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THE RESPONSE OF THE GOSHAWK ACCIPITER GENTILIS TO CHANGING
GROUSE TETRAONIDAE SP. POPULATIONS
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Goshawk’s diet and breeding success was studied in northern Finland in the vicinity of Oulu during years
19892004 in order fo evaluate predation impact on four grouse species, the Black Grouse Tefrao tetrix, Ca-
percaillie Tetrao urogallus, Hazel Grouse Bonasa bonasia and Willow Grouse Lagopus lagopus. Sporadic
food data was also used from years 1965-1988. Number of studied territories raised from 12 to 37 during the
study years. Food remains were collected from territories at least three times per year: in spring (around the
nesting site, n = 1420), in summer (from the nest after chicks fledged, n = 1782) and late summer (around the
nesting site, n = 826). Winter diet was assessed by telemetry and from museum samples (n = 88). Diet com-
posed mainly of grouse species totalling highest in spring, around 50%, and lowest in winter, around 30%, by
number. Black Grouse were the most numerous among grouse, but juvenile grouse outnumbered them dur-
ing late summer. Preference of different grouse species in Goshawk's diet was measured by a simple
catch/supply index. Willow Grouse was taken twice more among grouse than their abundance in the field
suggested, while Black Grouse and Hazel Grouse were taken at the same ratio as their abundance in the
field. Capercaillies (only females) were taken around half compared to their relative abundance. Gos-
hawk’s functional response (grouse found/nesting site as a response variable) against grouse density of the
previous autumn was typically concave. Occupancy rate and productivity (chicks fledged/occupied terri-
tory) of the Goshawk territories declined as the grouse density declined but brood size remained at the
same level. Combining functional and numerical responses for total response (kill rate) declined as well with
grouse density implying that Goshawk'’s predation impact on grouse has remained in a stable level. During
years 1989-1998 year to year variation of total response tended to lag grouse density by two years, which
implies destabilising effect of the Goshawk on grouse population. After 1999 this pattern, however, disap-
peared when grouse density fell to a very low level. Applied for the whole period, correlation with two year
lag was observed but it was far from significant. Predation impact calculated for years 1989-1998 was 31%
for the Willow Grouse, 15% for the Black Grouse, 2% for the Capercaillie and 16% for the Hazel Grouse.
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PEAKLLUSI TETEPEBATHUKA (Accipiter gentilis) HA UBMEHEHUSA B NONYASALUAX TETEPEBUHbIX MTUL,
(TETRAONIDAE Spp.). P. TopH6Gepr. YHuBepcUuTET OYAY, PUHAIHAMS.

