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Abstract

The Capercaillie (Tetrao urogallus L.)  is  often  used  as  a  focal  species  for
landscape ecological studies: the minimum size for its lekking area is 300 ha, and
the annual home range for an individual may cover 30–80 km2. In Finland,
Capercaillie populations have decreased by approximately 40–85%, with the
declines  likely  to  have  started  in  the  1940s.  Although  the  declines  have  partly
stabilized  from  the  1990s  onwards,  it  is  obvious  that  the  negative  population
trend was at least partly caused by changes in human land use. The aim of this
thesis was to study the connections between human land use and Capercaillie
populations in Finland, using several spatial and temporal scales. First, the effect
of  forest  age  structure  on  Capercaillie  population  trends  was  studied  in  18
forestry board districts in Finland, during 1965–1988. Second, the abundances of
Capercaillie and Moose (Alces alces L.) were compared in terms of several land-
use variables on a scale of 50 × 50 km grids and in five regions in Finland. Third,
the effects of forest cover and fine-grain forest fragmentation on Capercaillie
lekking area persistence were studied in three study locations in Finland, on 1000
and 3000 m spatial scales surrounding the leks. The analyses considering lekking
areas were performed with two definitions for forest: > 60 and > 152 m3ha–1 of
timber volume. The results show that patterns and processes at large spatial
scales strongly influence Capercaillie in Finland. In particular, in southwestern
and eastern Finland, high forest cover and low human impact were found to be
beneficial for this species. Forest cover (> 60 m3ha–1 of timber) surrounding the
lekking sites positively affected lekking area persistence only at the larger
landscape scale (3000 m radius). The effects of older forest classes were hard to
assess due to scarcity of older forests in several study areas. Young and middle-
aged forest classes were common in the vicinity of areas with high Capercaillie
abundances especially in northern Finland. The increase in the amount of
younger forest classes did not provide a good explanation for Capercaillie
population decline in 1965–1988. In addition, there was no significant connection
between mature forests (> 152 m3ha–1 of timber) and lekking area persistence in
Finland. It seems that in present-day Finnish landscapes, area covered with old
forest is either too scarce to efficiently explain the abundance of Capercaillie and
the persistence of the lekking areas, or the effect of forest age is only important
when considering smaller spatial scales than the ones studied in this thesis. In
conclusion, larger spatial scales should be considered for assessing the future
Capercaillie management. According to the proposed multi-level planning, the
first priority should be to secure the large, regional-scale forest cover, and the
second priority should be to maintain fine-grained, heterogeneous structure
within the separate forest patches. A management unit covering hundreds of
hectares, or even tens or hundreds of square kilometers, should be covered,
which requires regional-level land-use planning and co-operation between forest
owners.
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Summary

1. Introduction

Human alteration of natural habitats
is the largest single cause for
biodiversity loss in the world
(Millennium Ecosystem Assessment
2005). As boreal forest is one of the
world’s most extensive terrestrial
ecosystems (e.g. Haila 1994,
Schmiegelow & Mönkkönen 2002),
the increasing pressure for land
conversion in the boreal region is an
important conservation issue.
Forestry and other human land use
are  largely  acknowledged  to  be  the
driving forces in the population
declines of many boreal forest
species  in  Fennoscandia  (e.g.  Rassi
& Väisänen 1987, Esseen et al.
1997). Also for grouse species
(Tetraonidae), habitat degradation,
loss and fragmentation caused by
forestry, agricultural land increase
and other human land use are
among  the  most  important  causes
for population declines (Storch 2000,
2007). In Finland, annual grouse
censuses have documented rapidly
declining Capercaillie (Tetrao
urogallus L.) populations throughout
the country during the past 50 years
(e.g. Lindén & Rajala 1981, Helle et
al. 2003, see also Fig. 1 on page 13).
The decline is temporally in line with
the expansion of modern forestry
practices (e.g. Leikola 2006).

Capercaillie  is  the  largest  and  most
dimorphic species among tetraonids,

with a female weight of around 2 kg,
and with males weighing
approximately twice as much (e.g.
Koskimies 1954). The species is
promiscuous, with a special lekking
site system for mating. Lekking sites
are traditional places where males
gather to display and copulate with
females in spring; the males tend to
stay  in  the  close  vicinity  of  the
lekking  sites  for  the  whole  year
round (Wegge & Larsen 1987). Hens
take  care  of  the  egg  laying,
incubating and brood rearing alone
in May–July. Chick and juvenile
mortality is high: it may rise above
90% during the first year (Lindén
1981a). During the winter,
Capercaillie cope superbly with the
cold weather with the aid of snow-
roosting, optimal time-budgeting,
and energetic adaptations (e.g. Hissa
et al. 1990, Lindén 2002a). The main
food item during winter is conifer
needles (mainly Scots pine Pinus
sylvestris L.),  but  depending  on  the
season, the adult diet may also
include berries, leaves and shoots of
shrubs, and other plant material
(e.g. Borchtchevski 2009).

Capercaillie is recognized as an
umbrella species; thus, conservation
of its habitats might be beneficial
also for other forest-dwelling species
(Suter et al. 2002, Pakkala et al.
2003).  For  instance,  in  Finland,  the
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overall species richness of breeding
forest birds was higher in the vicinity
of Capercaillie lekking sites
compared to average landscape
(Pakkala et al. 2003). The minimum
size  for  a  lekking  area  is  300  ha,
including  the  daily  territories  of  the
males,  i.e.  the  area  for  the  lekking
males to rest and feed between the
actual displaying and mating (Wegge
& Larsen 1987). Moreover, the
annual  home  range  for  the  species
may cover 30–80 km2 (Wegge &
Rolstad 2002). As a result,
landscape- or regional-level
inspection is often needed to study
the processes affecting Capercaillie
ecology (Sjöberg 1996).

1.1. Landscape ecology and
macroecology

In a simplistic way, a landscape can
be defined as a spatially
heterogeneous area (Turner 1989).
Landscape ecology studies the
structure, function and change of
landscape elements, i.e. ecosystems
on a relatively large area (Forman &
Godron  1986).  A  landscape  thus
consists of a mosaic of landscape
elements, which are usually defined
as patches of species’ habitats and
the intervening matrix (Forman &
Godron 1986, Andrén 1997). Abrupt
boundaries between landscape
elements are common, especially in
systems experiencing significant
human influence (Forman & Godron
1986). In practice, these boundaries
are used to delineate different land
cover types into separate classes
(e.g. forests, fields, water bodies).

Their relative amount (landscape
composition), and spatial
organization (landscape
configuration) are used as
independent variables in explaining
the variation of some ecological
response variable (e.g. species
abundance) in a model.

Landscape ecology focuses on
landscape patterns and processes
(e.g.  Turner  1989).  The  term
‘pattern’ usually refers to landscape
structure, i.e. the mosaic of patches,
both natural and human-managed,
and their size, shape and
arrangement. For example, indices
such  as  patch  size  or  distance  to
nearest neighbouring patch have
been used to describe landscape
pattern (e.g. Andrén 1994). Changes
in these patterns are caused by
various processes. For instance,
forest cutting affects the primeval
landscape pattern (Franklin &
Forman 1987). However, there are
also processes that produce natural
patchiness in forests e.g. windfall,
forest fires and occasional insect
outbreaks  (e.g.  Haila  1994,  Esseen
et al. 1997). These so-called
disturbance regimes often coincide
with landscape element boundaries.

