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Introduction

Population densities of raptors are often limited by
food availability (see review by Newton 1979),
which also influences the breeding success (e.g.
Newton & Marqiuss 1981, Wiehn & Korpimiki
1997). Thus, like in many other avian groups
(Martin 1987), food supply is one of the main fac-
tors influencing the ecology of raptors. Know-
ledge of prey selection of a species is therefore im-
portant in understanding its ecology.

Since the early 1970s members of the Danish
Raptor Research Group, a study group under the
Danish Ornithological Society, have conducted
long term field studies on several raptor species
(see Jorgensen 1989). As part of this work, JTN
has collected data on the prey selection of Gos-
hawks Accipiter gentilis in Vendsyssel since 1977.
The aim of this paper is to describe the diet of the
Goshawk in that area and analyse the annual and
spatial variation in prey selection. Data from the
first nine years of the study have been published
previously (Nielsen 1986). In this paper the num-
ber of prey species is considered, but not their bio-
mass, since the focus will be on the prey selection
of Goshawks and not their nourishment.
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Methods

The study area covered 2417 km?2 of Vendsyssel,
Denmark, which was monitored by JTN for
breeding Goshawks each year during 1977-1997.
Based on marked heterogeneity in habitat and
landscape type the study area was divided into
eight subregions: (1) The dune plantations of the
northern part of Jutland. (2) The forests around
Frederikshavn and north of Saby. (3) The east
coast of Vendsysel from Saby to Asa. (4) The east
coast from Asa to Hals. (5) Hammer Bakker. (6)
Jyske As with hilly moraine country. (7) The area
approximately between Tolne and Hjgrring and
north of Pster Vra. (8) The western part of Vend-
syssel. A detailed description of the different sub-
regions and their demarcation is given in Nielsen
& Drachmann (in press).

During the breeding season (March-July) JTN
visited all known Goshawk territories within the
study area and identified and counted prey remains
at the nest and at plucking sites within 100-150 m
from the nest. Prey items were recorded in all terri-
tories from the onset of breeding until the fledg-
lings had left the nest site, or the nest had been
abandoned. Depending on the occurrence of
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Fig. 1. Percentages of the eight main prey groups killed
by Goshawks in Vendsyssel during the breeding season
(means for 1977-1997).

Den procentvise fordeling af otte grupper af byttedyr
taget af Duehgpg i Vendsyssel i yngletiden (gennemsnit for
1977-1997).  Pigeons: duer; Corvids: kragefugle;
Thrushes: drosler; Small birds: smdfugle; Gulls: mdger;
Gamebirds: honsefugle; Mammals: pattedyr; Other
birds: andre fugle.

young, two to six visits were made per nest site.
Prey remains in the nests were recorded when the
young were banded, and again 2-3 weeks after the
fledglings had left the nest. Prey remains used to
identify the prey species included feathers, hairs,
breast bones, skulls and feet. For each item found,
date of collection, species, quantity and approxi-
mate date of killing were recorded. Whenever
possible, birds were aged as full-growns, fled-
glings or nestlings, according to the stage of devel-
opment of the flight and tail feathers. Hawk pellets
found in the study area were often of limited use,
because they mainly consisted of greyish feather
fragments which were difficult to identify, and
bones more or less digested. However, bone frag-
ments (mainly from mammals) and identification
rings from domestic pigeons were found in fairly
large numbers in the hawk pellets. In total, 20937
items representing at least 19670 prey animals
were identified from 953 Goshawk breeding
attempts.

Data analysis
When remains of a particular prey species were
found both in the nest and on plucking sites on the
ground it could be difficult to decide whether the
remains were from one or more individuals.
Therefore, all potential doubles were excluded.
Data from 1987 could not be included in the analy-
ses, since no standardised recording of prey re-
mains were conducted that year.