MMTAHME M YCNELUHOCTb THE3AOBAHMS TETEPEBIATHUKA U3YHAAMCh HO CceBepe PUHAIHAMMK, B paroHe OyAy,
B 1989-2004 rr. AAS OLLEHKM BO3AEMCTBMA €I0 OXOTbl HO YETLIPE BUAC TETEPEBUMHbIX NTULL: TETEpeBaA Tetfrao tetrix,
rayxaps Tefrao urogallus, pabumka Bonasa bonasia u 6eayto Kyponartky Lagopus lagopus. NMpUBAEKAAMUCH
TAKXKE PA3PO3HEHHbIE AQHHBIE MO MUTAHMIO BUAQ B 1965-1988 1. 30 roAbl MCCAEAOBAHUI YUCAO ODCAEAYE-
MbIX TEPPUTOPUM BbIDOCAO C 12 A0 37. OCTATKM MULLM C TEPPUTOPUIM CODUPAAMCH HE pexxe 3 pAa3 B TOA: BEC-
HOM (BOKPYT rHe3Aa, N = 1420), AeTOM (13 THE3AQ MOCAE BbIAETA MTEHLLOB, N = 1782) 1 MO3AHMM AETOM (BOKPYT
rHe3Ad, N = 826). [MMTAHWE B 3UMHMM MEPUOA OLLEHMBAAOCH MO AQHHBIM TEAEMETPUM U MO MYy3eMHbIM 0BPa3-
uam (n = 88). PAUMOH COCTOSA, B OCHOBHOM, M3 TETEPEBUHBIX MTULL, Yb AOAS B MUTAHMM ObIAQ BbiLLIE BCETO
BECHOM — OKOAO 50% (MO 4MCAY OBBLEKTOB), M HMXKE BCETO 3MMOM — OKOAO 30%. TeTepeB BbiA HaMbBoAaee MHO-
FTOYMCAEHHBIM CPEAM MPOYUX TETEPEBUHBIX, HO MO3AHMM AETOM MTEHLLBI TETEPEBUHBIX ONMEPEXTAM €rO MO
KOAMYECTBY OOBbEKTOB B PAUMOHE. MULLIEBLIE MPEAMOYTEHMS TETEPEBITHUKA MO BUACM TETEPEBUHBIX OLLEHMBA-
AMCb MPU MOMOLLIM NMPOCTOrO OTHOLUEHMS AOCDbIMA/pecypcC. BeAbix KyponaTtok AODOLIBAAOCH BABOE OOAbLLIE,
4EM MPEANOAArdAd UX OTHOCUTEAbHAS YUCAEHHOCTb HO TEPPUTOPUM, TETEPEBR U PABYMK AOBBLIBAAMCH MPO-
NOPUMOHAABHO UX YUCAEHHOCTU. Ha rAyXaps (TOAbKO HO COAMOK) TETEPEBSTHUK OXOTUMACH MPUMEPHO BABOE
MEHbLLIE, YeM MPEATMOAAIAAO €ro HOAMYME. PYHKLIMOHAABHAS PEAKLMSA TETEPEBATHUKA (HUCAO TETEPEBUHbIX
HO OAHO THE3AO KAK COYHKLMS OTKAMKA) HO MAOTHOCTb HOCEAEHUS TETEPEBUHbIX MTULL NPEABIAYLLIEM OCEHbIO
OBObIHHO ObIAG BOTHYTOM. MHAEKC 3QHSTOCTU TEPPUTOPUIM TETEPEBITHUKA U MX MPOAYKTMBHOCTb (YMCAO CAETKOB
HO TEPPUTOPMUIO) CHMKAAUCH MPU COKPALLLEHMM MAOTHOCTU HOCEAEHMS TETEPEBUHBIX, HO PA3MEP BLIBOAKOB
OCTOBAACS NPeXHUM. OBbe AMHMB COYHKLIMOHOABHbIM M KOAMHECTBEHHBIN OTKAMK, Mbl BUAMM, 4TO OBOLLLAS pe-
OKLMS — YOCTOTA AOOBBIM, TAKXKE CHMXAAOQCH MPW COKPALLLEHMM MAOTHOCTU TETEPEBMHbBIX MTULL, YTO FTOBOPUT O
HEWU3IMEHHOM YPOBHE BO3AEMCTBMA HO HUX OXOTbl TETEPEBATHUKA. B 1989-1998 rT., mexroaoBble KOAEOAHUS
obLLLEN PEAKLMM OTCTABAAM HA 2 TOAQ OT U3MEHEHMIM MAOTHOCTUM HOCEAEHMS TETEPEBUHBIX, YKA3bIBAS HO AEC-
TABUAMIMPYIOLLLEE BO3AEMCTBUE TETEPEBATHMKA HA MX monyAdumio. OAHOKO mocae 1999 r., Koraa NAOTHOCTb
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TETEPEBMHDBIX MTUL, YNIAAQ AO KPAMHE HM3KOTO YPOBHS, T4 30KOHOMEPHOCTb MCYE3AA. AHOAM3MPYA BECH Me-
PUOA MCCAEAOBOHMM B LLEAOM, KOPPEAILMA C 3AMO3ACHMEM HA 2 TOAQ CYLLLECTBOBAAQ, HO ObIAO COBCEM
HE3HAYUTEABHOM. PACYETHOE BO3AEMCTBME XMLLLHMYECTBA B Nepmoa 1989-1998 . cocTtaBmAao 31% aAs ©eAow
Kyponatku, 15% — AAf TeTepeBa, 2% — AAS TAYXAPA U 16% — AAS PABUMKQ.

