Ornis Fennica 74:15-28. 1997

Prey selection of the Goshawk Accipiter gentilis during the
breeding season: The role of prey profitability and vulnerability

Risto Tornberg

Tornberg, R., Department of Biology, University of Oulu, FIN-90570 Oulu, Finland
Received 20 March 1996, accepted 11 September 1996

Seasonal changes in the diet of the Goshawk Accipiter gentilis during the breeding
season were studied in northern Finland from 1988 to 1994. The Goshawk preyed
mostly on grouse during the nest-building and the incubation period (60-70% by
weight). Then shifting first to ducks and later during the nestling time to corvids,
thrushes and pigeons. During fledging predation shifted to grouse chicks and leverets.
Goshawks preferred grouse, mostly Willow Grouse Lagopus lagopus and Hazel Grouse
Bonasa bonasia in the early phase of breeding. The preference for Black Grouse
Tetrao tetrix, especially that of the females, increased throughout the breeding season.
Capercaillies Tetrao urogallus on the contrary were avoided. Other prey species or
groups had sharp ‘preference peaks’ at some part of the breeding season, ducks in
May, corvids in June (nestling phase), pigeons in July and grouse chicks in August.
Preferences found were not well explained by the predictions of the Optimal Diet
Theory (active decisions of the predator to attack), but rather by the changes in the
behaviour and the vulnerability of the prey. Goshawks adjusted their breeding time,
following Perrins’ (1970) theory, to start breeding as early as possible, thus ensuring

the maximal food availability for the post-fledged juveniles.

1. Introduction

Predatory birds, as all birds in general, have three
critical phases during breeding: production of the
clutch, hatching and post-fledging time, when
young become independent (Newton 1979). Food
is involved with all these phases. During laying,
females need extra food to produce the clutch. In
experiments, where extra food was offered for
laying females, larger clutches and an earlier lay-
ing date were observed (Newton & Marquis 1984,
Korpimiki 1986a, Meijer et al. 1989). High avail-
ability of food is emphasized by the fact that the
male alone provides the food for the laying fe-
male (Newton 1979). After hatching, the energy
need of the family increases sharply (e.g. Tolonen
& Korpimiki 1993). Finally, when the young be-

come independent they need an abundance of eas-
ily catchable prey (Korpimiki 1986).

Birds have two ways to maximize the number
of offspring entering the breeding population,
firstly, by adjusting their breeding time optimally
in relation to food availability and, secondly, by
harvesting food optimally, i.e. maximizing energy
gain in relation to energy invested for its provi-
sion. There are two main theories explaining the
timing of the breeding in birds. Lack’s (1954)
theory states that the greatest food demand (dur-
ing the nestling phase) is met with the largest food
supply. Perrins’ (1970) theory emphasizes the ear-
ly phase of breeding by hypothesizing that birds
tend to start breeding as early as possible.

The optimal diet theory (ODT) is the main con-
ceptual framework which attempts to explain food
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harvesting problems (Schoener 1971, Pulliam
1974, Charnov 1976, Pyke et al. 1977, Pyke 1984,
Stephens & Krebs 1986). The theory proposes that
organisms tend to maximize their energy gain.
This especially concerns predators (Schoener 1971).
Therefore, consuming relatively large prey should
be most profitable for the consumer. The theory
further predicts that the diversity of the diet should
increase as the abundance of the most profitable
prey decreases and vice versa. Thirdly, the number
of lower ranked prey do not affect the diet, but
the absolute abundance of higher ranked prey
does. ODT has been criticized because of its
mechanistic nature, especially regarding the third
prediction (i.e. Hughes 1979). According to Sih
(1993) and Sih and Moore (1990), the prey choice
is not solely the decision of the predator as ODT
assumes, but the behaviour of the prey also af-
fects the value (profitability) of the prey. The ref-
uges, crypticity and activity of the prey also ef-
fect the encounter rate between the prey and preda-
tor. Thus increased preference is simply a result
of better capture success, not the active decision
of the predator to attack or not to attack (Sih &
Moore 1990).

The Goshawk starts breeding in early spring
(Huhtala & Sulkava 1981). The breeding season
is relatively long, about 160 days or even more
(Kenward et al. 1992). The breeding result is de-
pendent on the abundance of grouse, which are
their main prey in the boreal region (Hoglund
1964, Sulkava 1964, Huhtala 1976, Huhtala &
Sulkava 1981, Linden & Wikman 1983, Widen
1987, Tornberg & Sulkava 1991, Sulkava et al.
1994). Most losses in brood sizes take place dur-
ing hatching or just after it (Sulkava et al. 1994),
but there are no data on the survival of the early
vs. late broods. The diet of the Goshawk, espe-
cially during the breeding season, is well described
throughout Europe (e.g., Hoglund 1964, Sulkava
1964, Opdam et al. 1977, Brull & Fischer 1984).
There are, however, few studies where the avail-
ability of prey is considered (but see Selds 1989).
When estimating the significance of the predator
to the population dynamics of its prey, it is im-
portant to detect whether it selects its prey ran-
domly or not (Sih & Moore 1990). Since the grouse
population has remarkably decreased since the
1960s (Rajala & Linden 1981), there is special
interest to see how the Goshawk has adapted to
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this change. Tornberg and Sulkava (1991) found
that Goshawks hunted corvids more, for exam-
ple, in the 1980s than in the 1960s.

The aim of this paper is to study any dietary
changes of the Goshawk during breeding in rela-
tion to food availability, while keeping in mind
the critical phases of the breeding cycle and the
theories involved. Secondly, the hunting strategy
of the Goshawk was studied by calculating its pref-
erences for different prey types, using data on di-
ets and availability. The results are examined in
light of ODT and Sih’s (1993) and Sih and Moore’s
(1990) more stochastic views.

