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Abstract 

 
I studied the ecology of the goshawk-grouse relationship in Oulu, northern Finland, during 

and outside the breeding season, by radio-telemetry. This included museum samples of goshawk 
to obtain a better ecological as well as a better evolutionary understanding of it. 

The proportion of grouse in the diet of goshawks has decreased since the 1960’s, in 
accordance with the decline of grouse populations. The main prey groups replacing the lacking 
grouse were corvids, squirrels and hares. The proportion of grouse was highest in spring and it 
decreased towards the end of the nestling phase. The most preferred grouse species were hazel 
grouse Bonasa bonasia and willow grouse Lagopus lagopus. Preferences for different prey types 
are not explained by active choices of goshawk, but by  changes in the vulnerability of the prey 
species. The nestling phase, when food demand is highest, is not adjusted to when prey supply is 
highest, but  before it. 

The size and shape of the goshawks has changed from the 1960’s. Adult males became smaller 
but females larger. Both became relatively longer winged and tailed. Decrease of male’s size may 
be a response to the change in the food supply. Prey types replacing grouse are generally smaller, 
which may cause the change in the male’s morphology. Females being less active during the 
breeding season may not be affected. For the female to be larger is advantageous in winter when 
they kill ‘over large’ prey like mountain hares Lepus timidus and capercaillie cocks Tetrao 
urogallus.  

Wintering goshawks were mainly females in adult plumage that tended to stay in the study 
area. However, only one third bred locally. More than one quarter of all hawks died during the 
study. Although known to be inhabitants of old forests, which this study supports, goshawks are 
fairly well adapted to mosaic landscape resulting from modern forestry, providing that suitable 
sized prey is available. Females have less problems, probably because hares, the main winter prey 
for females, are not affected negatively by forestry,  like grouse and squirrels are, the main prey 
for males.  

Goshawks have a remarkable impact on grouse populations, especially when  non-territorial 
hawks, ‘floaters’ are also included. About one half of the total mortality rate of grouse may be due 
to goshawk predation. Goshawk predation accords to predictions of  general predation theory and 
may be a noticeable factor contributing to cyclicity in grouse.  

 
Key words: goshawk, grouse, predation, reversed sexual size dimorphism, population 

regulation 
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1. Introduction 
 
 
 

1.1. Background 
 
Predation is a violent interaction in nature, where one part loses its life. Almost all 

animals are destined for a violent death, which is often caused by predation. This 
excludes top predators – although they are often the prey of man. Conventionally, 
predation was considered only to keep track prey population killing rather ‘doomed 
surplus’ (Erringhton 1956). Also prey individuals fallen as an offer were often assumed to 
be injured or ill and predators as ‘health officers’ in nature. Predation was, thus, 
considered mainly compensatory (Kenward 1986, Korpimäki & Krebs 1996). A classic 
example of predator-prey interaction, snowshoe hare - lynx  time series from the 19th 
century, based on statistics from Hudson Bay company, suggested a predator driven 
cyclicity of prey but it can also be interpreted in a conventional way. The early, simple, 
Lotka-Volterra model suggests a fluctuating nature of predator-prey interaction (see 
Begon et al. 1990). In more realistic models, the stability of the system depends mainly 
on prey recruitment rate, the predator’s searching efficiency and a time-lag between 
predator and prey (Rosenzqeig & MacArthur 1963, May 1973, Maynard-Smith 1974, 
Hanski et al. 1991). A lot of work done in the ecology of voles and snowshoe hares 
produced several hypotheses attempting to explain their periodic fluctuations (Korpimäki 
& Krebs 1996, Krebs 1996). However, most population regulation theories put forward in 
the 1960s stressed social and even genetic feed-back mechanisms not to mention plant-
herbivore interactions as a cause of population fluctuations (see review Krebs 1996). 
Starting in the beginning of the 1980’s, several field and theoretical studies on small 
mammals turned their interest towards the role of predation in regulating prey populations 
(Keith et al. 1977, Angelstam et al. 1984, Erlinge et al 1984, Hansson 1984, Kenward 
1986, Henttonen 1987, Korpimäki et al. 1991, Hanski et al. 1991, 1993, Norrdahl & 
Korpimäki 1995, Korpimäki & Krebs 1996). 

The ‘armsraces’ between prey and predator, co-evolution, is probably responsible for 
many specific adaptations found in animals. For example camouflage, mimicry and 
different anti-predator behaviours like flocking are cases where avoidance of predation is 
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apparent. Most of these adaptations have a genetic basis but also, especially in higher 
vertebrates, some behaviours can be learned (Taylor 1984). According to the life-history 
theory, animals tend to increase the proportion of their genes in future generations. Thus 
the predator that can allocate the most energy for breeding also obviously increases its 
genes most in the next generation. The predator must therefore decide where to hunt and 
what to hunt. Optimising energy gain will, according to the optimal foraging theory, 
sometimes lead to specialisation in prey choice, but sometimes a more beneficial way is to 
attack every potential prey. (Charnov 1976, Pyke et al. 1977, Pyke 1984, Stephen & 
Krebs 1986, Reynolds et al. 1988). The responses of a predator to changing prey numbers 
can be classified into numerical and functional responses according to Solomon (1949). 
The shape of the response curve is considered to be important in the regulation of prey 
population (Holling 1959, Taylor 1984). A sigmoid shaped response curve hints to 
stabilising of prey population while a convex shaped curve to destabilising it. 

The goshawk is a large, relatively common and widely distributed raptor species in the 
northern hemisphere (Fischer 1980). It captures bird and mammal species varying greatly 
in size, from small mammals weighing a few grams up to the size of hares and capercaillie 
cocks weighing 4kg (Höglund 1964, Sulkava 1964, Brull & Fischer 1981). Because many 
small game species, interesting also man, include goshawk’s diet, its foraging habits have 
been studied in Europe since the 1940’s (see Brull & Fischer 1981). In Central Europe, 
the goshawk’s food base depends greatly on pidgeons, corvids, thrushes and rabbits (e.g. 
Opdam et al. 1977, Cozszynski & Pilatowski 1986), while in the boreal forests of 
Northern Europe goshawks hunt mainly grouse species; black grouse Tetrao tetrix, 
capercaillie Tetrao urogallus, hazel grouse, Bonasa bonasia and willow grouse, Lagopus 
lagopus (Sulkava 1964, Höglund 1964, Linden & Wikman 1983, Widen 1987, I, II). In 
the boreal forests of North American mammals, primarily the snowshoe hare Lepus 
americanus constitutes the main prey base (Storer 1966, McGowan 1975). Because of a 
high proportion of game animals in the diet, the goshawk has caused a lot of controversy 
between protectionists and game managers. Recent studies on game animals adopting 
radio-telemetry as a research tool have revealed predation to be the their most marked 
proximate cause of death (Angelstam 1984, Willebrand 1988, Kastdalen & Wegge 1989, 
Wegge et al. 1990, Swenson 1991, Marjakangas 1992, Valkeajärvi & Ijäs 1994). The 
goshawk has turned out to be one of the most important predators of adult grouse. When 
goshawk predation was studied in Sweden on pheasant Phasianus colchicus, population 
decreases of up to 60-70 % were found, depending on the density of pheasants (Kenward 
et al. 1981). When a similar study was conducted in boreal forests for winter predation on 
grouse, very low predation was apparent (Widen 1987). Yet, the highest losses of grouse 
taking place in the early phase of breeding as depredated eggs and chicks are presumably 
not due to goshawk predation. Recently, changes in forest structure are considered to be 
the most important cause for the poor success of grouse (e.g. Henttonen 1989, Andren 
1995, Wegge et al. 1990, Kurki et al. 1997). Forest fragmentation has probably increased 
voles and their predators; red foxes Vulpes vulpes, stoats Mustela erminea and martens 
Martes martes, which would also increase grouse kills.  

