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ABSTRACT

Ludwig, Gilbert Xavier

Mechanisms of Population Declines in Boreal Forest Grouse
Jyvaskyla: University of Jyvaskyld, 2007, 48 p.

(Jyvaskyla Studies in Biological and Environmental Science
ISSN 1456-9701; 176)

ISBN 978-951-39-2825-4 (PDF), 978-951-39-2805-6 (nid.)
Yhteenveto: Kanalintukantojen laskuun vaikuttavat tekijt
Diss.

Populations of Finnish forest grouse have been declining during several
decades. Using large data sets on both the individual and the population level, I
have studied possible mechanisms and processes underlying the long-term
declines of forest grouse in Finland. The observed decline in population size of
Finnish forest grouse is most likely mediated through long-term changes in
breeding success. The likely mechanisms underlying the long-term decrease in
breeding success and population size in grouse are interactions between human
land-use (modern forestry and agriculture) and predators exacerbated by
detrimental effects of asymmetric climate change. The prime factor in human
land-use includes modern forestry practices such as clear-cutting and large-
scale drainage as well as fragmentation due to agriculture. The ensemble of
these factors is one reason of increased densities of mesopredators, but the
process has strongly been facilitated by the absence of large carnivores over the
last century. In addition to increased mesopredator densities itself, a number of
human caused landscape features, e.g. fragmentation and large-scale drainage,
additionally increase predation risk on grouse, and may act as an ecological
trap. This process has further been exacerbated climate change: chicks are
increasingly hatching too early, before the onset of optimal brood rearing
conditions. In order to stop the long term decline, improving breeding success
can be regarded as a key management target, including e.g. control of
mesopredators. Results suggest that top-down effects due to recent increases in
lynx populations may be more effective in controlling mesopredators than the
current state of active control through hunting. Furthermore, breeding success
could be locally improved through forest management that favours occurrence
of bilberry and protection of pine bogs, restoration of bogs and mires where
drainage is not economically profitable, as well as by integrating weather and
climate change into the equation of hunting management.

Keywords: AIC, Breeding success, climate change, drainage, grouse,
population declines, predation, timing of breeding, top carnivores
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1 INTRODUCTION

1.1 A short history of Finnish grouse

The central question of this thesis is Why are grouse populations declining in the
boreal forests of Finland? During more than the past four decades, all species of
forest grouse, the capercaillie (Tetrao urogallus), the black grouse (T. tetrix) and
the hazel grouse (Bonasa bonasia) have been declining on a nationwide scale. As
to justify the task endeavoured by this thesis, I shall present a brief historical
overview by highlighting the relationship between man and grouse. That is, the
human dimension of grouse.

It is no exaggeration to say that grouse have a special place in the heart of
the Finnish culture and society. In as much as in other areas of the northern
hemisphere, Finnish grouse have been sources of rural sayings and beliefs,
myths and superstitious attitudes ever since the arrival of the first settlers. A
humble certificate of the close relationship between grouse and Finns is
beautifully incorporated in the word Metsola. Metsola stems from the word
Metso (capercaillie), which again originates from the word Metsi (forest).
Traditionally, metsola has been understood as being the home of all forest animals
(Lindén 2002). The roots of this relationship stem, by no means, from the
ancient need of hunting in order to survive, in order to exist. It is a predator-prey
relationship.

Grouse are, and have always been, highly wanted game to humans. Of
course, while the centuries have passed by, the meaning of grouse hunting has
gradually changed. In pre-industrial Finland, grouse were a critically important
source of food, highly valued because of its high protein content. As in many
old boreal cultures, abundant grouse populations guaranteed the welfare and
existence of local Finnish communities. With the rise of agriculture and the
industrial revolution, the importance of grouse became increasingly an
economical one. For instance, from 1867 to 1938, Finnish game exports
amounted in average to almost 500 tons of game each year (Airaksinen 1946).
While this includes also other game, such as hares or waterfowl, the vast
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majority of the export has always been made up of grouse. In modern times,
grouse hunting, although of increasingly recreational nature, is still an
important component of rural communities, driven by ancient traditions. It is
by no means the most popular form of hunting in Finland. Besides of being a
means of game population management, it is still very much considered as a
means of experiencing and enjoying the forest, or simply, being one with
metsola.

Another prime reason underlying the special relationship between grouse
and humans are the peculiar dynamics exhibited by grouse populations.
Similarly to other vertebrate species from higher latitudes, such as e.g. voles or
lemmings, population sizes of grouse undergo pronounced fluctuations in both
time and space. That is, local populations fluctuate in time, going through
troughs and peaks. Troughs (years when grouse abundance where at the
lowest) have commonly been called katovuosi (year of failure). Such phenomena
have been observed for many grouse species, both in the old and the new
world, and have long been faced with shock and consternation (e.g. Hastings
1948): Where have all the grouse gone?

It is the nature of these dynamics which is also at the origin of the
scientific interest in grouse. The first attempts to gain scientific insights on
grouse population fluctuations probably comes from the British Isles, when the
English Ministry of Agriculture in 1905 named a commission to investigate
what causes the years of failure in red grouse (Lagopus lagopus scoticus) (Grouse
committee 1911). In 1912, the results were popularized in a book appropriately
named Grouse in Health and in Disease (Lesley & Shipley 1912). In northern
Europe, the first attempts to explain grouse fluctuations appear in the 1920ies
and 30’ies, such as e.g. Dahl (1922, 1935) and Kloster (1936) in Norway and
Bromee (1936) in Sweden. Descriptions on fluctuations in Finnish game
populations can be traced back to e.g. Merikallio (1922), Palmgren (1930) and
Vilikangas (1936). Airaksinen (1941) and Siivonen (1943) were probably the
first to discuss grouse fluctuations in particular. The first scientific attempt to
describe and interpret grouse fluctuations, largely based on annual game
exports from 1867 to 1938, was done by Airaksinen (1946), and his results were
published in the first volume of Suomen Riista. The years to follow can well be
regarded as a milestone in Finnish grouse science, as a result of which grouse
research has remained a key element in Finnish game research until today. This
includes the vast work of Lauri Siivonen, e.g. on principles of forest bird
management (Siivonen 1951), the predictability of autumn population size and
years of failure (Siivonen 1953a, 1958), the fluctuation in the timing of hatching
of grouse chicks (Siivonen 1953b), and, of course, his studies on short term
fluctuations in grouse (e.g. Siivonen 1948, 1952, 1957).

Under the leadership of Paavo Rajala (e.g. Rajala 1962, 1966, 1974),
voluntary nationwide grouse brood censuses were introduced in 1964 (see
methods), and the counts were replaced by the wildlife triangle monitoring
scheme in 1989. The fruits of this inauguration are nationwide time-series now
over 40 years long. Considering the spatial and temporal dimension of such
data, it goes without saying that Finnish grouse populations are among the best



11

known in the world. The time-series have ever since been extensively used.
First, the counts being performed in mid August, they were used as proxy of
local breeding success and densities, upon which the hunting bag could be
evaluated. With years accumulating, however, the series became increasingly
valuable to the study of population dynamics, such as short-term fluctuations
and long-term trends. Early key works based on these time-series include e.g.
Rajala (1974) and the dissertation of Lindén (1981a). Experimental work on
captive bred grouse was an important branch of grouse research especially in
the 70’ies and 80'ies, an approach that was, and still is, very useful when
studying behavioural and physiological aspects of grouse biology that would be
impossible to study in the wild. Some key works, just to name a few, include
Lindén (1981b, 1984), Hissa et al. (1982, 1983) and Marjakangas et al. (1984).
With the continuous development of research tools like telemetry or
geographical information analysis (GIS) a shift towards behavioural and habitat
studies can be observed. Early telemetry studies were performed by e.g. Helle
et al. (1990) and Marjakangas (1996). Habitat studies, especially the effects of
fragmentation and forestry on habitat quality, were an important focus
especially during the 90'ies, with long-term monitoring data and GIS
techniques being of increasing importance. Key studies include e.g. Helle and
Helle (1991), Helle and Nikula (1996), Helle et al. (1996) and the dissertation of
Sami Kurki (Kurki 1997, 1999, Kurki and Lindén 1993, 1995, Kurki et al. 1997,
1998, 2000). Sexual selection and lekking behaviour, especially in the black
grouse, has been a focus of interest for evolutionary ecologist during the past 20
years. The long-term studies on the evolution of black grouse initiated by
Alatalo (e.g. Alatalo et al. 1991, 1992, Hoglund & Alatalo 1995, Siitari et al. 2007)
have been the driving force in this area of research.