2. Material and methods

2.1. Study area

The study was carried out in the surroundings of
the city of Oulu (65°00°N, 25°30°E). The study
area totals about 245 km?. It is typical coastal low-
land, with the highest hilltops reaching 100 ma.s..,
characterized by rivers, small lakes and ponds.
About 60% of the total area is covered by a mo-
saic 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
dried (Kaila 1993). Forests are dominated by pine
Pinus silvestris, mixed with Norwegian spruce
Picea abies and birch Betula sp. Modern forestry
with clearcuts and pine plantations tends to in-
crease the mosaic pattern of the landscape. About
25% of the forests are in a mature stage. The di-
versity of successional stages is increased by the
secondary succession of dried bogs and abandoned
fields. Cultivated fields make up about 14% of
the area.

2.2. Collection of the food samples

Most prey remnants and pellets were collected in
Oulu at nests and in their vicinity in 1988-94. In
two territories older material was also available,
which was then added to the data. Samples smaller
than 14 specimens were excluded from the analy-
sis. Altogether 2 159 prey specimens were identi-
fied from the samples collected from 12 different
territories. The collection of the material was car-
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ried out fortnightly from early April to mid-Au-
gust. During the nest-building and incubation
phase, Goshawks feed near the nest on hummocks
and tree trunks, where remnants were carefully
collected each time to avoid double counting of
prey (see Sulkava 1964, Huhtala 1976). After hatch-
ing, the male brings the prey to the nest, whereaf-
ter remnants were collected there. In the early
nestling phase, normally very few remnants were
found at the nest because the female cleans the
nest carefully after each meal. Therefore, collect-
ing was done with extra care at that time. In the
late nestling phase, remnants often accumulate in
large amounts when also the female starts to hunt.

After fledging, collection could often be con-
tinued for 3—4 weeks in the vicinity of the nest.
The collection method gives quite a reliable esti-
mate of prey distribution during the nest-building
and incubation phase and again during the fledg-
ing phase, but it is somewhat biased during the
nestling phase, when only feathers are left of ju-
venile birds, which gives limited possibilities for
quantitative analysis (Sulkava 1964).

Chicks were weighed and wing-lengths meas-
ured since 1990 to determine the hatching date.
Prey remnants were identified by using compari-
son material from the Zoological Museum at the
University of Oulu. The remnants found of Black
Grouse and capercaillies were sexed, based on
their large sexual dimorphism. Prey weights were
given by Von Haartmann et al. (1963-72) for birds.
Weights of mammals and also of some birds were
calculated from the collection at the Zoological
Museum. The growth of leverets and grouse chicks
were taken into account by measuring femur and
tibia lengths of leverets and humerus lengths of
grouse chicks. Lengths were compared with curves
showing correspondence between weight and
bone length. The growth curve for leverets is given
by Mikola (1986), and the curve for grouse bones
was calculated from the museum material.

2.3. Prey availability
2.3.1. Grouse
Grouse densities were given by the Finnish Game

Research Insitute. These estimates are based on
triangle censuses made by hunters in August.

Three persons patrol, walking at a distance of 20 m
from each other along the sides of a triangle, one
side being 4 km long (Linden et al. 1989). These
censuses give almost the real densities and breed-
ing success of grouse: number of adults, number
of young, average brood size and percentage of
hens with brood. In this study data from 12 trian-
gles, located within a radius of 30 km around the
city of Oulu, were used. Because there were no
density estimates of adult grouse in spring, I cal-
culated spring and summer densities using the total
grouse density of the previous year (for each spe-
cies separately) as a starting point, and adult den-
sity of the year as an end point assuming linear
mortality. To estimate the abundance of grouse
chicks hatched, I assumed 30% nest losses (Linden
1981, Valkeajirvi & Ijds 1994). In fact, I used
this estimate for all ground-nesting bird species
because nest predators do not seek nests of any
particular species (Storaas & Wegge 1987). The
average clutch sizes were given by Haartman et
al. (1963-72). I estimated densities in July by com-
paring the number of hatched to that counted in
August, making a slight correction downwards due
to a concavity in the mortality pattern of young
chicks (Linden 1981).

2.3.2. Ducks

Ducks were counted on small ponds and lakes
during May and June in 1994-95. Each male found
at the end of May was interpreted as a breeding
pair (Koskimies & Viisinen 1988). Summer den-
sities were calculated, assuming 30% nest losses
and an average clutch size, as given by Haartman
etal. (1963-72). I assumed a 10% monthly mor-
tality for ducklings and 2% mortality for adult
ducks.

2.3.3. Waders, doves, corvids and thrushes

Densities of these species are based on transect
line censuses done during 1981-84 (Mikola 1986)
and 1986-92 (Monkkonen & Inkeroinen unpubl.)
in the study area. Because waders are basically
open terrain birds and transect lines were placed
principally in woods, I corrected these estimates
by taking into account the relative area of open
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terrain (fields and swamps). Densities of waders
in fields were given by Rauhala (1994) from the
Kemi region about 100 km north of Oulu. I used
counts of swamp birds made by students during
summer courses in the study area during 1982—
1992 and those given by Rauhala (1994). A simi-
lar correction was made for corvids and the Field-
fare Turdus pilaris, but this was made by the amount
of settlements because these birds (especially Hood-
ed Crows Corvus corone and Magpies Pica pica)
favour settled areas.

There were no realistic estimates of corvid
densities near villages available in Oulu. Rauhala
(1994) reports a corvid density of 6.7 pairs per
km? in the Kemi region. Bird counts made by stu-
dents in Hietasaari, a suburb of Oulu, during 1982
95 gave densities of 7.3 pairs per km? for magpies
and 4.9 pairs per km? for crows. I used densities
of 6 pairs per km? for both species in the country-
side and 0.1 and 0.2 in forests, respectively. This
calculation gave average pair densities of 1.2 pairs
per km? for crows and 0.9 pairs per km? for magpies.

