to human impact: fields,
		  settlements, roads, peat production areas
Forest land	 Average growth > 1 m3 ha–1 yr–1	 Forested areas, varying successional
		  stages
Pine-dominated stand	 Forest land, dominant tree species	 Pine forests
	 Scots pine (Pinus sylvestris)
Non-pine stand	 Forest land, dominant tree species	 Spruce forests or forests dominated by
	 Norway spruce (Picea abies),	 broadleaf species
	 birch (Betula sp.) or other species
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n = 57) in the northern region, 3.72 ind. km–2 
(SD = 1.25, n = 43) in the central region, and 
2.38 ind. km–2 (SD = 0.96, n = 28) in the south-
ern region (Fig. 2). The capercaillie densities 
varied between regions (One-way ANOVA: F 
= 10.614, p < 0.001), and were significantly dif-
ferent between the southern and central (Bonfer-
roni post-hoc-test: p < 0.001) and southern and 
northern (p = 0.012) regions. The average length 
of wildlife triangle transects counted during the 
study period was very similar in all the regions, 
ranging from 1054 km/grid in the southern to 
1072 km/grid in the northern region.

The proportion of advanced thinning stands 
increased towards the south, and the propor-
tion of young thinning stands was higher in the 
northern and central regions than in the southern 
region, but all the other forest class proportions 
were relatively similar in all three regions. In 
all three regions positive correlations between 
capercaillie density and the young thinning stand 
proportion were observed (Table 2 and Fig. 3). 
In the southern region we detected a positive 
correlation between capercaillie density and the 
advanced seedling stand proportion and in the 
central region we detected a negative correla-
tion between capercaillie density and the mature 
stand proportion.

The average proportion of naturally open 
areas was highest in the northern and central 

Fig. 2. Average capercaillie densities (ind. km–2) 
during 1989–2000 in Finland within the 50 km ¥ 50 km 
squares.

Table 2. Average landscape class proportions (mean, CV) in studied regions. Landscape class proportion and 
capercaillie density correlations (Pearson, rp) in the third column. Statistical significance after Dutilleuls correction: 
* p < 0.05, ** p < 0.01, *** p < 0.001.

Landscape class	 Northern region	C entral region	 Southern region
	 n = 57	 n = 43	 n = 28
	 	 	

	 Mean (%)	C V (%)	 rp	 Mean (%)	C V (%)	 rp	 Mean (%)	C V (%)	 rp

Mature stand	 16.37	 30.79	 –0.45	 13.36	 18.17	 –0.33*	 14.15	 11.57	 0.33
Adv. thinning stand	 8.38	 40.65	 0.19	 14.14	 15.71	 –0.09	 16.38	 11.78	 0.26
Young thinning stand	 23.52	 25.68	 0.58*	 24.03	 25.95	 0.49**	 19.52	 24.90	 0.70***
Adv. seedling stand	 10.05	 24.46	 0.20	 10.49	 16.86	 0.16	 8.74	 15.13	 0.56**
Clear-cut	 6.51	 25.70	 0.03	 5.96	 25.17	 0.22	 5.84	 24.62	 0.35
Naturally open*	 30.85	 36.72	 –0.29	 19.68	 43.67	 –0.37*	 13.55	 46.65	 0.29
Human activity	 4.32	 140.45	 0.13	 12.34	 62.27	 0.07	 21.81	 54.02	 –0.64***
Forest land**	 64.06	 13.53	 0.30	 67.79	 11.15	 0.32*	 64.28	 13.06	 0.67***
Pine stand	 49.21	 13.92	 0.29	 42.31	 27.44	 0.66***	 34.65	 29.23	 0.69***
Non-pine stand	 14.51	 30.71	 0.10	 24.70	 32.60	 –0.64***	 29.56	 20.41	 –0.16

* Naturally open areas 80% scrub or waste land in northern region, 78% water in central and southern regions.
** Includes mature stand, advanced thinning stand, young thinning stand, advanced seedling stand and clear-cut.
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regions, and in the central region a negative cor-
relation between capercaillie density and the nat-
urally open area proportion was observed. The 
average proportion of human activity was high-
est in the southern region, and a negative correla-
tion between capercaillie density and the propor-
tion of human activity was observed there.