The prey species were subdivided into eight
taxonomic groups (Fig. 1), and the proportion of

each prey group taken by Goshawks per year
calculated. Simple linear regressions of arcsine
transformed prey proportion on year were perfor-
med for each prey group to investigate whether
there were any trends in the prey proportions taken
during the study period. To test if there was any
association between the different prey proportions
taken each year, a Pearson correlation matrix of the
annual prey proportions of each prey group was
constructed. To control for annual trends in the
proportions of prey taken, the residuals from the
regressions of prey proportion on year were used
to construct the correlation matrix.

To test if the mean proportion of each prey
group varied significantly between the subregions
Friedman’s nonparametric analysis of variance
was performed on each prey group. Subregion 5
had to be excluded from this analysis, since only
1-3 Goshawk pairs bred there each year and few
prey items were recorded. Likewise, the years
1977-1979 were excluded from this analysis,
since too few prey items were found in these years.

All statistical tests were performed according to
standard procedures (Zar 1996) with a 5% signifi-
cance level.

Results

A total of 89 bird and 16 mammal species were
identified as Goshawk prey during the breeding
season. Divided into eight taxonomic groups (Fig.
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Fig. 2. The percentage of nestlings (black), fledglings
(grey) and full-grown birds (incl. juveniles; white)
within each of the eight prey groups.

Den procentvise andel redeunger (sort), flyveferdige
unger (grat) og udvoksne fugle (incl. juvenile; hvidt) i
byttedyrgrupperne. Vedr. grupperne, se Fig. 1.
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Fig. 3. Annual variation in the propor-
tion (%) of the different prey groups.
The number of prey items recorded each
year is indicated in brackets.

Den drlige variation i andelen af de
forskellige byttedyrgrupper (%) (jf- Fig.
1). Antal byttedyr registreret hvert dr er
angivet i parentes.

1) the prey species were, in descending order of
frequency:

1) Pigeons (Columbidae), constituting 40% of
all prey items identified, were mostly domestic
pigeons Columba livia (53% of pigeons) and
Wood Pigeons Columba palumbus (42%). Most
pigeons were full-grown (92%, Fig. 2).

2) Corvids (Corvidae) constituted 19% of all
prey items, the three most important species being
Jay Garrulus glandarius (52%), Magpie Pica pica
(34%) and Crow Corvus corone (12%). A large
proportion of the corvids were taken as fledglings
(32%, Fig. 2).

3) Thrushes (Turdidae), constituting 14%, were
mainly Blackbirds Turdus merula (56%), Song
Thrushes Turdus philomelos (22%) and Mistle
Thrushes Turdus viscivorus (14%). As in corvids,
a large proportion were fledglings (33%, Fig. 2).

4) Small birds (passerines other than corvids and
thrushes) made up 7% of the diet, with Starling
Sturnus vulgaris (47%) and Skylark Alauda arven-

Tab. 1. Regression coefficients (b) and significance lev-
els (p) for arcsine transformed prey proportions regres-
sed against year.

Regressionskoefficienter (b) og signifikansniveauer (p)
ved regression af arcsin-transformeret byttedyrsandel
mod drstal.

Prey category b p
Pigeons Duer -0.65 0.002
Corvids Kragefugle -0.24 0.30
Thrushes Drosler 0.66 0.002
Small birds Smdfugle 0.44 0.06
Gulls Mdager 0.44 0.05
Gamebirds Hgnsefugle -0.13 0.58
Mammals Pattedyr -0.67 0.001
Other birds Andre fugle 0.35 0.13

sis (25%) being the predominant species. Most
small birds were taken as full-growns, with only
10% being fledglings (Fig. 2).

5) Gulls (Laridae), constituting 5% of the prey,
were predominantly Black-headed Gulls Larus
ridibundus (86%). No gulls were taken as nest-
lings and less than 1% as fledglings (Fig. 2).

6) Gamebirds (Phasianidae) constituted 5% of
the Goshawk diet, of which Partridge Perdix
perdix (58%) and Pheasant Phasianus colchicus
(33%) were the most important species. The majo-
rity of the gamebirds were taken as full-growns
(97%, Fig. 2).