The field of macroecology aims to
reveal the general mechanisms
behind broadly occurring patterns
and processes on organism,
population and ecosystem levels
(Smith  et  al.  2008).  Macroecology
emphasizes that processes operating
at  large,  geographic  areas  may play
crucial roles in shaping the species’
assemblages at more local scales
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(Gaston 2004). Macroecological
studies  can  thus  provide  tools  for
land-use planning and management,
by considering spatial (e.g.
Whittingham et al. 2007, Fortin et al.
2008) as well as temporal scale
information (e.g. Webb et al. 2007).

Spatial and temporal scales

Probably one of the most
fundamental aspects of landscape
ecology  is  the  definition  of  scale.
Citing Wiens (1989): “Acts in what
Hutchinson (1965) has called the
‘ecological theatre’ are played out on
various scales of space and time. To
understand the drama, we must view
it on the appropriate scale.”. Spatial
scales,  i.e.  the  levels  of  spatial
resolution used in landscape
ecological studies, may vary in their
extent from single patch level
through landscape, regional and
nationwide levels, up to scales
covering entire bio-geographical
regions (i.e. macroecological scales).
There are numerous examples where
species’ responses to landscape
phenomena are dependent on the
spatial scale of the investigation (see
Wiens 1989 and references within,
Orians & Wittenberger 1991, Levin
1992, Fuhlendorf et al. 2002, Keppie
& Kierstead 2003, III). However,
even when studying landscapes with
exactly the same spatial scaling,
different organisms experience the
environmental heterogeneity in
different  ways.  This  aspect  of  the
landscape is called the grain size
(defined here as ‘the average size of
mosaic patches relative to home
ranges or movement patterns of

organisms’,  e.g.  Rolstad  &  Wegge
1989a). According to this definition,
grain  size  is  not  a  property  of  the
environment  —  there  can  only  be
fine- or coarse-grained responses by
organisms to environmental
patchiness (Addicott et al. 1987).

Landscapes are never static —
temporal processes constantly shape
the spatial patchiness (e.g. Wiens
1976).  Thus,  not  only  spatial,  but
also  temporal  scales  have  to  be
considered in a landscape ecological
or macroecological study. Generally,
investigations on broader spatial
scales may reveal slowly occurring
dynamics, whereas the ability to
track short-term environmental
variation may be limited (Wiens
1989). Long-term research is often
necessary when dealing with
ecological systems. For instance, the
effects of habitat fragmentation
often appear only after a certain
time-lag (Ewers & Didham 2006),
with the fate of diminishing
Capercaillie populations in Central
Europe being an excellent example
(Müller 1990).

1.2. Large-scale human land
use in Finland

Roughly two-thirds of Finnish land
area  consists  of  forests,  and  when
including waste land, scrubland and
forest roads, the figure rises to 86%
(Finnish Forest Research Institute
2008). In Finland, human land-use
effects on wildlife are thus mostly
related to forestry, although
differences  in  the  amount  of
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settlement and other land use types
reflect on the availability of suitable
habitats as well. This is especially
the case in the south, where human
settlement is the most dense (e.g.
Helle et al. 1994, II).

Land-use history

Boreal forests have been under
human influence for thousands of
years  (Haila  1994).  The  first  step
was the creation of small-scale forest
openings for cattle grazing and
agriculture around the local villages
(Esseen  et  al.  1997).  Since  the
middle  of  the  18th century, Finnish
forests  were  quite  effectively  used
for tar production, slash-and-burn
cultivation, and firewood collection
(Tasanen 2006). However, large
forest areas still remained outside
intensive use. As a consequence of
unequal land use, during the 1920s,
the  dominant  forest  age  class  was
around 50 years in southern Finland,
while in northern Finland the age
class distribution was dominated by
trees older than 150 years (e.g.
Kouki et al. 2001).

The first large-scale changes that
affected virtually all Finnish forests
took place after the Second World
War in the dawn of the ‘modern era
of forestry’. Selective cuttings were
replaced with clear-cuts and artificial
regeneration, and cuttings were
expanded to previously unmanaged
areas (e.g. Leikola 2006). As a
result, from the 1940s to 1960s,
forest landscapes became more
fragmented (Löfman & Kouki 2001,
2003).  In  addition,  between  the

early 1950s and 1960s, the amounts
of saplings and young forests (age 
40 years) increased remarkably
(Tiihonen 1968). The species that
are adapted to old forest, and those
relying on decaying wood, have thus
been negatively affected (e.g. Rassi
et al. 2001). These changes also
closely coincide with the sharp
decline in the Finnish Capercaillie
populations (Lindén & Rajala 1981,
see however I).

Present-day land use

Nowadays most of the boreal region
is managed using single-cohort
forest management, leading to more
or less even-aged and even-sized
stands and a relatively short rotation
period (Miettinen 2009). However,
some more biodiversity-oriented
management practices have been
proposed (e.g. Mönkkönen 1999,
Larsson & Danell 2001), and some
are currently promoted also by forest
authorities in Finland (Heinonen et
al. 2005, Metsätalouden
kehittämiskeskus Tapio 2006).

The effects of modern human land
use can be roughly divided into three
categories: habitat loss, habitat
fragmentation, and changes in
habitat quality (e.g. Storch 2000). In
the light of existing knowledge on
species’ landscape-level habitat
needs,  habitat  loss  probably  has  the
most severe negative effects (e.g.
Fahrig 1999, 2001). In general,
habitat loss affects the distribution
and movement of animals, increases
the isolation of populations, and may
lead to greater risk of local
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population extinction (With & Crist
1995, Harrison & Bruna 1999). For
instance, there are indications that
Capercaillie are negatively affected
by forest loss in southern Finland
(Lindén & Pasanen 1987, III).

On the other hand, a closely related
process, habitat fragmentation (i.e.
breaking apart of habitat sensu
Fahrig 2003), may have both positive
and negative effects on biodiversity
(e.g. McGarigal & McComb 1995,
Fahrig 1997, 1999, 2003, Jokimäki et
al. 2000, Cooper & Walters 2002).
This is probably due to the
numerous aspects that are included
in fragmentation: edge effects, patch
shape effects, isolation, and matrix
effects (e.g. Ewers & Didham 2006).
For instance, negative edge effects
may include higher predation risk of
ground nesting birds closer to forest-
farmland edges (Andrén &
Angelstam 1988). On the other
hand, a landscape that consists of
many habitat patches may satisfy
the yearly habitat demands of a
species more easily (i.e. fine-grained
response, Forman & Godron 1986,
Helle et al. 1994, III). For example,
high habitat heterogeneity increased
the  abundance  of  forest  birds  in
southern Finland (Raivio & Haila
1990).

However, habitat fragmentation and
habitat loss go hand in hand (Fahrig
1997, 1999, Villard et al. 1999).
Often  the  effects  of  habitat
fragmentation depend on the
amount of suitable habitat in the
landscape (nonlinear fragmentation
hypothesis sensu Fahrig  2003).  A

threshold of 20–30% suitable habitat
has been proposed to be the critical
turning point for negative
fragmentation effects, using
simulation models and randomly
generated landscapes (Andrén 1994,
Fahrig 1997, 1998). Empirical
evidence supporting the nonlinear
fragmentation hypothesis is fairly
scarce, but some examples exist (see
e.g. Betts et al. 2006, Cerezo et al.
2010). For instance, Capercaillie
responses to forest grain size differ
above and below a threshold of 50%
of old forest cover (Rolstad & Wegge
1987a, 1989a, see also III).