Goshawk is considered an old forest species based on its nest site selection (e.g. Link 
1986). Decrease of the amount of old forests has probably negatively affected on its living 
conditions via loss of nesting and hunting habitats (Widen 1997). However, goshawk is 
fairly well adapted to agricultural landscape of central Europe (Kenward 1982). 
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Therefore, its adaptation to modern man-dominated boreal forest might mainly be a 
question of sufficient food supply, especially in winter. 

 
 

1.2. Long-term change in the diet of the goshawk 
 
Grouse, as a stable food source for goshawks, have dramatically decreased in Finland 

since the start of grouse censuses in the beginning of the 1960’s. (Linden & Rajala 1981). 
However, the goshawk population has not decreased by the same amount, as would be 
expected, based on the central importance of grouse in the goshawk’s diet (Saurola 1985, 
Haapala et al. 1994, Väisänen et al. 1996). On the other hand, changing forests might 
have created new sources of food. At least the vole has benefited from clear-cutting, 
which increases the growth of grasses and bushes; the favourite food of field voles 
(Larsson & Hansson 1977, Henttonen 1989), and possibly also of hares. The continual 
rise in man’s standard of living produces more waste, utilised by corvid birds and rats, 
which are suitable food for raptors and owls. The number of corvids has markedly 
increased since the 1950s, in particular, in the last two decades (Väisänen et al. 1996). 
Therefore, one can ask if these potential alternative prey types have been sufficient to 
make up for the lack of grouse in the goshawk’s diet. 

 
 

1.3. Prey choice and timing of breeding 
 
According to the life history theory, animals tend to increase their genes in future 

generations by maximising their reproductive output, measured as the number of offspring 
surviving until reproductive age (Williams 1966). This can be reached by making the 
right decisions in the different breeding stages. Firstly, the predator has to get extra 
energy to produce eggs and rear its young by choosing its prey properly. This can be 
achieved by searching for prey that give the most energy/time used for its provision. The 
main prediction of this optimal foraging theory states that predators should continue 
consuming the main prey if available, irrespective of the abundance of secondary prey 
(Pyke et al. 1977, Pyke 1984, Stephens & Krebs 1986). Predators that have a short 
searching time for prey compared to handling time should specialise in their foraging and 
generalise in the opposite situation (Reynolds et al. 1988). Therefore goshawks should 
specialise in spring and hunt mostly grouse and generalise in summer when more easily 
catchable bird are available. Secondly, predators should adjust their breeding so that a 
maximum number of nestlings reach independence (Lack 1954). On the other hand, the 
value of this decision is not manifested until the first breeding attempt of the offspring. 
Therefore, the survival of offspring during the first year, being lowest then, largely 
determines the value of parental choices.  Birds can time their breeding period so that the 
highest demand for food in the nestling phase coincides with the highest supply (Lack 
1954), or they can start as early as possible and give the offspring time to prepare for 
harsh winter conditions. This might be profitable in raptors, whose style of life, hunting, 
demands a lot of experience (Perrins 1970, Newton 1986, Village 1990). 
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1.4. Evolutionary response to decrease of grouse 
 
The goshawk, like all raptor species, shows a remarkable reverse sexual size 

dimorphism. The female can be 1.5 times larger than the male. Typically, in goshawks 
and also in other raptors, the roles of the sexes are clearly segregated during the breeding 
season. The male provides food for the female and offspring for most of the breeding 
season (Newton 1979). Thus food data, which is collected at that time, reflects primarily 
the prey choice of males. Because of the large size difference between mates, divergence 
in the diets of sexes could be expected (Reynolds 1972). Data gathered during the non-
breeding season sometimes showed  no difference in prey choice between sexes (Opdam 
et al. 1977, Widen 1987) but implied differences in some cases (Kenward et al. 1981, 
IV). The avoidance of food competition between sexes has been a favoured explanation 
for the sexual size dimorphism in raptors (Reynolds 1972). Numerous hypotheses have 
been put forward to explain this unique reversed dimorphism in hawks and owls 
(Hakkarainen et al. 1991). However, many of them remain untestable or can be tested 
only indirectly in ecological time by studying the reproductive output of pairs that have 
different male/female size ratios (Hakkarainen et al. 1991). Because only the male 
delivers prey for  the brood during the critical period of hatching, its hunting skills are of 
essential importance for the survival of nestlings. This time may also be a period of strong 
natural selection, affecting or maintaining the reversed nature of size dimorphism in 
hawks or even their morphology (III). The agility of the male, partly due to its small size, 
is considered to be important in this sense (Storer 1966, Reynolds 1972, Andersson & 
Norberg 1981, Hakkarainen et al. 1995). Due to the decline of grouse populations their 
proportion in goshawks diet has respectively decreased. Alternative prey types are 
smaller, on average, than grouse. Therefore small sized males could be more efficient 
capturing alternative prey, which would have resulted in smaller males at present than in 
the good grouse years of the 1960’s and 1970’s. Females, on the contrary, do not start 
hunting until late in the nestling phase. In winter they rely heavily on hares as a stable 
food, which has increased rather than decreased. Therefore less or no changes in female 
size are expected.  

 
 

1.5. Winter ecology of goshawks 
 
Winter is a time of extreme conditions in the north. Temperatures can drop to -30 C. 