The most peculiar feature of short-term fluctuations in grouse is its
common regularity, as well as its spatial synchrony. Using the transect-census
data, Lindstrom et al. (1995) demonstrated the fluctuations of the three forest
grouse species to be cyclic, having mostly a period of 6-7 years. Older data sets
based on bag statistics suggest that cyclic nature was present since at least the
early 1900’s (Lindstrom et al. 1995). The phenomenon of cyclicity seems also
strongly connected to the large-scale synchrony. That is, nearby populations
commonly fluctuate in synchrony, and the degree of synchrony declines with
distance between the populations. Likewise, grouse populations of different
species in the same area commonly fluctuate in synchrony as well (Ranta et al.
1995). Interestingly, both the cycles and the synchrony have apparently
disappeared by the middle of the 1980’s (Ranta et al. 2004). The reasons thereof,
however, are still unclear. Chapter III of the thesis shortly discusses this and
presents a possible mechanism, involving asymmetric climate change, to
explain the phenomenon of cycle loss. Whatever its reasons, the loss of cycles is
certainly very intriguing in biological terms. In terms of population
management, however, it is not unproblematic. The loss of cycles also implies
some loss of predictability, rendering decisions on local hunting bags more
difficult.
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The pronounced short-term fluctuations have by no means been a focus of
interest throughout the decades, be it as food for discussions among hunters or
as a playground for theoretical population ecologists. However, while the
processes underlying the regulation of grouse populations still presents open
questions, the focus of both hunters and scientists is increasingly turning
towards the long-term declines observed in forest grouse. As revealed by over
40 years of time-series data, grouse densities have declined by about 60 % on
average (Helle et al. 2000, Lindén 2002). The declines have been rather
consistent until the 90’ies, when declines in the capercaillie and hazel grouse
seemed to slowly level off, but the decline continued in the black grouse
(Lindén 2002). Only during the past few years there are signs that the decline of
black grouse might be levelling off in some areas of Finland. Figure 1 presents
time-series of black grouse densities from 1964-2006 for all Finnish game
districts (Figure 2).

1.2 Short-term fluctuations and population declines

The processes underlying short-term fluctuations are commonly termed
regulatory processes, meaning that the population is regulated about an
equilibrium density (Varley et al. 1973, Smith 1980). If this equilibrium density
is constant over time, the population is said to be persistent (Royama 1992). In
the real world, however, such equilibrium densities are rare, as they are
commonly subject to change, e.g. in response to environmental changes, leading
to decreases or increases of the equilibrium density. In case of a decrease, the
population is no longer in a state of persistence, but is still being regulated
about the declining trend. Thus, while persistence implies regulation, regulation
does not imply persistence (Royama 1992). It is therefore important to
distinguish the ecological mechanisms determining short-term fluctuations (i.e.
population regulation) from those that determine the mean level around which
the population fluctuates (i.e. the long-term trends). In practice, however, this is
easier said than done.

An inherent problem of population declines is that a decline may not be a
decline. For instance, a declining population could be on a trajectory towards a
new equilibrium (Royama 1992, Turchin 2003), or it may simply be a form of
low frequency variation (such as e.g. in a positively autocorrelated
environment) and may not be under more threat than before (Ranta et al 2006).
For the human perception, however, this is weak consolation at best, because
one may not have the time or means to find out. The first prerequisite is to
show that there is a significant negative slope over some appropriate time
interval. By the time this work had started, this has been shown to be the case
for all three forest grouse species, in nearly all game districts (Lindén 2002). For
capercaillie and hazel grouse, the declines are most pronounced from 1964-
1989, but the declines started to level off in a number of districts thereafter. The
decline of black grouse, on the other hand, consistently continued after 1989,
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and it is only during the past few years that that some signs of recovery become
apparent in some of the districts. While in ecological terms time-series of 40+
years length are not actually very long, they are long enough, in respect to
average period of short-term fluctuations, that a trend can be evaluated with a
high degree of certainty.
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FIGURE 1 Time-series of black grouse densities from 1964-2006 in all Finnish game
districts. The trends and changes therein are characterized by a second-
order polynomial fit.
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FIGURE 2 Finnish game districts (in alphabetic order): 1. Eteli-Hame, 2. Eteld-Savo, 3.
Kainuu, 4. Keski-Suomi, 5. Kymi, 6. Lappi, 7. Osterbotten, 8. Oulu, 9.
Pohjanmaa, 10. Pohjois-Hame, 11. Pohjois Karjala, 12. Pohjois-Savo, 13.
Satakunta, 14. Uusimaa, 15. Varsinais-Suomi

The second prerequisite is that the decrease can be interpreted. We need to be
certain, or very confident at the least, that the observed trend is actually a
reflection of e.g. some environmental change rather than just due to the
stochastic dynamics the species exhibits (Ranta et al. 2006). In other words, we
need a priori knowledge of the system under study to support the hypothesis
that the putative decline is actually due to some unwanted change. A short
summary of a priori knowledge and hypotheses are given below the next sub-
header.

1.3 Finnish grouse populations: The modern threat

In grouse, predation is commonly the most important cause of non-hunting
mortality (Willebrand 1988, Caizergues and Ellison 1997, Smith and Willebrand
1999). While grouse have evolved with and adapted to predators, temporally
increasing predation pressure, e.g. as a result of increased abundance of small
and medium sized predators (commonly called mesopredators), can hold
population size of prey species below their carrying capacity and may cause
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long-term population declines (Potts 1986, Marcstrom et al. 1988, Thirgood et al.
2000). In Finland and in Northern Europe in general, densities of small and
medium sized predators, especially foxes (Vulpes vulpes) have markedly
increased during the past 50 years (Lindstrom et al. 1994).

Two hypotheses are generally put forward to explain the observed
increases in predator densities. First, intensified agricultural activities have
increasingly fragmented the forest landscape, which has been shown to increase
local densities of e.g. foxes (Andrén et al. 1985, Kurki & Lindén 1995, Huhta
1996, Kurki et al. 1998, 2000), or avian nest predators, such as corvids (Andrén
1992). Second, recent intensification of forest management, e.g. by clear cutting,
have increased the proportion of young successional forest stages that are rich
in grass dominated undergrowth (Esseen et al. 1992, Hansson 1992). Such
habitats have been shown to attain very high densities of Microtus-voles, much
higher than those of original forest rodent species (such as Clethrionomys
glareolus) (Henttonen 1989). Since Microtus are the preferred prey of many
generalist predators, such areas may sustain higher densities of their predators
(Hansson & Henttonen 1988, Angelstam 1992, Kurki et al. 1998). However, it
has also been argued that the disappearance of large carnivore populations,
such as of wolves (Canis lupus) or lynx (Lynx lynx), may have enhanced, or
facilitated, the increase in fox densities (Seether 1999, Lindstrom 1999, Elmhagen
and Rushton 2007, see also chapter V).

While foxes and mustelids are at least in theory capable of killing adult
grouse, their main effects are most likely mediated through reductions in
breeding success, either by destroying nests (chapter I) or by killing chicks
(chapter II).