The average proportion of forest land was 
64%–68% in all three regions. In central and 
southern regions positive correlations between 
capercaillie density and the forest land propor-
tion were detected. The average proportion of 
pine stands increased and the proportion of non-
pine stands decreased towards the north. In cen-
tral and southern regions positive correlations 
between capercaillie density and the pine stand 
proportion were observed, and in the central 
region capercaillie density was negatively asso-
ciated with the non-pine stand proportion.

When the relationship between the landscape 
class proportions and capercaillie density was 
studied over the entire study area, the young 
thinning stand (rp = 0.60, p < 0.001 [after Dutil-
leul’s correction], n = 128), advanced seedling 

stand (rp = 0.31, p = 0.018), forest land (rp = 0.39, 
p = 0.003) and pine stand (rp = 0.50, p = 0.001) 
proportions were positively and the mature stand 
(rp = –0.32, p = 0.022) proportion was negatively 
correlated with capercaillie density.

Landscape class intercorrelations

In the northern region, negative correlations 
were observed between the mature stand and 
advanced thinning stand, young thinning stand, 
and human activity proportions (Table 3). On the 
other hand, positive correlations were detected 
between the mature stand and clear-cut and natu-
rally open area proportions. Advanced thinning 
stand, young thinning stand and human activity 
proportions were positively correlated in the 
northern region. All three of those were also 
negatively associated with naturally open areas. 
In the northern region the pine stand proportion 
was positively associated with the young thin-
ning stand, advanced seedling stand and clear-
cut proportions.
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Fig. 3. Capercaillie density and proportions of mature stand, young thinning stand and pine stand in northern, cen-
tral and southern regions of Finland.
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In the central region the intercorrelation struc-
ture differed from that in the northern region. 
Both mature stand and advanced thinning stand 
proportions were positively associated with the 
non-pine stand proportion, whereas young thin-
ning stands were negatively associated with the 
non-pine stand proportion. Negative correlations 
were observed also between the advanced thin-
ning stand and young thinning stand and pine 
stand proportions. Also in the central region the 
pine stand proportion was positively associated 
with the young thinning stand, advanced seed-
ling stand and clear-cut proportions.

In the southern region mature forests were 
positively correlated with the advanced seedling 
stand, clear-cut and non-pine stand proportions. 
The advanced thinning stand, young thinning 
stand and advanced seedling stand proportions 
were positively associated with the pine stand 
proportion. In the southern region the proportion 

of human activity was negatively associated with 
all five forest development classes.

Partial correlations

In the northern region the correlation coefficient 
between the mature stand proportion and caper-
caillie density was –0.11 when the young thin-
ning stand proportion was controlled (Table 4). 
However, the correlation coefficient between the 
mature stand proportion and capercaillie density 
did not increase considerably from the original 
values (N: –0.45, C: –0.33 and S: 0.33, see Table 
2) when the pine proportion, young thinning 
stand proportion or some other variables were 
controlled.

When the pine stand proportion was con-
trolled, the clearest changes were detected in 
the central and southern regions. In the cen-

Table 3. Correlation (Pearson) between landscape class proportions in northern (N: n = 57), central (C: n = 43) and 
southern region (S: n = 28). Statistical significance: * p < 0.05, ** p < 0.01, *** p < 0.001.