KAto4eBble CAOBQ: TETEPEBATHUK, TETEPEBUHbLIE MTULLBI, MMTAHUE, THE3AOBAHME, XTLLLHUMYECTBO.

INTRODUCTION

The response of a predator to changes of prey
availability can be divided into functional (dietary)
and numerical response (Keith et al. 1977, Begon et
al. 1996). Further, functional response is usually di-
vided into three main types according to shape of
the response curve: linear, concave and sigmoid
shaped (Holling 1959). Combining functional and
numerical response a total response is obtained
(Doyle & Smith 2001, Tornberg 2001). It means a to-
tal number of prey specimens killed by predators in
a given area. This so called kill rate divided by den-
sity of prey yields predation rate, often called pre-
dation impact (Lindén & Wikman 1983). Predators
can be placed, based on their food habits, on a
continuum from specialist to generalist predators.
Utmost specialists respond only numerically while
utmost generalists only functionally to prey changes
(Reif et al. 2004a).

Predator’s response on changes of the avail-
ability of prey can have impact on prey population.
Some predators, typically the species wandering
around like nomads, respond immediately to the
changes of prey numbers, while others, mainly small
mammalian predators and certain site-tenacious
raptorial birds, lag one or several years behind their
prey (Galushin 1974, Korpimd&ki & Norrdahl 1989,
Nielsen 1999, Tornberg et al. 2005). Former type of
predatfion tends to stabilize prey population while
latter destabilize it. Effect may also be influenced
by predator type; i.e. whether it is a specialist or a
generalist predator. Specialists can have both ef-
fects while generalists mainly stabilize prey popula-
tions (Hanski et al. 1991).

Goshawks Accipiter gentiles hunt in boreal for-
ests mainly on four grouse species: Black Grouse
Tetrao tetrix, Capercailie Tefrao urogallus, Hazel
Grouse Bonasa bonasia and Willow Grouse
Lagopus lagopus throughout the year. These spe-
cies account for 30-50% of the diet by number in
northern Finland (Tornberg 1997, Tornberg & Col-
paert 2001). Goshawk's breeding output is also
highly dependent on grouse density (Sulkava et al.
1994, Byholm et al. 2002, Tornberg et al. 2005). Since
the beginning of the 1960s, densities of all grouse
species have continually declined in Finland (see
Ranta et al. 1995, Helle et al. 2002). This has re-
flected in the diet of the Goshawk (Tornberg & Sul-
kava 1991). Some recent studies also show that
Goshawk populations have declined in many re-
gions in Fennoscandia (Lindén & Wikman 1983,
Widen 1997, Selds 1998, Gundersen et al. 2004). In

Finland, however, clear evidence of steady decline
is still only local. The total population seems to be
declining slightly (e.g. Bjérklund et al. 2002).

Aim of the present study is to document recent
changes in the dietary and numerical responses of
the Goshawk to varying grouse density, as well as to
analyse Goshawk's possible effect on this variation.
| am especially interested in how keenly Goshawks
react to grouse density in northern Finland. | also
present newest data about preference of the Gos-
hawk for different grouse species, and whether
there has appeared any change in the course of
fime.

STUDY AREA, MATERIAL AND METHODS

The study has been carried out in the vicinity of
the city of Oulu (25° 30" E, 65° 00’ N), mainly from
1989 to 2005, but some scattered data is also avail-
able since the year 1965. The landscape in the
study area is typical for the region, i.e. lowland with
few lakes and many rivers and brooks. The area is
characterized by coniferous forests, with pines Pinus
sylvestris and Norway spruce Picea abies mixed with
birches Betula pubescens and aspens Populus
fremula covering around 65% of the area. Around
30% of the area comprises of peat bogs, of which
2/3 are drained for forestry. The rest of the area are
covered by fields, sandpits and human seftlements.