Changes in habitat quality are often
experienced on more local scales
than habitat loss and fragmentation,
although these factors are also all
interconnected (see the example of
edge effects above). For instance the
small-scale structure of forest
stands, i.e. physiognomy of habitat,
has been altered by modern forestry
so  that  the  undergrowth  cover  in
mature  forests  might  be  too  scarce
and monotonous for Capercaillie,
especially in northern Finland
(Miettinen  2009).  Another  example
covering a wider spatial extent is the
large-scale peatland forest drainage
that can have direct negative effects
on grouse productivity, because
small  chicks  may  drown  in  the
ditches (Ludwig et al. 2008).
Although usually negative, positive
changes  may  also  occur.  For
instance, according to studies
performed  elsewhere  in  Europe,  in
some very dense forest stands
thinning may create space for the
large-sized Capercaillie males for
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escape flight (Thiel et al. 2007a), or
for lekking site displaying (Rolstad &
Wegge 1989b, Rolstad et al. 2007).
At  broader  scales,  the  increased
number of saplings may benefit
species that are adapted to young
forest classes. For example, these
saplings offer a continuous food
supply for Moose (Alces alces L.,
Cederlund & Markgren 1987,
Cederlund & Okarma 1988).

1.3. Responses of Capercaillie
to human land use

Capercaillie still occupy much of their
original range, which expands from
boreal forests in Scandinavia to mid-
Siberia. Worldwide, only one
Capercaillie subspecies is globally
threatened: the Cantabrian
capercaillie (Tetrao urogallus
cantabricus), which is classified as
endangered (Storch 2000, 2007).
The low proportion of suitable
habitat  and  isolation  of  the
remaining habitat patches are
among  the  major  reasons  for  its
decline (e.g. Quevedo et al. 2006).
On national, regional, and local
levels, several Capercaillie (Tetrao
urogallus) populations are declining,
especially in central Europe (Storch
2000, 2007). There, the forests are
particularly isolated, primarily due to
the naturally patchy distribution of
mountainous conifer forests, and
secondly  because of  habitat  loss.  As
a consequence, in central Europe,
Capercaillie populations seem to
suffer from low connectivity
(Segelbacher & Storch 2002,
Segelbacher et al. 2003).

In Finland, Capercaillie populations
are  thought  to  have  been  at  the
highest level recorded at the end of
1930s (Airaksinen 1946, Mäki 1946,
Lindén 2002b). In 1953 the
populations were apparently still
about 40% higher than in the ‘high-
density-years’ from 1966–1967,
when the relative density was > 10
birds/km2 (Lindén & Rajala 1981,
Lindén 2002b). From the 1960s’
level, Finnish Capercaillie populations
have decreased by approximately
40–85%, depending on the game
management district (Fig. 1, Lindén
& Rajala 1981, Lindén 2002b).
However, the estimates are not fully
comparable before and after the
year 1989 (Fig. 1, see Material and
methods section for details).
Moreover, the differences between
years, and between game
management districts, are naturally
large. Although the decline has
partly levelled off from the 1990s
onwards (Lindén 2002b, Helle et al.
2003), Capercaillie is still considered
near threatened in the southern
parts of Finland (Rassi et al. 2001).

Lekking sites under pressure

There is a general consensus on the
role of forestry in the decline of
Capercaillie in Europe (compiled by
Storch 2000, 2007). According to
several studies, the negative effects
of forestry are partly due to lekking
site destruction (including the
surrounding territories of the males,
Rolstad  &  Wegge  1987a,  Lindén  &
Pasanen 1987, Helle et al. 1994,
III), and partly also to overall
habitat loss, and the fragmentation
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of forests (e.g. Storch 2000,
Miettinen et al. 2008, II).

Fig. 1 The annual Capercaillie density
estimate in Finland (mean of 15 game
management districts), according to
route censuses (1963–1988, birds per
km2 in the best brood habitats) and
wildlife triangle data (1988–2009, birds
per km2 of  forest).  The  estimate  from
the year 1988 was calculated twice, with
both data collection procedures. See the
Material and methods section for details
on the data collection methodology.

Capercaillie males start to visit the
lekking sites more actively around
March, whereas females usually
arrive close to the beginning of May.
The  mere  size  of  a  lekking  area  is
impressive (300 ha in minimum),
being largely determined by the
territory sizes of the adult males,
which generally expand
approximately  1  km  away  from  the
lekking centre (Wegge & Larsen
1987, Storch 1997, Wegge et al.
2003). The number of displaying
males is positively correlated with
lekking site persistence through the

years (Rolstad & Wegge 1989c). The
amount of forest on the daily
territories  of  the  males  is  the  key
factor in determining the viability of
a lekking site: the number of males
per  lek  increases  with  increasing
forest cover and/or forest patch size
(Rolstad & Wegge 1987a, Helle et al.
1994, Miettinen et al. 2005),
whereas large (> 20 ha) clear-cuts
promote solitary display (Rolstad &
Wegge 1989b). As a consequence, in
the regions suffering from forest
loss, e.g. in southern Finland,
functioning lekking sites are situated
in  forest  patches  that  are
substantially larger than the average
forest  patch size  (Lindén & Pasanen
1987, Helle et al. 1994). Capercaillie
males may also expand their home
ranges, and in this way compensate
for the lack of suitable habitat
(Wegge & Rolstad 1986, Gjerde &
Wegge 1989, Storch 1993, Edenius
& Sjöberg 1997, III). Home-range
expansion could cause population
sizes to decrease, through increasing
energy expenditure and lowering
survival (e.g. Gjerde & Wegge 1989).

Traditionally, lekking sites have been
found in forests that are older than
60–70 years (Valkeajärvi & Ijäs
1986, Rolstad & Wegge 1987b), and
in some studies, only forests that are
older than 90 years are suggested to
be ‘suitable Capercaillie habitat’
(Storch 1993, Swenson & Angelstam
1993). However, more recently,
Capercaillie males have been found
to form new lekking sites in young
forests (26–46 years, 50–140 m3ha–

1, Rolstad et al. 2007). Moreover, the
proportion of forests of 30–90 years
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(36–100 m3ha–1) is nowadays
significantly higher around lekking
sites compared to the average
landscape in north-eastern Finland
(Miettinen et al. 2005). The amount
of mature forest (age > 80 years) is
either not significantly connected
with Capercaillie density, or the
relationship has turned to negative
(Miettinen et al. 2008). The switch
towards more common utilization of
younger  forests  might  be  a
consequence of the current (small)
amount  of  older  forest  (see  e.g.
Mykrä et al. 2000, IV).

Other land-use effects

At a landscape scale, changes in
habitat quantity and quality, plus the
overall fragmentation of landscapes
may result in higher predation
pressure on grouse nests and chicks
(Andrén et al. 1985, Kurki et al.
1997, 2000, Storaas et al. 1999,
Storch et al. 2005). One potential
mechanism is a chain reaction
initiated by forestry: the increased
amount of clear-cuts, which are later
covered with grasses, may be
attractive habitats for voles, which in
turn draw in larger numbers of small
predators to the area, therefore also
increasing the predation pressure
towards grouse nests (Henttonen
1989).

For newly-hatched Capercaillie
broods, Bilberry (Vaccinium myrtillus
L.)  is  one  of  the  most  important
elements for survival, mainly
because  it  is  commonly  associated
with the abundance of insect food
which is important for chicks (Rajala

1962, Wegge et al. 2005, Lakka &
Kouki 2009). In addition, it provides
cover from predators and rainy
weather. In central Europe, Bilberry
cover largely explains the variation in
Capercaillie abundance (Storch
1993). The long-term decrease in
the Finnish Bilberry cover
(Reinikainen  et  al.  2000)  may  be
among the proximate causes for low
Capercaillie breeding success (see
e.g. Baines et al. 2004), the ultimate
cause being habitat alteration
(Ludwig 2007, Lakka & Kouki 2009).
This is because clear-cutting
negatively affects Bilberry cover
(Atlegrim & Sjöberg 1996a) and the
abundance of herbivorous insect
larvae  feeding  on  it  (Atlegrim  &
Sjöberg 1996b).