Modern forestry may be detrimental for grouse on other accounts, too.
Human alteration of grouse habitat can influence both breeding success and
adult survival through e.g. direct disturbance, changes in the spatial and
temporal distribution of food or lack of cover (e.g. Miquet 1990, Kurki et al.
2000, Storch 2000). As an example, the coverage of bilberry (Myrtillus myrtillus)
has significantly decreased during the past 50 years as a result of intensified
forestry management (Reinikainen et al. 2000). Bilberry (e.g. buds) and its
associated arthropod communities (especially lepidopteran larvae) are
important food sources for both adults and chicks. Chapter II, among other
things, evaluates the importance of vaccinium sp. (bilberry, lingon berry, bog
bilberry) as an explanatory variable of early chick survival. Both chapters I (nest
success) and II (early brood survival) investigate the role of predation and the
extent to which variable predation interacts with both maternal and
environmental variables in black grouse.

Also, large-scale drainage, as a means to increase timber productivity, is
likely to have had a major impact on grouse populations. By the end of the
1980’ies, a total of almost 1.5 million km of ditches had been established, which
comprises an area of over 5.8 million hectares of drained bogs and mires. The
impact of these practices on regional landscapes and entire biocoenoses has
certainly been tremendous, and, among other things, has increased both total
forest surface and timber production (Hokka et al. 2002). The potential effects of
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drainage, however, on the viability of grouse populations, and animal
populations in general, have received very little attention (Rajala and Lindén
1982, Helle and Ludwig 2003). Indirect effects of drainage are likely to be
related to classical edge effects (Andrén 1992), by e.g. affecting abundance or
movement patterns in both mammalian and avian predators. Indirect effects
may also be related to alterations of arthropod communities and hence affect
food availability for chicks. Newly hatched chicks may also drown in ditches.
These questions are addressed in Chapters I, Il and IV.

The effect of weather on grouse populations has long been a controversial
one. While the role of weather has been questioned (Lindstrém 1996), field
studies suggest weather to strongly affect e.g. early chick survival (Erikstad &
Andersen 1983, Erikstad 1985, Storch 1994, Bousquet and Rotella 1998).
Siivonen (1958) further suggested that spring conditions may affect the
condition of the hen and subsequently her breeding success. This is based on
the early vegetation theory and predicts that in warm springs more food is
available for the hens, which favours weight gain during the pre egg laying
stage. I will return to this question in results and discussion.

Assuming the effect of weather exists, its role may increase in importance
if weather patterns change over time, e.g. as a result of global warming.
Climatic conditions influence biological processes (Seether 1997) and changes in
long-term climatic trends are demonstrably affecting living systems (Parmesan
& Yohe 2003). In non-migratory birds, for instance, a mismatch may occur when
patterns of regional climatic change differ between the egg-laying and hatching
season, i.e. when climate change is seasonally asymmetric. Consequently, the
synchrony between offspring requirements and maximum food availability
and/or optimal weather conditions may become disrupted. Chapter III
investigates the effect of weather and climate change on early chick survival, as
well as its possible long-term consequences on population size and dynamics.
The effect of weather on early chick survival is also investigated in chapter I,
and to some extent in chapters I and IV. Considering the arguments above, it
seems safe to assume that the long-term declines of grouse populations are real,
at least for human perception, and that there is a need to identify the
mechanisms by which the declines are brought about.

1.4 A question of birth and death

Ignoring immigration and emigration, population renewal can be reduced
down to two major processes: birth and death (Ranta et al. 2006). That is, the
change in population size from one year to another can be simply characterized
as the amount of births minus the amount of deaths. As simple as this insight
may be, the mechanisms determining annual birth and death rates are far from
trivial. The processes of birth and death in Finnish grouse are best viewed in the
context of the annual censuses, which have been performed on a nationwide
scale since 1964 (see methods). In mid August, when the counts are normally
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performed, the number of observed birds in a given area will depend on a) the
number of birds present one year before (I hereby ignore the possibility of
delayed density-dependence), b) the proportion of the birds present one year
before that have died during the entire period and c) the amount of hatched
chicks that survived the period from hatching until the day of the count. That is,
annual mortality can be partitioned into two parts: mortality of adult and
yearling birds from one count to another (consequently referred to as adult
persistence) and mortality of chicks that have hatched during the year of count.
The annual birth rate, on the other hand, is a result of the rate of nesting success,
which, in combination with the chick survival rate, will determine the annual
breeding success. That is, in the context of grouse censuses, annual breeding
success is here defined the number of chicks produced and alive at the count,
relative to the number of adult birds. Because juveniles and adults are counted
separately, such an index can be easily computed by taking the residuals of the
simple linear regression of juvenile vs. adult densities. This index, called
reproductive output (Lindstrom et al. 1997), is used in Chapters III and IV.

It is safe to assume that fluctuations in both breeding success and adult
persistence are important in determining annual population size. The issue of
which is more important, however, has been somewhat controversial. Rajala
(1974) concluded that annual fluctuations in black grouse and capercaillie are
largely dependent on adult persistence, not breeding success. Similar
conclusions were made for Finnish forest grouse (Kauhala & Helle 2002),
Norwegian black grouse (Spidso et al. 1997) and black grouse in the French
Alps (Caizergues & Ellison 1997).

Kauhala & Helle (2002) showed that adult persistence was a more
important determinant of the population growth rate than is breeding success.
They concluded that processes affecting breeding success, such as increases in
predator densities, would be of minor importance when determining long-term
trends in grouse populations. This argument, however, may reflect the
consequences on short-term fluctuations rather than on long-term trends. As
mentioned earlier, the processes driving these two population dynamical
features (short-term fluctuations and long-term trends), although likely to be
related, need not be one and the same.

When studying mechanisms of population declines, what should be our
focus, breeding success or adult persistence? The obvious answer is, of course,
both. Unfortunately this would be beyond the scope of this thesis. I have
therefore decided to focus on one aspect, breeding success. As mentioned
above, fluctuations in annual breeding success are commonly viewed as a less
important predictor of future population size than adult survival. I argue that
this may be true for short-term fluctuations, but that such insight cannot
necessarily be extrapolated to long-term trends.

First, density-dependence in breeding success and adult survival may
have different lags. When grouse fluctuations were clearly cyclic, peak and
troughs had the following characteristics. A peak year was characterized by an
increase in population size (as compared to the previous year), but a decrease in
breeding success. The opposite is true during troughs: Population size has
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decreased as compared to the previous year, although breeding success has
already turned into the increasing phase. That is, while density-dependence in
adult year-to-year survival may be direct, it may be delayed for breeding
success, or vice versa. Indeed, delayed density-dependence is a precondition for
the occurrence of cycles (Royama 1992). In other words, comparing breeding
success in year t+1 to adult survival from year ¢ to t+1 as a predictor of
population size in year t+1 is like comparing apples to oranges.

Second, whatever demographic element is the key to declines, one would
suspect that demographic element itself to be in a state of decline. Figure 3
shows time series of reproductive output of black grouse for all game districts
from 1964-2006, and figure 4 shows the same for adult persistence. We find that
while reproductive output has been largely declining throughout the country,
adult persistence has not. It needs to be said that the change in the monitoring
scheme in 1989 (from line transects to wildlife triangles, see methods) may
affect the quadratic fit. However, looking at the trends within each monitoring
period, we find that the conclusion is still valid. Also, a high degree of
similarity between the methods was found when both were done
simultaneously in 1988 (Lindén et al. 1989). Adult persistence has consistently
either remained stable or has increased. Reproductive output has consistently
decreased during the line transect period, but has started to recover in a
number of districts during the wildlife triangle period. Similar trends can be
observed for population size (Fig. 1). While the shift from one monitoring
system to another may be problematic, proportional changes within a given
monitoring scheme are likely to reflect real changes. On the basis of these
observations I therefore justify my choice of using breeding success as the
primary demographic element to investigate mechanisms of population
declines.