7) Mammals made up only 4% of the prey; 34%
of the mammals were squirrels Sciurus vulgaris,
20% brown hares Lepus capensis, and 42% ro-
dents other than squirrels (mice, rats). The largest
mammals killed were hares and a single domestic
cat Felis catus, but judged from the size most hares
were young animals, as was the cat.

8) Other bird species, constituting 6%, were
grebes (Podicipedidae, 1), herons (Ardeidae, 1),
ducks (Anatidae, 157), raptors (Accipitridae and
Falconidae, 254), rails (Rallidae, 98), waders
(Charadriidae and Scolopacidae, 299), cuckoos
(Cuculidae, 10), owls (Strigidae, 170) and wood-
peckers (Picidae, 183).

The proportion of each of these prey groups
fluctuated between years (Fig. 3). However, only
three of the prey groups showed a significant trend
over the 21 years of study, with the proportion of
pigeons and mammals declining and the propor-
tion of thrushes increasing (Tab. 1).

One might expect that the prey groups would
tend to correlate negatively, since a disproportio-
nately high frequency of one prey group in any
year necessarily means fewer of the other groups
combined. From Tab. 2 it appears that there was
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Tab. 2. Pearson correlation matrix showing the relationship between the eight different prey groups. The values used
in the correlations were the residuals from prey group on year regressions.

Korrelationsmatrix visende de indbyrdes korrelationskoefficienter mellem de otte byttedyrgrupper. Som den enkelte
byttedyrgruppes andel er anvendt residualerne fra den linecere regression af andel mod darstal (jf. Tab. 1).

Gamebirds Gulls Pigeons Corvids Thrushes ~ Small Mammals
birds
Gulls Mager -0.395
Pigeons Duer 0.428 -0.442
Corvids Kragefugle -0.725%** 0205  -0.085
Thrushes Drosler -0.377 0.098  -0.739%#%*%  -0.168
Small birds Smdfugle -0.550% 0.029  -0.272 0.466* 0.136
Mammals Pattedyr 0.569%* -0.511*%  0.430 -0.394 -0.384 -0.519*
Other birds Andre fugle 0.108 0.221 -0.502%* -0.200 0.173 -0.001 -0.151

*p < 0.05; %% p < 0.01; *#% p < 0.001

indeed a significantly negative correlation be-
tween several prey groups, especially between
corvids and gamebirds and between thrushes and
pigeons. However, positive correlations were
found between small birds and corvids and be-
tween gamebirds and mammals.

The proportion constituted by each prey group
within seven of the eight subregions for the years
1980-1997 appears from Fig. 4. There was a signi-
ficant difference in the mean proportion taken per
subregion for all eight prey groups (Friedman test
with df = 6: Pigeons: ¥2 = 38.1, p < 0.0001;
Corvids: x2 = 25.2, p < 0.0003; Thrushes: x2 =
23.0, p < 0.0008; Gulls: 2 = 57.0, p < 0.0001;
Small birds: 2 = 28.0, p < 0.0001; Gamebirds: 2
=55.5, p <0.0001; Mammals: ¥2 = 16.0, p < 0.05
and Other birds: %2 =25.2 p < 0.0003).

Discussion

Three types of bias were likely in the collected ma-
terial of prey remains. First, large or pale prey
items (such as gulls and pigeons) may be more
easily discovered or last longer than pluckings
from small birds and mammals. Second, small
prey species may be swallowed whole, leaving
only few or no remains. The frequency of small
prey species would hence be underestimated in
studies based on prey remains, an effect that was
confirmed in a recent Norwegian study (Nygard et
al. 1998). Third, prey found near active Goshawk
nests may not be representative for the diet in gen-
eral of full-grown Goshawks in the area. More
than 50% of all first-year females and 30% of the
second-year females in the study area did not
breed (own unpubl. data), and during the breeding
season non-breeders could be expected to kill a
larger proportion of large prey than breeding birds

because females take larger prey than males (Op-
dam 1975, Ziesemer 1983), and during the incu-
bation and early chick stages breeding females do
not hunt (Holstein 1942). So the data presented
here only represent the prey selection of breeders
and are likely to underestimate small prey.