Capercaillie has always been highly
valued game among Finnish hunters.
In 1993, 84% of Finnish hunters
considered it the most valuable
game  species  (Leinonen  &  Ermala
1995). Except for the possible
overharvesting in 1973–1984 in
northern Finland, hunting has mainly
followed the local grouse
abundances (Lindén 1981b, 1991).
However,  the  dense  network  of
forest roads may increase hunting
possibilities (Lindén 1991), and other
recreational forest uses may cause
increasing disturbance (see e.g. Thiel
et al. 2007b). Interactions between
different land-use effects are
probably the most important in
explaining grouse declines around
the world (e.g. Storch 2000, Saniga
2003).
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1.4. Aims of the thesis

The  main  aim  of  this  thesis  is  to
shed light on the connections
between human land use and
Capercaillie populations in Finland,
using several broad spatial and
temporal scales. While human land
use poses obvious restrictions to
wildlife populations, the results can
guide land-use planning and give
tools for Capercaillie management
and conservation. It is especially
important to update the information
concerning Capercaillie responses on
large spatial scales, i.e. landscape,
regional, and nation-wide levels (e.g.
Helle et al. 1994, Lindén et al. 2000).
Conservation of Capercaillie and its
lekking  areas  might  also  be
beneficial for other forest-dwelling
wildlife (Pakkala et al. 2003).

In the first two chapters, the aim is
to find answers to two unsolved
problems which have been long
debated among Finnish hunters and
grouse researchers. First, whether
the changes in the forest age
structure,  stemming  from  the
expansion of modern forestry
practices, could explain Capercaillie
population declines in 1965–1988
(I), and secondly, whether
Capercaillie and Moose have
opposing responses towards large-
scale  human  land  use  (II). More
generally, the first two chapters
provide information on large-scale
land-use effects on Capercaillie
populations at the regional and
national levels, covering both past
(I) and present (II) temporal scales.

In chapter I, we  model  the
spatiotemporal pattern of decline in
Finnish Capercaillie populations
during 1965–1988. We hypothesize
that the increase of younger forest
classes (and consequently, decrease
of older forest classes) negatively
affects habitat quality, especially at
the lekking sites. The immediate
effect  of  forestry  actions  is  likely  to
be that juveniles and females
disperse away from low-quality leks
(Rolstad  &  Wegge  1989c),  which  at
a large scale means the spatial
restructuring of individuals.
Population dynamic effects may
therefore occur with a delay, when
males at lower quality leks die.
Hence, we expect large-scale
population dynamics to be expressed
at  the  scale  of  lekking  populations,
best visible with a time-lag
corresponding to the death of the
majority of the males.

In chapter II, we seek to determine
whether trade-offs are necessary in
decisions concerning large-scale
land-use planning and the
management of Capercaillie and
Moose (trade-off hypothesis). The
hypothesis  is  based  on  the
contrasting population trends
between these species, and on the
suggested polarity in their habitat
preferences. In Finland, the winter
populations of Moose have increased
from hundreds of individuals in the
1920s, to approximately 86 000
individuals in 2006 (Nygrén 1996,
Pusenius  et  al.  2008),  whereas  only
15–60% of the earlier Capercaillie
populations are remaining,
depending on the region (Lindén
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2002b). Moreover, the importance of
young forest classes for Moose
(Cederlund & Okarma 1988) seems
to be in contrast to the preference of
mature stands by Capercaillie (e.g.
Angelstam 2004).

Although Capercaillie have
traditionally been considered an old-
forest  species  (e.g.  Swenson  &
Angelstam 1993, however, see
Seiskari 1962), the more recent
findings create a somewhat more
complicated picture (e.g. Miettinen
et al. 2005, 2008). One of the aims
of this thesis is to investigate
whether the amount of old forest is
important for Capercaillie, especially
when considering the population
declines  (I), when contrasting to
Moose  (II), and when looking at
lekking area persistence (IV).

The last two chapters concentrate on
lekking areas and their persistence in
fragmented boreal forest landscapes
of Finland. Sufficient density of
viable lekking sites is a prerequisite
for Capercaillie population
persistence (Helle et al. 1994), so it
is important to study the landscape-
level parameters affecting lekking
areas. Here, the aim is to uncover
the relationships between forest loss,
fine-grain forest fragmentation and
their interaction in relation to
Capercaillie lekking area persistence,
considering both overall forest cover
(III) and older forests (IV).
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2. Material and methods

2.1. Study area and spatial
scales

The study area covers the whole of
Finland.  In  the  first  chapter,  the
spatial unit of investigation was the
forestry  board  district.  Out  of  19
districts, 18 were subject to the
analysis (number 14 was excluded
due to scarce data in several years,
Fig. 2A, I). In the second chapter,
two broad spatial scales were used.
First, the data were calculated for 50
× 50 km grid cells (N = 131) which
cover the whole of Finland (Fig. 2B,
II).  Secondly,  to  incorporate  the
assumed regional differences into
the models, Finland was divided into
five study regions: southwest,
southeast, west, east and north (Fig.
2B, II). The spatial scales in
chapters I and II can be described
as regional and national (Table 1).

Moving towards the landscape-level,
in the last two chapters, lekking area
data from three study locations
(southwest, central and north
Finland)  were  used  (Fig.  2C, III,
IV). Landscape structure was
determined around the lekking sites
using  two  radii.  First,  to  create  a
spatial scale covering the whole
lekking area, a circle with a radius of
1000  m  around  the  middle  point  of
the lek (covering 314 ha, Fig. 2D)
was chosen (Wegge & Larsen 1987).

The second spatial scale was created
using  a  circle  with  a  radius  of  3000
m, representing the landscape
context  in  which  the  lekking  areas
are embedded (covering 2827 ha,
Fig. 2D, III, IV).

In the study area, forests are
dominated by Scots pine and Norway
spruce  (Picea abies L.),  with  some
birches  (Betula spp.)  and  other
deciduous trees. Southwest Finland
is under the heaviest human impact,
with large areas being reserved for
cultivated  fields  and  human
settlement (II, III). In the eastern
and central areas (east, southeast
and central Finland), the area under
cultivation is smaller compared to
other parts of the country, whereas
the total area of water bodies is
dramatically larger (II, III). North
Finland is probably the most
distinctive region, with the lowest
overall productivity, the oldest
average  age  of  the  forest,  and  the
lowest degree of human impact (II).
There, the matrix (i.e. non-forest
area) consists mainly of open bogs
and areas clear-cut for regeneration
(III). The different study locations
made it possible to have different
habitat  and  matrix  types  along  the
south-north axis of Finland, also
depicting the decreasing overall
productivity towards north and the
variation  in  the  degree  of  human
impact.
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Fig. 2 Study area and the spatial scales used in the thesis. A) 19 forestry board districts
covering Finland (I). B) 50  ×  50  km  grid  cells  covering  Finland  and  the  five  study
regions (SW = southwest, SE = southeast, W = west, E = east and N = north Finland,
II). The small black dots are wildlife triangles from which the species data was obtained
(see Species data below). C) The three study locations (from the bottom: southwest,
central and north Finland, III, IV). Dots and crosses represent persisting and ceased
lekking sites, respectively. D) Two spatial scales (1000 and 3000 m radii around the
lekking centre) are shown in the magnification of a lekking site from southwest Finland.