It is clear, however, that processes affecting adult survival must not be
neglected. Among these, hunting and predation by goshawk (Tornberg 2000)
need special attention. The issue of hunting is particularly important, because
through hunting management adult survival can be actively influenced. Key
questions also include the extent to which hunting mortality is compensatory,
the effect of selective trophy hunting (Coltman et al. 2003), which may occur
when e.g. hunting black grouse from the autumn lek.
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2 THE APPROACH

2.1 Looking for answers

The original task of this thesis was to gain novel knowledge on the processes
and mechanisms that underlie the observed long-term declines of grouse. As in
scientific research in general this is best done by integrating current knowledge
with new, carefully planned studies. That is, we are looking for new answers
without ignoring old ones.

While it has been shown that both density-dependent and density-
independent processes account for population regulation (Royama 1992,
Turchin 2003, Ranta et al. 2006), declines are more commonly driven by
exogenous (i.e. density-independent) forces (Royama 1992, Turchin 2003). For
that reason I have mainly focused on exogenous processes. The main questions
addressed by chapters I-V include:

e How do properties of the nesting and brood rearing environment affect
nesting success and early brood survival, and how do they interact with
the quality of individual birds and/or fluctuating predator densities (I-II)?

e Does the advancing phenology of spring affect the timing of mating and
hatching, and what are the consequences thereof on long-term breeding
success? Moreover, are the observed patterns possibly linked to the loss of
cyclicity (III)?

e How and to what extent has large-scale drainage affected the long-term
breeding success of grouse (IV)?

e Is the recovery of large carnivores (e.g. lynx) capable of eliciting recoveries
of grouse populations, e.g. by controlling medium-sized predators that
prey upon grouse (V)?

In the next sections, I shortly introduce the study species and briefly elaborate
the general approach that I have chosen to address the questions above.
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2.2 Study species

There are five grouse (Order Galliformes, Family Tetraonidae) species occurring
in Finland, two lekking and three non-lekking species (Johnsgaard 1983). The
lekking species are black grouse and the capercaillie. Non lekking monogamous
species include the hazel grouse, willow ptarmigan (Lagopus lagopus) and rock
ptarmigan (L. mutus). In this study we only deal with the three true forest grouse
species, the black grouse, the capercaillie and the hazel grouse. The reason
thereof is that the data available for willow and rock ptarmigan is too sparse to
adequately address the questions asked. Furthermore, this thesis focuses in
particular on the black grouse. Both studies on individual (chapter I and II) and
all studies on the population level (chapters III-V) include the black grouse.
Capercaillie and hazel grouse are additionally dealt with in chapter IV-V.

While each species does have its distinct ecology, such as habitat
preferences, there are also substantial similarities in their ecologies. For
instance, all three species are non-migratory and ground-nesting birds
inhabiting similar areas, and hence share common conditions, such as e.g. local
predator densities and weather conditions. The argument that there might be
regulatory processes common to all three species is best demonstrated by the
decadal long synchrony between population fluctuations of the three species in
any given area (Ranta et al. 1995). Fore more thorough descriptions of the study

species and their main ecological features see e.g. Johnsgaard (1983), Hudson
and Rands (1988) or Madge et al. (2002).

2.3 Individuals, populations, and communities

In order to study processes underlying changes in population size, we may use
three general approaches: Analysis of observational data, mathematical
modelling or experimentation (Turchin 2003).

Mathematical modelling has been a common tool in Finnish grouse
research during the past decades (e.g. Lindstrom 1994, 1996a, 1996b, Lindstrom
et al. 1996, Ranta et al. 1995), but it has largely been used in the context of short-
term fluctuations, such as cycles and large-scale synchrony. As a matter of fact,
the mathematical modeling of declining but strongly density-dependent
populations can be problematic. For instance, models that successfully mimic
some cyclic but stationary process often fail to retain the observed dynamics if
they are forced to decline. Such an approach, of course, would be extremely
useful, and further efforts are needed to develop appropriate techniques (see
e.g. Royama 1992:85-88).

Manipulative experimentation, on the other hand, is often considered as
the way to address ecological phenomena. For instance Krebs (1995) argued that
progress in revealing the mechanisms underlying population fluctuations may
only be achieved by careful experimentation. I find this view too simplistic.
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First, true experimentation to address population level questions in species like
grouse are commonly very expensive and overly laborious, or their ethics may
be questioned, such as e.g. predator removal (Marcstrom et al. 1988, Kauhala et
al. 2000). Secondly, this is not an either or question. Ideally, different
approaches may be used synergistically.

Statistical analysis of observational data can further be divided into two
groups: observational data from individual animals (such as individual
behaviour, e.g. in a field study) and from populations (e.g. time series from
monitoring programs).

One important rationale of this work has been to take advantage of
observations on both the individual and the population level. Although the
subjects of population ecology and animal behaviour have largely developed
independently (Sutherland 1996), they are very much related to each other.
Populations are made up of individuals, and population level processes are
ultimately brought about by processes on the individual level. The problem is,
linking individual behaviour to population dynamics is often a very difficult
endeavour. The usefulness of using both approaches can nevertheless be
diverse. For instance, in chapter III, we take advantage of a large amount of
observations on individual copulations to evaluate the impact of climate change
on the timing of breeding and subsequently on early chick survival on the
population level. Furthermore, both individual and population level
approaches may reveal different hypotheses. Eventually, a hypothesis revealed
on one level can then be tested on the other level. An example thereof is
provided by chapter IV. While an effect of drainage on breeding success could
be demonstrated, the mechanisms remained unclear. This question was then
addressed on the individual level, and we gained further insight into possible
mechanisms (I, II).

Finally, it needs to be mentioned that populations are commonly not
isolated but interact with other populations, e.g. by through interference
competition (Begon et al. 2006) or predator-prey relationships (Taylor 1984).
That is, changes in a population of one species may elicit changes in
populations of other species, ultimately affecting community structure.
Investigating the possible effects of increasing lynx densities on fox, and
subsequently on grouse populations, chapter V makes a step in this direction.

2.4 Field study

Chapters I and II are field studies and are entirely on the individual level.
Chapter III includes both individual and population data. All three chapters are
about black grouse only.

The field studies I and II are telemetry studies and deal with nesting
success and early brood survival. They address the question on how individual
(or maternal) and environmental conditions interact with each other and/or
with fluctuating predator densities to determine nesting success and early
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brood survival. Although non-manipulative, this can be viewed as a natural
experiment, where the different levels of both individual and exogenous forces
(weather, habitat quality, predator densities) are naturally fluctuating. In
addition to monitoring nests and broods, the environment of both nest and
brood sites are accurately described. Details on capture, monitoring and
variables used are presented in the methods of chapters I and II.

In chapter III we use observational data on individual matings. This data
has accumulated during a long-term study on black grouse lekking behaviour
initiated 1987 by Rauno Alatalo (Alatalo et al. 1991, 1992, Siitari et al. 2007). The
data was used to identify the proximate causes of timing of breeding and
hatching. This in turn allowed us to model the timing of both breeding and
hatching for the entire period for which population data is available (see
below). Finally, we used this information to evaluate the effect of weather on
early chick survival as well as the potential effects of climate change on long-
term breeding success. The paper also evaluates the possible cause-effect
relationship between climate change and loss of cyclicity.