Despite the wide range of prey species taken,
relatively few species emerged as really important.
The five most frequent prey species (domestic
pigeon, Wood Pigeon, Jay, Blackbird and Magpie)
provided 63% of all items, and among prey
groups pigeons, corvids and thrushes constituted
73%. Inexperienced fledgling birds would be
expected to be highly vulnerable to predators, but
80% of all birds were taken as full-growns and
only 15% as fledglings and 5% as nestlings (Fig.
2), although the proportion of nestlings probably is
underestimated due to the effects mentioned above.
Only fledglings of corvids and thrushes were
common, constituting 32% of all corvids and 33%
of thrushes. For Jay and Mistle Thrush more than
40% of the individuals killed by Goshawks were
fledglings. However, a large proportion of the prey
classed as full-grown (based on wing and tail
feathers) may actually have been juveniles, so the
predation on young individuals was probably
much more marked than apparent from Fig. 2. In
the Starling — where full-grown juveniles can be
distinguished from adults by the colour of the
flight feathers — 81% of all individuals taken were
juveniles.

Since gamekeepers often kill Goshawks near
gamebird rearing pens, it was interesting to ex-
amine the proportion of gamebirds in the hawk
diet. Over the 21 years of study only 309 Pheasants
and 544 Partridges (less than 5% of the prey items)
were recorded killed by Goshawks during the



breeding season. Without knowing the number of
Pheasants and Partridges in the study area, it was
not possible to estimate the proportion that was
predated, but it was probably no more than a few
percent. However, in other parts of Denmark
where the release of Pheasants and other game-
birds is more widespread than in Vendsyssel,
gamebirds may constitute a larger proportion of
the Goshawk diet, since the hawks tend to prey on
the most abundant prey species (see below). Out-
side the breeding season the Goshawk may also be
a more important predator on gamebirds in Vend-
syssel. Inexperienced yearling Goshawks with
poor hunting skills are likely to be attracted by
concentrations of gamebirds at rearing pens, and
during winter, when food is often scarce, adult
Goshawks may also be expected to take more
gamebirds. That people keeping pigeons in Vend-
syssel consider the Goshawk a pest also during the
breeding season may be justified by the high pro-
portion of domestic pigeons (21%) in the diet
according to our results. For a thorough discussion
of Goshawk predation on domestic pigeons in the
study area, see Nielsen (1998).

The proportion of the different prey groups fluc-
tuated between years (Fig. 3). In years with few pi-
geons killed, the Goshawks preyed more heavily
on thrushes and "other birds", and in years with
few corvids and "small birds" a larger proportion
of gamebirds was found (Tab. 2). The strong neg-
ative relationships found between pigeons/thrush-
es (r2 = 0.55) and corvids/gamebirds (r2 = 0.53)
indicate that these prey groups were truly comple-
mentary, possibly reflecting overlapping habitat
use within these pairs of prey groups. Corvids and
gamebirds often live in the same kind of habitat,
and at least Wood Pigeons live in similar habitat as
the thrushes, while domestic pigeons to some ex-
tent share its habitat with the Blackbird. Overlap-
ping habitats may also explain why positive corre-
lations were found between corvids/small birds
and gamebirds/mammals, since small birds and
mammals constituted only small proportions of the
diet and may have been killed opportunistically of
Goshawks hunting for corvids and gamebirds,
respectively.

Several other studies have been conducted on
the diet of the Goshawk in Europe (Uttendorfer
1952, Opdam et al. 1977, Lindén & Wikman 1983,
Ziesemer 1983, Bezzel et al. 1997, Nygéard et al.
1998). These studies show geographical variation
in the main prey types selected, e.g. tetraonids and
thrushes in Finland (Lindén & Wikman l.c.) and
thrushes and pigeons in Germany (Bezzel et al.