Data on prey

Prey species eaten by Goshawks were moni-
tored by collecting their remains around nesfing
sifes during three phases of the nesting period: (1)
nest-building and incubation period (hereafter
spring), (2) nestling period (hereafter summer), and
(3) during and after fledgling period. Prey remains
were identified by using reference material of the
Zoological museum, University of Oulu. Prey remains
collected after the year 1989 total as follows: 1782
individuals from spring, 1420 from summer, and 826
individuals from fledging period, respectively. Data
collected before 1989 sum up to 413 prey speci-
mens from spring, and 395 from summer. Diet out-
side the breeding season was assessed by radio
fracking during 1991-1995 (see Tornberg & Colpaert
2001), and during 2000-2003. Also stomach con-
tents of Goshawks found dead in the study area or
near-by, and sent to the Zoological Museum, were
included in the data set (in total 88 prey speci-
mens).
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Data on Goshawk nesting

Nesting territories were checked in spring to
detect whether they were occupied or not. Territory
was stated to be occupied if fresh twigs of spruce
or pine were brought to the nest. During May oc-
cupied nests were checked to see whether eggs
were laid or not. Number of eggs was counted, and
the eggs were measured whenever possible. Some-
times a new nest was found not unfil the young
were dlready hatched. In successful nests the nes-
tlings were counted and ringed as well as weighed,
and their wing lengths were measured. The annual
number of territories checked varied between 14
(1989) and 35 (2004).

Data on grouse populations

Since 1989 density estimates of grouse species
were obtained from wildlife friangle censuses or-
ganized by Finnish Game Research Institute (Lindén
et al. 1989). Census routes are triangles, with four
kilometres long sides. A triangle is walked by three
observers 20 m apart, and all grouse met in this
transect line are counted. The following information
is recorded: species, sex (Black Grouse and Caper-
caillie), number of lone females and those with a
brood, and the number of juveniles. Each observa-
tion is plotted on a map. In the beginning, there
were 10-12 friangles counted in my study area an-
nually, but recently not more than 7-8. Grouse were
counted by a similar line transect method also from
the year 1963 to 1988, but in that period the tran-
sects were walked along the most suitable habitats
for broods of grouse (Rajala 1974). Wildlife triangles
give more representative densities for the land-
scape in general, but the older route censuses indi-
cate more optimal habitats. However, there seems
to be no abrupt shift in density estimates between
route and triangle censuses (see Lindén et al. 1989).

Statistical analysis

For prey data | calculated percentage of each
prey species or species group in a sample. | further
calculated the mean of all samples from each year
to have an annual average estimate of each spe-
cies. For grouse | also used the number of grouse
species found per sample, and calculated annual
estimates for them as described above. This pao-
rameter measured the functional response.

For Goshawk nest data | defined occupancy
rate as the number of territories occupied per num-
ber of territories checked. The number of fledglings
per occupied territory (Steenhof 1987) indicated
breeding productivity. Index for the numerical re-
sponse of the Goshawk can be defined as 2 x oc-
cupancy rate (=number of parents) + productivity
(=number of young). | further calculated an index
for the total response by multiplying both response
types (functional response x numerical response).
Preference index for the different grouse species
was calculated by dividing the relative proportion
of each grouse species in the diet by the relative

density of the species in the field. This so called
catch per supply ratio results as 1.0 when a prey
species is consumed in the same proportion as pre-
dicted by its abundance alone.

| used regression analysis to analyse frends in
the time series, and cross correlation analysis for
making pair-wise tests with different time-lags be-
tween the grouse data and the Goshawk parame-
ters. Before running cross correlation analysis | re-
moved trends from fime series by residual tech-
niques. For testing whether Goshawks preferred any
of the grouse species when hunting, | used one-
sample t-test.