I assumed nest losses of 50% for corvids
(Coombs 1978), 60% for large thrushes and 70%
for smaller thrush species (Rajala 1979). About
half of the redwings were assumed to have a sec-
ond brood (Rajala 1979). The Wood Pigeon Co-
lumba palumbus was the only dove among the
prey items during breeding. For this species I as-
sumed two broods. I considered average hatching
dates given by Haartman et al. (1963-72) for all
prey species. A 10% monthly mortality rate was
suggested for all young birds and a rate of 2% for
adult birds.

2.3.3. Hares and squirrels

Mountain Hare Lepus timidus and Red Squirrel
Sciurus vulgaris densities were based on triangle
censuses made in the winters of 1989-1994, when
snow tracks were counted (Linden et al. 1989).
Tracks crossing the census line were transformed
to densities, according to the formula Z = 1.57 x
s/md, where Z = animals/1 000 ha, s = number of
tracks crossing the line, m = length of the census
route and d = length of the animal’s day track
(Formozov & Priklonski, cited in Havas & Sulka-
va 1987). These calculations gave average densi-
ties of 9 individuals per km? for hares and 10 indi-
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viduals per km? for squirrels. I assumed two broods
for hares per breeding season (Siivonen 1956, An-
gerbjorn 1986). The first brood was assumed to be
born in April-May and the second in June—July. I
assumed that 1.5 young per female were born in
the first brood and 3.0 in the second. I further as-
sumed that 30% of broods were lost before wean-
ing and that there was a 10% monthly mortality
rate for leverets and one of 5% for adults. When
calculating biomass, the growth of leverets was
taken into account. According to the population
model for squirrels by Wauters and Dhondt (1991),
the first brood yields 24% of the potential recruits
(all females reproduce maximally) and the second
brood 15%. I assumed a 10% monthly mortality
rate for young squirrels and a 5% rate for adults.

2.4. Data handling

When assessing preferences, the most frequent
definition is the proportion of used, divided by
the proportion of available (Krebs 1989). Using
proportions, where the sum of parts is one, con-
tains a serious problem of dependency. This pre-
vents defining absolute preference/avoidance of
habitat or prey. Further, this independency allows
for no testing of values of preference indices. The
compositional analysis offers a possibility to ex-
clude such dependencies by using log-ratio trans-
formation (y;= In(x/x;), where x; is the proportion
of the ith resource class and x; is any component
of a composition resulting in each y; being lin-
early independent (Aebischer et al. 1993). This
transformation is done for each used and avail-
able resource class and individual. Pair-wise dif-
ferences d = Y eq— Y.vaianie yields a data matrix,
where Ho is d = 0 meaning random use of re-
source classes. Multivariate analysis was used to
test the randomness of use. The test value A
(Wilks’ test) follows 2 distribution with df
equaling the number of variables in the data after
a transformation — N In A (for more details, see
Aebischer et al. 1993).

Rank order was assessed by calculating a
matrix for each Goshawk pair, where use and
availability of each resource class in each cell was
compared as follows: In(x,i/X,;) = In(X/x) (=Y ,;—
Y..), where x,, is utilization of the ith resource and
X,; is the availability of the ith resource, respec-
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tively (see Aebischer et al. 1993). The means of
several nests were calculated to yield a matrix,
where the number of positive elements in each
row directly gives the rank of each resource class,
0 being the worst and D — 1 the best (D = number
of resource classes). The ratio of mean to stand-
ard error gives a t value (df = n - 1) pointing to
where non-random use occurs.

2.5. Sources of error

Densities of prey in each month are given in Ta-
ble 1. For species such as grouse, squirrels and
hares the densities are averages for all study years.
It is also known that populations of these animals
may fluctuate greatly. Therefore, using averages
calculated over years to represent their availabil-
ity may be misleading, particularly when calcu-
lating preference estimates. During the study
years, however, populations of these animals fluc-
tuated only moderately. Grouse reached the high-
est densities in 1989 (23.5 indiv. per km?) and
1993 (26.8 indiv. per km?), while the lows were
in 1991 (17.2 indiv. per km?) and 1994 (17.9 indiv.
per km?). The squirrel’s track index was highest
in 1990 (16.7 tracks per 10 km) and lowest in 1994
(6.5 tracks per 10 km). Hares had two peaks, the
first in 1990 (10.9 tracks per 10 km) and the sec-
ondin 1994 (11.5 tracks per 10 km). The low phase
was in 1992, when the index gave a value of 5.9
tracks per 10 km. Ducks were counted only dur-
ing 1994 and 1995, and the latter year was not in
the diet analysis. Duck populations also fluctu-
ated remarkably (see Poysi et al. 1995). During
the study, Teals Anas crecca and Mallards Anas
platyrhynchos had one peak and one low phase
during 1994-95, representing the average situa-
tion (Poysi et al. 1995). Thus, the densities of
ducks used in analysis might describe an average
for the study years. In spite of the heterogeneous
sources of the availability data, causing a certain
failure in estimates, this may not invalidate the
idea of ranking the preferences for the most im-
portant prey species or prey classes.

The same availability of prey was assumed
for all Goshawk pairs, which of course is not
strictly true. However, all prey classes were prob-
ably available for all pairs. The largest variation
in the availability for different pairs may have been

in corvids and pigeons, which favour human set-
tlements. Pairs living near urban areas had a higher
availability of these prey. This especially concerns
one pair living near the dump site of the city, which
supported high numbers of corvids.