		  Mature	 Adv.	 Young	 Adv.	C lear-cut	 Naturally	 Human	 Pine	 Non-pine 
		  stand	 thinning	 thinning	 seedling		  open	 activity	 stand	 stand
			   stand	 stand	 stand

Mature stand	 N	 1.00
	C
	 S
Adv. thinning	 N	 –0.66***	 1.00
stand	C	  0.19
	 S	 0.13
Young thinning	 N	 –0.66***	 0.62***	 1.00
stand	C	  –0.15	 –0.61***
	 S	 0.26	 0.39*
Adv. seedling	 N	 0.05	 –0.02	 0.38**	 1.00
stand	C	  0.28	 –0.25	 0.53***
	 S	 0.52**	 0.37*	 0.70***
Clear-cut	 N	 0.42***	 –0.31**	 0.06	 0.71***	 1.00
	C	  0.06	 –0.20	 0.58***	 0.51**
	 S	 0.40*	 0.16	 0.57**	 0.64***
Naturally open	 N	 0.35**	 –0.74***	 –0.75***	 –0.54***	 –0.27*	 1.00
	C	  –0.26	 –0.13	 –0.31*	 –0.62***	 –0.28
	 S	 0.38*	 0.23	 0.14	 0.28	 0.00
Human	 N	 –0.59***	 0.84***	 0.42**	 –0.01	 –0.30**	 –0.71***	 1.00
activity	C	  –0.04	 0.39*	 –0.47**	 –0.08	 –0.43**	 –0.55***
	 S	 –0.58**	 –0.53**	 –0.73***	 –0.76***	 –0.51**	 –0.72***
Pine stand	 N	 –0.04	 0.19	 0.68***	 0.65***	 0.52***	 –0.60***	 –0.03	 1.00
	C	  –0.21	 –0.42**	 0.89***	 0.55***	 0.50**	 –0.52***	 –0.17
	 S	 0.14	 0.56**	 0.86***	 0.53**	 0.32	 0.17	 –0.65***
Non-pine	 N	 –0.08	 0.52***	 0.36**	 0.35**	 0.21	 –0.71***	 0.52***	 0.09	 1.00
stand	C	  0.64***	 0.40**	 –0.52***	 –0.03	 –0.08	 0.20	 –0.10	 –0.74***
	 S	 0.49**	 –0.09	 –0.15	 0.30	 0.42*	 0.11	 –0.14	 –0.52**
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tral region correlation coefficient between the 
advanced thinning stand proportion and caper-
caillie density increased, but in the cases of the 
young thinning stand, advanced seedling stand 
and clear-cut proportion it decreased. In this 
case the strong positive correlation between the 
young thinning stand proportion and capercaillie 
density changed to a negative one.

Discussion

The importance of overall forest cover

The capercaillie has traditionally been character-
ized as a species adapted to the late-successional 
stages of forest (Klaus et al. 1989, Swenson 
& Angelstam 1993, Hjorth 1994). Our results 
suggest that in managed boreal forests middle-
aged forests, in terms of single-cohort forest 
stand management (Oliver & Larson 1990), are 
suitable for the capercaillie because a positive 
relationship between the young thinning stand 
proportion and capercaillie density was observed 
throughout Finland. These middle-aged forests 
also include areas clear-cut in the 1950s and 
1960s. In contrast to many earlier results (e.g. 
Rolstad et al. 1988, Rolstad & Wegge 1989, 
Helle et al. 1990, Helle et al. 1994, Storch 1995), 
the role of mature stands was weak, and the cor-

relation with capercaillie density was even nega-
tive. The results are in agreement with recent 
findings from Finland and Norway. In northern 
Finland the number of males in the lekking site 
was positively correlated with the proportion of 
middle-aged forests in lekking site surroundings, 
but not with the proportion of mature forests 
(Miettinen et al. 2005). Accordingly, capercail-
lie lek formation in young (or middle-aged) 
forests has recently been documented in Norway 
(Rolstad et al. 2007). Generally the results fol-
lowed the pattern described by Seiskari (1962) 
and Swenson and Angelstam (1993), including 
a wide range of suitable successional stages for 
the capercaillie. This suggests that the overall 
amount of forest cover is more important for 
the capercaillie than any particular successional 
stage.