Another harmful point for diurnal animals is a short day length, which reduces the time 
for searching for food. This is especially problematic for raptors whose food source, prey 
animals, is not very predictable. In addition, prey animals adopt different anti-predator 
behaviours, like flocking (Angelstam 1984) and snow-roosting (Marjakangas 1990).  
Crypticity of prey also decreases finding probabilities of prey. Yet, in spite of these 
difficulties goshawks are able to spend winter in the north. Due to their secretive life 
habits very little is known about their habits outside the breeding season. By adopting 
radio-telemetry as a research tool new information about the goshawk’s winter ecology 
has recently been obtained. (Kenward 1977, Kenward et al. 1981, Kenward 1982, 
Ziesemer 1981, Widen 1985, Widen 1989, Kenward et al. 1991, 1993). Important 
questions like population structure, demography, movements, survival, causes of death, 
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habitat selection and winter diet can be cleared up more accurately than before. A crucial 
aspect in the conservation of the goshawk derived from these themes is its response to 
change in forest structure due to modern forestry. Goshawks are known to be old forest 
dwellers based on nest site preferences (e.g. Link 1986). Clear-cuts have produced a 
mosaic landscape where old forest patches are becoming smaller and smaller. In 
landscape ecology it has been found that beyond a certain limit of habitat loss the 
population will decrease more than the habitat loss alone would explain (Andren 1994).  
There are indications that the goshawk might have decreased in recent decades in 
Fennoscandia, at least locally (Linden & Wikman 1983, Forsman & Ehrnsten 1985, 
Tommeraas 1993, Halley 1996, Widen 1997). However, in agricultural areas of Sweden 
and Central Europe goshawks are rather well adapted to landscape containing less than 
50% forest (Kenward et al. 1981, Kenward 1982, Ziesemer 1982).  

 
 

1.6. Goshawk’s impact on grouse populations 
 
Due to the high proportion of grouse in the diet, the goshawk, being a relatively 

common raptor, might have a fairly high impact on grouse populations. Depending on the 
strength and timing of the impact, the predator can limit the prey population or even 
regulate it (May 1973, 1981, Hanski et al. 1991, Korpimäki 1993, Murdoch 1994, 
Korpimäki & Krebs 1996). A typical feature of many northern species, periodic 
fluctuation of abundances, also considers grouse that show multiannual fluctuation, with a 
cycle length of 6-7 years in most parts of Finland (Linden 1988). A somewhat shorter 
cycle length, 3-5 years, is found in northern Finland and Scandinavia (Myrberget 1984, 
Angelstam et al. 1985, Linden 1988, 1989). There are two hypotheses presented to 
explain grouse cycles by predation.  Angelstam et al. (1984) brought up and defined an 
old theory originally proposed by Hagen (1952) and Lack (1954), the so called alternative 
prey hypothesis (APH), which explains population cycles of small game to be formed by 
varying predation pressure, caused by vole-eating predators. Population fluctuation of 
grouse may also be driven by a specialist predator, according to the general predation 
theory (Rosenzweig & MacArthur 1963, May 1973, Hanski et al. 1991, 1993). Although 
known as a generalist predator, the goshawk is relatively specialised on grouse in northern 
conditions. If a predator were to cause cyclic fluctuations in the prey population it firstly 
should be relatively specialised on it e.g. show no functional response for prey. Secondly, 
it should respond numerically with a time-lag to prey population and thirdly, predation 
pressure should be highest during low phase of prey population and there should be a 
negative correlation between the kill rates of the predator and the change in the prey 
population (Korpimäki et al. 1991, Nielsen 1999). 

 
 

1.7. Aim of this study 
 
The main idea of this work is to declare the goshawk’s role in the population dynamics 

of grouse. Due to the interactive nature of the goshawk-grouse relationship, both 
participants are naturally affected. There have been two interesting processes in grouse 
dynamics: 6-7 year periodicity in the fluctuation and the long-term decrease in their 
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numbers (Linden & Rajala 1981, Ranta et al. 1995). Because grouse are the main prey of 
goshawks in Finland, there is special interest as to how the goshawk has responded to 
these changes; dietary, numerically and evolutionary. 
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2.  Study area, material and methods 
 
 
 

2.1. Study area 
 
The study was carried out in the surroundings of the city of Oulu (65o00'N, 25o30'). 

The study area totals about 245 km2. It is typical coastal lowland with the highest hilltops 
reaching 100 m a.s.l. with a lot of rivers, small lakes and ponds. About 60 % of the total 
area is covered by a mosaic of forests and bogs. The proportion of bogs is very high, 
roughly half of the woodland area. At present, however, about 60 % of the bogs are dry 
(Kaila 1993). The forests are dominated by pine Pinus silvestris mixed with Norwegian 
spruce Picea abies and birch Betula sp. Modern forestry with clear-cuts and pine 
plantations tends to increase the mosaic pattern of the landscape. About 25% of the 
forests are in a mature stage. The diversity of successional stages is increased by the 
secondary succession of dried bogs and abandoned fields. Cultivated fields comprise 14 
% of the area. 

 
 

2.2. Collection of food remains and breeding data 
 
Food remains have been collected from 38 different goshawk nesting sites since 1965 

in Oulu district. The total material contains some 4341 prey specimens. From  1965 to 
1988 collection was fairly sporadic, then it became more systematic. Material collected 
from the surroundings was separated from that found in the nests. During the breeding 
season prey remains can be found outside the nest during the incubation period but also 
during the fledging period when goshawk broods forage near the nest for about one month 
after fledging (Sulkava 1964, Huhtala 1976, Kenward et al. 1993). From 1988 to 1994 
collection was done at  two week intervals to get a more detailed understanding of the 
prey choice during the breeding season. Breeding status of all known nesting territories 
was checked in the course of the collection of food remains. Nests without any signs of 
new building were considered unoccupied. Nests ‘decorated’ with fresh twigs were 
classified as occupied. In all successful nests, the nestlings were weighed, wing length 
measured and ringed. In most cases the eggs were also counted and measured. In some 
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cases, successful nesting wasn’t noticed until the fledging period when noisy chicks 
revealed the nesting site. 

 
 

2.3. Density indices of prey animals 
 
Density estimates of grouse were provided by The Finnish Game and Fisheries 

Institute. Estimates are based on the so-called route (until 1989) and triangle censuses 
(1989 on). In both methods three men patrols move in chains 20 m apart  along a certain 
route (route censuses) or along compass lines designed in the form of triangles, each side 
4 km long. Counters, mainly hunters, record all grouse in the line, determining their 
species, sex and age. Censuses are carried out in early August. The same triangles are 
used for snow track counting of mammals in February-March. I used yearly data from 10-
12 triangles, which were situated within a circle with a radius of 30 km, the city of Oulu 
as a centre point. Data from 10-15 triangles outside that area were used to back up the 
estimates (more about method see Linden et al. 1996). Track indices of mammals were 
transformed to density estimates by a formula Z = 1.57 x s/md, where Z = animals/1000 
ha, s = number of tracks crossing the line, m = length of the census route and d = length of 
animal’s day track (Formosov & Priklonski, cited in Havas & Sulkava 1987). Density 
estimates for other land birds were given by Mikola (1986), Rauhala (1994) and 
Inkeroinen & Mönkkönen (unpubl. data) and for waterfowl by Tynjälä (unpubl. data). All 
bird estimates except grouse were based on spring cencuses. I calculated summertime 
estimates taking into account the productivity and mortality rate of different species found 
in handbooks or research reports (Coombs 1978, Rajala 1979, Valkeajärvi & Ijäs 1994). 
Density of adult grouse in August censuses included mortality caused by  goshawks and 
was used in their spring density estimates. Productivity of mammals was also obtained 
from literature (Siivonen 1956, Angerbjörn 1986, Wauters & Dhondt 1990). 