2.2. Species data

In  the  first  two  chapters,  we  used
Capercaillie abundance data. Before
the year 1989, the abundance
estimates (individuals per km2) were
based on tetraonid route

censuses  (Rajala  1974,  Lindén  &
Rajala 1981, I). Census routes were
located on the best grouse habitats,
such  as  edges  of  forests,  and  the
census data comprised of the
relative densities of young and adult
birds (selected as the dependent
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variable in chapter I), estimates of
the percentage of hens with a brood,
and  estimates  of  brood  sizes.  The
routes were counted annually in
August by thousands of volunteer
hunters. About 500–800 routes were
annually counted, the total route
length varying between 20 000–30
000 km/year (Lindén & Rajala 1981).

From 1989 onwards, data on Finnish
wildlife abundances have been
collected using the wildlife triangle
scheme (see Lindén et al. 1996). The
wildlife triangle network consists of
1650 triangles, from which 800–900
are  counted  twice  a  year,  in  winter
(January–March) and in late summer
(August), mainly by volunteer
hunters. The network covers Finland
in a regionally representative way.
These census routes are equilateral
triangles with 4 km sides (total

length 12 km), which are randomly
located in forest. For chapter II, we
used Moose abundance which is
estimated in winter by counting
snow tracks crossing the census line
(tracks/10 km/day), and Capercaillie
abundance which is based on grouse
counts during August, using the
same triangles (individuals/km2 of
forest land).

For  the  last  two  chapters  we  used
Capercaillie lekking site data (N =
381). The data were first collected in
1970–1992, and the same sites were
resurveyed mostly in 2000–2005.
The data were collected by the
Finnish state enterprise
Metsähallitus, by the Finnish Game
and Fisheries Research Institute
(especially P. Valkeajärvi and his
team), and by questionnaires and

Table 1 Descriptions of the spatial and temporal scales, and the data used in the
chapters I–IV. See details in the text. CC= Capercaillie, NFI = National Forest
Inventory.

Study
characteristics Chapter I Chapter II Chapter III Chapter IV

Spatial scale
18 forestry

boards
50×50 km grids

& 5 regions
1000 m &

3000 m radii
1000 m &

3000 m radii

- description Regional National, regional Landscape Landscape

Temporal scale 1965–1988 1989–1996 (–07) 1970s/2000s 1970s/2000s

- description Past Recent Past vs. recent Past vs. recent

Species data CC abundance CC & Moose
abundance

Lekking area
persistence

Lekking area
persistence

- data source Route cencuses Wildlife triangles Several sources Several sources

Land-use data Forests < 40 &
< 80 yrs old

Forest & human
impact data

Forests
> 60 m3ha–1

Forests
> 152 m3ha–1

- data source NFIs 3, 5–8 Several sources NFI 9 NFI 9
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interviews from local game district,
land-owners, and hunters. The sites
were  visited  one  or  more  times
during the lekking season in March–
May, and the presence of birds,
snow  tracks  or  fresh  excrements
were all interpreted as an occupied
lekking area. The lekking areas were
located on a digital map, and the
occupancy data were classified
according to the distance between
the leks in the old and new surveys.
The  old  and  new  leks  that  were  
1000 m away from each other were
classified as persisting (i.e. the
centre  of  the  lek  had  moved  inside
the radius of 1000 m between years
but the lek area had remained
largely the same, Rolstad & Wegge
1989c, d), whereas the old leks that
were > 1000 m away from the new
leks were classified as ceased (III,
IV).

2.3. Land-use data

Data on forest cover and age
structure were obtained from
National Forest Inventories (NFIs,
see e.g. Tomppo et al. 2008, I, II,
III, IV). For chapter I, we used
data from five inventories, which
cover years 1951–1953 (NFI 3),
1964–1970 (NFI 5), 1971–1976 (NFI
6), 1977–1982 (NFI 7) and 1986–
1994 (NFI 8). Annual values for
forest age structure variables (see
Table 1) were obtained through
linear interpolation, using the first
year of an inventory as the main
data point from which the
interpolation was carried out. For

chapter II,  we  used  data  from  the
8th NFI (1986–1994) which was the
first inventory that combined
information on Landsat TM 5 satellite
images and ground reference plots
(Tomppo et al. 2008). The
proportions of predominant tree
species and the age and
development classes were calculated
for each municipality, and
subsequently  as  averages  for  each
50 × 50 km grid cell, by using the
relative proportions of the
municipalities as weights. The total
proportion of forest land (TPF,
average  growth  of   1  m3/ha/yr),
unproductive forest area (average
growth  <  1  m3/ha/yr, relative to
TPF), the proportions of forest under
40 years and over 60 years, and the
average age of forest were selected
as explanatory variables into the
models.

For chapters III and IV, we used
data  from  the  9th NFI. The satellite
images from southwest, central and
north Finland originate from 1998,
1996 and 2002–2003, respectively.
Using pixels that correspond to 25 ×
25 m land area, we calculated forest
cover (proportion of forest cover of
the  total  area);  MPS,  mean  patch
size (ha); PD, patch density (number
of patches per 100 ha) and TE, total
edge (m) between forest and non-
forest patches, for both spatial scales
(1000 and 3000 m radii). For chapter
III, forest was defined to include all
pixels with  >  60  m3ha–1 of  timber,
which refers to forests from the age
class 61–80 years upwards in north
Finland, and from 41–50 years
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upwards in central and southwest
Finland. For chapter IV, forest
included pixels with > 152 m3ha–1 of
timber, i.e. forests from the age class
51–70 years upwards in central and
southwest  Finland,  and  the  most
stocked mature forests in north
Finland (Peltola 2003).

For chapter II,  we  also  extracted
data  on  the  amount  of  total
settlement (number of people) and
on  the  number  of  people  living  in
scattered hamlets (i.e. outside of
population centres according to
Finnish environmental administration
in 1990). These were used as
explanatory variables in the analysis,
describing human impact.

2.4. Statistical analyses

Several statistical and analytical
methods were used in the thesis. In
chapter I,  we  modelled  the
Capercaillie population dynamics on
a logarithmic scale with second order
vector  autoregressive  models.  We
used the proportion of forests < 40
and < 80 years of age with a 7 years
lag as explanatory variables. The lag
was  chosen  to  describe  the
population dynamic effects of lekking
population destruction, i.e. the
expected time until 90% of the adult
males had died (log0.71[1  –  0.90]  
6.72, calculated using parameters
from Lindén 1981a). As an
alternative to the forest variables,
the decline was modelled as an
undistinguished exponential declining
trend, using the year of investigation
as an explanatory variable. We

allowed geographical gradients in the
population density by including the
coordinates of the forestry board
districts as explanatory variables in
the models. Interactions between
other explanatory variables and the
coordinates were also allowed.

We used two approaches to address
spatial  synchrony  in  the  process
errors:  1)  no  correlation,  2)  the
process errors were assumed to be a
50–50% mixture of spatially
correlated  noise  that  decreased  in
correlation with distance, and
compound symmetrical noise
(correlation between all sites equal).
The  models  were  fitted  using
maximum likelihood estimation, and
standard errors of the parameters
were calculated using parametric
bootstrapping. Models with different
combinations of the explanatory
variables and error structures were
compared with an information
theoretical approach, according to
the Akaike information criterion
(AIC)  and  Akaike  weights  ( ,
Burnham & Anderson 2002).