The main difference between regions was 
that capercaillie density was negatively associ-
ated with human activity in southern Finland, 
whereas elsewhere it was negatively correlated 
with other characteristics of landscapes (water, 
waste land, scrubland, non-pine stands). The 
proportion of naturally open areas is tempo-
rally quite constant, but, for example, in the 
south-coast area the proportion of human activ-
ity increased from 29% to 36% from the 1970s 
to the 1990s (Finnish Forest Research Institute 
1976, 2005). Due to this process large areas may 

Table 4. Partial correlation coefficients between landscape class proportion and capercaillie density in three differ-
ent regions of Finland when some of the variables are controlled. Statistical significance: * p < 0.05, ** p < 0.01, *** 
p < 0.001.

Landscape class	 Northern region	C entral region	 Southern region
	 	 	

	 Pine (%)	 Young	 Young	 Pine (%)	 Young	 Naturally	 Pine (%)	 Young	 Human
		  thinn.	 & adv.		  thinn.	 open		  thinn.	 activity 
		  (%)	 thinn.		  (%)	 (%)		  (%)	 (%)
			   (%)

Mature stand	 –0.46***	 –0.11	 –0.26	 –0.27	 –0.30	 –0.48**	 0.33	 0.22	 –0.05
Adv. thinning stand	 0.14	 –0.27*	 –	 0.27	 0.31*	 –0.15	 –0.22	 –0.02	 –0.12
Young thinning stand	 0.55***	 –	 –	 –0.25	 –	 0.43**	 0.29	 –	 0.44*
Adv. seedling stand	 0.02	 –0.03	 –0.14	 –0.32*	 –0.14	 –0.10	 0.33	 0.15	 0.16
Clear-cut	 –0.15	 –0.01	 –0.15	 –0.17	 –0.10	 0.13	 0.19	 –0.08	 0.04
Naturally open	 –0.14	 0.28*	 0.16	 –0.04	 –0.26	 –	 0.24	 0.27	 –0.31
Human activity	 0.14	 –0.16	 0.11	 0.24	 0.39*	 –0.18	 –0.34	 –0.26	 –
Forest land	 0.10	 –0.23	 –0.27*	 –0.31*	 –0.13	 0.15	 0.30	 0.13	 0.30
Pine stand	 –	 –0.17	 –0.32*	 –	 0.54***	 0.58***	 –	 0.24	 0.46*
Non-pine stand	 0.08	 –0.14	 –0.03	 –0.30	 –0.52***	 –0.62***	 0.33	 –0.08	 –0.32
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have been or will become permanently unable to 
maintain viable capercaillie populations. There-
fore the most southern parts of Finland can be 
justifiably characterized as an ‘area of extinction’ 
for the capercaillie (Lindén et al. 2000).

If all successional stages of forest including 
closed canopy (young thinning stands, advanced 
thinning stands and mature stands) were assumed 
as roughly suitable — according to the estimate 
that forest suitability for capercaillie may be 
relatively constant after a certain age (Rolstad 
& Wegge 1990) — about 50% of the study area 
was suitable area for the capercaillie. Because 
the proportion is high, suitable patches are likely 
to form relatively large patches that are located 
automatically close to each other (see e.g. 
Andrén 1994), and are thus mostly ‘useful’ for 
the capercaillie. Therefore, the habitat propor-
tion probably affects population size more than 
the patch size or isolation (Fahrig 1997, Jansson 
& Andrén 2003) of the capercaillie in Finland. 
On the other hand, as results concerning mature 
forests suggest, more coarse-grained aggregation 
of resources may be beneficial for the species in 
southernmost Finland, where the proportion of 
suitable area is low (see e.g. Rolstad & Wegge 
1987).