 
 

2.4. Radio tracking of goshawks 
 
In 1990-1995 goshawks were trapped in cages baited with live pidgeon Columba livia, 

provided by the university zoo. Trappings  started in October-November and  continued 
until the end of January. Usually there were 5-10 cages operating, excluding the weekends 
and latter half of December. The amount of hawks caught (including retrapped 
individuals) during 1990-95 was 38. Each trapped hawk was sexed, aged, weighed, wing 
length (straightened) measured and ringed. In a pilot study in winter 1990-91, 10 hawks 
were trapped but only 3 of them had been radio-tagged. The proper study began in 
October 1991. All hawks caught, excluding 2 individuals, were radio-tagged (Biotrack, 
TW-2 or TW-3 modifications) weighing 15 g. Tags with activity sensors were attached to 
central rectrics of hawks (Kenward 1978). The number of tagged hawks in 1991-1995 
was 26, which was distributed as follows: 1991-92 5 males and 2 females, 1992-1993 3 
males and 6 females, 1993-1994 1 male and 5 females, and 1994-1995 1 male and 4 
females. Of these, 16 were accepted for final range and habitat analysis. Radio-tagged 
hawks were located by triangulation  using portable radio receivers (RX-81, Televilt and 
CE-12, Custom Electronics of Urbana, Illinois) equipped with 3 or 5 element Yagi 
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antenna. Three or more bearings were required for a reliable estimate of the hawks 
position. During tracking sessions each hawk was located 1-3 times per day and then 
finally at the night roost site. A low tracking frequency probably assured the 
independence of the locations (Kenward 1987). The whole data consisted of 331 day-time 
locations and 299 night-roost locations. An activity sensor on the radio-tag revealed when 
the hawk was sitting or flying, from the difference in pulse rates. An irregular pulse rate 
was detected when a hawk was eating prey. Using this cue it was possible to find foraging 
places and recognise the prey species. During 1990-1995 40 such occurences were 
located. Additional  winter prey were identified from pellets that hawks left in cages and 
also from  a stomach of one radio-tagged hawk just killed by an eagle owl Bubo bubo. 
Preys the size of red squirrel Sciurus vulgaris and brown rat Rattus norwegicus could be 
recognised because their foraging lasted long enough to find the feeding site.  

 
 

2.5. Museum data 
 
Skin and bone samples of the Northern Goshawk were used in the morphological 

analysis from the collection of the Zoological museum of the University of Oulu. In total,  
258 specimens were used in the analysis. The collection originates from  northern Finland 
in 1961-1997. From each skin the following measurements were taken: body, length, tail, 
bill, tarsus and total length. Wing lengths were taken from flattened and straightened 
wings and tail length from the root of central retrics to the tip of them. Because these 
measurements were made during the preparation by several people, they are open to 
criticism. However, the same people have prepared hawks of both sex and age categories. 
When possible all measurements were checked from the museum skins. Skeletons were 
measured as follows: sternum length: from the tip of the spina to the median back edge of 
the sternum, breadth (median) and height (maximum), maximum lengths of coracoid and 
femur, humerus: from the proximal tip (caput humeri) to the tip of the trochlea, length of 
the pelvic bone (length of the sacrum) and breadth of it: distance between the lower 
(outer) edges of acetabulum (see Bährmann 1974). The outer bones of limbs were 
excluded from the analysis, because these bones are mostly left on the skin. 

All birds were classified according to plumage, adults and juveniles. Cause of death 
was considered by grouping the sample together, birds in normal condition and starved 
birds. If the cause of death was not accurately determined we considered the adult male 
starved or under the risk of starvation if it weighed less than 700 g and a juvenile when 
weighing less than 650 g. The respective limits for females were 1100 g for adults and 
1000 g for juveniles. If starvation was caused by injury, such birds were excluded from 
the analysis. 
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3.  Results and discussion 
 
 
 

3.1. Dietary response of goshawks to decrease of grouse 
 
In spite of a remarkable decrease in grouse since the 1960s (Linden & Rajala 1981), 

their proportion in the diet of northern goshawk has remained relatively high (I, II, V). In 
northern boreal forests grouse constitute the only sufficiently large and abundant prey for 
goshawk sized raptors. Really, the black grouse is the most important bird species in 
boreal forests if estimated by biomass (Järvinen et al. 1977). In natural conditions 
therefore, the goshawk has relatively little scope for switching to other prey if the main 
prey decreases (c.f. McCowan 1975, Rohner 1995). Although considered as a generalist 
predator (Marti et al. 1993), the goshawk is actually  fairly specialised in the north. 
Particularly in winter time when migratory birds are absent (McCowan 1975, IV). The 
only possible alternatives are mountain hares and red squirrels (I,IV). Of these, mountain 
hare is too large a prey for male goshawks but for females they constituted the main prey 
in winter (IV). Therefore, one might expect that the goshawk would decrease in 
proportion with the grouse. This has probably not taken place, despite the fact the 
goshawk was also heavily persecuted until 1989, before it became totally protected 
(Haukioja & Haukioja 1970, Saurola 1976, 1985,  Väisänen et al. 1996). How did the 
goshawk persist with such expansive  harvesting and the simultaneous decrease of the 
main prey, grouse? Harvesting was probably not very harmful because it removed mainly 
juveniles. It was probably compensated for by improved survival and reproduction of 
breeding birds (Haukioja & Haukioja 1970, Kenward et al. 1991). Since protection the 
juvenile mortality rate has not decreased because the majority of them, in particular 
males, die of starvation (Tornberg & Virtanen 1997, IV). However, the continual 
decrease of grouse has caused problems for goshawks. In southern Finland their 
population density has decreased (Linden & Wikman 1983, Forsman & Ehrnsten 1985). 
Also, elsewhere in Fennoscandia goshawks have  been reported to be declining markedly, 
especially in Norway (Tommeraas 1993, Halley 1996, Widen 1997). In the province of 
Oulu the breeding success of goshawks dipped in the 1980’s when grouse had an 
exceptionally long low phase, but it recovered in the late 1980’s. In my study area the 
number of occupied territories continually decreased during the study period in the 
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1990’s, but this might fit within the limits of normal population fluctuation (c.f. Haapala 
et al. 1994, I, V). Goshawks have partly been able to compensate for the loss of grouse by 
switching to other prey found near settlements (I, II). Corvids could, as a relatively large 
prey, be a realistic alternate prey in winter. They were, however, not found in the diet 
during the winter study, but brown rats that were taken from the city dump were found 
(IV). Probably corvids, mainly hooded crows, forming huge flocks in winter are not an 
easy prey for goshawks. The significance of corvids probably increases the further south 
you go. In southern Ostrobotnia in western Finland corvids were the main prey in nestling 
phase, constituting up to 40% of prey specimens (Tornberg, unpubl.). In Häme grouse 
constituted 50% in the spring diet in the 1950’s. Now that figure is about 15%. Corvids 
increased simultaneously in the spring diet from 10% to 28% and thrushes from 4% to 
16% (Sulkava, pers. comm.). They were clearly the most important compensating prey 
type. In summer the changes in diet were not so pronounced. 