2.5 Population data

Population data has been used for studies III-V. The data is based on
nationwide annual counts of individual grouse and were kindly provided by
the Finnish Game and Fisheries Research Institute. The monitoring period can
de divided into two parts. Between 1964 and 1988, grouse brood counts were
performed annually by hunters and other volunteers in mid August on transect
lines. Average route length varied between 30 and 50 km, and the annual total
lengths of investigates routes ranged from 20’000 to 30°000 km. On each route 3
persons cover a band of 60 m width. All observations of individual grouse that
are observed within the band are used to calculate transect specific indices
(individuals/km?). Since juveniles and adults are counted separately, densities
can be evaluated for both. The transect-lines were initially situated in what local
hunters perceived as good brood habitat and did not change over the years. It
has been argued, however, that because of habitat deterioration, the localitions
of the transect-lines have become more random. Further details can be found
from Rajala (1974) or Lindén (2002). In 1989, the wildlife triangle scheme was
introduced. This monitoring scheme replaced the transect-line counts of grouse,
but the concept was expanded in order to include other game species as well.
The dimension of triangles is 3 x 4 km, and they are somewhat more randomly
distributed than the line-transects used to be in the early years. Otherwise, the
sampling method for grouse is the same. Snow track counts are performed in
mid winter and include the majority of mammalian game. Old tracks are
marked on a first inspection, and new tracks are counted the following day.
Chapter V uses track data for fox and lynx, and the track index is defined as the
number of tracks per 10km and 24h. The summer counts are continued to be
performed in mid August and concern mainly grouse, although signs of some



25

other species are registered as well. Further details on the wildlife triangle
method are provided by Lindén et al. (1996). Today, the spatial and temporal
extent of the combined series, 43 years of grouse counts covering an entire
country of 330 000 km?, is unprecedented. Just to give an example, during the
wildlife triangle period alone, almost 200°000 grouse have been counted
individually, and the number is manifold for the line-transect period!

Chapter III uses black grouse data from both periods (1964-2003) for the
district of Central Finland in order to evaluate the potential effects of seasonally
asymmetric climate change. Chapter IV uses line-transect data of most districts
from 1965-1988. The data is used in conjunction with district specific drainage
indices to evaluate the effect of large-scale drainage on the breeding success of
black grouse, capercaillie and hazel grouse. Finally, chapter V uses wildlife
triangle data to investigate the effect of recovering lynx populations onto fox
populations, and the possible cascading effect upon grouse populations.

2.6 Statistics

“What model to use?” is probably the critical question in making valid inference
from data in biological processes. It is not uncommon that biologist collect data
on 50, 100 or more variables, hoping that some statistical method will sort the
wheat from the chaff. There is of course nothing wrong with collecting lots of
variables, but the simultaneous analysis of large numbers of variables, such as
in multivariate methods, may bear a number of dangers, such as uncovering
spurious results (Flack and Chang 1987, Miller 1990). One inherent problem of
increasing numbers of variables (and hence increasing number of parameters to
be estimated) is that while the model bias decreases (towards a better coefficient
of determination), the model variance increases exponentially (Burnham and
Anderson 2002). That is, in such “over-fitted” models, the precision of the
estimators is poor.

Chapters I and II deal with individual and environmental effects on
nesting success and early brood survival. The analytical challenge there was to
find relevant variables that best explain a binary outcome (nest
success/destruction and brood survival/death). A common approach to
analyze this type of data and questions is the use of logistic regression (Menard
1995). This is a general omnibus approach for the estimation of model
parameters, given an appropriate model. The difficulty is to find the
appropriate model, or models, yielding the most parsimonious trade-off
between bias and variance. Burnham and Anderson (2002) advocate the use of
information-theory, a concept that is based on a priori knowledge of the
biological process under study. That is, rather than using a shot-gun strategy
followed by ad hoc hypothesis, one should formulate a set of biologically
meaningful a priori hypotheses. The selection of the best model, or models, is
then commonly carried out by means of an information criterion. The criterion
most commonly used for such situations is the Akaike information criterion
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(AIC), as well as the AIC adjusted for small sample sizes (AICc) (Burnham &
Anderson 2002). The criterion is calculated on the basis of the residuals and the
number of the parameters to be estimated (that is, it punishes for excessive
numbers of explanatory variables). For a given set of candidate models, we may
then select the best model, or models, according to the AIC. The AIC works on
smaller-is-better basis and the best model is commonly set to zero. In other
words, among the candidate set, this is the model that best approaches the true
model, which is of course unknown. For all other candidate models, the
difference (Ai) in respect to the best model is calculated. I also calculate Akaike
weights (wi) which represent the relative weight, or importance, of a model as
opposed to others. Models with a Ai < 2 are normally considered as alternative
models. There are, however, situations where this approach may be too
conservative. The AIC procedure was initially developed for processes with
negligible noise and sampling error (Burnham & Anderson 2002). Applying the
most conservative AIC based model selection procedure to field data that
inherently includes noise and sampling error may therefore bear the risk of
rejecting potentially important hypotheses. For such situations, Burnham and
Anderson propose a confidence set of for the best model. This set simply
includes all models whose weights, from highest to lowest sum up to just > 0.95.
In practice this means that models with Ai of up to 4-7 are included in the set of
alternative best models.

Variability induced by study site and year was accounted for by
introducing the categorical control variables year and site in all of the models.
In this way, site and year dependent variation was effectively standardized
across all candidate models, and the differences between candidate models
largely reflect differences in the predictive ability of the explanatory variables.
In each of the model I restricted the number of main effects (in addition to year
and site) to a maximum of two explanatory variables. In addition to reasons
mentioned above, I did so because large numbers of predictor variables with
respect to n response variables result in data too thin to accurately estimate
parameters (Hosmer and Lemeshow 1989), compromising thereby comparison
of different effects. I finally estimated relative weights of variables being
present in at least one alternative model as well as the direction and strength of
the effect by averaging the odds ratios (Burnaham and Anderson 2002) across
the models where the variable is present. Given the data at hand, this is
probably the most efficient way of identifying the variables that matter.
Furthermore, it gives also insight into the relative importance of each variable
and the differences in the relative importance of different levels (e.g. variables
on the maternal or environmental level, and predation). Likewise, I have used
AIC for model selection in chapter IV, in order to discern between four
competing a priori hypotheses.

Statistics in chapter three are very simple and consist of different steps.
First, I identify the variable and the time period that are critical in determining
the timing of the mating and the hatching peak by using cross-correlation and
shifting windows. The regression that I obtained (based on individual data) was
then used to estimate the hatching peaks back to 1964. This is very critical, since
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now we may estimate the conditions the majority of chicks have had from 1964
onwards. Again, I used cross-correlation and shifting windows of different
lengths in order to identify a possible critical post-hatch period and the extent
to which environmental conditions during that period affect the breeding
success. We then set up a hypothesis that the observed result may have caused
the loss of cyclicity in grouse populations and test this hypothesis with
computer simulations.

In chapters IV and V I have used linearized mixed models (SPSS 14) in
order to model population data on a nationwide scale. Linear mixed models
expand the general linear model so that the data are permitted to exhibit
correlated and non-constant variability (both of which definitely occur in
grouse populations!). The mixed linear model, therefore, provides the flexibility
of modeling not only the means of the data but their variances as well. The
advantage of this type of approach is that we can model large data sets (e.g.
nationwide monitoring data) simultaneously by the taking advantage of their
ability to deal with different hierarchical levels (e.g. districts (IV) or sub-plots
(V)). Further details on the methods can be found in the corresponding
chapters.



3 RESULTS AND DISCUSSION

Detailed descriptions of results as well as tables and figures can be found in the
respective chapters. In the next three sections I shall highlight the most
important results, with an emphasis on weather and climate change.

3.1 Weather, climate change and the timing of breeding (I-IV)

The timing of breeding, weather and climate change are the main issues of
chapter III, but effects of weather (temperature and/or rain) are also dealt with
in chapters I, Il and IV.