3. Results
3.1. Dietary shifts during the breeding season

Grouse species composed the most important part
of the diet throughout the breeding season. Their
proportion was highest in spring, it dropped to
less than half (by weight) in June and rose again
up to 60-70% during the fledging phase (Tables
2 and 3). The Black Grouse was the most impor-
tant grouse species by both number and weight,
and the capercaillie was the least significant. Mi-
gratory birds were added to the diet almost im-
mediately after their arrival in May. At that time,
ducks, mostly teals and mallards, were the most
important. Corvids were consumed during the whole
breeding season with the peak in June. Hooded
Crows dominated in April and May, while mag-
pies and Jays Carrulus glandarius dominated later
in the breeding season. The proportion of juveniles
of these corvids was about 70% in June—July. The
proportion of juveniles was 70% for thrushes, and
roughly 50% for waders and Wood Pigeons. Gos-
hawks hunted relatively few ducklings. They made
up only 14-27% of preyed-upon-ducks in June—
July. Mammals were used during the whole breed-

Table 1. Densities of the most important prey species
or prey classes during the breeding time. Values in
the table are individuals per km2.

April May June July August
Willow Grouse 12 11 11 1.0 1.0
Black Grouse 63 6.1 58 56 5.4
Capercaillie female 2.0 19 18 1.8 1.7
Hazel Grouse 35 33 31 3.0 2.8
Grouse chicks 295 16.7 8.3
Ducks 04 08 19 138 1.7
Waders 49 99 115 108
Wood Pigeon 04 08 12 15 1.5
Corvids 41 40 75 79 7.6
Thrushes 0.1 6.3 179 21.7 205
Leverets 05 46 131 111 9.4
Red Squirrels 9.0 81 123 144 137
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ing season. Red Squirrels and small mammals
outnumbered leverets, while the latter were more
important by weight especially late in the breed-
ing season due to their growth. The diversity of
the diet was highest in June (Table 2).
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3.2. Changes in the preference of prey

The prey choice of the Goshawk was non-ran-
dom during all months (MANOVA, p < 0.01).
The data from August was not tested because of a

Table 2. Proportions of different prey by number during the breeding time. Each value is an average of
proportions over several territories. Standard error of the mean is presented in parentheses.

April May June July August

% S.E % S.E. % S.E. % S.E. % S.E.
Willow Grouse 7.8 (2.8) 11.1 (2.6) 2.2 (0.9) 2.7 (0.8) 3.7 (2.4)
Black Grouse 21.9 (4.3) 16.9 (2.5) 8.0 (2.0) 1 (0.9) 5.5 (2.4)
Capercaillie 0.6 (0.6) 1.5 (0.4) 1.0 (0.5) 18 (0.6) 0.0 (0.0)
Hazel Grouse 26.8 (5.5) 16.6 (1.6) 5.4 (0.6) 5.4 (0.9) 1.2 (1.2)
Grouse chicks 0.0 (0.0) 0.0 (0.0 6.8 (1.2) 23.7 (2.6) 40.9 (5.8)
Ducks 6.3 (2.7) 11.2 (2.5) 3.8 (1.1) 3.9 (1.0) 3.7 (2.4)
Waders 0.0 (0.0) 46 (1.2) 4.3 (1.1) 59 (1.7) 5.5 (3.3)
Wood Pigeon 1.0 (0.7) 1.9 (0.8) 4.4 (1.6) 4.6 (0.9) 2.9 (2.3)
Corvids 9.2 (3.0) 10.5 (3.5) 19.0 (2.7) 12.8 (1.3) 5.4 (4.2)
Thrushes 0.8 (0.5) 44 (1.1) 11.0 (1.7) 11.5 (1.4) 4.2 (1.8)
Small passerines 34 (1.2) 21 (0.8) 4.7 (1.1) 2.5 (0.7) 0.0 (0.0)
Other birds 2.8 (1.1) 1.9 (0.6) 6.2 (1.6) 3.1 (0.7) 0.6 (0.6)
Mountain Hare adults 0.0 (0.0) 0.0 (0.0 0.0 (0.0) 0.1 (0.1) 0.0 (0.0)
Mountain Hare juveniles 0.7 (0.7) 1.6 (0.8) 6.0 (1.3) 4.8 (0.9) 11.6 (5.4)
Red Squirrel 11.3 (2.8) 6.5 (1.5) 12.9 (2.5) 76 (1.1) 136 (9.9)
Small mammals 7.6 (4.8) 9.3 (1.6) 42 (1.0) 2.5 (0.8) 6 (0.6)
Number of nests 9 9 10 12 4
Diet width 6.7 9.6 12.5 9.7 4.7
Table 3. Proportions of different prey by weight during the breeding time.

April May June July August

% S.E. % S.E. % S.E. % S.E. % S.E
Willow Grouse 9.0 (2.8) 12.6 (2.8) 3.4 (1.4) 3.8 (1.1) 3.7 (2.5)
Black Grouse 38.8 (6.3) 33.6 (3.9) 20.7 (4.6) 14.9 (2.1) 7.2 (3.1)
Capercaillie 1.4 (1.4) 5.1 (1.4) 4.0 (2.0) 6.9 (2.1) 0.0 (0.0)
Hazel Grouse 20.4 (4.9) 1.2 (1.1) 5.2 (0.8) 45 (0.8) 0.5 (0.5)
Grouse chicks 0.0 (0.0) 0.0 (0.0 1.9 (0.4) 23.9 (2.3 52.3 (7.2)
Ducks 6.1 (2.6) 10.7 (2.8) 3.8 (1.0) 3.6 (0.9) 1.8 (1.2)
Waders 0.0 (0.0 1.5 (0.4) 2.6 (0.6) 5.8 (1.4) 4.5 (2.5)
Wood Pigeon 1.0 (0.7) 1.9 (0.8) 6.0 (2.3) 5.0 (0.8) 2.0 (1.4)
Corvids 9.6 (3.7) 10.7 (3.5) 145 (2.5) 7.5 (0.7) 1.5 (1.1)
Thrushes 0.1 (0.0 0.7 (0.2) 25 (0.5) 2.2 (0.3) 0.6 (0.3)
Small passerines 0.1 (0.0) 0.1 (0.0) 0.3 (0.1) 0.1 (0.0 0.0 (0.0)
Other birds 2.2 (0.8) 0.7 (0.2) 3.5 (0.8) 1.4 (0.3) 0.1 (0.1)
Mountain Hare adults 0.0 (0.0 0.0 (0.0 0.0 (0.0) 0.8 (0.8) 0.0 (0.0)
Mountain Hare juveniles 0.7 (0.7) 3.3 (1.6) 19.1 (3.8) 13.0 (2.2) 18.2 (8.8)
Red Squirrel 6.1 (1.5) 3.8 (0.8) 10.8 (2.3) 5.4 (0.9) 7.5 (6.0)
Small mammals 4.6 (3.6) 4.2 (0.8) 1.8 (0.4) 0.9 (0.3) 0.1 (0.1)
Number of nests 9 9 10 12 4
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scarcity of cases (too few nests). Matrices de-
scribed above were calculated for each month.
Some groups of small species were left out, such
as small passerines and voles, which were little
used as prey despite being highly available.