 
 

3.2. Prey choice and timing of breeding  
 
Grouse were clearly the most preferred prey in early spring, especially the smallest 

species willow grouse and hazel grouse (II). The preference of grouse species and also 
other species varied markedly between years and within the breeding season (I, II, V). 
The main prediction of the optimal foraging theory predicts the diets accurately when the 
prey is immobile (Pyke et al. 1977, Sih 1990). However, in mobile higher vertebrates 
behaviour and learning changes the vulnerability of prey and the properties of predator 
(Hughes 1979). For example, the proportion of black grouse hens in the diet has been 
found to vary depending on the phase of the vole cycle, independent of its abundance in 
the field (Widen et al. 1987, Selås 1998, V). This is caused, probably, by the change in 
the behaviour of hens. The theory predicts a preference for large prey if handling times 
are equal for all preys. This is surely not the case. Changes in preference are clearly 
affected by changes in handling times. Chicks are easier to catch than adult birds. In spite 
of the preference shift to small prey in summer, mainly chicks over adult birds, adult 
grouse maintained their relatively high preference even then (II). The preferred species 
were not always very important in the nutrition of the goshawks, at least in summer. This 
might suggest that some prey species were exceptionally vulnerable to predation and were 
taken every time they were encountered. The weak point in testing OFT with diets is that 
they are assumed to be the outcome of prey choices. Yet, they are rather the outcome of 
successful attacks of a predator (Sih 1990, Sih & Moore 1990). Attacks are probably 
launched much more often, also for species not found in the diet (Cresswell 1995). 
Preference for prey size was clearest in late summer when goshawks switched to grouse 
chicks. Grouse broods can be kept as ‘patches’ where the predator can visit several times 
in succession (Sulkava 1964, Redpath et al. 1997). The predictability of such a patch 
probably depends much on the structure of the habitat. Grouse broods move mainly after 
hatching, which may be an anti-predator behaviour against avain predation (Sonerud 
1985). If the habitat fragments it would be easier for the predator to locate the ‘patch’ 
again. This might be the case, at least for capercaillies, the most tightly bound to old 
forests (Wegge et al. 1990, Storaas et al. 1999). Soon, predator searching time decreases 
for the prey, which leads to an increase in the profitability.  
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The availability of suitable prey in early spring is crucial for starting breeding. In 
raptors, there is a clear division of roles in sexes (Newton 1979). Males provide the food 
for the female and brood until fledging (Sulkava 1964, Kenward et al. 1993a). During the 
radio-tracking study I found that females essentially reduced their wintering range and 
activities were concentrated near the breeding site by the beginning of March (c.f. 
Ziesemer 1981, Newton 1986). Females rarely moved more than one kilometre from the 
nest. However, it was not often I found many prey remains in the breeding sites before 
April. Females were probably still hunting in March. This is based on hare pellets found 
very often near the nests in early spring. Mountain hare is profitable prey for females due 
to its large size. After killing a hare, females don’t need to move over wide areas 
searching for more prey for 3-5 days, which helps raise the body condition for egg 
production (Widen 1985, Newton 1986, Meijer et al. 1988). 

Starting the breeding very early is probably selected for in goshawks (c.f. Lack 1954, 
Perrins 1970, Newton 1979). The egg laying period overlaps with the start of grouse 
displaying and leking, when they are more vulnerable to predation (Angelstam 1984, 
Willebrand 1988, Nielsen & Cade 1992, Valkeajärvi & Ijäs 1994). Starting early ensures 
that fledglings reach their independence respectively early, which gives them more time to 
train their hunting skills in relatively favourable conditions before the harsh winter time 
(II). Better survival rates in early broods have been documented in several raptor species 
(Marquiss & Newton 1984, Newton 1986, Village 1990). Thus, the timing of breeding in 
the goshawk supports Perrin’s (1970) theory which is to start breeding as early as 
possible, in contrast to Lack’s (1954) theory that predicts adjusting the highest demand of 
offspring in nestling phase to the best supply, which in the goshawk’s case would be a 
much later date (II). On the other hand, availability of easily catchable nestlings and 
fledgings of song birds and corvids may be highest during the nestling phase of the 
goshawk (Toyne 1998). Selection for early breeding can cause difficulties in two other 
critical phases of the breeding in raptors, namely starting the breeding and hatching the 
chicks (Newton 1979). By postponing the breeding goshawks would avoid food shortages 
in early spring and early summer, in particular during cold springs, when grouse can cease 
leking and females gather in flocks (Marjakangas 1986, Elkins 1988, Nielsen & Cade 
1992), which makes hunting them more difficult. At the hatching phase, the food demand 
of the hawk family sharply increases (Tolonen 1994, Kennedy & Ward 1994). In late 
springs males may have difficulties providing enough food, when the growth of 
vegetation impairs the perceptiveness of ground dwelling prey. Goshawks rely a lot on 
thrushes, corvids and their nestlings in this phase. (Linden & Wikman 1983, II, S. 
Sulkava, pers. comm.). If prey, even small ones, are not delivered to the nes  often enough 
the weakest chick or chicks will easily die. It is at this time that brood reduction in 
goshawk is most common (Huhtala & Sulkava 1981). 