For chapter II, we first calculated
Spearman’s rank correlation
coefficients separately for 130 grid
cells throughout Finland, using the
species-specific average abundances
of Capercaillie and Moose in wildlife
triangles over the years 1989–2007.
One grid cell had to be excluded
from the calculations because of the
lack of data. Secondly, we continued
our analyses with a set of linear
regression models for five separate
regions  (Fig.  2B).  We  analyzed  how
the association between abundance
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of  Capercaillie  and Moose (averaged
over the years 1989–1996 to
temporally coincide with our land use
data), represented by a regression
slope, changed when the
explanatory variables were included
alone or as combinations in the
stepwise regression models. The
criterion of inclusion and exclusion of
variables was always kept at P
0.05 and P > 0.05, respectively.

For chapters III and IV,  we used a
correlation-based principal
component analysis for both spatial
scales separately, to form a
fragmentation index from mean
forest  patch  size  (MPS),  patch
density  of  forest  patches  (PD)  and
total forest — non-forest edge (TE).
In chapter III,  the  first  principal
component  (PC  1)  was  selected  to
describe forest fragmentation. PC 1
embodied the three simultaneous
effects  of  fragmentation:  as  PC  1
increased, MPS decreased, and PD
and TE increased (Trzcinski et al.
1999, III). The correlation between
PC 1 and forest  cover  (r = –0.70, P
< 0.0001) was removed by using a
linear regression, and the residuals
were used as an independent
measure of fine-grain forest
fragmentation. For chapter IV, the
analysis did not produce a well-
functioning measure of forest
fragmentation.   Regarding  the  first
principal component, all indices
(MPS, PD and TE) increased with
increasing values of PC 1, whereas
the second component represented
MPS (see IV).  Thus,  neither  of  the
components was selected for further
modelling in chapter IV.

In both chapters III and IV, we
analyzed the data using logistic
regression models, where persisting
versus ceased leks (binomial
distribution, logit link function) was
treated as a dependent variable.
Forest  cover  (III, IV), fine-grain
forest fragmentation (only in III),
and their interaction (only in III),
were used in different combinations
as explanatory variables in the
models. In chapter III, also a class
variable describing the study location
and all relevant interactions with it
were included in the models,
whereas  in  chapter IV, separate
models for each study location were
built. Model selection in chapter III
was performed by using AIC and
Akaike weights ( ).
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3. Main results and
discussion

3.1. Capercaillie — a species of
large spatial scales

In chapter I, one of our main
findings was that the decline in
Capercaillie populations in 1965–
1988 was surprisingly uniform
throughout the country. The
variation in the annual decline
(4.01% ± 0.24% SEM) between
forestry board districts was as low as
1.01% (SD). Because of the uniform
trend  in  the  decline,  it  was  best
explained by a model including only
the  year  of  the  investigation  as  an
explanatory variable (I). Moreover,
the models with spatially correlated
error structures performed
altogether better than those with
uncorrelated process errors (I). The
large-scale synchrony can be caused
by dispersal (see e.g. Mäki-Petäys et
al.  2007)  as  well  as  forcing  by
spatially autocorrelated environment
(Moran  effect),  and  is  typical  for
spatiotemporal population data
(Ranta et al. 1999, see also Mörtberg
& Karlström 2005). Thus, the results
show that it is well justified to study
Capercaillie populations using broad
spatial scales.

We found that the percentage of
forest cover at large spatial scales
explains Capercaillie abundance in
eastern and southwestern Finland
(II), as well as lekking area
persistence through several tens of

years in all three study locations in
Finland (III). This is not surprising,
because many earlier studies have
suggested that forest loss has
negative effects on Capercaillie
abundance (e.g. Rolstad & Wegge
1989a, Storch 2000, Mikusiñski &
Angelstam 2004), and that lekking
sites are located in large forest
patches (e.g. Rolstad & Wegge
1987a) especially in southern Finland
(Lindén & Pasanen 1987, Helle et al.
1994). However, in the earlier
studies, the positive effect of total
forest area was found to be
important for the lekking sites up to
1.5  km  distance  from  the  lekking
centre (Lindén & Pasanen 1987,
Helle et al. 1994). In addition, the
number of displaying males was
most affected by the landscape
structure  within  a  radius  of  1–2  km
surrounding the lekking centre
(Miettinen et al. 2005). Current
results show that forests at even
broader spatial scales, that is, at the
radius of 3000 m (covering nearly 30
km2) around the lekking centre,
seem  to  be  of  importance  when
considering lekking area persistence
(III, Fig. 3).

Our result supports the estimate of
Wegge & Rolstad (2002) who
suggested that the annual home
range for a Capercaillie individual
(male or female) covers 30–80 km2.
If  the  males  tend  to  stay  in  the
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surroundings of the leks throughout
most of the year (Wegge & Larsen
1987), it is understandable that our
result  fits  this  range.  It  is  probable
that the functioning lekking sites are
one of the key factors for local
population persistence, and thus the
surroundings  of  the  lekking  sites  up
to several hundreds of square
kilometres should be considered. The
optimal management unit for a
lekking population has indeed been
proposed to be 400 km2 in minimum
(Wegge & Rolstad 2002). This
requires provincial or even nation-
wide planning (see Conclusions,
Lindén et al. 2000).

Fig.  3 The effect  of  forest  cover on the
probability of lek persistence in
southwest Finland on 3000 m spatial
scale  (N = 55, 2 = 5.69, df = 1, P =
0.017).  The  95%  confidence  limits  are
shown around the probability line (III).

These clearly detectable land-use
effects,  operating  at  broad  spatial
scales,  most  likely  stem  from
population-level processes; birth,

death, immigration and emigration.
It is, however, probable that these
large-scale phenomena are driven by
the mechanisms that operate on
smaller spatial scales, e.g. inside
single  forest  patches,  on  an
individual or local landscape scale
(Johnson 1980, Koper  &
Schmiegelow 2006). For instance,
lekking area persistence can be
partly  affected  by  individual  habitat
selection according to the availability
of food and cover. The positive
effects of fine-grain fragmentation
inside the lekking areas (1000 m
radius) imply that mosaic-like
heterogeneity may be beneficial for
Capercaillie leks (III). Mosaic-like
forest structure likely supports the
growth of multi-layered forests which
in turn provide suitable habitat
characteristics for Capercaillie close
to leks, throughout the year.

The large spatial scales used in this
thesis may also mask some
connections between Capercaillie
occurrence and smaller-scale habitat
selection (see also Wallgren et al.
2009). For instance, while comparing
the  abundances  of  Capercaillie  and
Moose  in  50  ×  50  km  grids  in
Finland, we found that both species
were generally at their most
abundant in the same grid cells (II,
Fig.  4).  Moreover,  the  association
between abundance and several
landscape variables was very similar
for both species. Both species
seemed  to  benefit  from  a  large
proportion of forest area, and low
human impact, especially in the
southwestern and eastern parts of
the country (II). Our hypothesis
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stating that Capercaillie and Moose
might show opposite responses
towards large-scale human land use
was not supported.

Fig.  4  Correlative  surface  map
illustrating the relationship between the
abundances of Capercaillie and Moose,
averaged over the years 1989–2007.
Black colour indicates correlations from
1.00  to  0.25  (44),  white  from  0.24  to

0.24  (66),  and  grey  from  0.25  to
1.00  (20).  Significant  (P  0.05)

correlations are marked with a bold rim.
The  values  are  Spearman’s  rank
correlation coefficients calculated for
every 50 × 50 km grid cell.

The existing differences between the
species (e.g. their contrasting
population trends at the scale of
wildlife triangles) are probably due to
mechanisms mostly operating on
finer scales. Thus, we cannot simply
assume that the patterns and
processes on broader spatial scales
are only reflections of habitat-level
phenomena (see also Whittingham
et al. 2007). Our results imply that at
broad regional and landscape scales
it is not necessary to make trade-offs
in the management decisions
concerning Capercaillie and Moose
(II, see also Pakkala et al. 2003).