The preference orders of each month are given
in Table 4. The rank of the Hazel Grouse and Black
Grouse females stayed rather high during the
breeding season till August. In contrast, the rank
of the Black Grouse males and the Willow Grouse
dropped in June and July. Some prey species or
groups had a ‘preference peak’ such as ducks in
May and corvids in June. The preference for Wood
Pigeons peaked in July. Grouse chicks rose
monotonically in rank order till August. Capercail-
lie females, leverets, thrushes and squirrels were
in the lowest rankings.

Statistical differences (t distribution, df =n—1,
p < 0.05) found between each rank are described
inFig. 1. During May, June and 3-5 July, the high-
est rank differed from the lower ranks. In April
differences were found only between the last and
higher ranks, and in August between the first and
lower ranks.

3.3. What explains preferences?

To analyse causes for preferences, I made pairwise
correlation tests to see what properties of the prey
best explain its preference or avoidance. Four
variables were chosen. The first variable, weight
of the prey, was chosen assuming that Goshawks
select their prey according to the energy maximi-
zation principle. This is also the best measure of
the profitability, assuming that handling times for
each prey are the same. The second variable cho-
sen was the density of the prey, which is compa-
rable to the encounter frequency of the prey and
predator. It is inversely related to searching time.
The third variable chosen was the combination of
these two (weight X density), which measures bio-
mass of the prey in the field. For the fourth vari-
able I chose the proportion of the prey by weight
in the diet (importance).

The results of the correlation tests are shown
in Table 5. Density of the prey correlated nega-
tively with rank in all months, as did biomass,
except in August. Prey weight correlated posi-
tively with the preference in April and August.

12

Number of statistical differences with lower rank

T T T T T T T T T T T
2 3 4 5 6 7 8 9 10 11 12 13 14
RANK

Fig. 1. Number of statistical differences of each rank
with lower ranks in each month. See text for further
explanation.

Because some prey classes include very different
sized species, I also calculated separate ranks for
teals, mallards, Hooded Crows and Curlews Nu-
menius arquata. Analysis with these changes did
not, however, alter the result, except that the cor-
relation between weight and preference for April
also changed to a negative one. ‘Importance’ most
often correlated positively. Correlations were sta-
tistically significant only in May and August.

Table 4. Relative ranks of different prey during April—
August. Highest rank is denoted by 1 and the lowest
rank by 0.

April May June July August

Willow Grouse 0.86 0.91 0.42 0.58 0.90
Black Grouse male 0.43 0.64 0.17 0.00

Black Grouse female 0.57 0.73 0.75 0.92 0.80
Caperecalillie female 0.09 0.00 0.08
Hazel Grouse 1.00 0.82 0.92 0.83 0.20
Grouse chicks 0.08 0.67 1.00
Ducks 0.71 1.00 0.58 0.50 0.40
Waders 0.36 0.25 0.17 0.30
Wood Pigeon 0.45 0.83 1.00 0.70
Corvids 0.29 0.64 1.00 0.75 0.00
Thrushes 0.27 0.50 0.42 0.10
Leverets 0.00 0.33 0.25 0.30
Red Squirrel 0.14 0.18 0.67 0.33 0.60
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Fig. 2. Change in the amount of available biomass of
four prey groups during the breeding season and
timing of the nestling phase in 1990-1994. Histogram
represents how many nests had nestlings at three-
day periods.

3.4. Timing of breeding in relation to food
abundance

The median hatching time was 27 May. The time
span between the earliest and the latest hatch date
was about 20 days. However, most hatchings took
place within a week (Fig. 2). The median start of
the laying took place on the 15th of April, pro-
vided that the incubation period was 42 days as
reported by Sulkava (1964). There were no statis-
tical differences between early and late clutches
or brood sizes (clutch size 4.0 n = 17 before me-
dian day vs. 3.8 n = 13 after it and brood sizes 3.1
and 2.7 respectively). The biomass of grouse,
ducks, waders, corvids and leverets clearly peaked
after the nestling time.
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4. Discussion
4.1. Prey selection

In the boreal zone grouse form the main food sup-
ply for the Goshawk as stated in many earlier stud-
ies (Hoglund 1964, Sulkava 1964, Huhtala 1976,
Linden & Wikman 1983, Wikman 1987, Tornberg
& Sulkava 1991). The proportion of grouse in the
Goshawk’s diet has decreased since the 1950s,
when it comprised 80-90% of the total catch dur-
ing the nest building and incubation period (Sulka-
va 1964). This is caused by the continual decrease
of the grouse populations since the 1960s (Linden
& Rajala 1981). In the Oulu region a clear change
in the diet took place in the 1980s (Tornberg &
Sulkava 1991). However, grouse still make up a
major proportion of the nutrition, especially in
spring. Later in the breeding season Goshawks
switch immediately to new prey species as they
appeared (migratory birds, mostly ducks). Earlier
during ‘good grouse populations’, no noticeable
switching to other prey species during the first
half of the breeding season was found (Sulkava
1964, Huhtala 1976, Tornberg & Huhtala 1993).
In southern Finland, the diet also became more
diverse relatively rapidly after hatching of the
young hawks (Linden & Wikman 1983). Com-
pared with other studies in Scandinavia, the diet
contains more small grouse species like Willow
Grouse and Hazel Grouse, but less capercaillies
(Widen 1987, Selas 1989).