 
 

3.3. Evolutionary response of goshawks to decrease of grouse 
 
The capability to catch small avian prey depends a great deal on the agility of the 

raptor. Being smaller is then beneficial (Andersson & Norberg 1981). One of the earliest 
hypothesis for reversed sexual size-dimorphism in raptors was the so-called small male 
hypothesis, the reasoning is based on the males higher capability to catch small prey, 
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which are encountered most frequently (Storer 1966, Reynolds 1972, Andersson & 
Norberg 1981, von Schantz & Nilsson 1981, Ydenberg & Forbes 1991, Hakkarainen et 
al. 1991). As already stated this skill may be crucial in early nestling phase. Because large 
grouse have remarkably decreased, goshawks have switched to corvids and passerines, 
which are smaller and have different flying properties than grouse (I,II). They are 
probably more capable of sudden turns than grouse, which rely more on power flight; 
rapid spurts and out-climbing (Pennycuick et al. 1995). Thus small, agile hawks could be 
better adapted to present conditions. This, really, seems to have happened in goshawks. 
Adult males have become smaller since the beginning of the 1960s (III). The faith of 
juveniles in their first year gives hints what is selected for and what against. All dead 
hawks, in particular ones that died of starvation, have failed in their life. Thus their 
quality might explain something about the properties that were selected against. Hawks 
that died in accidents may give a more random sample of the population. Probably 
goshawks have not yet been able to adapt to windows, cars and power lines. Starved 
juvenile hawks were larger than hawks that died in accidents in the 1960’s to 1970’s 
while the reverse was true in the 1980’s to 1990’s, which supports the idea of selection 
against large size of males at present. Not only did the size change but the shape, too. 
Adult males became longer winged and tailed, which also might increase agility and the 
ability to turn suddenly (Andersson & Norberg 1981). In contrast, the size of adults 
females increased. Females stay most of the breeding season in the nest, guarding the 
chicks. Inverse size relations in the sex of raptors is also assumed to depend on the 
female’s properties. Large females can store more fat than males and can stand periodic 
interruptions in prey deliveries during the incubation period (Lunberg 1986, Korpimäki 
1986). Large females can also defend chicks against predators or even from 
aggressiveness from the male (Smith 1982, Mueller & Meier 1985). These aspects may 
well be a reason why the size of the female increased. However, it is known that a 
female’s size varies greatly over the distribution area, e.g. in Europe. Nest predators are 
the same in Europe, which goes against the latter theory. However, the predictability of 
prey becomes poorer in the north, which could, indeed, favour larger females according to 
the ‘starvation’ hypothesis (Lundberg 1986). Northern variants of the goshawk are larger 
than southern ones (Fischer 1980, Eck 1982). Female size could also be determined by 
the size of winter prey. Mountain hare was the most important prey for females in winter 
(IV). Also, capercaillie cocks are within a female’s reach. Because of the decrease of 
grouse, hares may have become a more important food source for females (Höglund 
1964, Widen 1987, Kenward et al. 1981, IV). In North America, the snow-shoe hare is 
the main prey of goshawks. The snow-shoe hare weighs only about 1.5 kg so males can 
also catch it. The reason why the degree of sexual dimorphism in North American 
goshawks is less than in Europe may be caused by this (Storer 1966, Kenward 1996). The 
different diets of the sexes decreases the competition between them, which was also 
presented as a cause for RSD (Reynolds 1972, Newton 1979, Andersson & Norberg 
1981). The problem with this hypothesis is, however, that avoiding competition will not 
explain the reversed nature of sexual size-dimorphism. 
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3.4. Winter ecology of goshawks 
 
Wintering hawks tended to be female (IV). They also tended to be more site tenacious, 

contrary to the general idea that females are less site tenacious in raptors and owls 
(Newton 1979). This has also been stated about goshawks in earlier studies (Sulkava 
1964, Höglund 1964, Kenward et al. 1981, Widen 1985, Marcström & Kenward 1981, 
Halley 1996). To my mind it was reasonable that females had been more numerous in 
winter, because their food base is larger due to the fact males are unable to hunt hares. In 
a Swedish study goshawks ate almost barely squirrels in winter in boreal forests (Widen 
1987). This probably resulted from a peak year of squirrels during the study years 
(Andren & Lemnell 1992). Red squirrels are suitable winter prey for goshawks and I also 
found a preference for squirrels when they were abundant in the first study year (IV). 
Almost all juveniles that were marked stayed wintering. More than half of them, however, 
died during the winter, some quite soon after marking. In these cases winter came 
suddenly with very cold periods and snow storms. It may, however, be possible that some 
hawks suffered from trapping and marking, although no injuries were found in those birds 
except one adult male that lost part of its head feathers. The mortality rate of juveniles in 
their first year has been stated to be very high 40-50%, also in more southern latitudes 
(Ziesemer 1982, Kenward et al. 1991). Therefore the mortality rate I found matches well 
with those estimates. 

About one third of the marked hawks left the study area relatively soon after marking. 
Furthermore, one third of the hawks (33%) remained nesting in the study area or nearby, 
and the rest that wintered in the area disappeared quite suddenly just before the breeding 
season. Disappearance may also have been caused by battery-failures of the tags. 
Territory defences were clearly seen from March onwards. Once, a radio-marked adult 
male with a female tried to intrude in the middle of three territories. The attempt was not 
successful and the intruders were chased away.  My results imply therefore that less than 
half of the goshawks were local birds. Yet I assume that many of those that moved may 
have had their own territory somewhere else. Three of these birds were in their third year 
but three were older. In Gotland, Sweden, where juvenile goshawks also mainly stay over 
winter, the population model has recently been able to build (Kenward et al. 1991, 1999).  
Juvenile males had a higher mortality rate and they started breeding at a younger age than 
females, on average. In the second year 82% of males were breeding but only 25% of 
females (Kenward et al. 1991). In open populations, like mine, the dynamics might be 
more complicated. Based on controls of ringed hawks in Oulu (n = 10), seven of them 
were controlled near Oulu (mean 23 km) and three were controlled abroad (mean 974 km) 
during the study period. This suggests that most juveniles may not disperse very far (see 
also Sulkava 1964, Halley 1996). It may, on the contrary, be possible that Oulu region 
attracts hawks based on controls of ringed hawks from 200 km south of Oulu. Hawks 
controlled as adults were born on average 71 km from their birth places (n = 5). 

Wintering hawks in the study area ranged over areas extending from 2223 ha to 17030 
ha. Males tended to have larger areas than females defined by the convex popygon 
method (Kenward 1987) (9894 km2, n=4, and 6484 km2, n=11, respectively). Goshawks 
ranged in similar sized areas than in the boreal forest of central Sweden (Widen 1985). 
Because the goshawk is considered an old forest species one would expect that size 
ranges would depend on the amount of old forest in the area (Kenward 1982). It might be 
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deduced that the goshawk needs a certain amount of preferred habitat in its range, when 
the amount of old forest should be independent of the size range. I found, however, a 
positive correlation between these variables, though not significant (rs = 0.446, n.s.). On 
the other hand, the percentage of old forest in the range was inversely depending on the 
range size (rs = -0.604, p = 0.021), which witness for the expectation. 