The timing breeding, here defined as the timing of the hatching peak was
very strongly dependent on the mean maximum daily temperature in spring. In
chapter III, we used observation data on individual matings from 1987 to 2003
(691 matings) and found a very strong correlation (r = -0.91) between the mean
maximum daily temperature of the last three weeks of April and the timing of
the hatching peak. The period of importance changes (but only slightly) when
adding the years 2004-2006 to the data (total N = 1249 copulations). We find
that the period yielding the strongest correlation (r = -0.93), starts a little earlier
(last week of March) but ends at the same time. The contour plot in figure 5
shows correlations between mean copulation peaks and mean maximum daily
temperatures of periods differing in length and starting date. As can be seen
from the dark blue diagonal area, any period starting from mid March onwards
and lasting until end of April/beginning of May predicts the hatching peak
very well. The reason why maximum daily temperature performed better than
mean or minimum daily temperature is probably due to the fact that in April,
night temperatures may be still well below zero, but day temperatures may
reach already 20°C. From own observations we have experienced that a series of
warm and sunny days in April may significantly speed up lekking activity,
even if the nights are still on the freezing side.



29

Period Length

"3
Period Start

FIGURE 5 Correlations between mean copulation peaks and mean maximum daily
temperatures of periods differing in length and starting date. Data consists
of individual lek observations (N = 1249) from 1987-2006.

No matter which period we choose from the dark blue diagonal area, looking at
long-term meteorological data we find a significant increase in temperature,
suggesting an advancement of spring (e.g. Fig. 1c in III), and I show that as a
consequence the timing of both the mating and the hatching peak have
advanced as well. While such a scenario seems common in a large number of
bird species (Crick and Sparks 1999), the current situation turns out to be
problematic for the grouse. While spring has warmed up and hence has
advanced, early summer (the time of hatching and early brood rearing) has not,
in other words climate change is seasonally asymmetric. There is therefore an
increasing risk to hatch too early, before the arrival of optimal conditions
(weather conditions and/or food availability). Cross-correlations of
reproductive output with mean maximum daily temperatures of post-hatching
periods varying in length showed a strong positive effect of temperature during
the first then days after hatching (Fig. 2a-c in III). Because the post-hatch
periods have advanced, they have, on average, cooled down, and the negative
effect of cold post-hatch conditions has become stronger and more frequent in
time. Consequently asymmetric climate change has increasingly affected the
breeding success of black grouse. The effect is likely to be mediated through
thermoregulation problems (Hissa et al. 1983) and/or food availability.
Interestingly, mean maximum daily temperatures yielded again better results
than minimum or mean daily temperatures. This suggests that even relatively
short periods of e.g. direct sunshine may warm up the environment to the
extent allowing the chicks to forage rather than being warmed up by their
mother, and possibly for insects to emerge.
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Using equation 2.2. in chapter III, we then show that an increase in both
strength and frequency of an exogenous driver (here the mismatch caused by
asymmetric climate change) may account for the loss of cyclicity in grouse
populations (Figure 4 in III). Based on data from central Finland only, these
results cannot necessarily be extrapolated to the rest of the country. However,
while spring temperatures have risen, early summer temperatures remained
rather stable or even cooled down everywhere in Finland (Figure 6a, b), but the
advancement of spring is more pronounced in the south. Hence the extent of
asymmetry changes with latitude (Figure 6c¢). If asymmetric climate change is
involved in the loss of cyclicity, we may argue that this loss should be more
pronounced in the south than in the north. Further research is needed to assess
the validity of this hypothesis.
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FIGURE 6 Relationships between latitude and temperature trends 1964-2004 in April
(A) and June (B). Positive slopes indicate warming up and negative slopes
cooling down. The difference between the slopes (delta slope, C) is a
measure of climate change asymmetry. Data were obtained from the
Finnish Meteorological institute (contract n. dno 1/410/03) and include 38
weather stations. Latitudes are according to Finnish KK] coordinate grid.

While it is well known that climate change is an ubiquitous and omnipresent
feature of our planet’s natural history, recent climate change is said to occur at
unprecedented speed and to be largely human induced (IPCC 2007). Using
weather data from Central Finland, I extrapolated the results on calculated
hatching dates (III) back to 1884. The time-series thereof are shown in figure 7a.
As the smoothing-spline indicates, spring warming, and hence the advance of
hatching has fluctuated greatly in this 122 year period, but the recent advance,
starting in the beginning of the 1970'ies, has been very consistent, the hatching
peaks on average being nowadays earlier than ever during this period. While
grouse, as much as any other organism, may adapt to novel conditions, the
rapidity of the advance may jeopardize the evolutionary response. This is
indeed the case. I checked for an evolutionary response in the timing of the
lekking peak (rather than in the timing of hatching, as in chapter III), including
copulation data from 1987-2006. Stepwise regression of observed mean
copulation dates on both April temperatures and year showed no significant
effect of year (P = 0.13) and its partial slope was negative (B = -0.15). An
evolutionary response would imply a positive and significant slope. Figure 7b
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shows the residuals plotted against time. It may therefore be argued that the
speed of current climate change may be too fast for grouse to adapt yet.
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FIGURE?7 A) Calculated mean hatching dates for central Finland from 1884 to 2006.
Temporal changes in periodic trends are represented by a smoothing spline.
B) Lack of evolutionary response in the timing of the copulation peak. See
text for details.

Finally, it is worth contrasting our results to the early vegetation theory first
presented by Siivonen (1958). As mentioned before, the theory predicts a good
year in terms of breeding success if pre egg laying conditions are warm (i.e. an
early and warm spring). Indeed he found that the difference between good and
bad years was best explained by the difference in mean spring (April)
temperature (Siivonen 1958). Furthermore, comparing good to bad years he
found no difference in e.g. June temperatures. This is probably due to the
following. We have shown in chapter III how important it is to correctly
identify the length of the critical post hatch period and the timing of the
hatching peak (which differs from year to year). Ignoring this fact may therefore
lead to erroneous conclusions. However, we still have a problem, as our results
are still the other way round. While according to Siivonen an early spring
predicts a good year, our hypothesis would predict the opposite. So either one
of us is wrong, or something has changed. The latter is probably the correct
answer. Using the calculated mean hatching dates from figure 7a I plotted these
against annual game exports (in kilograms) from central and southern Finland
during the period 1884 to 1938 (Airaksinen 1946) (figure 8a). This statistics
includes other game too, but the clear majority thereof is made up by grouse.
The annual statistic will therefore mainly be influenced by the annual catch,
which is assumed to be a function of population size or productivity. Although
mean grouse body mass may affect the statistic as well, I believe that this
statistic reflects population peaks and troughs rather well. In figure 8b, on the
other hand, I plot the hatching dates against black grouse population density in
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central Finland for the period 1964-2006. Although the regression fits are not
very good, we find that the direction of the relationship has clearly changed. It
is therefore possible that due to asymmetric climate change, the negative effects
of early and cold post hatch conditions outweigh the positive effects of early
(warm) spring on hen condition. Indeed, while hen weight was the most
important determinant of nest success (I), maternal effects were generally rather
weak in comparison to environmental effects (I II).
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FIGURE 8 Something has changed. Plots of hatching dates against two proxies of
population productivity, (A) grouse exports from 1884-1939 (lacks the years
1916-1919), and (B) black grouse density in Central Finland 1964-2006.