Food data collected from nests may include a
bias because of the load size effect of the preda-
tor. At greater distances from the nests, small prey
are not worth bringing to the nest, but rather are
consumed by the predator itself (Pyke 1984, Ste-
phen & Krebs 1986). Sonerud (1992) suggested
that if the alternative prey is smaller than primary

Table 5. Spearmann correlations between rank and weight of prey, density, profitability and ‘importance’ of
prey (proportion by weight in the diet) during April-August. Two-tailed significance levels * p < 0.05.

April May June July August
Weight 0.306 -0.028 -0.274 —-0.248 0.687 *
Density —0.451 -0.528 —0.140 -0.182 - 0.260
Biomass -0.393 -0.424 —-0.550 -0.484" 0.105
‘Importance’ 0.357 0.662 * 0.371 - 0.061 0.706 *
N 7 12 13 13 11
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prey, large prey become overestimated in the diet
based on nest samples because the male himself
consumes small prey items. This bias is difficult
to estimate in the Goshawk because of its lurking
hunting habits. If true, the preference values of
small prey like squirrels, voles and passerine birds
would be higher than estimated from nest sam-
ples. Supposedly the values for different months
are comparable with each other, and preference
estimates are relative rather than absolute. Male
Goshawks often consume part of a larger prey.
For example, the heads of the grouse have regu-
larly been eaten when brought to the nest. Even
half of the whole grouse may have been eaten,
which can be deduced from the lack of, e.g. pel-
vic and leg bones in the prey remains.

The predation activity of the Goshawks was
non-random throughout the breeding season.
These kind of predators can have an affect on the
community structure and the numbers of their prey
(Sih & Moore 1990). The Goshawk does not ap-
pear to regulate grouse numbers (e.g. Angelstam
et al. 1984). There may, however, be a greater
impact than previously thought. High predation
on young grouse, especially in late summer, and
which probably continues till winter, may affect
grouse numbers. Moreover, juvenile Goshawks
tend to gather at sites of high prey abundance and
are able to respond numerically to prey numbers
(see Kenward et al. 1981). During all the months
the 3—5 most preferred prey classes differed from
the lower ranks, possibly forming the so-called
optimal set of prey (see Charnov 1976). The com-
position of this ‘optimal set’ varied, however, from
month to month. It is somewhat difficult to define
any certain ‘main prey’, although this ‘optimal
set’ always included 2-3 grouse species. Highly,
but occasionally preferred prey types like ducks,
corvids and Wood Pigeons are, in spite of their
high rank, complementary rather than main prey.

Goshawks showed a preference for the size of
prey in April and August, but weight and prefer-
ence correlated negatively during other months.
In April, Goshawks preferred medium-sized prey
and avoided very small and very large prey spe-
cies. Selds (1989) found that Goshawks in Nor-
way (the prey composition resembling that in Fin-
land) favoured large species, but he only looked
at adult prey specimens. With smaller hawk spe-
cies, such as, Kestrels Falco tinnunculus and the

Sparrowhawk Accipiter nisus, a positive correla-
tion between prey weight and preference during
breeding have usually been found (Korpimaki
1985, Selés 1993). Creswell (1995) reported that
Sparrowhawks hunted mostly on medium-sized
prey inrelation to its availability in winter in Scot-
land.

If Goshawks had hunted according to the Op-
timal Diet Theory, a positive correlation between
weight (profitability) and preference should have
been found (Charnov 1976, Pyke et al. 1977, Pyke
1984, Stephens & Krebs 1986). Sih (1993) notes
that ODT predicts preferences well, when prey is
immobile. The behaviour of the prey, on the con-
trary, changes encounter rates of the prey and
predator, which affects the value of the prey.

ODT assumes that preferences are the result
of active predator choice focusing only on the
prey, which increases the net energy gain (‘opti-
mal set’). Sih and Moore (1990) note that preda-
tor choice is only one component of the prefer-
ence. For example, certain prey types may be pur-
sued but seldom caught, resulting in low prefer-
ence values. Cresswell and Whitfield (1994) found
that wintering hawks attacked almost all wader
species available, but were successful only with
some species. Obviously hawks attack almost all
items available of suitable size, i.e. recognition of
the prey is incomplete.

The high preference for grouse in spring is
clearly due to their behaviour changes at the start
of the reproduction period. Hens of Black Grouse
and capercaillies depart from winter flocks to pre-
pare for clutch production, which results in more
movements and lower vigilance. This may in-
crease their vulnerability to predation (Angelstam
1984, Widen et al. 1987, Marjakangas etal. 1991,
Swensson 1991, Valkeajirvi & Ijds 1994).