RESULTS

Seasonal diet composition

Grouse species account for more than 50% of
the diet during spring but drop till about 30% during
summer. Their proportion increases again up to ca.
40% during the fledging period (fig. 1). In winter the
percentage of grouses tends to be lower than dur-
ing the breeding season. Proportion of mammails is
less than 20% during the breeding season, but it in-
creases up to almost 50% outside the breeding sea-
son. In addition to grouse, only ducks and corvids
are important during the breeding season. Corvids
are especially important prey during the nestling
period.
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Figure 1. Seasonal change in the diet of the Gos-
hawk near Oulu during 1989-2003.

The Black Grouse is the most important prey,
accounting for 15-20% of the Goshawk's diet
throughout the year (fig. 2). The Hazel Grouse and
the Willow Grouse are numerous during spring, but
their proportion tends to decline strongly during the
breeding season. In winter, Hazel Grouse are rela-
fively important prey for Goshawks. Capercaillies, of
which only females are found in the diet during the
breeding season, are rarely taken by the Goshawks.
Capercaillie cocks are found in the diet only out-
side the breeding season. Only female Goshawks
kill full-grown Capercaillie cocks.
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Figure 2. Seasonal change of grouse species in the
diet of the Goshawk near Oulu during 1989-2003.

Goshawk’s preference for different grouse

species

Goshawks clearly prefer Willow Grouse over
other grouse species as their prey in spring (t =
3.725, df = 32, p = 0.001, one-sample t-test). The
Black Grouse and the Hazel Grouse are consumed
roughly at the same ratio as found in the field, but
Capercailie females are taken in considerably
lower proportion than available (t = -7.653, p <
0.001) (fig. 3). There was a slight increase in the
preference for Black Grouse and Capercaillie fe-
males during the study years.
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Figure 3. The change of the Goshawk's preference
for Black Grouse females during the breeding sea-
son near Oulu in 1965-2003. Each dot represents a
catch-supply rafio (proportion of prey in the diet
per proportion in the field) of one year. Prey is pre-
ferred when dot is above the dashed line (rafio =1).

Goshawk’s functional response for grouse

density

The number of grouse killed by the Goshawk
follows fairly well both the annual changes as well
as the long-term trends of grouse populations in the
field (fig. 4). After removal of the frends, cross-
correlation analysis revealed that best correlation
was obtained with 1-year lag, i.e. when comparing
the number of killed grouse to the grouse density of
the previous year (r = 0.410, p < 0.05). When the

number of killed grouse is plotted against the den-
sity of grouse of the previous autumn, a functional
response curve is obtained. Best fit was obtained for
logarithmic function (F = 21.62, df = 30, r2 = 0.429, p
<0.001) (fig. 5).

Goshawk’s numerical and total responses re-

lated to grouse density

Goshawk’s occupancy rate, productivity and
combinatfion of these two declined at the same
rate as the grouse density (fig. é). The clutch size
declined slightly, but the brood size remained sta-
ble. | correlated all these variables with grouse den-
sity with different time lags after removal of the
frends. Of these variables only the clutch and
brood sizes correlated significantly with grouse den-
sity with a one year time lag (r = 0.566 and r = 0.526,
p < 0.05, respectively). Total response correlated
best with 2-year time lag but correlation was not
significant (r = 0.376, n.s.). During the 1990's (1990-
1999), however, correlation was close to significant
(r=0.631 vs. confidence limit = 0.708) (fig. 7).

DISCUSSION

Grouse typically dominate in the diet of Gos-
hawks in boreal forests in spring (Sulkava 1964,
Hoglund 1964, Lindén & Wikman 1983, Widen 1987,
Tornberg 1997). It must be remembered that spring
diet consists prey specimens predated by males
only. It, hence, cannot be considered representa-
five for the diet selection of the whole population.
In the Goshawk, having a marked sexual dimor-
phism, sexes differ remarkably in prey choice (Ken-
ward et al. 1981, Tornberg & Colpaert 2001). Small
grouse species, the Willow Grouse and the Hazel
Grouse, dominate in early spring, but the bigger
Black Grouse become more important during the
breeding season (Tornberg 1997). Especially Black
Grouse hens become most important during the
nestling period, while importance of the cocks van-
ishes, likely due to the end of lekking period, which
follows increasing difficulties to find them.