Our conclusions on the effect of weather during approximately the first ten
days after hatching were also confirmed in our field study investigating early
brood survival (II). Both temperature and rain were the two most important
determinants of early survival. Our results support the existence of a threshold
temperature, below which the probability of early brood loss is clearly higher.
A similar threshold temperature has also been suggested for alpine black
grouse in Switzerland (Zbinden and Salvioni 2004). Rain on the other hand,
while seemingly being even more important than temperature, affected chick
survival mostly at low temperatures. Neither temperature nor rain during the
incubation stage had any effect on nesting success. This result is somewhat in
contrast with those in chapter IV. There we found a negative and significant
effect of local precipitation in May (the egg laying and part of the incubation
period) on the reproductive output of all three grouse species. The effect,
however, seemed strongest in conjunction with the additive effect of drainage.
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3.2 Large-scale drainage (I, 11, IV)

The possible impact of large-scale on grouse populations has received very little
attention (Rajala and Lindén 1982, Helle and Ludwig 2003). This is despite the
fact that drainage activities from the 1950"ies until the end of the 1980’ies have
been profound and dramatic. By 1988, a total of almost 1.5 million km of ditches
had been established, which comprises an area of over 5.8 million hectares of
drained bogs and mires. While the establishment of new ditches has virtually
stopped ever since, old ditches are commonly re-excavated every 15-20 years
(Heikurainen 1980) The network of existing ditches, and the effects thereof on
grouse populations is therefore likely to persist.

The reproductive output of all grouse species from 1965 to 1988 was
negatively affected by large-scale drainage, but only in the southern and central
part of Finland, where drainage intensity is highest (IV). AIC based model
selection however revealed the combined additive effects of drainage and May
precipitation to be by far the better model as compared to either effect alone.

While a negative effect of drainage seems uncontestable, the interpretation
of the actual mechanisms is not as straightforward. Possible bottom-up effects
are likely to include changes in the vegetation structure (Rajala and Lindén
1982) and subsequently in the structure of arthropod communities, which may
affect food abundance and availability for chicks during early life. For instance,
grouse chicks have a high demand of easily digestible and nutritious insect food
during early life (Rajala 1959; Moss and Hanssen 1980, Wegge et al. 2005). Changes in
arthropod communities that affect food availability for chicks may therefore
impair the high protein demand of chicks during early development. Study II
however, revealed a somewhat positive effect of drainage, possibly because in
our study area drained areas had a higher coverage of vaccinium sp. Vaccinium-
species, especially bilberry (V. myrtillus) are commonly associated with
occurrence of lepidopteran larvae, known to be important food for chicks
(Wegge et al. 2005).

Top down effects, on the other hand, are supported by results chapter I,
where predation on nests was significantly higher in drained areas, but only in
years when predator densities were high. Similarly to fragmentation by e.g.
agriculture or clear-cutting, increased mammalian and avian predation due to
edge-effects (Andrén 1992) may be one explanation. Furthermore, when
becoming fledglings, grouse chicks will cross ditches with a short burst of
flight. This may render them more conspicuous and hence more vulnerable to
predation by e.g. goshawk or corvids.

Drowning in ditches may be another potential threat that is common to all
three grouse species. Dead chicks are occasionally found from ditches by e.g.
hunters that monitor local nesting success after hatching. The clear additive
effects of both precipitation and drainage supports to some extent supports the
drowning hypothesis.
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3.3 Predation (I, II, V)

The depredation of nests is by no means the single most important cause of nest
loss in grouse. Indeed, declines in grouse breeding success are commonly
associated with increased rates of nest depredation (Marcstrom et al. 1988,
Baines 1991, Caizergues & Ellison 1997, Kurki et al. 1997;1998, Kauhala & Helle
2002). Furthermore, predation may be an important component of early grouse
chick survival (e.g. Kastdalen & Wegge 1991, Braun et al. 1993, Larson et al.
2001, Park et al. 2002, Manzer 2004).

The field studies covered a period of 4 years (3 years in II) and the years
were characterized by clear differences in local predator densities. The results
largely support the importance of mammalian predation, especially on nesting
success, and to some extent on early brood survival. However, while the effect
of both nest and brood predation seems evident, a number of questions remain
open. First, the role of avian predators, such as corvids (Andrén 1992), in nest
predation could not be clarified to our satisfaction. Second, in order to predict
the effect of possibly declining predator densities (e.g. fox) on grouse densities,
one would need more qualitative and quantitative information on type and
strength of the functional response in the predator-prey relation ship. The
question of the functional relationship becomes particularly important
considering the scenario presented in V.

Chapter V is an important contribution. It shows that the problem of
grouse declines is not merely a population problem but also a question of
community functioning. During much of the past century, the loss of large
carnivores has strongly facilitated the increase of medium-sized carnivores,
such as foxes (Seether 1999, ElImhagen and Rushton 2007), a process commonly
called mesopredator release (Soulé 1988, Crooks and Soulé 1999). According to
our results, the recent recovery of a large carnivore, the Eurasian Lynx, is likely
to have reversed this process, which consequently is favouring the recovery of
grouse populations, especially black grouse and capercaillie. Interestingly, the
single most important cause of lynx recovery relates to changes in management
policies implemented by the European Union. This demonstrates that political
decisions indeed may play a key role in large-scale biological conservation.

However, the extent to which grouse breeding success and ultimately
population size will recover will probably depend on both absolute fox
densities and the type of functional relationship between predator and prey.
For generalist predators, a sigmoid (Type III) response is generally assumed
(Taylor 1984, Turchin 2003). With such a response, an increase in prey density
occurs only if the per capita death rate due to predation drops below the per
capita growth rate of the prey (Turchin 2003). Now for any given per capita
death rate due to predation, the total number of birds killed increases with
numbers of predators. In other words, whether a given decline in predators will
elicit an increase in the prey population will be influenced by the initial
predator density. For instance, grouse recoveries in north-eastern Finland are
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more pronounced than in the south, despite that the southern fox population
has decreased to a similar extent than north-eastern one. However, despite a
similar trend, southern fox densities are still 2-3 times higher than in the north-
east. It can therefore be argued that in southern grouse, the current overall
death rate due to predation is still commonly above the growth rate, while in
the north-east it has already shifted below the critical threshold.

3.4 Habitat (I, IT)

While in-depth analyses on habitat selection were out of the scope of this thesis,
a number of key habitat variables emerged in I and II. Both nest and brood sites
were found in a rather wide array of habitat types, ranging from clear cuts to
mature economical forest stands. The effects of habitat variables on the nesting
success seemed dependent on the perceived predation pressure. An interaction
between predator index and the visibility of the nest indicated that low
visibility of the nest increased the chance of nesting success when mammalian
predators are abundant. What provides the cover, however, did not seem to
matter, as long as it provided cover. Similarly, nests in drained areas were more
preyed upon when mammalian predators were abundant.

The most critical habitat variable influencing early brood loss was the
cover of wvaccinium sp. Vaccinium sp., especially bilberry (V. myrtillus) is
commonly associated with the abundance of lepidopteran larvae, known to be a
important food for chicks (Wegge et al. 2005). The long-term decline in the
coverage of bilberry (Reinikainen et al. 2000) is therefore another forestry
management related process which may have affected long-term breeding
success in grouse. However, further investigations are needed to evaluate the
effects of habitat structure on the availability of insect food for the chicks.



4 CONCLUSIONS

Finnish grouse populations have been declining for at least the past four
decades, in average by about 60 %. While some signs of local recoveries have
become apparent in capercaillie and hazel grouse during the nineties, black
grouse densities have continued to decline. During the recent years, however,
signs of recovery of all three species have become more apparent.

Why are grouse populations declining? Be it a human weakness or strength,
researchers, conservationists, wildlife managers or policy makers have the
common tendency to simplify their answers, often by polarizing a single cause
or process. Well, the most certain conclusion of this thesis is that there is no
such simple solution. As I have elaborated earlier, population declines are
thought to be driven by exogenous processes, such as environmental changes.
These may act by e.g. reducing long-term breeding success and adult survival
or by reducing carrying capacities by e.g. habitat deterioration or destruction, or
by any combination thereof. The observed decline in population size of Finnish
forest grouse is most likely mediated through long-term changes in breeding
success. This conclusion comes from the simple observation that grouse
breeding success has significantly decreased in time, while adult survival has
not. This does not, however, question the importance of adult survival in
population regulation about an equilibrium level. The likely mechanisms
underlying the long-term decrease in breeding success and population size in
black grouse are interactions between human land-use (modern forestry and
agriculture) and predators exacerbated by detrimental effects of asymmetric
climate change. The prime factor in human land-use include modern forestry
practices such as clear-cutting and large-scale drainage and fragmentation due
to agriculture. The ensemble of these factors is one reason of increased densities
of medium sized predators, but the process has strongly been facilitated by the
absence of large carnivores during the past century. Increased densities of
mesopredators by itself may be capable in decreasing breeding success.
However, a number of human caused landscape features, e.g. fragmentation
and large-scale drainage, may additionally increase predation risk, and may act
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as an ecological trap. This ongoing process has further been exacerbated by
climate change.