In the study species density was used to 
describe the area quality as the capercaillie 
habitat. It is not necessarily the best indicator 
of habitat quality because during a short time 
high densities may occur even in poor habitats 
(Fretwell & Lucas 1969, van Horne 1983). But 
the large scale (2500 km2 study units) and long 
period (12 years) used in this study make this 
source of error negligible. In a large scale and 
long period the basic population level proc-
esses — birth, death, immigration and emigra-
tion — are the most important processes instead 
of habitat selection by an individual in smaller 
scales (e.g. Andrewartha & Birch 1954). On the 
one hand, large study scale may mask relation-
ships between landscape structure and capercail-
lie density due to a small-scale variation in forest 
composition and in capercaillie density. Also 
some of the variation is evidently explained by 
factors not directly related to the landscape struc-
ture. These factors include noise (uncontrolled 
variation in habitat classification and capercaillie 
density), climatic conditions (variation in winter 

survival and breeding success) (e.g. Ludwig et al. 
2006) as well as hunting and predation pressure 
(geographical variation in predator assemblages) 
(Helle & Helle 1991, Kurki et al. 2000, Storch 
2000, Kauhala & Helle 2002) among others. 
On the other hand, the large size and the regular 
shape guarantee the approximate randomness 
of the wildlife triangles (Lindén et al. 1996), 
and as there was on average, a high number of 
counted transect in each grid cell (> 1000 km in 
all regions), capercaillie densities within the grid 
cells are most probably representative.

Mature forests and capercaillie

Taking into account the previous knowledge 
about the capercaillie, it was surprising that no 
positive effect of the mature forest proportion 
on capercaillie density was found in this study. 
However, it is already known that the capercail-
lie does not always prefer old forests; in June 
and July they were found to use successional 
stages according to availability (Rolstad et al. 
1988), and during winter females and subadult 
males used middle-aged plantations (Gjerde & 
Wegge 1989). On the other hand, in August 
— when the capercaillie data used in this study 
were collected — Rolstad et al. (1988) detected 
the capercaillie to prefer old forest.

The timing of the capercaillie data and land-
scape data may cause a small bias in the results 
since the landscape data were from 1990–1994, 
and capercaillie data from 1989–2000. During 
the longest possible time gap, 10 years, many 
mature stands were clear-cut, which may affect 
the results. The average gap is only about 2 
years, however, and therefore the time gap does 
not explain the observed results. Also the narrow 
range of the mature stand proportion in central 
and southern Finland is worth noting because a 
small variation in the landscape class proportion 
cannot simply explain the variation in capercail-
lie density. In the northern region the amount of 
mature forest increased towards the north (°N vs. 
mature forest %: rp = 0.554, p < 0.001), whereas 
the general productivity decreases towards the 
north. We tested the effect of latitude in the 
northern region on the relationship between the 
mature forest proportion and capercaillie density. 
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We used latitude as a controlled variable in a par-
tial correlation, but even this did not change the 
relationship to positive (rp = –0.273, uncorrected 
p = 0.042). Thus other reasons may have caused 
the outcome.

The next potential explanation concerns 
northern Finland in particular and is based on 
landscape class intercorrelations and spatial 
structure (e.g. Legendre et al. 2002). First, the 
‘large age classes’ of Finnish forests — areas 
clear-cut in the 1950s and 1960s — have grown 
and reached structural features suitable for the 
capercaillie. In the 1990s they were mostly at 
the thinning stand stage, and obviously formed 
large uniform patches where the spatial needs of 
the capercaillie are likely to be met. For exam-
ple, a clear-cut of more than 1000 hectares was 
common in the 1950s and 1960s in northern 
Finland, and the largest one was about 18 000 
hectares (Valtanen 1994). Since the 1960s the 
cutting patterns have changed towards a more 
fine-grained regime (see also Löfman & Kouki 
2001) and the large mature forest areas that 
have been cut diminished year by year. Whereas 
mature forests still formed large patches in the 
1970s and 1980s, today they form mostly small 
patches (e.g. Östlund et al. 1997, Mykrä et al. 
2000, Axelsson & Östlund 2001, Thingstad et 
al. 2003). In the northern region the mature 
forest proportion was positively associated with 
clear-cut and naturally open area proportions. All 
these classes were negatively associated with the 
thinning stand proportion. A negative association 
between mature and middle-aged forests can also 
be found from results obtained at smaller scale in 
Sweden (Jansson & Andrén 2003). These rela-
tionships, as well as the increased correlation 
coefficient between the mature stand proportion 
and capercaillie density when the young thinning 
stand proportion was controlled, indicate that 
mature forests may suffer from the edge effect 
and isolation (Aune et al. 2005), which may lead 
to enlarged home ranges and reduced survival of 
the capercaillie (Wegge & Rolstad 1986, Storch 
1995).