The decline of the proportion of grouse species
in the diet of the Goshawk during the breeding sea-
son is clearly due to the increase in numbers of
young birds, mainly thrushes and corvids, which are
easier to hunt (Lindén & Wikman 1983, Tornberg
1997). Grouse chicks become more important prey
towards late summer, when they grow and be-
come more profitable as prey (Tornberg 1997).
Young of large grouse species seem to be more
preferred than smaller ones (Sulkava 1964, Reif et al.
2004b). It is likely that predation on young grouse
remains at the same level later in autumn as ob-
served in August. When females start to hunt in the
late nestling period, they likely hunt similar prey as
males (Gronnesby & Nygdérd 2000, Reif & Tornberg
unpubl.). Later in autumn, however, females start to kil
full-grown hares, and they also take more Capercail-
lies, even adult cocks (Tornberg & Colpaert 2001).
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Figure 4. The mean annual number, with standard error of mean, of grouse specimens
found in the nests, and the total density of grouses near Oulu during 1965-2003.
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Figure 5. The mean annual number of grouses found as prey of the Goshawk plotfted
against the total density of grouses (individuals/km?) near Oulu during 1965-2003.

Hares can account up to 30% of diet by number,
and 70% by weight, in winter, but they are killed
only by female Goshawks. Therefore, the proportion
of grouse in the diet of males is somewhat higher
than in that of females (about 40%, Tornberg un-
publ.). When squirrels are abundant, they form an
important winter food for both sexes (Widén 1987).
In boreal forests of North America, Goshawks hunt
mainly on mammails, especially snowshoe hares
Lepus americana (Doyle & Smith 2001).

Goshawk’s preferences for different grouse
species show interesting patterns. Willow Grouses
are strongly favoured as a prey while Capercaillie

females are taken remarkably less than expected
by their abundance in the field. Tornberg & Sulkava
(1991) found that preference of the Willow Grouse
population declined during the 1980s in my study
area. New datfa show that this species is taken with
as high a rate as previously. Reasons for this proba-
bly lie in the high vulnerability of the Willow Grouse
to Goshawk’s predation during the lekking period.
Willow Grouse males are white and noisy in spring,
which inevitably makes it easier for the Goshawk to
hunt them compared with other grouse. Avoidance
of Capercailie females might be due to their rela-
fively large size for hunting by male Goshawks.
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Figure 6. The occupancy rate of Goshawk territories and the grouse density near Oulu during 1987-2005.
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Figure 7. Total response of the Goshawks and the grouse density near Oulu during 1987-2005.

In comparison, the preferences of the Golden
Eagle Aquila chrysaetos for grouse species are
strongly related to the size of prey. Capercaillie fe-
males are taken twice more often than they are
found in the field, respectively. However, Willow
Grouse are more preferred than Black Grouse hens
(Sulkava et al. 2003). In the Goshawk, size-related
preference is not so clear, while the males tend to
take relatively less Black Grouse cocks than hens
during winter (Tornberg unpubl.). Similar pattern has
been observed in relation fo sexes of Pheasants
Phasianus colchicus (Kenward et al. 1981).