What was the preferred habitat? The goshawk, expectedly, preferred old forest stands, 
above all, spruce forests but also deciduous forests, mainly birch stands. This is also well 
documented in other studies (Kenward 1982, Widen 1989, Iverson & al. 1996, Bright-
Smith & Mannan 1994, Hargris et al. 1994, Drennan & Beier 1997). Goshawks also used 
much younger forest stands but clearly avoided open areas. Clear-cuts were an exception. 
They were rather highly ranked. Because in every location point the surroundings were 
also considered within a circle with 100 m radius, it often included many different habitat 
types, yet, less than random points. The high rank of clear-cuts might refer to perching at 
forest edges, when hawk might get access to species living in forests and those living in 
clear-cut or plantations. It must be remembered that the satellite-image was from 1987 
and the last locations were from 1995 when clear-cut areas were already covered by 
young trees. It seems that goshawks are fairly well adapted to mosaic forest landscape 
produced by modern forestry provided that there is suitable prey available. However, 
forestry has reduced grouse numbers (Kurki et al. 1997), which harms goshawks. On the 
other hand, mountain hares might have benefited from forestry that creates new growth 
edible for hares. Female goshawks can kill hares and they constituted more than 70% of 
the diet by biomass. Males are, however, not able to kill hares. So they have, essentially, a 
narrower food base. The average hare biomass per km2 is roughly 32 kg while that of 
grouse and squirrels is 18kg and 3kg respectively, excluding capercaillie males, that 
makes more than 10 kg out of the male’s reach (II, V). Thus, females have 63kg prey/km2 
and males only 21kg! If grouse decrease still further goshawks will encounter poor 
wintering possibilities for males, which on the other hand is contrary to their tendency to 
stay in their territories (Sulkava 1964, Kenward et al. 1981, Halley 1996). 

 
 

3.5. Goshawks and grouse. Are they coupled? 
 
Grouse constitute the main prey for goshawks throughout the year (II, IV). Although 

their proportion clearly decreases in winter, at least for females, it probably accounts for 
10-50% by biomass (IV). During the breeding season goshawks accounted for the loss of 
between 2 and 22% of adult grouse, depending on species. In earlier investigations similar 
estimates have been stated with regard to raptor predation on grouse (Linden & Wikman 
1983, Widen 1987, Redpath & Thirgood 1999, Nielsen 1999, Thirgood et al. 2000). 
Studies on grouse also show that mortality, caused mainly by goshawks, has been on the 
same magnitude (Angelstam 1984, Willebrand 1988, Valkeajärvi & Ijäs 1994, Wegge et 
al. 1990). Smaller species, like willow grouse and hazel grouse, were depredated more 
intensively than larger black grouse and capercaillie, which suffered relatively little from 
goshawk predation (V). In Scandinavia, goshawks killed more black grouse and 
capercaillie females, probably based on the lower availability of smaller grouse species 
being highly preferred in my study area (I, II, Widen 1985, Selås 1989). Predation on 
grouse chicks was fairly low, only 7% of hatched chicks. Estimating predation on juvenile 
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birds is problematic because very little remains are left, rarely allowing quantitative 
estimates (Sulkava 1964, Höglund 1964, Huhtala 1976, II). Therefore, the grouse chick 
proportion is underestimated in nest samples. It is possible to obtain more quantitative 
estimates in fledging time (Huhtala 1976, II). On the other hand, large prey is probably 
respectively overestimated, (Sulkava 1964). In Scotland, hen harriers Circus cyaneus took 
between 30 and 40% of red grouse chicks. However, hen harriers are probably much 
more efficient chick predators than larger goshawks. Predation on grouse is very much 
age related in autumn but very little is known about it. Taking non-territorial birds, 
floaters, into account much higher predation losses are found. This part of raptor and owl 
populations is the least well known (Rohner 1995, 1996, Nielsen 1999, Korpimäki & 
Krebs 1996). I calculated that 1/3 of wintering hawks may be non-territorials, which may 
even be a cautious estimate (IV). In addition, a good food supply will attract hawks from 
other regions (Kenward 1977, Kenward et al. 1981), which will yield higher raptor 
densities than the assumed balanced population model (see Kenward et al. 1991, 1999).  

I found no functional response of the goshawk for varying grouse numbers. However, 
density changes of grouse were rather mild and goshawks presumably were able to kill 
grouse at maximum intensity and also at the lowest stated density level of grouse, but not 
essentially to raise the killing rate at higher densities. This suggests the response type that 
is typical for a specialist predator, not being able to switch to other prey (Korpimäki et al. 
1991, Nielsen 1999). In fact, goshawks have potentially alternative prey during the 
breeding season in my study area (I, II), but in early spring, hawks nesting in remote sites 
do not have many real alternatives. Although goshawk is considered to be a generalist 
predator, the lack of suitable sized prey compels it to be a specialist in certain 
circumstances, as also found in other raptors (Galushin 1974, Korpimäki & Norrdahl 
1989, Huhtala et al. 1996, Nielsen 1999). The shape of the functional response curve in 
goshawks is probably concave (type II) (Wikman &  Tarsa 1980, I, but see Linden & 
Wikman 1983). Similar response types have also been found in peregrines Falco 
pereginus and grey falcon Falco rusticolus (Redpath & Thirgood 1999, Nielsen 1999).  

I could state a weak numerical response, expressed as number of goshawk 
nestlings/territory with a time-lag of one year for the density all grouse species pooled (r 
= 0.601, p = 0.066). Sulkava et al. (1994) comparing grouse densities of the previous year 
and the breeding performance of the goshawk contained significant positive correlations, 
which proves a time lag of one year (see also Huhtala & Sulkava 1981). In winter, study 
capture indices tracked the productivity of the local population (own obs.). In Alaska, 
sightings of goshawks peaked one year after a peak year for the snow-shoe hare (Smith & 
Doyle 1994). Thus, the total population (breeders and non-breeders) lag at least 14-15 
months behind the grouse. Traditionally, time-lags are connected to the response pattern 
of mammalian predators, while avian predation would rather track prey density changes 
without time-lags (Galushin 1974, Korpimäki & Norrdahl 1989, 1991, Korpimäki 1994). 
This concerns, in particular, nomadic specialists that are not bound to stationary 
territories (Korpimäki 1993). The goshawk is a species that more or less stays all year 
round in its territory and neither are juveniles particularly migratory (Sulkava 1964, 
Höglund 1964, Saurola 1976, Marcström & Kenward 1981, Halley 1996). Because of this 
relatively high residency and synchronous fluctuations of grouse over large areas, time-
lags are to be expected. Nielsen (1999) found gyr falcons (breeding adults + nestlings) to 
lag two years behind ptarmigans in Iceland. In Canada, the breeding population of great 
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horned owls Bubo virginianus also lagged two years behind the snow-shoe hare peak 
(Rohner 1996). Rohner (1995) suggested that time-lag arises when the defence of 
territories decreases during prey decline creating scope for new territories. It may also rise 
from the lack of recruits to fill empty territories after high mortality rate of breeding birds 
in years of poor prey populations (Nielsen 1999). 