3.2. The mystery of old forests

Somewhat surprisingly, a clear
association between old forest and
Capercaillie occurrence could not be
detected with our datasets. First,
Capercaillie population declines in
1965–1988 could not be explained
by the proportional increase of
younger  forest  age  classes  (<  40
years and < 80 years old,
respectively, I). Only the fourth best
model included the amount of
forests < 80 years old, but the effect
was insignificant (I).

Second, when studying the
abundances of Capercaillie and
Moose in five regions in Finland, the
trade-off hypothesis was partially
supported only in western Finland;
Capercaillie abundance seemed to be
more positively associated with older
forest than Moose abundance. In
western Finland, the average age of
forest had a consistent positive
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impact on Capercaillie abundance
(II). In other areas, the age-related
variables  were  not  included  in  the
models. In north Finland, increasing
average age of forest actually had a
negative impact on Capercaillie
abundance when tested
independently (II).

Third, the association between
mature forest cover (timber volume
>  152  m3ha–1) and Capercaillie
lekking area persistence was weak or
non-existing (IV). Only in southwest
Finland on the 3000 m scale was the
relationship between mature forest
cover and lekking area persistence
positive (with P = 0.130). Otherwise
the relationship was negative (but
not significant with P  0.05 in any
location). In addition, because of the
extremely small mature forest patch
size we could not create a well-
functioning measure for mature
forest fragmentation using principal
component  analysis.  One  or  two
pixel  (25  ×  25  m)  patches  were
common especially in north Finland,
causing  the  mean  patch  size  to
increase together with increasing
values  of  patch  density  and  total
edge (IV, cf. Trzcinski et al. 1999,
III).

While we assumed in chapter I that
the increase in young forest classes
in 1965–1988 could be used as a
proxy for the expansion of modern
forestry practices, our analysis could
not exclude the possibility that other
factors may have interacted with
forestry, and contributed to the
declines.  It  is  possible  that  some
other land-use classes or structural

aspects  connected  to  forestry  (e.g.
impoverishment of habitat’s
physiognomy, decreased mosaic-like
variability, patch size, and/or
connectivity) are more important
than the decline in forest age (Helle
et al. 1987, Lindén et al. 2000).
Some of  these structural  changes in
the landscapes may have happened
before  our  study  period  (Löfman  &
Kouki 2001, 2003). Remembering
that our analysis was on the level of
18 forestry board districts, forest age
might be more important on smaller
spatial scales (e.g. Storch 1993, Graf
et al. 2005, see also Wallgren et al.
2009).  This  may  also  apply  to  the
results from chapter II, that is, the
positive effect of forest age could
have been detected more often
using smaller spatial scales.
However, the negative impact of the
average age of the forest on
Capercaillie abundance in northern
Finland is consistent with another
recent study suggesting that young
and  middle-aged  forest  classes  are
common in the vicinity of high
Capercaillie abundances in northern
Finland (Miettinen et al. 2008). It
seems that forest age might not be
so important in distinguishing
different quality Capercaillie
landscapes in Finland, especially not
in the north. There are at least two
possible explanations for this.

First, in present-day Finland the
extent of old forest cover does not
match with the spatial requirements
of Capercaillie lekking sites (Mykrä et
al. 2000, IV). This is likely to be the
reason for why a significant positive
connection between older forest
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cover  and  lekking  sites  or
Capercaillie density cannot easily be
found anymore (II, IV, Miettinen et
al. 2008). The total area of clear-cuts
and plantations stemming from the
intensive forestry after the World
War II has grown enormously,
nowadays  comprising  most  of  the
forested area, especially in northern
Finland. Thus, young and middle-
aged forests are not necessarily
optimal habitat for Capercaillie, but,
as there is not much to choose from,
they may be the best available in the
landscape (Miettinen et al. 2005). In
general,  a  shift  towards  ‘young
forest landscapes’, where mature
forest  stands  are  present  only  in
extremely small patches (Mykrä et
al. 2000, Löfman & Kouki 2001,
2003, IV),  might  have  happened
gradually,  such  that  we  could  not
detect the effect of forest age in our
analysis (I). Capercaillie do seem to
have some means of adaptation to
dynamic forest environment. For
instance, in contrast to the
conventional impression of lekking
sites being very stable, the birds can
in fact move the lekking centre from
one forest patch to another, even
several hundred meters away,
between successive spring seasons
(Rolstad & Wegge 1989d, Valkeajärvi
et al. 2007). Generally, in landscapes
that are managed for forestry, the
border between the suitable habitat
patches and matrix may become
ambiguous, i.e. species do not
experience the landscape as black-
and-white (Edenius & Elmberg 1996,
Norton et al. 2000, Schmiegelow &
Mönkkönen 2002).

Second,  it  has  also  been  proposed
that the small-scale structure inside
the forest stands has changed due to
intensive forest management
(Miettinen 2009, Miettinen et al.
2009). According to Miettinen et al.
(2009), Capercaillie habitats in
northern Finland (on 800 m spatial
scale) were still rich in mature forest
in 1989–1992, but not so in 2000–
2003. The amount of cover (canopy
cover and cover on the ground)
might  have  become  too  low  for
Capercaillie in older managed forests
(e.g. Miettinen et al. 2009). This may
apply particularly in northern
Finland, where the overall forest
productivity is low (Miettinen 2009,
see also Gjerde 1991).

3.3. Nonlinear responses to
fragmentation at the leks

When considering Capercaillie
preferences, there seems to be a
fine line between too much and too
little cover, both at the canopy level
and on the ground. At the lekking
sites, the density of the stand should
not prevent good visibility (Rolstad &
Wegge 1987b). In central Finland,
the visibility at the leks is often
around 20–50 m at the height of 1 m
(Valkeajärvi & Ijäs 1986). In some
Norwegian cutting experiments
Capercaillie males have even
preferred  thinned  areas  when  the
forest at the original lekking site was
too dense (Rolstad & Wegge 1989d,
Rolstad  et  al. 2007).  In  Central
Europe, Capercaillie seem to avoid
dense, and spruce-dominated
undergrowth (Sachot et al. 2003,
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Thiel  et  al. 2007a), although this
may also shelter the birds in winters
with too little snow for snow-roosting
(Lindén 2002a).

In our study, we found a significant
interaction between overall forest
cover and fine-grain forest
fragmentation at the lekking areas
(1000 m radius, III). The result
implies that after a certain threshold
in the decreasing forest cover, the
mosaic-like patch configuration may
have  increasing  importance  on  the
lekking  area  persistence.  For
instance in central Finland, this
threshold was around 50% of forest
cover  (Fig.  5).  Earlier,  Rolstad  &
Wegge (1987a, 1989a) found that as
old forest cover increases to over
50%  in  the  study  area,  there  are
more Capercaillie males per lek when
the forest is more fine-grain
fragmented.  Although  we  did  not
have information on the number of
males at the lekking sites, it is likely
that  high  probability  of  lekking  area
persistence is connected to a greater
number of males at the lek (Rolstad
& Wegge 1989c).