The tree-species composition could also 
affect the results. This is because during the 
winter the capercaillie is dependent on pine nee-
dles (e.g. Gjerde & Wegge 1989), and because 
the mature forests especially in the central region 

are mostly spruce forests. In the central and 
southern regions the correlation coefficients 
changed more than in the northern region when 
the pine stand proportion was controlled. How-
ever, we did not find any variable or group of 
variables, which would have changed the rela-
tionship between the mature stand proportion 
and capercaillie density to positive.

Another alternative is the inferior quality 
of the mature forest as a capercaillie habitat. 
In managed boreal forests (> 90% of forests in 
Finland) the late-successional stages may be 
degraded by thinnings because of the simpli-
fied stand structure (see e.g. Uuttera et al. 1997, 
Lilja & Kuuluvainen 2005). The role of dif-
ferent forest successional stages as capercaillie 
habitats may also vary due to the variation in 
the forest stand structure between regions. In 
central Europe middle-aged forests are mostly 
too dense for the capercaillie, and mature forests 
largely represent optimal stand density for the 
species (Storch 1993). In Finland the forest stand 
structure in the field layer, where the capercaillie 
mostly stays during the snow-free season, could 
be too sparse (open-structured) in even-aged 
mature forests, especially at poor sites and in 
northern parts of the country.

Conclusions and prospects

The results showed that the capercaillie is not 
strictly an old-forest specialist. The overall forest 
cover may be more important for the capercail-
lie than the old age or late successional stage of 
forests. Middle-aged forests, including the large 
areas cut in the 1950s and 1960s, known as ‘large 
age classes’ have obvious structural characteris-
tics suitable for the capercaillie in the 1990s. In 
boreal areas, where forestry is major factor mod-
ifying forests, the changes are not irreversible 
because clear-cut areas become young, growing 
forests relatively soon. An exception is the most 
southern parts of Finland, where the high propor-
tion of human activity is still increasing. Spatial 
planning there leading to the aggregation of 
forest cover would most probably be beneficial 
for the capercaillie, but the primary concern is 
whether permanent fragmentation due to agri-
culture, settlements and roads has exceeded the 
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critical threshold for maintaining viable caper-
caillie populations.

Even though young thinning stands are not 
necessarily optimal for the capercaillie on the 
forest stand scale, they commonly form large 
uniform patches where the spatial needs of the 
species are likely to be met. Mature forests are 
known to be important for the capercaillie, as 
several older studies show, but this study also 
brought up other aspects. Mature forests may 
still be high quality capercaillie habitats on the 
forest stand scale, but the spatial aspects and 
differences in tree-species composition can over-
run it. But the mature forest quality may also 
be reduced due to thinnings, or they could even 
naturally possess lower quality as capercaillie 
habitats than middle-aged forests.

At present, a crucial question in Finnish 
capercaillie habitat management is: how do thin-
nings change the quality of forests for the caper-
caillie? If the quality is not substantially reduced, 
the capercaillie can be simply and effectively 
taken into consideration in forest planning by 
increasing the amount of forest cover. In this 
case, based on forest age distribution, there 
would be plenty of suitable areas available for 
the species during the next few decades in most 
of Finland. In the other case, there is an urgent 
need to find ways to improve thinning practice in 
terms of the capercaillie’s needs. If such methods 
can be found, it would provide a novel tool for 
environmentally friendly forest management.
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