Prey selection of Goshawks 89

w
=]

W B
1S o
L L

[35]
(=]

Prey taken/subregion (%)

Prey taken/subregion (%)

Subregion

Fig. 4. Percentages of prey groups in seven of the eight
subregions of the study area (means for the years 1980-
1997). Top: Corvids (white), gulls (grey), pigeons
(hatched), thrushes (black). Bottom: Gamebirds (white),
mammals (grey) small birds (hatched), other birds
(black).

Byttedyrgruppernes andel (%) i de forskellige delomra-
der (gennemsnit for 1980-1997). @verst: Kragefugle
(hvidt), mdger (grat), duer (skraveret), drosler (sort).
Nederst: Honsefugle (hvidt), pattedyr (grdt), smdfugle
(skraveret), andre fugle (sort).

l.c.). Even on the small geographical scale of this
study, the diet differed significantly in composi-
tion between subregions (Fig. 4), paralleling diffe-
rences in local prey abundance. The frequency of
gulls in the diet of Goshawks exemplifies this,
since gulls constituted 20% of the prey in subre-
gion 2 (Fig. 4) on the east coast of Vendsyssel,
where 20 000 pairs of Black-headed Gulls breed on
the adjacent Hirsholmene (Olsen 1992). In no
other subregion did gulls constitute more than 8%
of the diet. Likewise, gamebirds were most fre-
quent as prey in subregions 4 and 8 (Fig. 4) which
exhibited the best gamebird habitats, i.e. large
agricultural areas and small forests with extensive
forestry. Thus, even though the Goshawks predo-
minantly preyed upon pigeons, corvids and thrush-
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es, they apparently hunted more or less opportu-
nistically for the most abundant species within the
size range from Blackbirds to Wood Pigeons.
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Resumé

Duehggens fadevalg i yngletiden, Vendsyssel 1977-
1997

Rester af Duehggens Accipiter gentilis bytte i yngleti-
den blev indsamlet af JTN i Vendsyssel 1977-1997, i alt
19670 forskellige byttedyr fra 953 yngleforsgg, fordelt
pa 89 fuglearter og 16 pattedyrarter. De fem mest hyppi-
ge var Tamdue, Ringdue, Skovskade, Solsort og Husska-
de, som tilsammen udgjorde 63%. Duer udgjorde 40%,
kragefugle 19% og drosler 14% af Duehggens bytte, el-
ler tilsammen 73% (Fig. 1). Kun blandt kragefuglene og
droslerne sa nyudflgjne unger ud til at veere vigtige (Fig.
2), men generelt udgjorde juvenile sandsynligvis
en stor andel. Hos Steren, hvor juvenile kan skelnes fra
adulte pé svingfjerenes farve, var hele 81% af de "fuld-
voksne" individer blandt bytteresterne séledes juvenile.
Fordelingen mellem de forskellige byttedyrgrupper svin-
gede en del fra ar til ar (Fig. 3). En korrelationsanalyse
(Tab. 2) viste blandt andet, at i ar, hvor Duehggene tog
feerre duer, tog de forholdsvis flere kragefugle og "andre
fugle", mens i ar hvor ferre kragefugle og sméfugle blev
taget, tog hggene forholdsvis flere hgnsefugle. Ligeledes
var der forskelle i den relative andel, de forskellige byt-
tedyrgrupper udgjorde i de enkelte delomrader i under-
sggelsesomradet (Fig. 4). Saledes blev der taget langt
flest mager i delomradet pa Vendsyssels gstkyst ud for
Hirsholmene, hvor 20000 par Heaetteméager yngler. Due-
hggene i Vendsyssel var saledes mere eller mindre
opportunistiske og jagede de lokalt mest almindelige
fuglearter i stgrrelsesspektret fra Solsort til Ringdue.
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