The number of grouse in Goshawk’s diet fol-
lowed in accordance the density of grouse. My
response variable, grouse remains found per nest-
ing site, is independent of other prey species taken

(in opposite to percentages that depend on the
number of other prey). Therefore measuring re-
sponse in this way might indicate more reliably the
frue response percentages than percentages that
have been used in most other studies. Shape of the
functional response curve obtained was concave,
when diet variable was plotted against grouse den-
sity. Tornberg & Sulkava (1991) observed a similar
pattern when using grouse proportions as a de-
pendent variable. In North America, Goshawks re-
sponded in a similar way for snowshoe hares (Doyle
& Smith 2001). Lindén & Wikman (1983) observed,
however, a convex shaped curve for the Hazel
Grouse. Generally, a concave curve (type 2) refers
to a generdlist predator that has a strong prefer-
ence for main prey (Kenward 1986). This sort of pre-
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dation possesses inherently a destabilising effect on
prey (Begon et al. 1996). Predator having a convex
shaped functional response curve (type 3) pos-
sesses an ability to regulate prey population at low
density. It indicates also that prey has a refuge at
low density, as might be the case for Hazel Grouse—
Goshawk interaction (Lindén & Wikman 1983), or
alternative prey is richly available. This is a very likely
explanation for type 3 response curve in southern
boreal forests. More northern areas, where alterna-
tive prey is less available, type 2 curve is expected.
In areas where alternative prey is very scarce, func-
tional response may be lacking, because Goshawks
cannot breed at all when grouse are scarce. Func-
tional response may also be lacking if grouse are
abundantly available, as was the case in Finland
during the 1960s and 1970s with high grouse densi-
ties (Kauko Huhtala, unpubl. data). Icelandic Gyr-
falcons Falco rusticolus which are very dependent
on Ptarmigans Lagopus mutus during breeding sea-
son showed no functional response for changes in
the density of prey (Nielsen 1999).

Dependence of Goshawk’s breeding success
on grouses has been shown in many studies in
Finland (Huhtala & Sulkava 1981, Tornberg & Sul-
kava 1991, Sulkava et al. 1994, Tornberg 2001, By-
holm et al. 2002, Tornberg et al. 2005), and in Nor-
way (Selds 1997, 1998, Gundersen et al. 2004). Time
lag of 0.5-1 year affer grouse population cycles is
typical in clutch and brood sizes of Goshawks (Sul-
kava et al. 1994, Tornberg 2001, this study). In North
America, Goshawks lag one year after snowshoe
hare peak expressed as sightings and productivity
(Doyle & Smith 1994, 2001). Tornberg et al. (2005)
observed that Goshawk's occupancy rate lagged
two years after grouse peak in western Finland. A
similar tendency in fotal response was also ob-
served in the present study but, likely due to rela-
tively weak cyclicity of grouse population during
the study years, this phenomenon remained ob-
scure. These studies show that Goshawks might
have a strong destabilizing effect on grouse popu-
lations, which raises Goshawk predation as one
candidate for grouse cycles in northern latitudes.
Because cyclicity in Finnish grouse populations has
practically ceased, the idea could be tested only in
large intact areas of Russian taiga forests, where
cyclicity might still be going on in grouse popula-
tions (see Beskariev et al. 1994, but see Bortcevski
1993).

Goshawk's important role in grouse mortality is
proved in many grouse studies (e.g. Angelstam
1984, Willebrand 1988, Wegge et al. 1990, Bort-
chevski 1993, Valkeaqjdrvi & ljds 1994). Based on
several studies, predation impact on different
grouse species by breeding Goshawks has varied
from 2 to 20% (Lindén & Wikman 1983, Widén 1987,
Tornberg 2001). Goshawk’s percentage of annual
mortality was estimated from 5% (in Capercaillie) up
to 60% (Willow Grouse) in northern Finland (Tornberg
2001). In western Russian taiga forest, Goshawks

166

were responsible for 70-90% of annual mortality of
Capercaillies (Bortchevski 1993). It is likely that in
intact taiga forest Capercailies are Goshawk’s
most important prey species because Black Grouse
and Hazel Grouse are relatively scarce there, as
well as important winter prey animals, hares and
squirrels (Bortchevski 1993).

In the future, densities and food habits of the
Goshawk should be studied in large intact areas of
Russian middle and north boreal forests, from where
there are practically no data at present. This might
give important insight to the dynamics of grouse
species in natural conditions.
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