Weather commonly acts through random hits, but the process of
asymmetric climate change causes these to become stronger and more frequent.
But of course, there is little we can do about the effect of weather, as no
management practice can possibly improve weather conditions. The key lies in
evaluating the local conditions experienced by chicks in their early life, and use
this information as a management tool. That is, in order to avoid excess
mortality in early and/or cold years, hunting in the subsequent season should
be reduced, or hunting should not occur at all.

In order to stop the long term decline, improving breeding success can be
regarded as a key management target. This includes control of medium sized
predators, both actively (hunting) and by letting large predators such as lynxes
to recover. However, considering the effect of lynxes upon fox populations, top
down control by large carnivores seems a far more efficient way than the
current state of active control through hunting. Furthermore, breeding success
could be locally improved through forest management that favours occurrence
of bilberry and protection of pine bogs, restoration of bogs and mires where
drainage is not economically profitable, as well as by integrating weather and
climate change into the equation of hunting management.
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YHTEENVETO (RESUME IN FINNISH)

Kanalintukantojen laskuun vaikuttavat tekijat

Suomen metsdkanalintukannat ovat viahentyneet merkittdvasti ainakin viimei-
sen 40 vuoden ajan. Pesiin ja poikasiin kohdistuvaa saalistusta on yleisesti pi-
detty tdrkeimpdnd syynd kanalintukantojen laskuun. Hakkuiden ja nuorten
metsien osuuden lisddntymisen on katsottu lisinneen myyrdkantoja ja niitd
syovid generalistipetoja, lisdten ndin myo6s kanalintujen pesiin ja poikasiin koh-
distuvaa saalistusta. Toisaalta ei ole tiedossa, miten voimakkaasti suurpetojen
vdhentyminen on voinut edesauttaa generalistipetojen, kuten ketun, runsastu-
mista. Samoin ei tiedetd, miten vuosikymmenid jatkunut soiden ojitus on vai-
kuttanut metsdkanalintuihin. Vditoskirjani tavoitteena oli vastata kysymykseen
Miksi metsikanalinnut ovat vihentyneet talousmetsissi ja selvittdd laskuun vaikut-
tavia tekijoitd. Vastatakseni tdhdn kysymykseen yhdistin laajat yksilotason tut-
kimukset ldntisen Keski-Suomen teerilld ja Riista- ja kalatalouden tutkimuslai-
toksen ohjauksessa kerittavan jo yli 40 vuoden pituisen aineiston metsidkanalin-
tulaskennoista.

Eréds tarkeimmistd johtopddtoksistani on, ettd vuosikymmenten aikana las-
kenut poikastuotto on keskeisessd roolissa kanalintukantojen laskussa. Tama on
todennikoistd, koska ainakaan teerelld vuotuinen aikuiskuolleisuus ei ole lain-
kaan lisdantynyt. Hengissd sdilyminen on pédinvastoin osittain jopa parantunut.

Pedot ja niiden lisdéantyminen ovat edelleenkin tdrkednd osasyynd poikas-
tuoton laskuun. Uudet tulokset pesien seurannasta viittaavat siihen, ettd soiden
ojitus on lisdnnyt saalistusriskid ainakin teerenpesilld. Populaatio- ja ojitusai-
kasarjoihin perustuva tutkimukseni osoittaa lisdksi, ettd ojitus on vaikuttanut
haitallisesti metson, teeren ja pyyn vuotuiseen poikastuottoon Eteld- ja Keski-
Suomessa, muttei Pohjois-Suomessa. Todenndkoisempind syind voidaan pitda
reunavaikutuksen kautta lisddntynyttd saalistusta, eri aika- ja paikkaskaaloilla
tapahtuneita muutoksia kenttdkerroksen kasvillisuudessa ja hyonteisyhteisois-
sd, sekd poikasten hukkumista ojiin.

Suurpetojen, erityisesti ilveksen, voimakas lisddntyminen on aikasarja-
analyysien mukaan vahentdnyt ainakin alueellisesti kettutiheyksid, mika heijas-
tuu jo nyt positiivisesti metsdkanalintuihin. Tama viittaa vahvasti siihen, ettd
suurpetojen viahentyminen 1900-luvulla edesauttoi generalistipetojen lisddnty-
mistd. Kyseinen tapahtumasarja on erittdin merkittidvé, ja saattaa ulottua mui-
hinkin eldinryhmiin. Ilves kilpailee ketun kanssa ravinnosta, ja siksi ilves vé-
hent&dd tehokkaasti kettuja. Ketun vahentyminen voi lisdta sen saalislajien yksi-
lomaddrid, kuten metsdkanalintuja, vaikka ne itsekin ovat ilveksen saaliskohteita.

Yleisesti on esitetty, ettd alkukesdn s&ddoloilla voi olla suuri vaikutus vuo-
tuisiin kanalintujen kannanvaihteluihin. Taman tekijan totesin erittdin merkit-
tavaksi, mutta ylldttdaen niin, ettd myos itse tekija on muuttunut pitkéalld aikava-
lilla. Selityksend on ilmastonmuutos, joka on vaikuttanut eri tavoin pesin-
nédnajoituksen méadrddvadan huhtikuun lampétilaan ja poikasten kuoriutumis-
hetken sddoloihin. Limmenneet huhtikuut ovat aikaistaneet pesintdd (aineistoa
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lantisen Keski-Suomen teeristd 1987 ldhtien), mutta kesdkuussa kuoriutumis-
ajan lampdtila ei ole muuttunut, ja poikaset kuoriutuvat nykyédan yha useam-
min epdedullisissa oloissa. Monilla lintulajeilla on muuallakin todettu, ettd il-
maston muuttuminen on aiheuttanut pesinndn poikkeamisen suotuisimmasta
ajankohdasta. Aiemmin ei kuitenkaan ole osoitettu, ettd tamd nk. “mismat-
ching”-ilmi6 voi todella johtaa populaatioiden koon pienenemiseen. Lisdksi esi-
tan mallin, joka selittdd 1980-luvulla havaitun syklisyyden hdvidmisen metsé-
kanalintupopulaatioista.

Poikastuoton turvaaminen on mitd todenndkoisimmin paras keino hillitd
kanalintukantojen alaméked. Tulokseni viittaavat siihen, ettd toipuva ilveskanta
on tehokas keino pitimddn kettutiheydet alhaisina, joskin esimerkiksi eteldises-
sd Suomessa kettutiheydet ovat vieldkin liian suuria. Poikastuottoa voitaisiin
parantaa myos sellaisella metsdhoidolla, joka suosisi mustikan elpymista tai li-
sdantymistd. Myos rameiden suojelulla ja ojitettujen mutta taloudellisesti merki-
tyksettomien soiden ennallistamisella voitaisiin parantaa poikastuottoa. Lisdksi
kannattaisi hyodyntdd paikallista tietoa kuoriutumisen jilkeisistd sddoloista,
varsinkin aikaisina vuosina. Vuoden aikaisuus ja alkukesdn kylmyys ja satei-
suus olisi hyvé ottaa huomioon, kun pédtetddn syksyisistd metséstyskiintivista.
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