There are, however, some obvious
differences between our results and
those of Rolstad & Wegge (1987a,
1989a).  In  our  study  we  could  not
detect clear trends below and above
the  50%  threshold,  but  the  result
was double-peaked. The highest
probability of lekking area
persistence was always connected to
large amount of forest (close to
80%),  and  to  a  low  fragmentation
index  (the  largest  markers  in  the
right hand side in Fig. 5). At around

50% of forest cover, there was a
second, smaller peak in the lekking
area persistence, associated with
positive values of the fragmentation
index (the few larger markers in the
left hand side in Fig. 5). It is
possible, that when the patch size is
very  small,  as  in  our  data,  the
resulting patch mosaic close to 50%
forest cover is experienced as fairly
uniform, spacious forest by
Capercaillie males. Our result applied
to overall forest cover (timber
volume > 60 m3ha–1, age > 41 years
in southwest and central Finland,
and > 61 years in north Finland), not
old forests, but as mentioned earlier,
the  difference  might  be  due  to  the
very low level of old forest cover in
Finland.

Fig. 5 The effects of fine-grain forest
fragmentation and forest cover on the
lekking area persistence in central
Finland  on  1000  m  spatial  scale  (N =
238, 2 = 1.78, df = 1, P = 0.182). The
predicted probability of lek persistence
is indicated with marker size, with larger
marker size indicating higher probability.
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4. Conclusions

In general, large-scale human land
use strongly affects Capercaillie
populations in Finland. Thus, it
seems obvious that large spatial
scales  should  be  considered  in  the
conservation and management of
Capercaillie. The amount of forest is
important, especially in the areas of
strong  human  impact,  i.e.  in  the
areas where forest landscapes have
been altered and the spatial and
age-class structure have been
modified (II, III). In particular, the
forest management around lekking
areas should consider larger spatial
scales  than  before  (III).  It  is  not
enough to perform carefully planned
cuttings inside the lekking areas
(inside the radius of 1000 m, e.g.
Helle et al. 1994) if the forest cover
at the surroundings (at the radius of
3000 m) has already been cut to a
level that is too low for the lekking
areas to persist.

I would recommend that the
management of Capercaillie is
performed at two levels (i.e. multi-
level planning, see also Suchant &
Braunisch 2004, Braunisch &
Suchant 2007). The first priority
should  be  to  secure  the  large
regional-scale forest cover (II, III).
The second priority should be to
promote fine-grained mosaic-like
structure  of  forests  inside  the
separate forest patches, in particular
close to lekking areas (III, see also
Miettinen 2009). Along with the
improving lekking area persistence,

these targets might also enhance the
amount and quality of the Bilberry-
rich brood rearing habitats (e.g.
Lakka & Kouki 2009). However,
some additional local-scale measures
like small predator control might be
needed to further improve
Capercaillie breeding success (e.g.
Kurki et al. 1997).

The current guidelines for forest
management practices in Finland
(Heinonen et al. 2005,
Metsätalouden kehittämiskeskus
Tapio 2006) pay attention to
Capercaillie, too. The results of this
thesis, however, add new aspects to
these guidelines. For instance, the
Finnish state enterprise Metsähallitus
plans forestry on regional scale, and
promotes the overall variability of
forests (Heinonen et al. 2005).
However, the practical instructions
for Capercaillie lekking site
management consider only an area
up  to  1000  m  from  the  lekking
centre  (Heinonen  et  al.  2005).  This
will not guarantee that larger-scale
connectivity between leks is actually
maintained. Thus, it is advised that
larger-scale considerations shall be
included in the management of
Capercaillie lekking sites in the
future. The management of local
Capercaillie populations is especially
challenging in private forests, where
planning across forest stands and
among several land owners is
encouraged (Metsätalouden
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kehittämiskeskus  Tapio  2006),  but
rarely implemented.

Capercaillie is often considered an
old-forest specialist, but this
relationship  is  nowadays  hard  to
detect,  at  least  in  such  a
straightforward manner as has
traditionally been possible (e.g.
Swenson & Angelstam 1993).
However, because of the obvious
restrictions to study the phenomena
connected to older forests in our
present-day ‘young forest
landscapes’ (IV), I would be
cautious about giving specific
management recommendations
considering forest age. It is possible,
as noted already e.g. by Helle et al.
(1989),  that  it  is  not  the  forest  age
per se that is important for
Capercaillie, but some other
characteristics that are connected to
older forests. These could include
multi-layered forest structure with
versatile  cover  and  food,  and  the
presence of large timber trees (see
also Miettinen et al. 2009). How well
Capercaillie can maintain viable
populations  in  younger  forests  is  a
question  that  still  needs  to  be
resolved, considering both the
lekking site viability (IV),  and  the
other life-history stages of
Capercaillie (I).

How should Capercaillie populations
be managed in practice? Lindén et
al.  (2000)  have  already  proposed  a
plan of large-scale forest corridors or
‘forest bridges’ through Finland.
These are 50 km- wide forest belts,
with approximately one-third
consisting of mature (> 40–50

years) forest, spanning from eastern
Finland  towards  the  west  and  south
(Lindén et al. 2000). I suggest that
functioning lekking sites are included
as ‘nodes’ in these forest bridges and
that the bridges are then built
around the lekking areas. These
measures would most likely enhance
Capercaillie lekking area persistence
(e.g. III), and thus benefit the local
population viability (e.g. Helle et al.
1994, Wegge & Rolstad 2002).
Conserving the connectivity of
forests on a large spatial scale could
also  offer  a  precaution  to  minimize
risks connected to future range shifts
stemming from climate change
(Thomas & Lennon 1999).

To implement the new management
guidelines and to create and
maintain large-scale forest corridors,
regional-level forestry planning and
cooperation between forest owners
will be needed. In principle, the
implementation  of  the  forest
corridors probably requires that
some modifications in rotation times
and landscape patterns are
addressed in specific regions.
However, the idea behind the ‘forest
bridges’  is  not  to  put  the  forests
under a strict conservation regime,
but  to  ensure  that  both  the  overall
connectivity of the forests and the
amount  of  older  forest  stay  high
enough in a landscape (Lindén et al.
2000). Conservation areas may
complement these corridors, but
mostly  it  is  a  question  of  managed
forests.  I anticipate that
implementation of ‘Capercaillie
programme’ requires better
interaction between forest owners,
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regional forestry authorities and
game researchers. For example,
results from game monitoring
schemes could be more tightly
included and applied in forestry
plans. To support private land
owners’ biodiversity-friendly forest
use, tax reductions or other
incentives are probably also needed.
For instance, the Forest Biodiversity
Programme (METSO) is designed to
offer a tool kit for enhancing private
forest owners’ willingness to
voluntarily protect or manage their
forests in a biodiversity-friendly way
(Ministry of the Environment 2010).

Capercaillie has several
characteristics which make it highly
attractive as a flagship species in the
northern boreal forests. Firstly, the
species is generally highly valued
among land owners and hunters
(e.g. Leinonen & Ermala 1995),
guaranteeing its yearly abundance
estimation through wildlife triangle
counts  performed  by  thousands  of
volunteers (Forsman et al. 2010).
Secondly, Capercaillie has umbrella-
species  characteristics,  i.e.  the
preservation of Capercaillie will
benefit also other wildlife (Pakkala et
al. 2003). Lastly, Capercaillie has a
special status in the Finnish culture:
it is traditionally considered as a
focal  symbol  of  healthy  forests
(Lindén  2002c).  Thus,  it  is  easy  to
see that Capercaillie deserves a
special status in the Finnish biota.
Unfortunately, the future of this
magnificent  bird  is  far  from  being
secured. Based on my results, the
most  important  step  forward  in
securing the Capercaillie is to think

beyond  the  forest  stand  level,  that
is, to consider a management unit
covering tens or hundreds of square
kilometers. This is a challenge that
should be addressed in the near
future in order to maintain the
viability of Capercaillie populations in
Finland.
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