The total response of the goshawk on grouse was inversely density dependent. Thus 
predation rate was higher in low grouse abundance than in peak densities. Similar total 
responses have been found in earlier goshawk studies (Wikman & Linden 1981, Wikman 
& Tarsa 1980) and in large falcons hunting on Lagopus species (Redpath & Thirgood 
1999, Nielsen 1999). Predation patterns of this kind will prove a delayed density-
dependence and destabilising effect of predator on prey population (Sinclair & Pech 
1996). This relationship is based on predation of breeding birds, which corresponded with 
a time-lag in changes of prey. However, not much is known about the response of non-
breeding birds, which are free to move to any site of good prey supply. Studies on 
goshawks in more southern regions and on great horned owls suggest that non-breeders 
are less residential and probably do not show extended delays for changes of prey 
(Kenward et al. 1981, Doyle & Smith 1994, Rohner 1996). This part of the population 
probably behaves similarly to nomadic raptors and owls, yet, not over such vast areas like 
true nomads. (Galushin 1974). By this dataset it is, however, not possible to say much 
about this issue because very little is known about the total response of the whole 
goshawk population, including breeders and non-territorial parts of a population. It is in 
any way clear that ‘floaters’ constitute a remarkable part of a goshawk population like 
they do in great horned owls (Rohner 1996, IV). They probably show aggregative 
responses for prey accumulations (Kenward 1977), which have a stabilising effect on prey 
fluctuations (Korpimäki & Krebs 1996).  

In Southern Finland and also in nearby settlements in northern Finland alternative prey 
is available (I, S. Sulkava, pers.comm.). This enables relatively stable breeding for 
goshawks and probably a more rapid response for grouse density variations, which might 
dampen the grouse cycle. The goshawk operates in line with other general predators, like 
foxes and martens, which have the highest densities in the south (Linden et al. 1996). 
Hence, we might expect lower grouse densities on average and weaker cyclicity in 
southern Finland. According to Linden (1989) grouse populations in Southern Finland are 
partly non-cyclic, while strongest cyclicity and highest densities are found in Central 
Finland. This is what is stated for vole cycles: large number of general predators 
switching between prey types and dampening and shortening vole cycles in the south. In 
the north, where fewer generalist predators are present, resident specialists, mainly small 
mustelids, (Mustela erimea, M. nivalis) drive the vole cycle (Erlinge et al. 1984, Hansson 
1984, Henttonen 1987, Korpimäki et al.1991, Hanski et al. 1991, 1993). This might also 
suit the grouse cycle, with the exception being that the resident specialist is an avian 
predator in the north, but the same species acts as a generalist in the south, in connection 
with other generalists. The vole cycle clearly affects the grouse cycle via an APH type 
effect (Angelstam et al. 1984). Irregularities in the grouse cycle may, in fact, result from 
such interference, which increases as significance of the small mammal community 
increases as a result of changes in landscape structure. Grouse declined three times during 
the study period, in 1990, 1994 and 1997, which were also the chrash years of voles. The 
disappearance of the regular 6-7 year pattern in the grouse cycle may partly result from 
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the strong impact of small mammal predators on grouse after vole chrashes sensu APH. 
The fragmentation of forests have created suitable habitats for Microtus voles, which have 
increased average vole and predator densities, respectively (Henttonen 1989, Kurki et al. 
1997). It has also been hypothesised that disturbances reducing breeding success of a 
population every now and then may sustain periodic fluctuation in a population that is 
otherwise regulated by a delayed density dependent manner (Kaitala et al. 1996). 
Korpimäki & Norrdahl (1997) suggested vole chrashes to be one such a source of 
disturbance in grouse dynamics. 

The general predation theory makes several predictions on the outcome of predator-
prey interaction (Rosenzweig & MacArthur 1963, May 1973, Begon et al. 1990). 
Stability of the system is reached when the predator is relatively inefficient but unstable in 
the opposite situation. At some point in between the system tends to show limit cycles, 
which are stable in their own way (Taylor 1984). Theoretical and field studies imply that 
resident specialist predators acting in a delay are able to cause limit cycles in the 
predator-prey system, while nomadic specialists and generalists tend to dampen cycles 
(Korpimäki & Norrdahl 1989, 1991, Korpimäki 1993, Hanski et al. 1991,1993, 
Korpimäki & Krebs 1996). Goshawk fulfilled the main criteria of the theory. However, to 
get a better understanding of it, a more detailed analysis is needed of the goshawk’s 
impact on grouse populations, especially during the non-breeding season. We need more 
data on the dynamics of non-territorial hawks, floaters, and also more data on grouse 
chick predation in late summer. To reach these goals intensive radio-telemetry studies on 
grouse and goshawks are needed in the same area simultaneously. 
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4. Conclusions 
 
Continual decrease of the grouse since the 1960’s in Finland has been considered to be 

a consequence of changes in the forest structure. Although grouse are the main prey of the 
goshawk, goshawk has probably not decreased so markedly. This witnesses for its 
adaptiveness that is documented in dietary and in evolutionary respect. Goshawk has thus 
found new sources of food. Evidently increase of the amount of clear-cuts and young 
forests has elevated the average density of voles but also that of hares that seem to form a 
remarkable source of winter food for females. Because hares are out of male’s reach the 
controversy between the sexes in respect to food supply has increased, which probably 
explains the opposing changes in the size of the sexes. Males could, however, compensate 
for the losses of grouse by moving to settlements and dump sites where rats, corvids and 
domestic pidgeons are available in winter. Changes in the structure of forests, the diet and 
the morphology of the goshawks may have several consequences to the relationship 
between the goshawk and the grouse. In spite that decrease of old forests has adversely 
affected the biotopes of the grouse, the fragmentation of the forests may also have altered 
the searching efficiency of the goshawks. Depending on the grade of fragmentation and 
the goshawks’ possibilities to compensate for the loss of grouse by some alternative prey 
the final outcome in this predator-prey interaction may lead to dampening out of the 
cyclicity and a lower average density of the main prey as predicted by the general 
predation theory. Thus, goshawks, may have contributed to the decline of the grouse 
populations in Finland while they also have suffered and will suffer if the decline of the 
grouse will continue. Goshawks are not the main reason for the decline of the grouse but 
may play in concert with other predators the whole process ultimately hanging on the 
large scale changes in the forest structure caused by man. 
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