Small grouse species, such as the Hazel and
the Willow Grouse, were the most preferred spe-
cies. These species are territorial and probably
easier to find by the predator than freely moving
larger grouse, such as the Black Grouse and the
capercaillie. Low preference for capercaillie fe-
males may be due to their larger size (but see
Widen et al. 1987). The decreased preference for
adult grouse later in the breeding season is mostly
explained by their decreased activity (cocks fin-
ish their courtship, females incubate) and simul-
taneous growth of the vegetation, while preda-
tion may also have depleted their numbers.
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Other important factors affecting encounter
rates are crypticity and refuges (e.g. Hughes 1979,
Sih & Moore 1990). Snow melt, which takes place
on average in late April, affects the perceptibility
of the grouse feeding on the ground. Cryptic spe-
cies like the Hazel Grouse, the Black Grouse and
the capercaillie females benefit from this. The
Willow Grouse, on the other hand, may suffer as
they, especially males, are still partially white in
May. Higher consumption of and preference for
Willow Grouse in May is possibly a result. Snow
cover has been found to be a good predictor of the
diets of owls (Sonerud 1986, Jacobsen & Sonerud
1993). During deep snow cover Tengmalm’s Owls
Aegolius funereus and Hawk Owls Surnia ulula
consumed more Bank Voles Clethrionomys gla-
reolus than microtus voles, because the former
species move about more on the snow surface.
The situation reversed when the snow melted and
microtus became more vulnerable to predation.

The Hazel Grouse is an example of the impor-
tance of refuge. Linden and Wikman (1983) found
that Goshawk predation on the Hazel Grouse in-
creased at high densities, when a part of the popu-
lation moved to less favourable habitats. Lever-
ets may also be an example of a prey dependent
on refuge. Their proportion by weight was high
in August (20%), but the preference value was
relatively low. Hares are active in twilight, when
Goshawks, in contrast, are less active. Refuge use
is thus one factor which confuses the correlation
between profitability and preference.

Vulnerability, i.c. the prey’s capability to hide
or flee once it is detected and its defence ability
after attack, is one of the most important factors
affecting preference (Sih & Moore 1990, Sih 1993).
Goshawks frequently catch young animals (Sulka-
va 1964, Opdam et al. 1977, Selas 1989). In my
study this prey class was very vulnerable to pre-
dation and was extensively consumed during the
nestling and fledging time. Handling times for
young animals are probably lower than for adults,
which increase their profitability (Charnov 1976).
Young birds seem to be still more vulnerable than
adults in late winter, as suggested by Cresswell
and Whitfield (1994). Palmer (1981) showed theo-
retically that predators gain more energy by tak-
ing prey that have short handling times rather than
opting for a higher net energy content. This factor
may be one of the most important in removing
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the correlation between prey weight and prefer-
ence in June and July.

Broods of birds form food patches, which
predators can visit several times. Broods of altri-
cial birds, like those of corvids, thrushes and pi-
geons are very predictable, for they generally do
not move until post-fledging time. In contrast,
broods of precoccious birds like grouse and wad-
ers move continuously and therefore are less pre-
dictable (Sonerud 1985). Broods of corvids may
be easy to find, for young corvids are noisy and
easily detectable (especially magpies) at the be-
ginning of the fledging period, in late June. Expe-
rienced old Goshawk males obviously learn where
corvid and pigeon territories and nests are usu-
ally sitvated, which shortens the searching time
and thus increases the net energy intake per unit
time. Korpimiki (1992) found that Long-eared
Owls Asio otus preferred Common Voles Microtus
epiroticus, although they were less adundant than
other small mammals. The gregarious life style
of Common Voles probably made them more prof-
itable than more solitary prey species. The high
preference for ducks in May might also be ex-
plained by the ‘patch idea’, because they may be
found in certain small ponds or brooks year after
year. The reason why Goshawks shifted from pre-
dation broods of altricial birds to grouse chicks in
July may be related to the increased profitability
of the grouse chicks due to their rapid growth.
The quality of the habitat for grouse broods, due
to forest fragmentation, may largely affect their
being caught as suggested by Tornberg and Sulka-
va (1991).

The Goshawk’s diet broadened in June. This
is also found in other Goshawk studies (Sulkava
1964, Huhtala 1976, Linden & Wikman 1983)
and, for example, in Kestrels (Korpimiki 1986b).
There is a discrepancy between theory and reality
because prey numbers usually increase during
summer, which ought to reduce the variety of the
diet according to ODT. Korpiméki (1986b) sup-
posed that the lowered availability of voles, due
to the growth of vegetation, and the high number
of vulnerable alternative prey resulted in the vari-
ety of the diet. Earlier, during ‘good grouse popu-
lations’, Goshawks continued to consume more
grouse even during the nestling phase (Sulkava
1964, Huhtala 1976, Tornberg & Huhtala 1993).
Sulkava (1964) made direct observations in nests
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and found that grouse chicks made up more than
40% of the total number of prey. Korpimiiki (1992)
found, accordingly, that an increase in secondary
prey did not affect the diet of the Long-eared Owl
if the main prey (Common Voles) were readily
available. Thus, the overall decrease in grouse
numbers has steadily resulted in a dietary shift
from grouse to alternative prey species in Gos-
hawks during the nestling phase.

4.2, Timing of breeding

Goshawks start breeding relatively early in March,
mostly depending on the temperature. Laying may
start, at the earliest, in the beginning of April (Huh-
tala 1981, Sulkava et al. 1994). This is well syn-
chronised with the start of courtship in grouse as
their winter flocks are dissolved (Marjakangas et
al. 1991). These events increase the vulnerability
and thus the availability of grouse as stated above,
enabling the higher hunting success of the male
hawks. Meijer et al. (1989) considered that the
initiation breeding in voles affected higher strike
frequencies and the success of kestrels, which
enabled the male to provide extra food for the fe-
male to produce a clutch. Gyr Falcons Falco
rusticolus start breeding when ptarmigans arrive
at their breeding territories (Nielsen & Cade 1990).
Correspondingly, cold spells in spring hinder the
courtship of grouse, which affects the start of lay-
ing in the Goshawk. This phenomenon may ex-
plain the correlations between the spring tempera-
ture and the laying date in the Goshawk (Huhtala
& Sulkava 1981, Sulkava et al. 1994).

Prey abundance was lowest during the laying
phase before the arrival of migratory birds, where-
after it increased till late breeding. Thus, the nes-
tling phase did not fit with the highest food abun-
dance as Lack’s (1954) theory predicts. Rather
the breeding strategy of the Goshawk follows Per-
rins’s (1970) idea to start breeding as early as
possible. This phenomenon is general in several
predatory bird species (e.g. Newton & Marquiss
1984, Korpiméki 1986a, Meijer et al. 1989, Vil-
lage 1990). Most brood losses in the Goshawk
take place during the first few days after hatching
(Sulkava 1964, Huhtala & Sulkava 1981, Sulkava
et al. 1994). The diet in June was most diverse,
related to difficulties in prey deliveries by the

male. Thus, postponing the laying date would
yield better food conditions for the nestlings.
Predator birds seem, however, to invest more in
post-fledging time by starting early, which yields
better overall fitness for the parents (Drent et al.
1988, Meijer et al. 1989). Birds from early clutches
have generally better chances to enter the breed-
ing population than birds from late ones (Newton
& Marquiss 1984, Village 1990).

Goshawks shifted hunting to growing grouse
chicks during the fledging time. Before comple-
tion of the post-juvenile moult, by September,
grouse are obviously relatively easy to catch.
Another important prey class, leverets, grow be-
yond the hunting capability of the males during
August (cf. Kenward et al. 1993). Hence, young
hawks starting independent life in September en-
counter much poorer hunting choices than earlier
hatched ones, and get less experience before the
harsh conditions of winter.
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Selostus: Kanahaukan ravinnonvalinta
pesimiikauden aikana: Saaliin saatavuu-
den ja saalistettavuuden merkitys

Kanahaukan saaliin pesiméaikaista saaliinvalintaa
tutkittiin Oulun ympiristdssi vuosina 1988—94.
Niytteitd kerttiin 12 eri reviirilti. Niisti mésritet-
tiin yhteensa 2 159 saalisyksilo4. Erisaalislajeista
tai ryhmisti laskettiin kuukausittaiset lukumirien
Jja painon mukaiset osuudet. Eri ldhteisti, pai-
asiassa Riistantutkimuslaitoksen tilastoista kerit-
tyjen saaliseldinten tiheyksien tai tiheysindeksien
ja e.m. osuuksien avulla laskettiin eri saalisryh-
mille kuukausittaiset suosituimmuusindeksit. Ka-
nahaukkojen pesinnén ajoittumista verrattiin tar-
jollaolevan ravinnon méériéin.

Kanahaukat saalistivat eniten metsikanalintuja
sekd lukuméirin ettd painon mukaan arvioiden.
60-70% painon mukaan laskien pesipoikasaikana
30-40%:iin, mutta nousten jilleen lentopoikasai-
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kana yli 50%. Seki lukumdidriisesti etté painon
mukaan teeri oli tirkein yksittdinen kanalintulaji.
Metson, josta saalistettiin vain naaraita, merkitys
oli vihiisin. Tastd huolimatta kanahaukat saalisti-
vat (suosivat) saatavillaoloon néhden eniten riek-
koja ja pyitd.

Pesimzkauden edetesséd kanahaukat saalistivat
niksid. Toukokuussa suosituin saalisryhmi olivat
vesilinnut, kesikuussa varislinnut ja heindkuussa
sepelkyyhkyt. Ndiden saalisryhmien paino-osuu-
det ravinnossa eivit kuitenkaan missain vaiheessa
ylittineet kanalintujen osuutta. Kanalintujen poi-
kasia alettiin saalistaa enenevissd méirin kesd-
kuun loppupuolelta ldhtien. Heiné—elokuussa ka-
nalinnunpoikasten lukumiirdosuus ldhenteli 30—
40%, jolloin ne olivat myds suosituin saalisryhmé.

Optimaalisen ravinnonhankintateorian mu-
kaan peto suosii saaliita, joista saatava energia saa-
liin hankintaan kdytettyyn energiaan nihden on
suurin. Niinollen pedon tulisi suosia suurikokoisia
saaliita. Saaliin koko, ‘hyotyisyys’ selitti kuitenkin
saaliiden suosituimuutta vain elokuussa. Ilmeises-
tikin saaliseldinten valintaan vaikuttaa, ei vain itse
peto, vaan myds saaliin kdyttiytyminen. Kanalin-
tujen osuus ravinnossa ja niiden suosituimmuus
on suurimmillaan aikaisin keviélld, jolloin ne soi-
dinpuuhiensa vuoksi ovat ilmeisesti haavoittuvim-
millaan. Témi koskee erityisesti munintaan val-
mistautuvia kanoja, jotka runsaan ruokailuntar-
peen vuoksi joutuvat helposti pedon yllattamiksi.
Toinen saaliiksijoutumista lisddva tekija on talvi-
parvien hajaantuminen. Kesilld muiden saalisryh-
mien suosituimmuus selittyi padasiassa nuorten
yksiloiden saalistuksella, jotka ovat aikuisia yksi-
1itd haavoittuvampia. Lentopoikasvaiheen aikana
kanalintujen poikasten suosittuimmuus kasvoi
voimakkaasti, mikd puolestaan selittynee niiden
voimakkaasta kasvusta johtuvan ‘hyo6tyisyyden’
lisddntymisestd.

Kanahaukkojen pesinnénajoitus ei noudata
Lackin (1954) teoriaa, jonka mukaan pesidpoikas-
aika osuisi runsaimman ravinnontarjonnan aikaan.
Pikemminkin pesintd pyritdin aloittamaan Per-
rinsin (1970) teorian mukaan niin aikaisin kuin
se on mahdollista, jolloin runsaimman ravinnon-
tarjonnan aika osuu poikasten itsendistymisvai-
heeseen. Ilmeisesti ndin menetellen kanahaukat
kykenevit parhaiten maksimoimaan lisdéntymis-
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